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FOREWORD 
 

 
The Asian Regional Maize Workshop organized every two to three years is an important 
scientific event that brings together maize researchers region wide to interact, exchange ideas, 
share knowledge, and review progress of important research activities. This happens to be the 
Eighth Asian Regional Maize Workshop organized jointly by Department of Agriculture 
(DOA), and Kasetsart University (KU), Thailand and CIMMYT.  I was very impressed with the 
technical program as well as the logistical arrangements and wish to thank both DOA and Ku 
for doing such an excellent job and for choosing Hotel Rama Gardens as the main venue for the 
meetings.  I would also like to recognize other national institutions and seed industry groups, 
who kindly and successfully assisted in various deliberations.  
 
The attendance for this meeting was excellent – more than 150 participants, from almost all the 
maize growing countries in Asia and several from outside the region. The scientific 
presentations which are compiled in these proceedings speak for itself.  The research that is 
presented here is top-quality and very relevant to the needs of the region and will contribute to 
increasing sustainable productivity and profitability of maize in Asia. Demand for maize, 
especially for feed maize is growing at a brisk pace, especially with the surging economy in 
many countries of Asia.  As living standards improve, dietary habits change and the shift of 
maize from being a food crop to a feed and industrial crop becomes more apparent.  This 
workshop addresses some of these issues and focuses on both increasing productivity as well as 
utilization of maize.  Another favorable trend that we are seeing in Asia is the adoption of 
Quality Protein maize in many countries both for increasing the nutritive value as a food crop as 
well as its use as a value-added ingredient in animal feed.  Several countries such as Vietnam, 
China, and India have released QPM hybrids in recent years which are enthusiastically adopted 
by the farmers. Many countries such as Nepal, Bangladesh, Thailand, Philippines, and 
Indonesia are in the final stages of testing and releasing QPM hybrids.  I foresee seed 
production as the major bottleneck in the expansion of under QPM and I request private sector 
to aggressively test and adopt this technology.   
 
I am pleased to note that Beijing, China has been chosen as the venue for the ninth Asian 
Regional Maize Workshop which is scheduled to be held in September, 2005.  I hope that in 
spite of resource constraints the tradition of convening this kind of regional maize workshops 
which serve as a fora for free and effective exchange of scientific ideas and for coordination of 
maize research in the Asian region continues. CIMMYT, as always will continue to play a 
catalytic role towards this goal.  
 
In the end, I commend the participants for the diversity of papers and themes, and am confident 
that readers of this proceeding will find the information and ideas herein useful in guiding 
future research efforts.   

 

 
 Dr. Shivaji Pandey 
 Director, Maize Program 
 CIMMYT, Mexico 
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1Applied Biotechnology Center, International Maize and Wheat Improvement Center (CIMMYT), Apdo. 
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Abstract 
 

CIMMYT’s Asian Regional Maize Program has developed several downy mildew resistant inbred 
lines for use in tropical hybrid maize production in Asia. These lines, CML425-433, were released in 
2001. For these CMLs, like for many CMLs released by CIMMYT, heterotic patterns (with one or more 
heterotic partners) via field tests of crosses to tester lines have been identified. The Asian CMLs, along 
with representative CMLs from the tropical, subtropical, highland, and mid-altitude maize breeding 
programs were analyzed with 24 simple sequence repeat (SSR) markers on polyacrylamide gel 
electrophoresis (PAGE) using an automatic DNA sequencer. Data were compared using a similarity 
coefficient and cluster analysis. For all CMLs, a total of 236 alleles were found using the 24 SSRs, with 
an average of 9.8 alleles per locus. Looking only at the nine Asian CMLs, 91 alleles were recorded, with 
an average of 3.8 alleles per locus. Cluster analysis revealed eight clusters, of which the Asian CMLs fell 
into only three clusters. Lines did not cluster well according to the breeding program or the source 
population from which they were developed, but lines closely related by pedigree did cluster together. 
CMLs with similar heterotic partners did cluster together in many cases, but if lines had been assigned 
merely to heterotic group A or B, rather than specific partners, there was no agreement with heterotic 
group and clustering patterns. Marker data combined with field and pedigree data may be useful to 
determine possible heterotic partners in the future, reducing the need for extensive field crosses.  

 
Introduction 

 
Maize yields have been dramatically boosted by the use of hybrids in many parts of the world. The 

Asian Regional Maize Program of the International Maize and Wheat Improvement Center (CIMMYT) 
produces inbred lines for use in tropical hybrid maize production in Asia. Nine lines released in 2001 are 
resistant to Downy Mildew, a major disease pest and cause for  

yield losses throughout the region. These lines, CML425-433, have been field tested with one or more 
heterotic partners to determine heterotic patterns in an attempt to assign them to heterotic groups.  

CIMMYT maize breeders take advantage of the wide germplasm base available to them, which has 
been developed over several decades from very diverse pools of maize germplasm, and in some cases 
spanning landraces of maize from Mexico, India, Asia, and the Caribbean. Inbreds developed by different 
regional breeding programs in CIMMYT target tropical, subtropical, midaltitude, and highland 
environments. Lines targeted for each environment are selected for optimal performance in that 
environment. However, many of the lines originate from the same source germplasm (races) and 
population improvement involves progeny testing in other environments in order to identify lines with 
stable yield across more than one environment.  

Tropical maize germplasm has not been as fully classified into heterotic groups as was the US Corn 
Belt Dent germplasm. A major constraint is the lack of pedigree information for some of the lines and 
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populations used in some national tropical maize breeding programs. Knowledge of patterns of diversity 
of genetic resources is of great importance in maize breeding in order to maximize heterosis in hybrid 
combinations and to maintain diversity of breeding lines. Past studies have used restriction fragment 
length polymorphism (RFLP) markers to place temperate lines into known heterotic groups with 
considerable success (Dubreuil et al., 1996; Messmer et al., 1992). RFLPs and microsatellites (SSRs) 
have also been used to assign tropical Asian maize germplasm to heterotic groups, but these groups are 
still being verified using traditional field crosses (Yuan et al., 2000). PCR based SSR markers have been 
widely used in the fingerprinting of maize germplasm (Smith et al. 1997; Senior et al. 1998), because of 
their high level of polymorphisms (Saghai Maroof et al. 1994) and their ease of detection via automated 
systems (Mitchell et al. 1997).  

Previous molecular characterization studies of CIMMYT germplasm have indicated that CIMMYT 
Maize Lines (CMLs) from different programs are very diverse and do not form easily discernable patterns 
or groups (Warburton et al. 2002). The Asian inbreds were released very recently and were selected from 
a smaller pool of parental lines, which were downy mildew resistant. Furthermore, these lines were 
developed specifically for the tropical Asian environments. It is of interest to see if these lines reflect a 
discrete germplasm group due to the selection pressure to develop disease resistant lines for Asia, and to 
see if a reduced overall amount of diversity is present in these lines compared to other CMLs. 

The objectives of this study were: 1. to determine if the Asian CMLs form a discrete group, and if this 
group contains a decreased amount of variation, when compared to other CMLs; and 2. to determine if 
molecular markers can identify heterotic groups, and whether these groups correspond to those groups 
identified with testers. 
 
Materials and Methods 
 
Plant materials 

DNA was extracted from 52 maize inbreds that have been registered and released as CIMMYT Maize 
Lines (CMLs) (Table 1). Inbreds CML425-433, which were released by the CIMMYT Asian Regional 
Maize Program in 2001, are downy mildew resistant. The remaining 43 inbreds span a broad range of 
genetic diversity of CIMMYT’s tropical breeding lines (Warburton et al. 2002). Majority of these lines 
have been assigned to heterotic groups based on testcross data.  

 
SSR analysis 

DNA was extracted from the youngest fully mature leaf of 4 – 6 week old seedlings using a sap 
extractor (MEDU Erich Pollahne; Am Weingarten Germany) according to the Applied Biotechnology 
Center's Manual of Laboratory Protocols (CIMMYT, 2001). Twenty-four SSR markers were chosen for 
this study from the MaizeDB database (http://www.agron.missouri.edu/ssr.html) based on bin location (to 
maximize genomic coverage) and repeat unit. Fluorescent oligonucleotides were bought from commercial 
companies (Operon or Gibco) and forward primers were labeled at the 5’ end with either 6-FAM, TET, or 
HEX. Multiplexed PCR reactions were performed in 10-µl volumes containing 2 µl of template DNA 
(output of the sap extractor diluted 5x with distilled, deionized H20), 0.4-4.0 pmols each of 1 – 4 primers, 
1x PCR buffer, 0.25 mM dNTPs, 1.5-2.5 mM MgCl2 and 0.75 U Taq polymerase. The reactions were 
performed using a Peltier Thermal cycler (MJ Research), using the amplification conditions of 94oC for 2 
min.; followed by 30 cycles of: 94oC for 30 sec, XoC for 1 min, and 72oC for 1 min; followed by 
extension at 72oC for 5 min. XoC refers to the annealing temperature, which is specified for each primer 
and can be found on the CIMMYT website at http://www.cimmyt.cgiar.org/
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Electrophoresis 
Samples containing two PCR reactions (0.5 ul of each), 0.3 ul GeneScan 350 or 500 internal lane 

standard labeled with TAMRA, were loaded on 4.5% denaturing (6M urea) acrylamide:bisacrylamide 
(29:1) gels. By multiloading two multiplexed PCR reactions, on an average five SSR markers were run in 
each lane of the gel simultaneously. DNA samples were electrophoresed in 1X TBE buffer (pH 8.3) at 
constant voltage (3.00 KV) for 2.5 hours on an ABI PrismTM 377 DNA Sequencer (Perkin Elmer). 
 
Data entry 

Fragment sizes were automatically calculated with GeneScan 3.1 (Perkin Elmer/Applied Biosystems) 
using the Local Southern sizing method. The GeneScan data were appended to a table with Genotyper 
2.1(Perkin Elmer/Applied Biosystems), and then exported as an Excel file recording peak size for each 
individual. Peak sizes were converted to alleles by creating categories in Genotyper, which combines 
peak sizes within a pre-determined range into the same allele, and thus takes into account error during 
size calling.  
 
Analysis of genetic diversity 

For diversity analysis, a matrix of binary data containing zeros and ones (absence or presence of the 
fragment) was constructed with columns equal to genotypes. Similarity matrices were constructed from 
the binary data using the Simple Matching similarity coefficient. Jaccard’s and Dice similarity 
coefficients were also calculated, but were found to give the same results, as correlations between 
matrices [calculated using the MXCOMP procedure of NTSYSpc 2.01 (Rohlf, 2001)] were highly 
significant (data not shown). Therefore, only the Simple Matching coefficient was used for analysis. 
Dendrograms of the inbred lines were constructed from the similarity matrix using the UPGMA method 
(Rohlf 2001) to visualize the patterns of diversity in the set of lines.  
 
Results and Discussion 
 
Allelic diversity 

A total of 236 alleles were found across the CMLs using the 24 SSRs, with an average of 9.8 alleles 
per locus. Looking only at the nine Asian CMLs, 91 alleles were recorded, with an average of 3.8 alleles 
per locus (data not shown). None of the SSRs were fixed for a single allele in the Asian CMLs, and in fact 
only 12 alleles were present in a majority of these nine CMLs (i.e., present in five or more of the lines), 
whereas 40 alleles from various SSRs were present in only one of the nine Asian CMLs (but not always 
the same one). This indicates that in this smaller subset of the total CMLs, a reduced amount of genetic 
diversity is to be found, but because so many alleles can be found at such a low frequency, and very few 
at a high frequency, one might suspect that the reduction in diversity is simply due to the smaller set of 
germplasm (and thus ancestors) rather than due to directional selection and thus fixation at certain regions 
of the genome.  
 
Patterns of diversity 

The dendrogram of the 52 lines can be found in Figure 1. The CMLs formed 8 clusters, of which the 
Asian CMLs fell into only three (clusters 1, 2 and 4), as can be expected due to the reduced amount of 
variation in these lines. Other lines, particularly the other tropical yellow lines (similar in phenotype and 
pedigree as the Asian CMLs) and the subtropical lines in the study, also clustered with the Asian CMLs. 
The tropical white lines formed the most diverse five clusters, along with one tropical yellow, one 
subtropical yellow, and one Asian CML. Lines did not cluster according to source population from which 
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they were developed, which has been reported in other studies as well, and reflects the large amount of 
diversity within the source populations relative to between source populations (Warburton et al. 2002). As 
expected, lines very closely related by pedigree did cluster together. . 

Lines did not cluster according to heterotic group A or B. However, if the CMLs have been tested 
with several heterotic partners and specific heterotic patterns are reported, rather than simply group A or 
B, it was found that lines with similar heterotic partners did cluster together in many cases. This indicates 
that the CIMMYT germplasm is too diverse to fall into only two heterotic groups, and it is not preferable 
to do so using too few testers or different testers each year. In this case, groups are no better than 
arbitrary, and no correlation can be found using markers. The higher success found with heterotic 
partners, rather than groups, suggests that if lines were assigned to a larger number of heterotic groups, 
and tested using a larger number of static testers per group, the heterotic groups would be more 
meaningful. As this strategy would require a much larger number of field crosses to identify the proper 
group, it is suggested that field data combined with pedigree and marker data be used to determine 
potential heterotic group or partners for all the CMLs. 

In looking only at the Asian CMLs, the molecular diversity correspond very well to the heterotic 
partners reported in the results of field tests by the CIMMYT maize program. Cluster 1 contains CMLs 
425, 426, 428, and 433, and Cluster 2 contains CML 427, 432, and 429. CML430 fell into a different and 
more distant cluster, perhaps because it was derived from an acid-soils resistant population. Based on the 
marker data, we suggest, therefore, that lines from cluster 1 should perform well in crosses with 2 and 
CML430, and vice versa. In every case except one (CML428) these results were confirmed by the field 
tests (Table 1). CML428 formed productive hybrids with CML425, which according to the markers 
should be in the same group (cluster 1). The case of the Asian CMLs has been the case which most firmly 
supports marker data to predict heterotic grouping in all CIMMYT inbred lines, probably because it 
comes from a smaller, better defined set of germplasm where structure is easier to find. 
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Table 1. List of germplasm used in the study. 
CIMMYT Maize 

Line Type Pedigree† Heterotic partners or group 

CML425 ATY P31C4S5B-6-#-#-BBBB CMLs 422, 423, 424, 427 and 429 
CML426 ATY P31C4S5B-38-#-#-2-BBB CMLs 422, 423, 424, 427 and 429  
CML427 ATY SW92145-2P9S2-#-#-4-BBBB CMLs 422, 423, 424, 425, 426 and CA03118 
CML428 ATY SW91145-2P3S2-#-#-3-BBBB CMLs 421, 422, 423, 424 and CML 425 
CML429 ATY EY-DMR-G-C5-S2-B-B-3-1-BBBB CMLs 421, 422, 423, 424 and 425 
CML430 ATY AMATLC0HS169-1-1-1-1-2-2-1-B*3 CML's 432, 433, CA's 34503, 00324, and lines Pop. 28 
CML431 ATY AMATLC0HS170-2-3-2-1-1-1-1-B*3 CML's 415, 432, CA's 00310, 34504, 00324, and lines Pop. 28 
CML432 ATY KTX3752F2-7-1-1-1-B-B-B CML's 430, 431, and CA00310 
CML433 ATY KTX3753F2-5-1-1-2-BBB CML's 430, 431, CA 00108 and lines Pop. 28 
CML356 Hi POB. 800 C5 HC37-1-2TL-1HT-1-10TL-B-#-3 CML 349, 350, 351 
CML214 MAW [MSR:121]-1-2-3-3-b-b A, B 
CML445 MAW [[TUXPSEQ]C1F2/P49-SR]F2-45-7-5-1-BBB not reported 
CML102 SW Pob44C4HC65-1-#2-B-2-# not reported 
CML133 SW P44c4F182-2-1-2-2#b1#b1-2-2-8-b1-b1#b1 not reported 
CML371 SW MBR-ET(W)F2-56-1-1-1-B-B-6-B-B CML216 
CML373 SW P43SR-4-1-1-2-1-B-8-1-B-B-B CML78,CML321 
CML381 SW P501c1#-401-3-1-2-B-B CML 383, CML 384, CML 385 
CML184 SW-Q C32QMH30-2-2-B-1-B-B not reported 
CML113 SY Pob33C1HC-B-129-B-###-2-B not reported 
CML191 SY-Q C34QMH146-1-1-4-B not reported 
CML006 TW Pob21C5HC218-2-3-B-##-6-1-1-BB not reported 
CML039 TW Pob32C4HC242-3-1-B-#*5 not reported 
CML047 TW Pob43C6HC133-1-5-1-BBB not reported 
CML048 TW Porillo8073-11-1-1-## not reported 
CML068 TW P32C5F71-2-2-2-1-b1-8-b1-b1#b1 not reported 
CML235 TW [EV8744-SR]-11-1-1-1-b-b not reported 
CML280 TW Pob43STEC1HC19-5-1-2-2-2-BB-f Lines from Pop. 22, 25, 29, 32 and Pool 23 
CML281 TW (43*PORILLO8043)-5-1-2-2-BB-F Lines from Pop. 22, 25, 29, 32 and Pool 23 
CML341 TW Batan8785MH10-1-1-2TL-1-1TL-2-b A 
CML365 TW SA8C1HC(27X3)-1-1-4-8-B Lines from Pop. SA6 
CML150 TW-Q C24QMH169-2-1-B-3-1-1-B-B-3-B-#-#-B not reported 
CML153 TW-Q S8662Q-28-4-B-B-B-# not reported 
CML030 TY Pob27HC71-3-1-1-1-#-BB-#### not reported 
CML051 TY STA.ROSA8079-1-2-3-### not reported 
CML052 TY STA.ROSA8079-22-2-2-## not reported 
CML286 TY Pob24STEC1HC16-1-3-3-1-2-BB-f Lines from Pop.27,28,36,Suwan1,P25,P26 
CML287 TY (P24F26*27F1)-4-1-B-1-1-BB-f Lines from Pop.27,28,36,Suwan1,P25,P26 
CML292 TY (Pob28xTSR)-33-2-7-1-2-BB-f Lines from Pop. 24,27,36,Suwan1, TSR,P 25 
CML301 TY SINT.AM.TSR-76-2-1-3-4-BB-f Lines from Pops.24,28,36 and Pool 26 
CML359 TY SA3C4HC(16X25)-2-4-3-1-B Lines from Pop. SA4 
CML408 TY P24STEC2-29-BBBB-#-4-BBBBBBB CL-00331 
CML414 TY Sint Am.TSR-23-1-2-4-1-BBBB-##-B*8 CML-287 
CML166 TY-Q Pob45(STE)C1HC36-5-1-3-1-BB not reported 
CML172 TY-Q C25QS4B-MH35-2-B-1-1-2-B-4-B-B-B-B not reported 
CML296 TY SINT.AM.TSR-76-1-1-1-2-BB-f Lines from Pops.24,28,36 and Pool 26 
CML298 TY SINT.AM.TSR-7-4-2-2-1-BB-f Lines from Pops.24,28,36 and Pool 26 
CML299 TY SINT.AM.TSR-76-1-2-2-2-BB-f Lines from Pops.24,28,36 and Pool 26 
CML300 TY SINT.AM.TSR-76-1-2-3-1-BB-f Lines from Pops.24,28,36 and Pool 26 
PRE-CML07    
PRE-CML09    
PRE-CML14  90[SPMATC4/P500(SYEL)]#-B-35-1-B-B not reported 
PRE-CML16  FS8A(T)-98-B-3-1-1-2-2-1-2-B-B-B-B-B not reported 
CML = CIMMYT Maize Line; PRE-CML = advanced breeding materials but not yet released as breeding lines; Type = breeding program and 
target environment of the germplasm; T = Tropical Lines; AT = Asian Tropical Lines; S = Subtropical lines; MA = Mid Altitude Lines; Hi = 
Highland lines; Y = Yellow grain; W = White grain; Q = Quality Protein Maize grain.
† Abbreviations used in pedigree: Pop. = population; P = Pool; C = Cycle; HC = Full Sibs; B = Selfed and Bulked; -1,-2,-3 = ear to row; # = 
sibbing; SR = Streak resistance; EV = Experimental Variety; STE = inbreeding tolerant population.  
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Figure 1. UPGMA dendrogram of the 52 CMLs used in the study, produced from a matrix
Simple Matching coefficients. 
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Abstract 
 

Information on the combining ability and heterotic response is important to the maize breeders. The 
objective of this study was to analyze the combining ability for grain yield and to determine the heterotic 
groups of 10 quality protein maize (QPM) lines through evaluation of 45 crosses from a diallel of the 10 
lines in three typical environments. The genetic similarities and relationships among the 10 QPM lines 
were estimated using simple sequence repeats (SSR) markers. Based on the data from the field trials, five 
high-yielding crosses CML166×Qi205, CML194×CML166, CML161×CA339, CML166×Chang631/O2 
and CML171×CA339 were selected. Inbreds CML161, CML166, CML171, Qi205, and CML194 were 
identified as the ideal parental lines for developing high-yielding hybrids due to their large GCA effects 
for grain yield. The 10 QPM lines were divided into four heterotic groups on the basis of the SCA effects 
of the 45 crosses; the four groups correspond with the known pedigrees. The inbreds were analyzed using 
a set of 37 polymorphic SSR markers, and a total of 105 SSR alleles were detected among the 10 lines. 
The SSR data was used to estimate the genetic similarities among the 10 lines. Based on the genetic 
similarity matrix, cluster analysis grouped the 10 lines into four clusters, which generally agreed with the 
known pedigrees and mostly were correspondent with the results of SCA analysis. This study would serve 
as a guide to broaden the Chinese QPM genetic background; introgressions can be carried out between the 
tropical, subtropical, and temperate lines of the same heterotic groups. 
 
Introduction 
 

Research on QPM began in 1973 in China. Great achievements have been made in breaking the 
negative correlation between quality and yield of QPM hybrids through efforts of the Chinese breeders. 
China has reached an international advanced level status in QPM hybrid breeding. But in the recent years, 
research and promotion of QPM has decreased due to lack of suitable genetic resources and elite QPM 
lines that are stress tolerant. In order to broaden the QPM genetic base and make rapid progress in QPM 
hybrid breeding, a large number of tropical and subtropical germplasm have been introduced. The 
introduced germplasm was usually more stress tolerant (such as disease, insects, high temperature, cloudy 
weather) than the temperate germplasm. The tropical and subtropical germplasm has better root system 
and stay green character. The germplasm developed from introgressing the tropical and subtropical 
germplasm into temperate germplasm showed not only better adaptability but also more stress tolerance. 
They can broaden the background of QPM germplasm, which will help in developing new hybrids with 
quality, high yield, and multiple stress tolerance.  

Tropical and subtropical lines and hybrids started to be introduced from CIMMYT into Yunnan 
Province in the 1980s. Domestication and introgression of tropical and temperate germplasm has been 
improved significantly in adapting tropical and subtropical lines. Wang et al. (1997) classified the main 
Chinese normal maize lines into five heterotic groups, but there have been few reports about the heterotic 
groups of key Chinese QPM lines and the relationships among CIMMYT tropical and subtropical QPM 
lines and Chinese QPM lines. Therefore, it is important to classify the QPM lines into different heterotic 

- 10 - 

mailto:yaasqpm@public.km.yn.cn


Fan et al. 

groups and create new heterotic patterns. The objective of this study was to analyze combining ability of 
yield characters and to determine the heterotic groups of 10 lines through evaluation of 45 crosses from a 
diallel of 10 QPM lines, and to estimate the genetic similarities and relationships among the 10 QPM 
lines using SSR markers. 
 
Materials and Methods 
 

This study included 10 QPM inbreds, among which five are tropical or subtropical QPM lines 
introduced from CIMMYT and the other five are domestic elite QPM lines. Detailed description of the 
inbreds is presented in Table 1. 
 
Field testing 

Forty-five crosses were generated using the 10 selected lines through a partial diallel mating design. 
The 45 crosses were evaluated in three environments in Yunnan Province and Guangxi autonomous 
region in 2000 summer season. The experimental design used was a randomized complete block, with 
three replications in each environment. The experiment unit consisted of one 3-m row spaced 0.6-m apart 
with 0.25-m between hills, with a density of 66667 plants ha-1. Grain yield (Mg ha-1) was calculated using 
ear weight at harvest, assuming 80% shelling and adjusting to 15% moisture. 

Environments were considered as random and genotypes as fixed effects. MSTATC software was 
employed for the analyses of variance for yield. The combining ability was analyzed only when the 
differences for the yield was significant. Griffing’s (1956) model was used to obtain estimates of general 
combining ability (GCA) and special combining ability (SCA). According to the yield performance of 45 
crosses, especially SCA of two parents for grain yield, the 10 lines were divided into different heterotic 
groups. In other words, when two lines possess high SCA, they may be classified into different heterotic 
groups. Otherwise, they were in the same group. 
 
SSR analysis 

DNA was extracted using a modified CTAB procedure (Saghai-Maroof et al. 1994). PCR reaction 
and gel electrophoresis were performed according to procedures described by Fan et al. (2001). Primers 
were excluded from the study if banding patterns were difficult to score accurately on acrylamide gel. A 
final set of 37 SSR primers were chosen from 70 SSR primers for further analysis. Each SSR markers was 
considered as a locus and each band as an allele. Allele sizes were determined based on their position 
relative to the standard molecular wirght marker. The presence or absence of each allele was coded for 
each inbred as 1 or 0, respectively.  

Polymorphism information content (PIC) for each SSR marker was determined as described by Smith 
et al. (1997). PIC is a measure of allele diversity at a locus and PIC = 1-∑fi

2 where fi is the frequency of 
the ith allele. Genetic similarity (GS) was estimated from the allele size data using a simple matching 
coefficient, such that GS = m / (m + n), where m is the number of matches and n is the number of 
mismatches (Sneath and Sokal, 1973).  

The 10 QPM inbreds were clustered based on the matrix of GS using the Unweighted Pair Group 
Method using Arithmetic Averages (UPGMA) clustering algorithm. The UPGMA results were used to 
draw the dendrogram. The GS matrix and dendrogram were constructed with NTSYS-pc version 1.8 
(Rohlf, 1992). 
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Results and Discussion 
 

The data on yield of 45 crosses in three locations was not listed here. Across the three locations, the 
highest-yielding cross was CML166×Qi205 (10.88 Mg ha-1), followed by CML194×CML166 (10.45 Mg 
ha-1), CML161×CA339 (10.03 Mg ha-1), CML166×Chang631/O2 (10.02 Mg ha-1 ) and 
CML171×CA339(10.01 Mg ha-1). The results of variance analysis (Table 2) showed that the difference in 
yield for the environments and the crosses were significant, while it was non-significant for replications. 
Interaction of environment × cross was highly significant indicating that the yield of crosses was greatly 
affected by the environments. 

The value of GCA and SCA effect was presented in Fig. 1 and Table 3. The line with the highest 
value of GCA effect for grain yield was CML161 (1010.53), followed by CML166, CML171, Qi205 and 
CML194 (947.11, 755.61, 346.40 and 195.94). The first five crosses with high grain yield across the three 
locations were Qi205×CML166, CML194×CML166, CA339×CML161, Chang631/O2×CML166 and 
CA339×CML171, one or both of whose parents were related to the above five inbreds. The lines with the 
lowest value of GCA effect for grain yield were Zhongxi096/O2 (-1119.98), CML164 (-960.47) and 
Xin9101/O2 (-916.24). The last nine crosses with low grain yield were all crossed with those three lines. 
In conclusion, the GCA of parental lines plays a key role. It is possible to get high-yielding QPM crosses 
by using CML161, CML166, CML171, Qi205 and CML194 as parents. 

The first three crosses with the highest value of SCA effect for grain yield were 
CML194×Xin9101/O2 (1813.50), CML166×Qi205 (1272.00) and CML171×Zhongxi096/O2 (1205.20). 
But their yield was ranked in tenth, first, and sixteenth, respectively. That is, the value of SCA effect was 
not correspondent with the yield of crosses, except in case of CML166×Qi205. The last three crosses with 
the lowest value of SCA effect were Xin9101/O2×Qi205 (-1670.96), Chang631/O2×Zhongxi096/O2 (-
1479.80) and CML171×CML166 (-1230.88); their yields ranked 44th , 45th and 17th, respectively Though 
one of their parents was CML166, CML171 and Qi205 that have a high value of GCA effect, since the 
SCA effect was negative, this resulted in low total effects. Therefore, the yield of F1 crosses results from 
GCA and SCA of their parents, the lines with high GCA and SCA should be selected as parents. 

In this study, the 10 lines were divided into 4 groups: CML171, CML166, CML161 and CML164 
were in group A; CML194 was in group B; Chang631/O2, CA339 and Zhongxi096/O2 were in group C; 
Xin9101/O2 and Qi205 were in group D (Table 4). Comparison of the results of heterotic groups with 
known pedigrees, inbreds that developed from the same germplasm resource were divided into the same 
heterotic group. For instance, CML171 and CML161 were developed from G25QPM; in this study, these 
lines were classified into one heterotic group A. 

Analysis using 37 polymorphi SSR primers revealed 105 alleles among the 10 maize inbreds (Fig. 2). 
The average number of alleles per locus was 2.84, with a range from two to five. The PIC values for the 
SSR loci ranged from 0.18 to 0.74, with an average of 0.48. Genetic similarities among the 10 lines 
ranged from a low of 0.42 between Chang631/O2 vs. Qi205 up to 0.71 between the pairs CA339 vs. 
Zhongxi096/O2, Xin9101/O2 vs. Qi205 and Chang631/O2 vs. Zhongxi096/O2, with an average of 0.60. 

Based on the matrix of GS, the UPGMA clustering algorithm grouped the inbreds into four clusters 
(Fig. 3). Cluster 1 consisted of the lines CML171 and CML161, both of which were developed from the 
same germplasm resource G25QPM. Inbred CML194, a subtropical line, also fell within this cluster. 
Inbred lines CML166 and CML164 comprised cluster 2. Cluster 3 contained the lines Chang631/O2, 
CA339 and Zhongxi096/O2. A tight grouping of lines Xin9101/O2 and Qi205 were found in cluster 4. 
The groupings of the inbreds generally agreed with the known pedigrees and mostly were correspondent 
with the results of SCA analysis, except the grouping of the line CML194. Though inbreds CML171, 
CML161, CML166 and CML164 were separated into clusters 1 and 2, which was discrepant with the 
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results of SCA analysis. Clusters 1 and 2 were more similar to each other than clusters 3 and 4. The 
discrepancies may result from field testing, which was unstable across different environments or SSR 
markers whose marker loci had inadequate coverage of the genome, and the SSR markers employed in 
this study might not be closely linked to the QTL affecting yield. 
 
Conclusion 
 

Based on the data of field testing, five high-yielding crosses CML166×Qi205, CML194×CML166, 
CML161×CA339, CML166×Chang631/O2 and CML171×CA339 were selected. These five hybrids out-
yielded the normal local hybrids Baoshi 2 with a range of 18.55-28.85%, and the normal local hybrids 
Baoyu 7 with a range of 6.37-13.86%. As depicted in Fig. 1, CML161 was the best general combiner for 
grain yield. Other inbreds showing significant positive GCA effects for grain yield were CML166, 
CML171, Qi205 and CML194. Therefore, these inbreds would be the ideal lines for initiating hybrid 
program. Our results also indicated that the yield of the F1 hybrid relied not only on the GCA but also the 
SCA. According to the performance of grain yield, especially the value of SCA for grain yield, the 10 
QPM inbreds could be divided into four heterotic groups. 

Based on the GS resulting from the SSR marker data, the 10 QPM inbred lines were also classified 
into four groups which were generally supported by the pedigree information and was correspondent with 
the results of the SCA analysis. Molecular markers could be useful in estimating the genetic relationships, 
which in turn aid in reducing and directing the field testing of inbreds of unknown heterotic response. 
However, further testing would be required to determine if the classification reasonably represents the 
actual associations among the lines (Mumm and Dudley, 1994).  

This study has provided useful information for Chinese QPM breeding. Based on this study, 
introgressions can be carried out between the tropical, subtropical and temperate materials of the same 
heterotic group.  
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Table 1. QPM inbred lines used in this study. 
 

No. Inbred lines Germplasm  
resource 

Grain 
color 

Grain 
texture 

% Protein 
in grain 

% Tryptophan 
in protein 

Q1 CML171 G25QPM Y F 10.9 0.90 
Q2 CML194 S. Africa Y D 8.4 0.88 
Q3 CML166 P66QPM Y D 10.5 0.88 
Q4 CML161 G25QPM Y F 11.2 0.82 

Q5 Chang631/O2 - Y D - - 

Q6 CA339 G32 Y D - - 
Q7 Zhongxi096/O2 - Y D - - 
Q8 CML164 P 65QPM Y F 9.0 0.89 
Q9 Xin9101/O2 - Y F - - 

Q10 Qi205 

Introgression between 
subtropical germplasm 
P70QPM and temperate 

cross 
(Wei141×Zhongxi017)

Y D - - 

(Y: Yellow, F: Flint, D: Dent) 
 
 
Table 2. Analysis of variance of the 45 QPM crosses for grain yield. 
 

Sources D. F. SS MS 
Environment 2 220929576.82 110464788.41** 

Replication 2 2079780.14 1039890.07   
Cross 44 649660408.16 14765009.28** 

GCA 9 45707816.87 5078646.32** 

SCA 35 26484734.83 756706.71   
Env.×Cross 88 517045196.79 5875513.60** 

Error 268 523163954.73 1952104.31   
*,** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 3. Estimates of GCA and SCA among the 10 QPM inbreds for grain yield. 
 

SCA 

Inbreds GCA CML 

171 

CML 

194 

CML 

166 

CML 

161 

Chang 

631/O2 
CA339 

Zhongxi 

096/O2 

CML 

164 

Xin9101 

/O2 

CML171 755.61          

CML194 195.94 -696.05         

CML166 947.11 -1230.88 994.12        

CML161 1010.53 -287.63 -47.63 -909.80       

Chang631/O2 -219.06 623.95 -92.05 980.45 633.04      

CA339 -39.81 978.37 -707.96 -5.80 744.79 -914.96     

Zhongxi096/O2 -1119.98 1205.20 -361.13 -875.30 364.95 -1479.80 -614.38    

CML164 -960.47 -443.30 -246.63 246.87 -24.21 -720.63 375.79 839.62   

Xin9101/O2 -916.27 630.83 1813.50 -417.67 -98.09 220.16 -418.09 232.41 -238.09  

Qi205 346.40 -780.50 -656.17 1272.00 -375.42 749.83 562.25 688.41 210.58 -1670.96 

 
 
 
 
Table 4. Classification of heterotic groups for 10 QPM inbred lines. 

Heterotic groups Inbred lines in the groups 

A CML171, CML166, CML161, CML164 

B CML194 

C Chang631/O2, CA339, Zhongxi092/O2  

D Xin9101/O2, Qi205 
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Figure 1. Estimates of GCA for grain yield among the 10 QPM inbreds.  
 
M Q1                Q5                Q10 

 
M Q1                Q5                Q10 

Figure 2. SSR analysis of 10 inbreds using primers Phi053 and Phi374118.  
(“M” refers to molecular weight marker ФX174/Hinf). 
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Figure 3. Cluster analysis of 10 inbreds using the SSR data.  
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Abstract 
 

The Asian corn borer (ACB), Ostrinia furnacalis (Guenée), is the most important insect pest for 
maize in China. Despite consistent losses to ACB, farmers are reluctant to implement current integrated 
pest management (IPM) tactics because the cost and skill demand. Bt transgenic maize provides a new 
way for ACB control. Monsanto’s YieldGard® of Bt transgenic maize, expressing Cry1A(b) protein, and 
non-Bt control were evaluated in Beijing. Laboratory bioassays were carried out by exposing neonates to 
an agar-free diet containing Bt maize whorl leaves, tassel, and anther or directly to fresh silk and pollen. 
These are the tissues initially attacked by neonates in the field. All of them except pollen contained 
sufficient toxin protein to kill ≥95% of larvae within 7 day. Surviving larvae had also not grown beyond 
1st instar and weighed ≤0.1 mg. Although the larvae feeding on Bt maize pollen were significantly smaller 
than those on non-Bt maize, there was no significant difference in mortality. Field trials were also 
conducted by artificial infestation with ACB at mid-whorl, V17, and silking stages. Damage ratings and 
number of larvae survived per plant indicated that Bt maize was highly resistant to ACB. Therefore, 
YieldGard® offers potential for a season-long protection against first- and second-generation ACB. 
 
Introduction 
 

Maize (Zea mays L.) in China is annually attacked by the Asian corn borer (ACB), Ostrinia 
furnacalis (Guenée). Despite consistent losses estimated at 6 to 9 million tons for an ordinary year, 
farmers do not aggressively manage ACB by implementing traditional integrated pest management (IPM) 
tactics such as biological control agents, light traps, and insecticide applications. More than 80% of the 
corn acreage is freely open towards ACB. This attitude stems historically from several limitations of these 
tactics such as difficulties of application, cost and skill demand, biosafety and environmental concerns, 
and uncertainty about the benefits of the management. Obviously, favorable management options of ACB 
integrated management should be inexpensive, have a high and stable controlling effect, are simple and 
easy to apply, and not to pollute. Cultural practices (manipulating cropping system, tillage practices), 
biological control (Bacillus thuringiensis (Bt), Beauvaria bassiana, Trichogramma parasitoid wasps, and 
nematodes), and breeding for maize resistance, etc. offer different approaches of managing ACB (Zhou et 
al. 1995). Of these, host plant resistance is an important component of ACB integrated management since 
the use of resistant hybrids derived through conventional plant breeding offer an economic, stable and 
ecological sound approach to minimize losses inflicted by ACB. Globally, during the last four decades of 
20th century, large investments and long-term research efforts have been put into plant breeding to 
develop pest resistant varieties and hybrids. Various conventional breeding techniques have facilitated 
significant improvements in resistance to corn borers (CIMMYT, 1989, Mihm, 1997). The development 
of transgenic plants (e.g. Bt maize) has introduced a new dimension into host plant resistance to pests. 

The first genetically engineered maize, Naturgard® and Maximizer® (Event 176), containing Bt gene 
and delivering the toxin protein were registered in 1995 by United States Environment Protection Agency 
(EPA) for Mycogen Corp. and Ciba Seeds (Anderson, 1999). Bt field corn hybrids were firstly 
commercialized available to the farmer in 1996. Consequently, MON810 and Bt-11 were registered by 
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EPA as YieldGard® for Monsanto and Northrup King in 1996. In addition, Dekalb and AgrEvo/PGS 
received registration as Bt-Xtra® (DBT-418) and StarLink® (CBH-351) in 1997 and 1998, respectively. 
Among those events, 176, MON810, and Bt-11 express Cry1A(b); DBT-418 expresses Cry1A(c); and 
CBH-352 expresses Cry9C genes from subspecies of the soil bacterium B. thuringiensis. Toxin 
expression of event 176 is targeted to the pollen and green photosynthetic tissues by using appropriate 
tissue-specific promoters (Koziel et al. 1993, Estruch et al. 1994.). The other events express toxin in all 
plant tissues by containing the cauliflower mosaic virus 35S promoter. These first-generation Bt maize 
hybrids were initially developed for control effort of the European corn borer (ECB), O. nubilalis 
(Hübner), but have potential to control other corn borers (Koziel et al. 1993, Armstrong et al. 1995, 
Williams et al. 1997, 1998, Archer et al. 2000, 2001). 

Because the efficacy of ECB-resistant Bt transgenic maize YieldGard® to ACB is not well 
understood, we initiated this research to determine whether YieldGard® conferred ACB resistance. The 
research was designed to evaluate the efficacy and potential of Bt transgenic maize for the control of 
ACB in China. In this paper, we present the data to demonstrate that YieldGard® is resistant to ACB. 
 
Materials and Methods 
 
Plants and insects 

Monsanto’s YieldGard® of Bt transgenic maize (event MON810), expressing Cry1A(b) protein, and 
its non-Bt control were grown at the experimental farm of the Institute of Plant Protection, Chinese 
Academy of Agricultural Sciences, in Beijing. Since the flowering dates were not synchronized between 
Monsanto's Bt maize and non-Bt Check, an advance line MC37 was used as non-Bt Check in the pollen 
and anther test. 

Ostrinia furnacalis egg masses and neonate larvae used in this study were obtained from laboratory 
colony that originated from a Henshui population and was maintained on an agar-free semi-artificial diet® 
of ACB (Song et al. 1999) for several generations. 
 
Laboratory bioassay 

Resistance of Bt transgenic maize to ACB were evaluated with whorl leaves, immature tassel, and 
anther using a modification of the technique for resistance evaluation of maize to ECB in laboratory 
described by Zhou et al. (1984). The agar-free semi-artificial diet of ACB was adapted for the bioassay. 
All the solid ingredients of the diet were blended and grinded to fine with a kitchen grinder. Sixty gram of 
testing tissues, whorl leaves and tassel of Bt maize and non-Bt control, were cut into small pieces with a 
pair of scissors, respectively. Each of these was then processed in the grinder by adding 60 ml distilled 
water to form a greenish juice. The juice was poured into a flask that contained 60 g processed solid 
ingredients of the diet to form testing medium. 

Glass vials (8.0 cm high by 2.5 cm diameter) with rubber stoppers were used as a rearing container. A 
hole with 0.5 cm in diameter was made on the stopper and sealed with a piece of stainless steel screen. 
Each container was filled with ca. 6 g testing media and was infested with 10 neonate larvae of ACB. 
Thirty containers were made each for Bt maize and non-Bt control. All containers were moved to rearing 
room at 70-80% RH, temperature 28o-30oC and a photoperiod of 16:8 h (L:D). Survivors and larval 
weight were carefully recorded within 7 days. When mortality was recorded, larvae that had not grown 
beyond 1st instar and weighed ≤0.1 mg were considered to be dead. 

Bundles of fresh silks from twenty plants were collected from Bt maize and non-Bt control at silking 
stage in the field. Each bundle of silks was placed into a plastic container (10.5 cm high by 11.5 cm 
diameter) with a disc of wet filter paper at the bottom. Two blackhead ACB egg masses (ca. 20-30 eggs) 
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were inoculated into each container. The same incubation condition was used as described above. Number 
of survivors and weight were recorded 6 days later. 

To collect pollen, pollen-shedding tassels were covered with pollinating bags. Next day, pollens and 
anthers were collected by shaking the tassel bags in the late morning. Then a screen was used to separate 
the pollens from anthers brought to the laboratory for resistance evaluation. The anthers were fast frozen 
by liquid nitrogen and pestled into powder. Then it mixed with processed diet (1:1) and distilled water to 
get testing media. Other procedures were the same as whorl leaf. Fresh pollen were directly used as the 
diet. Each container contained 400 mg of the pollen only. It then infested with 5 neonate larvae and 
moved into rearing room. Twenty containers each were for Bt maize and non-Bt control, respectively. 
Survivors and larval weights were recorded 3 days later. Since the flowering dates were not synchronized 
between Bt maize and its non-Bt control, an advance line MC37 was used as non-Bt Check in the anther 
and pollen bioassays. 
 
Field evaluation 

Effectiveness of controlling 1st-generation (leaf-feeding resistance, tassel resistance) and 2nd-
generation (silk resistance) ACB through the Bt transgenic maize was evaluated in the field with 
traditional artificial infestation techniques similar to that described by He et al. (2000a). Trial plots 
contained two 5 m rows with three replications. 
 
Leaf-feeding resistance evaluation 

All the plants under testing were artificially infested with 2 blackhead ACB egg masses (ca. 40-60 
eggs) per plant at mid-whorl stage. Experiment plots were sampled for leaf feeding ratings (taken with a 1 
to 9 scale, where 1 was the most resistant and 9 the most susceptible) (He et al. 2000a) and borer density 
within 12 days. 
 
Tassel resistance evaluation 

Plots were artificially infested at vegetative stages V17 (17 leaf stage). Two blackhead ACB egg 
masses were placed upon the young tassel. Subsequently, the whole tassel with its last enveloping whorl 
leaves was covered with a pollinating bag, which could protect the larvae from the predators. Damage 
ratings (taken with a 1 to 5 scale, where 1 was the most resistant and 5 the most susceptible) (He et al. 
2000) and larvae number were recorded 12 days later. 
 
Silk resistance evaluation  

At VT (tasseling) stage, the ears (before silking) were covered with ear-bags to prevent any pollen 
grain from dropping on. When plants developed to full green silk stage, ears were carefully self or full sib 
pollinated and infested with 20 to 30 neonate larvae per silk mass with a Bazooka applicator (CIMMYT, 
1989) at the same time. The ear-bags were then put on again, bag mouth was fastened with a rubber band, 
which protected the larvae from the predators. Damage ratings (revised centimeter scale of Widstrom, 
1967) and larvae density were checked out after 15 days. 
 
Experimental design and data analysis 

Both laboratory and field assays used a completely randomized design. Data were analyzed 
statistically using the PROC TTEST procedure (SAS Institute, 1989). Analyses included damage ratings, 
larvae mortality, larval weight, and the number of larvae in stalks for mid-whorl, V17, and silk 
infestations. 
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Results 
 
Laboratory bioassay 

In the laboratory bioassay, ≥99.5% of the larvae were killed when they fed on diet containing Bt 
maize tissue of mid-whorl leaves, last two leaves and young tassel at V17 within 7 days. There was only 
one dwarf larva that survived among 200 larvae feeding on diet containing the mid-whorl leaves. This 
larva was beyond the 1st instar and weighed ≤0.1 mg, which can be considered as dead. Meanwhile, the 
mortalities were only 12.7-24.0% of the larvae feeding on diet containing these of non-Bt control tissue. 
The surviving larvae were also at their late 3rd to early 4th instar, and average weight ranged from 12.2 to 
19.8 mg/larva. These results indicated that the Bt maize tissues at the vegetative stages contained 
sufficient Bt toxin protein to kill the neonate larvae of ACB (Table 1). 

Fresh silk bioassay showed that there was not any larva survived on Bt maize silks, but an average of 
34 larvae survived on the non-Bt control. The Bt maize silks were still in good shape during the six days 
period. However, the non-Bt control silks were completely consumed by the larvae. Only dark brown 
frass were left on the bottom of the container. The larvae were at the 3rd instar stage. This result indicated 
that the Bt maize silk contained adequate toxin protein to kill the neonate larvae of ACB. 

Larvae fed on the diet containing Bt maize anther had shown 100% mortality. The difference between 
the Bt maize and non-Bt maize MC37 was dramatic (t = -16.8475; df = 9; P = 0.0001). The latter only 
caused 16% mortality (Table 2). This again indicated that the Bt maize anther contained sufficient Bt 
toxin protein to cause 100% mortality to the neonate larvae. However, the mortality was not significantly 
increased when neonate larvae fed on Bt maize pollen were compared with the non-Bt maize MC37 
within three days (t = 1.2274; df = 38; P = 0.2272). In addition, the average weight of larva feeding on Bt 
maize pollen was significantly lower than that on the non-Bt check MC37 (t = 6.6606; df = 38; P = 
0.0001) (Table 2). These results suggested that the toxin protein could express in the pollen of Bt maize, 
but it could not reach a sufficient level to induce significant mortality to the ACB larvae in the sense of 
actual control effects. 
 
Field evaluation 

Field test showed that least damages were rated for leaf feeding, tassel feeding and silk feeding on the 
Bt maize under artificial infestation with ACB at mid-whorl, V17, and silk stages. There were no larvae 
that survived at mid-whorl leaves and tassels. Only one ear had four dwarf larvae beyond the 2nd instar 
survived on the silk. In contrast, significant damages were rated for leaf feeding, tassel feeding and silk 
feeding on the non-Bt control plots (t = 18.2270, df = 30, P = 0.0001; t = 15.0318, df = 50, P = 0.0001; t = 
20.6460, df = 58, t = 0.0001). More than five larvae per plant (at the 5th instar) survived in this case 
(Table 3) (t = 9.0229, df = 30, P = 0.0001; t = 9.4026, df = 50, P = 0.0001; t = 6.0926, df = 30, P = 
0.0001). These results indicated that Bt maize was highly resistant to ACB in the mid-whorl, V17, and 
silk stage. 
 
Discussion 
 

Unlike the chemical control, Bt transgenic maize prevents the damage from first biting of neonate 
larvae. Therefore, it is important to know the effectiveness of the tissues where neonate larvae initially 
feed on. Both the 1st-generation neonate larvae of ECB and ACB are established on tend whorl leaves 
(Mason et al. 1996, Zhou et al. 1995). First generation corn borer resistance is leaf-feeding resistance. 
Leaf disk assay showed that Bt maize is toxic and expresses adequate toxin protein to kill the ECB 

- 22 - 



Bt maize and Asian Corn Borer 

neonate larvae (Koziel et al. 1993). Similar results were obtained with the Bt maize against the ACB in 
this research. 

Tassel resistance evaluation technique has previously not reported. This was probably because tassel 
resistance was never considered important in case of ECB. However, this is not the case in China, as 
tassel resistance plays an important role in the ACB control (He et al. 2000b). Cold-tolerant and high 
yielding long-season hybrids are adapted with earlier planting in the spring maize region. The first-
generation eggs of ACB are deposited on the maize plants during the late whorl stage (V17 stage). In the 
summer maize region, maize is planted earlier; in this case, the farmers follow the cultural practice of pre-
harvest (winter wheat) interplanting, and planting maize immediately after the harvest of wheat. 
Moreover, first-generation eggs are always overlapping with the 2nd-generation. Eggs of the 1st-generation 
and the beginning of 2nd-generation are deposited on maize plants during the late whorl stage. Field corn 
infested at the late whorl stage by ACB suffers significantly more loss than that of the mid-whorl and 
early silking stages (Cheu et al. 1964). This is because neonate larvae will directly attack the immature 
tassels, which will result in a much higher survival rate of larvae, ca. 20-25 fold than that on the whorl 
leaves. Therefore, tassel resistance is of utmost important in ACB control in China. Bt maize tassel 
proved to have adequate expression of toxin protein to kill the ACB neonate larvae. 

Second-generation ECB become established on pollen accumulated in the axils of leaves, on sheath-
collar tissue, and on ear shoots, husks, and silks (Guthrie et al. 1969, 1970). ECB larvae prefer to feed on 
the sheath-collar tissue instead of the husk-silk tissue. The primary sites of resistance to 2nd-generation 
are, therefore, the sheath-collar tissue (Guthrie et al. 1980). Hybrids with MON810 event are proved to be 
adequate to control 2nd-generation ECB by infestation of neonate larvae in the axil of the ear leaf at the 
anthesis (Archer et al., 2000, 2001). For 2nd-generation ACB, fresh silk is the most preferential and 
favorable tissue for neonate larvae, resulting in very high survival rate. Second-generation ACB 
resistance is actually silk feeding resistance (He et al. 2000b). Results from this study indicated that fresh 
silks of Bt maize expressed sufficient toxin protein to protect themselves from larval feeding. 

Pollen accumulated in the axils of leaves comprises a portion of neonate diet of 2nd-generation ACB 
during 1st and 2nd instar. Therefore, adequate expression of toxin protein in pollen is important for the 
control of the 2nd-generation ACB. Although it was lower in the weight of larvae that feed on the pollen 
of the Bt maize than those on the non-Bt maize MC37, the expression of toxin protein in the pollen was 
not adequate to induce a significantly mortality to neonate larvae. This finding is consistent with the 
report from Agriculture and Biotechnology Strategies (AGBIOS) Inc. The expression of protein can be as 
low as 0.09 µg/g (fresh weight) in pollen (AGBIOS, 2001). We are concerned that the low expression of 
toxin protein in pollen might lead to selection of Bt resistant populations of ACB. This concern needs to 
be further examined. 

Monsanto Bt transgenic maize hybrids with the MON810 event provides good control of 1st- (leaf-
feeding damage) and 2nd-generation (stalk, shank and ear damage) ECB in mid-whorl and tassel growth 
stages under field conditions (Koziel et al. 1993, Armstrong et al. 1995, Archer et al. 2000, 2001). The 
data presented in this paper demonstrated the effectiveness of Bt transgenic maize YieldGard® with the 
MON810 event for controlling 1st- (in the mid-whorl l and V17 stages) and 2nd-generation ACB (silk 
stage). Near immunity to neonate larvae of Bt maize can provide an excellent efficacy for controlling 
ACB, and offers potential for season-long protection against 1st- and 2nd-generation ACB. This research 
indicated that the Bt transgenic maize presents a new management strategy for improving our current IPM 
program for ACB in China and possibly other Asian countries of the region. 
 

- 23 - 



He et al. 
 

Acknowledgments 
 

We thank Xinzhi Ni, Department of Entomology, Montana State University, for critical review of the 
manuscript. We also appreciate the support from Monsanto. The seed used in this study was provided by 
Monsanto. 
 
Literature Cited 
 
AGBIOS. (2001). Crop database, MON810. Essential biosafety. \static\long_9.html 
Anderson, J. (1999). Proceedings for EPA/USDA Workshop on Bt Crop Resistance Management, June 

18, 1999, Chicago IL, USA. 
Archer, T.L.; Schuster, G.; Patrick, C.; Cronholm, G.; Bynum, E.D. Jr., and Morrison, W.P. (2000). 

Whorl and stalk damage by European and Southwestern corn borers to four events of Bacillus 
thuringiensis transgenic maize. Crop Prot. 19: 181-190. 

Archer, T.L.; Patrick, C.; Schuster, G. Cronholm, G. Bynum, E.D. Jr., and W.P. Morrison. (2001). Ear 
and shank damage by corn borers and corn earworms to four events of Bacillus thuringiensis 
transgenic maize. Crop Prot. 20: 139-144. 

Armstrong, C.L.; Parker, G.B.; Pershing, J.C.; Brown, S.M.; Sanders, P.R.; Duncan, D.R.; Stone, T.; 
Dean, D.A.; Deboer, D.L.; Hart, J.; Howe, A.R.; Morrish, F.M.; Pajeau, M.E.; Petersen, W.L.; Reich, 
B.J. ; Rodriguez, R.; Santino, C.G.; Sato, S.J.; Schuler, W.; Sims, S.R.; Stehling, S.; Tarochione, L.J. 
and Fromm, M.E. (1995). Field evaluation of European corn borer control in progeny of 173 
transgenic corn events expressing an insecticidal protein from Bacillus thuringgiensis. Crop Sci. 35: 
550-557. 

Cheu, S.P.; Chow, D.R.; Tung, H.F. and Lee, C.H. (1964). Yield reduction of corn caused by the 
European corn borer at different development stages. Acta Phytophylacica Sinica. 3(3): 307-312. 

CIMMYT. (1989). Toward insect resistant maize for the third world: Proceedings of the International 
Symposium on Methodologies for Developing Host Plant Resistance to Maize Insect. Mexico, D.F.: 
CIMMYT. 

Estruch, J.J.; Kadwell, S.; Merlin, E.; and Crossland, L. (1994). Cloning and characterization of a maize 
pollen specific calciump-dependent protein kinase. Proceedings of the National Academy of Sciences, 
USA. 91: 8837-8841. 

Guthrie, W.D.; Huggans, J.L. and Chatterji, S.M. (1969). Influence of corn pollen on the survival and 
development of second-brood larvae of the European corn borer. Iowa State J. Sci. 44: 185-192. 

Guthrie, W.D.; Huggans, J.L. and Chatterji, S.M. (1970). Sheath and collar feeding resistance to the 
second-brood European corn borer in six inbred lines of dent corn.. Iowa State J. Sci. 44: 297-311. 

Guthrie, W.D.; Onukogu, F.A.; Awadallah, W.H. and Robbins, J.C. (1980). European corn borer: 
Evaluation of resistance in husk-silk tissue of inbred lines of corn. J. Econ. Entomol. 73: 178-180. 

He, K.L., Wang, Z.Y.; Zhou, D.R.;. Wen, L.P. and Song, Y.Y. (2000a). Methodologies and criterions for 
evaluating maize resistance to the Asian corn borer. J. Shenyang Agri. Univer. 31: 439-443. 

He, K.L.; Zhou, D.R. and Wang, Z.Y. (2000b). Progress of maize resistance research to the Asian corn 
borer in China. In: China Association of Agricultural Science Societies (eds). Prospects of Maize 
Genetics and Breeding for the 21st Century – Proceedings of an International Maize Genetics and 
Breeding Symposium. Sept. 15-17, 2000. Changchun, China. 

 
 
 

- 24 - 



Bt maize and Asian Corn Borer 

Koziel, M.G.; Beland, G.L.; Brown, C.; Carozzi, N.B.; Crenshaw, R.; Crossland, L.; Dawson, J.; Desai, 
N.; Hill, M.; Kadwell, S.; Launis, K.; Lewis, K.; Maddox, D.; McPherson, K.; Meghji, M.R.; Merlin, 
E.; Rhodes, R.; Warren, G.W.; Wright, M. and S.V Evola. (1993). Field performance of elite 
transgenic maize plants expressing an insecticidal protein derived from Bacillus thuringiensis. 
Bio/Technology 11:194-200. 

Mason, C.E.; Rice, ; Calvin, D.D.; Van Duyn, J. W.; Showers, W.B. Hutchison, W.D.; Witkowski, J.F.; 
Higgins, R.A.; Onstad, D.W. and Dively, G.P. (1996). European corn borer, ecology and 
management. North Central Regional Extension Publication No. 327. Published by Iowa State 
University, Ames, Iowa. 

Mihm, J.A. (ed.). (1997). Insect Resistant Maize: Recent Advances and Utilization; Proceedings of an 
International Symposium held at the International Maize and Wheat Improvement Center (CIMMYT) 
27 November-3 December, 1994. Mexico, D.F.: CIMMYT. 

SAS Institute. 1989. SAS/STAT User’s guide, version 6, 4th ed., SAS Institute Inc., Cary, NC. 
Song, Y.Y.; Zhou, D.R. and He, K.L. (1999). Studies on mass rearing of Asian corn borer: development 

of a satisfactory non-agar semi-artificial diet and its use. Acta Phytophylacica Sinica. 26(4): 324-328. 
Widstrom, N.W. (1967). An evaluation of methods for measuring corn earworm injury. J. Econom. 

Entomol. 60: 791-794. 
Williams, W.P.; Buckley, P.M.; Sagers, J.B. and J.A. Hanten. (1998). Evaluation of transgenic corn for 

resistance to corn earworm (Lepidoptera: Noctuidae), fall armayworm (Lepidoptera: Noctuidae) and 
South-Western corn borer (Lepidoptera: Crambidae) in a laboratory bioassay. J. Agric. Entomol. 15: 
105-112. 

Williams, W.P.; Sagers, J.B.; Hanten, J.A.; Davis, F.M. and P.M. Buckley. (1997). Transgenic corn 
evaluated for resistance to fall armyworm and southwestern corn borer. Crop. Sci. 37: 957-962. 

Zhou, D.R.; Guthrie, W.D. and Chen, C.C. (1984). A bioassay technique for screening inbred lines of 
maize for resistance to leaf feeding by the European corn borer. Maydica. XXIX: 69-75. 

Zhou, D.R.; He, K.L.; Wang, Z.Y.; Ye, Z.H.; Wen, L.P.; Gao, Y.X. and Song, Y.Y. (1995). Asian corn 
borer and its integrated management. Golden Shield Press, Beijing, China. 102 pp. 

- 25 - 



He et al. 
 

 
Table 1. Mortalities of ACB larvae feeding on diet incorporated with Bt and  non-Bt maize tissues at 
vegetative stages. 
 

Larval mortality (%) Variety 

Mid-whorl leaves Last 2 leaves at V17 Young tassel at V17 

Bt maize 100±0* 100±0* 100±0* 

Non-Bt control 24.00±3.36* 12.67±2.39* 16.33±2.17* 
* The means±SE within a column were significantly different statistically (P<0.05) by t-test. 

t = 7.1512, df = 38, P = 0.0001, for the mid-whorl leaves;  
t = 5.2907, df = 58, P = 0.0001, for the last 2 leaves at V17;  
t = 7.5270, df = 58, P = 0.0001, for the young tassel at V17. 

 
 
 
Table 2. Mortalities and weight of the ACB larvae feeding on diet containing Bt and non-Bt maize 
anthers and pollens. 
 
Variety Mortality % Larval weight mg/larva 

 Anther Pollen Pollen 

Bt maize 100±0*  9±3.069ns 0.298±0.017* 

MC37 (non-Bt) 16±4.989* 15±3.804ns 0.513±0.027* 
* The means±SE within a column were significantly different statistically (P<0.05) by t-test. 
ns The means±SE within a column were not significantly different statistically (P≥0.05) by t-test. 
 
 
 
Table 3. Damage ratings and larval number under artificial infestation with ACB at mid-whorl, 
V17, and silk stages. 
 
Variety Mid-whorl Tassel Silk 

  Leaf 
feeding 
ratings 

Larvae 
survived/plant 

Damage 
ratings 

Larvae 
survived/plan
t 

Damage 
ratings 

Larvae 
survived/plan
t 

Bt maize 1±0* 0±0* 1±0* 0±0* 0±0*  0.19±0.19* 

Non-Bt 
control 

7.44±0.53* 5.88±0.65* 4.46±0.
23* 

14.04±1.49* 7±0.339
* 

10.13±1.62* 

* The means±SE within a column were significantly different statistically (P<0.05) by t-test. 
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Abstract 
 

Sugarcane Mosaic Virus (SCMV) is an important disease of maize in China. Investigation of the 
germplasm basis and inheritance to SCMV resistance are important for germplasm improvement. During 
1999 to 2001, the AMBIONET-China team analyzed the genetic diversity in 46 elite Chinese inbreds and 
provided a strategy of germplasm improvement for resistance to SCMV based on heterosis. Also, 
characterization of QTLs affecting resistance to SCMV and application of a marker-assisted selection 
(MAS) approach were undertaken using a linkage map with 89 SSR marker loci and the phenotypic data of 
F3 families derived from the cross Huangzao4 × Ye107. Three QTLs conferring resistance to SCMV were 
consistently identified on chromosomes 3, 6, and 10 in experiments carried out in 2000 and 2001, while 
two more QTLs on chromosomes 1 and 5 were found in 2001. The Huangzao4 contributed all the QTL 
alleles conferring resistance to SCMV. The largest QTL was consistently located on chromosome 3 
across two years, which could explain 19.48% and 26.86% phenotypic variance, respectively. Both the 
QTLs on chromosomes 3 and 10 showed significant additive gene effects, while other QTLs on 
chromosomes 1, 5 and 6 displayed dominant, overdominant and partial dominant gene action, 
respectively. Based on this study, it was recommended that the MAS for SCMV resistance could consist 
of the use of QTLs on chromosomes 3, 1, 6, and 10, combined with the conventional selection method. 
  
Introduction 
 

Sugarcane Mosaic Virus (SCMV) is one of the most important diseases of maize in China, causing 
10%-15% yield losses in an ordinary year. It was reported to be a severe disease of maize in the 1960s, and 
became more serious in 1980s and 1990s. It has become an epidemic in several provinces (Li et al. 2000). 
SCMV is naturally transmitted by aphids in a non-persistent manner. It becomes especially severe when 
maize is planted in continuous or intercropping system. According to taxonomy, maize dwarf mosaic 
virus (MDMV) strain B was reidentified as SCMV (Shukla et al. 1989). SCMV is more prevalent than 
MDMV in China and Europe, and MDMV is predominantly distributed in southern parts of USA (Kuntze 
et al. 1995, Louie et al. 1990). It is impossible to control SCMV directly with chemicals. Likewise, 
attempts to control the aphids were not effective due to the non-resistant mode of virus transmission. 
Therefore, development of resistant hybrids is the effective strategy to control SCMV. 

Studies on the resistance to MDMV and SCMV have been conducted earlier with the US and 
European maize germplasm, respectively (Rosenkranz et al. 1984, Findley et al. 1984, Louie et al. 1991, 
Simcox et al. 1995, Melchinger et al. 1998). However, little is known about the genetic diversity of elite 
inbreds and genetic basis of resistance to SCMV in Chinese maize germplasm. From 1999 through 2001, 
the genetic diversity of 46 elite inbreds and characterization of QTLs for resistance to SCMV were 
investigated by the AMBIONET-China lab. The resulting information is being adopted to facilitate 
germplasm improvement for resistance to SCMV. 
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Materials and Methods 
 
Plant materials 

Forty-six elite inbred lines that are currently used in Chinese maize breeding program (Table 1) were 
analyzed for resistance to SCMV. Two elite commercial lines, Huangzao4 (flint, resistant) and Ye107 
(dent, susceptible) were used to produce F2 and F3 segregating populations. A random sample of 184 F2 
individuals was genotyped by SSR markers, and the corresponding F3 families were evaluated for 
resistance to SCMV in field conditions under artificial inoculation. For each F3 family, a pool of 20 plants 
was selected to increase the seeds by randomly crossing 10 plants as males and another 10 as females. 
 
Field tests and artificial inoculation 

Field tests were performed at Tangshan City, Hebei province in 1999 and 2000 and in Beijing in 
2001. The 46 inbreds were evaluated for reaction to SCMV as single-row plot in a randomized block 
design with two replicates. The plot was 5m long with 0.76m row spacing. Plots were over-planted and 
thinned to 18 plants in each row. Phenotyping of 184 F3 families for resistance to SCMV were carried out 
in a randomized complete blocking design with two replicates. The plot consisted of one 4m-row with 20 
plants. 

Virus inoculum was prepared from typical infected young seedlings. Leaves with mosaic symptoms 
were homogenated in 0.01 M phosphate buffer (pH 7.0) in 1:10 dilution. Plants at the 4- to 5- leaf stage 
were rubbed with the inoculum containing carborundum twice within a week interval. Plants were 
evaluated for virus symptoms at weekly intervals, beginning 7-10 days after the initial inoculation.  
 
SSR analysis 

Genomic DNA was extracted using a modified CTAB procedure (Saghai-Maroof et al. 1984). The 
PCR reactions were performed using a PTC-200 Thermal Cycler (MJ Research, MA). The amplification 
program and silver staining method were based on the protocols adopted in CIMMYT-ABC lab 
(Hoisington et al. 1998). 
 
Data analysis 

The responses of the genotypes were rated on a scale of 0 (symptomless) to 3 (severe stunting with 
few ear formed), and disease severity index (%) was used to distinguish resistant or susceptible 
genotypes, which represented 0-10% highly resistant (HR); 10.1%-30% resistant (R); 30.1%-40% 
moderately resistant (MR) and >40% susceptible (S). Disease severity index (%) = ∑(No. of infected 
plants × rated scale) ×100 / (Total plants × maximum scale). 

Fragments amplified by SSR primers were scored as present (1), absent (0) or missing (9). Genetic 
similarity (GS) was estimated from the allele data using a simple matching coefficient, such that GS = m / 
(m+n), where m = number of matches and n = number of mismatches. Cluster analysis of 46 inbreds was 
performed based on the matrix of GS using Unweighted Pair Group Method using Arithmetic Averages 
(UPGMA) clustering algorithm. The GS matrix and cluster were computed with NTSYS-pc version 1.8 
(Rolf, 1992). 

Segregation ratios at each marker locus were checked by a chi-square fitness test for the expected 
Mendelian segregation ratio. Estimates of the proportion of parental genome for each individual were 
obtained according to Paterson et al. (1988). Linkage analysis of SSR markers was conducted by 
multipoint analysis using the computer program MAPMAKER (version 3.0 LOD=3.0 and θ≤0.4). The 
disease severity index was calculated as percentage values. QTL Mapping and estimation of their effects 
were performed using composite interval mapping (Zeng, 1994). A LOD threshold of 2.8 was chosen for 
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declaring a putative QTL significant. A QTL position was determined at the local maxima of the LOD 
plot curve in the regions under consideration. The proportion of phenotypic variance explained by a single 
QTL was calculated as the square of the partial correlation coefficient. Each QTL was represented by a 
20-cM interval with the local LOD maximum as center.  
 
Results 

 
Resistance of inbred lines to SCMV 

Most of the elite inbred lines used currently in maize breeding showed high susceptibility to SCMV 
(Table 1), such as Mo17, Shen5003, Ye107, Zi330, Ye478, Dan340, Tie7922, U8112 etc. Of the 46 
inbreds tested, eight lines (K22, CN962, P138, Qi318, Zhongzi01, Jinhuang96B, Qi319, Pa405) were 
rated as highly resistant; seven lines (Han21, Zhongzi03, Han23, X178, Huobai, K12, Huangzao4�as 
resistant; three lines (Hai9-21, CA339, CA156) as moderately resistant, and others as susceptible. The 
reaction of 46 inbreds to SCMV was generally consistent over two years.  
 
Cluster analysis 

Forty-nine SSR primers detected 168 alleles among the 46 inbreds. The UPGMA algorithm clustered 
the inbred lines into several distinct groups, designated as A to G (Figure not showed), respectively. 
Group A contains Huangzao 4 and its derivatives, which is named as Sipintou group. Cluster B contains 
the lines from Luda Red Cob, such as Dan340 and E28. Cluster C is of Lancaster group, such as Mo17. 
B73 and several inbreds derived from PN hybrids are found in Cluster D. Cluster E consists of Pa405, 
Huobai and S37, and cluster F contains 7884, Ji53 and CA339. Cluster G consists of two subgroups GI 
and GII. GI contains five lines, i.e. B77, Jinhuang 96B, Zi330, CA091 and Zong31. GII also contains five 
lines that all derived from PB germplasm. Basically, grouping of 46 inbred lines by SSR markers was in 
agreement with their known pedigrees and breeders’ experience.  

 
QTL mapping of resistance to SCMV in maize 

The 184 F2 individuals of Huangzao4 × Ye107 were genotyped by 102 polymorphic SSR marker loci 
between two parental lines. Allele frequencies did not deviate significantly from the segregation ratio 
(1:1) at any marker locus. At 12 of the 102 marker loci, the observed genotype frequencies deviated 
significantly (P<0.01) from the expected ratio (1:2:1). The proportion of the Huangzao4 and Ye107 
genome among the 184 F3 families was 50.9% and 49.1%, respectively, which followed a normal 
segregation distribution (1:1). 

The genetic linkage maps were constructed, which contained 89 SSR marker loci, and covered 1543 
cM on the 10 chromosomes with an average interval length of 17.3 cM (Fig.1). The arraying order of 
marker loci in the linkage map was in good agreement with that in SSR bin map (MaizeDB, 2002), except 
for three loci, bnlg292, umc1366 and bnlg1621, which mapped to different positions.  

With the method of composite interval mapping, three QTLs conferring resistance to SCMV were 
identified on chromosomes 3, 6, and 10 in 2000, linked with markers phi053, phi077 and phi062, 
respectively (Table 2). Huangzao4 contributed all QTL alleles conferring resistance to SCMV. The 
largest QTL was located on chromosome 3, which could explain 19.48% phenotypic variance and showed 
additive gene effect. The other two QTLs on chromosomes 6S and 10 could account for 7.06% and 7.37% 
phenotypic variance, respectively, and both displayed partial dominant genetic effects. 

In 2001, five QTLs were found with significant effects for resistance to SCMV on chromosomes 1, 3, 
5, 6 and 10 (Table 3). Three QTLs on chromosomes 1, 6 and 10 were detected consistently in two years, 
while two more QTLs on chromosomes 1 and 5 were found in 2001, linked with markers umc1160 and 
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umc1822, respectively. The largest QTL was also located on chromosome 3, followed by that on 
chromosomes 10 and 1, which could explain 26.86%, 15.76% and 15.18% phenotypic variance, 
respectively. Both QTLs on chromosomes 3 and 10 showed significant additive gene effects, while other 
three QTLs on chromosomes 1, 3 and 6 displayed dominant, overdominant and partial dominant gene 
action, respectively. 
 
Discussion 
 

Under field conditions with artificial inoculation, eight and seven out of 46 elite inbreds showed high 
resistance and resistance to SCMV, respectively. However, 31 elite lines that are currently used in maize 
breeding were susceptible, indicating that germplasm basis for resistance to SCMV in maize breeding is 
narrow. Based on UPGMA analysis, 46 inbred lines are classified into seven distinct clusters. Cluster A 
contains 2 resistant lines, i.e. Huangzao4 and CN962, and Cluster B contains 3 resistant lines, i.e. K22, 
Han23 and Han21. Cluster E and subcluster GII contains 2 and 6 resistant lines, respectively. Subcluster 
GI contains 1 resistant line, Jinghuang 96B. Based on heterosis, both Huangzao 4 and CN962 showing 
high resistance to SCMV could be used to improve Wenhuang, Dhuang212, 444, H21 and Ye515. The 
inbred lines, K22, Han23 and Han21, showing resistance to SCMV, were in Cluster B, and these three 
lines could be utilized to improve Dan340, Zhongzi451, E28, 48-2 and Danhuang02. Cluster E and GII, 
which contained a large number of resistant germplasm, could aid in deriving synthetics for resistance to 
SCMV. However, no resistant inbred lines could be found in the Clusters C, D, and F.  

Studies on the resistance to MDMV and SCMV have been conducted earlier with the US and 
European maize germplasm, respectively. Rosenkrantz et al. (1984) reported five genes in Pa405 
conferring resistance to MDMV. Findley et al. (1984) reported one to three major genes in Pa405 causing 
resistance to strains A, B, C, D, E and F of MDMV. Louie et al. (1991) confirmed a single dominant gene 
conferring resistance to all five strains of MDMV. RFLP analysis mapped a major gene, Mdm1, located 
between bnl6.29 and umc85 and closely linked with the nucleolus organizer region (Simcox, 1995). In the 
study with early-maturing European maize germplasm, Melchinger et al. (1998) mapped two major 
resistance genes, Scm1 and Scm2, to chromosome 6s and 3, respectively. Linkage analysis of 40 BC5 
progenies derived from the cross FAP1360A × F7 indicated that Scm1 is closely linked with an AFLP 
marker E3M8-1, and that Scm2 is located distal to a RFLP marker umc102 (Xu et al. 1999).  

Several efforts have been made to determine the inheritance of resistance to SCMV in the Chinese 
maize germplasm. These preliminary studies revealed that qualitative or quantitative genes conferred 
resistance to SCMV. In the last two years, RAPD and SSR markers and bulk segregant analysis (BSA) 
method were employed to find the linked markers to SCMV resistance. However, due to the small 
population size and BSA method used, minor resistance genes and their genetic effects cannot be 
effectively detected.  

In the present study, three QTLs conferring resistance to SCMV were consistently identified on 
chromosomes 3, 6, and 10 in 2000 and 2001, while two more QTLs on chromosomes 1 and 5 were found 
in 2001. These results suggested that QTLs involved in SCMV resistance were strongly influenced by the 
environment. Three QTLs on chromosomes 3, 6 and 10 consistently displayed additive and partial 
dominant gene effects for resistance to SCMV across two years, respectively, while two other QTLs on 
chromosomes 1 and 5 showed dominant and overdominance in 2001. None of the 184 F3 families of 
Huangzao4 × Ye107 were found showing completely resistance across two years. It is a strategic choice 
to make MAS approach which should incorporate all five QTL alleles into one inbred line. However, to 
simplify the approach, it is recommended that the MAS for SCMV resistance could consist of the use of 
four QTL alleles on chromosomes 3, 1, 6 and 10. 
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Table 1. Phenotypic evaluation of 46 inbred lines for resistance to SCMV.  
 

1999 2000 Average  
S.No. 

 
Line DSI& 

 % 
Resistance 
Evaluation 

DSI 
% 

Resistance 
Evaluation 

DSI 
% 

Resistance 
Evaluation 

1 K22 0.0 HR 0.0 HR 0.0 HR 
2 CN962 0.0 HR 0.0 HR 0.0 HR 
3 P138 0.0 HR 0.0 HR 0.0 HR 
4 Qi318 0.0 HR 3.2 HR 1.6 HR 
5 Zhongzi 01 7.8 HR 0.0 HR 3.9 HR 
6 Jinhuang 96B 0.0 HR 8.9 HR 4.5 HR 
7 Qi319 6.9 HR 2.4 HR 4.7 HR 
8 Pa405 15.0 R 4.6 HR 9.8 HR 
9 Han21 22.6 R 14.3 R 18.5 R 
10 Zhongzi03 0.0 HR 31.7 MR 16.6 R 
11 Han23 17.6 R 16.4 R 17.0 R 
12 X178 13.6 R 21.2 R 17.4 R 
13 Huobai 27.5 R 15.0 R 21.3 R 
14 K12 23.8 R 23.1 R 23.5 R 
15 Huangzao 4 15.5 R 32.4 MR 23.9 R 
16 Hai9-21 31.8 MR 34.3 MR 33.1 MR 
17 CA339 34..5 MR 32.2 MR 33.4 MR 
18 CA156 34.4 MR 31.5 MR 32.9 MR 
19 Ye468 46.4 S 42.9 S 45.2 S 
20 Qi205 46.4 S 46.8 S 46.6 S 
21 Zhongzi 451 44.2 S 56.3 S 50.2 S 
22 Dhuang 212 60.4 S 43.6 S 52.0 S 
23 H21 57.8 S 49.3 S 53.6 S 
24 Wenhuang 53.8 S 62.4 S 58.1 S 
25 Dan340 40.2 S 77.8 S 59.0 S 
26 Zong31 67.1 S 54.7 S 60.9 S 
27 CA181 58.8 S 65.2 S 62.0 S 
28 5213 67.1 S 60.0 S 63.5 S 
29 Zi330 78.3 S 50.0 S 64.2 S 
30 Shen5003 71.9 S 56.9 S 64.4 S 
31 HC 82.4 S 50.5 S 66.5 S 
32 Tie7922 82.4 S 56.5 S 69.4 S 
33 B73 69.0 S 72.9 S 70.9 S 
34 CA091 95.6 S 50.0 S 72.8 S 
35 Ji53 100.0 S 50.0 S 75.0 S 
36 48-2 81.2 S 72.2 S 76.7 S 
37 B77 72.1 S 83.3 S 77.7 S 
38 U8112 81.4 S 75.7 S 78.6 S 
39 Mo17 98.0 S 65.0 S 81.5 S 
40 Danhuang 02 85.9 S 80.0 S 83.0 S 
41 Ye515 90.9 S 75.6 S 83.3 S 
42 374 100.0 S 66.7 S 83.4 S 
43 Ye107 87.5 S 85.4 S 86.5 S 
44 444 87.5 S 89.1 S 88.3 S 
45 7884 89.4 S 91.8 S 90.6 S 
46 E28 100.0 S 96.2 S 98.1 S 

&DSI: disease severity index 
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Table 2. QTLs for resistance to SCMV detected in184 F3 families of Huangzao4×Ye107 in 2000. 
 

Genetic effect # QTL Bin Marker Map distance+ LOD

a d [d/ a] 

Gene 
action* 

% vriation 
explained 

1 3.04 phi053 -2.0 9.82 -11.39 1.37 -0.12 A 19.48 

2 6.01 Phi423796 +1 3.87 -5.06 -2.66 0.53 PD 7.06 

3 10.04 Phi062 -5.3 3.61 -4.81 -3.05 0.63 PD 7.37 
 

+  The distance between the nearest SSR loci and the max LOD loci of the QTL. A positive value (+) 
means the QTL locus below the nearest SSR locus, while a negative value (─) means the QTL locus 
above the nearest SSR locus 
#  a: additive effect, d: dominant effect, [d/a]: dominant degree 
*A: additive (dominant degree=0-0.2), PD: partial dominant (dominant degree=0.21-0.80), D: dominant 
(dominant degree = 0.81-1.20), OD: overdominant (dominant degree>1.20) 
 
 
 
 
 
 
Table 3. QTLs for resistance to SCMV detected in184 F3 families of Huangzao4×Ye107 in 2001. 
 

Genetic effect # QTL Bin Marker Map distance + LOD

a d [d/ a] 

Gene action 

* 
% variation

explained 

1 1.01 umc1160 ─ 12.9 3.31 -7.89 9.02 -1.14 D 15.18 

2 3.04 phi053 ─ 2 14.64 -17.46 3.52 -0.20 A 26.86 

3 5.05 umc1822 ─ 0.9 4.04 4.97 -9.80 -1.97 OD 5.90 

4 6.01 phi423796 + 1 3.73 -6.08 -2.11 0.35 PD 5.72 

5 10.04 bnlg292c + 12 6.89 -12.97 -1.32 0.10 A 15.76 

The explanation of +, # and * follows that in Table 2. 
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Figure 1. The linkage map with 89 SSR marker loci based on 184 F2 individuals from the cross 
Huangzao4 ×Ye107 (The black boxes indicate the map positions of the five putative QTLs for 
resistance to SCMV). 
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Abstract 
 

The rapid development of molecular markers provided powerful tools to localize genes or QTLs 
involved in important agronomic traits at the genomic level. The purposes of this investigation are to map 
plant height QTLs using molecular markers and to analyze their genetic effects in maize. A F2:3 
population from an elite hybrid (Zong3 × 87-1) was utilized for evaluating plant heights at two locations, 
Wuhan and Xiangfan in South China, using a randomized complete block design with three replications. 
The mapping population included 266 families. A genetic linkage map containing 150 SSR and 16 RFLP 
markers was constructed with a total length of 2475.9 cM and an average interval of 14.9cM. Totally, 11 
QTLs (LOD>2.5) affecting plant heights were mapped on 7 different chromosomes using composite 
interval mapping. Eight out of the 11 QTLs were detected in two locations, 7 of which showed the same 
direction of increase in plant height, while 3 QTLs were detected only at one of the two locations. The 
contributions to phenotypic variations for a single QTL varied between 4.18% and 16.72%. Only one out 
of three main-effect QTLs contributing to plant heights appeared to be overdominant. 
 

Introduction 
 

The plant height is one of important agronomic traits for the plant breeding. The introduction of two 
dwarf genes, Rht1 and Rht2, into tall wheat varieties by Dr. N. Borlaug opened a preface of the Green 
Revolution in the 1960s (Krull et al. 1970). Further studies demonstrated that the increase in crop yields 
could not be solely attributed to reducing lodging, but that these genes might also have direct effects on 
yield via better nutrient uptake and tillering capacity (Gale et al. 1986).  

Molecular marker linkage maps serve as an important foundation have been widely used for 
localizing QTLs, cloning of genes, and performing marker-assisted selection. From the first appearance of 
the RFLP linkage map for maize (Helentjaris et al. 1986) to the publication of a high-density linkage map 
(Davis et al. 1996), markers have been attracting significant attention. Especially, the development of 
PCR based molecular markers, such as Simple Sequence Repeat (Senior et al. 1993), markers, with their 
advantages of hypervariability, abundance, accuracy, and codominant genetic segregation, makes it 
possible to rapidly construct molecular marker linkage maps in crop plant like maize. 

Since the 1990s, molecular markers have been extensively employed to investigate the genetics of 
plant height in maize (Cristian et al. 1999). Plant height QTLs were localized under different ambiences 
(Jiang et al. 1999; Sari-Gorla et al. 1999). Compared with results from different maize groups, it has been 
noticed that QTLs involving in plant heights were observed nearly on all the chromosomes and that the 
number of QTLs varied from 1 to 8 in the same population (Lin et al. 1995). More than 70 plant height 
QTLs or genes were localized by now, and some important plant height genes were also identified (Clive 
et al. 1996; Bensen et al. 1995). These are assuring to provide useful information for further 
understanding of the genetic mechanism(s) controlling plant heights in maize. However, there are few 
reports concerning mapping plant height QTLs among the Chinese maize germplasm. The purposes of 
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this investigation are to map plant height QTLs in Chinese maize germplasm using molecular markers 
and to analyze their genetic effects.  
 
Materials and Methods 
 
Genetic materials 

The mapping population comprised of 266 F2:3 families derived from F2 individuals resulting from a 
cross between two elite lines, Zong3 and 87-1. Young leaves of the F2 individuals were collected and 
stored at -70ºC refrigerator for DNA extraction and analyses.  
 
Field experimentation 

The F2:3 families together with the two parents and the F1 were transplanted into the field on the 
agronomy farm at Huazhong Agricultural University, Wuhan, and in the experimental station of Chia-Tai 
Agricultural Development Co., LTD., Xiangfan, respectively. A randomized complete block design was 
employed with three replications. Each field plot included 20 plants grown in a single 5-m row.  

 
Linkage map construction 

The total DNA of the parents and the mapping population were extracted as described by Saghai-
Maroof et al. (1984). Molecular polymorphisms were screened using 459 markers, including SSRs and 
RFLPs. SSR analysis was carried out following the method given by Senior et al. (1993), while RFLP 
analysis were accomplished according to the protocol by Gardiner et al. (1993). The molecular linkage 
map was constructed using Mapmaker3.0 (Lincoln et al. 1992). 
 
Statistic analysis 

The means and variances for plant heights were estimated based on the F2:3 families by SAS (1996). 
The main-effect QTLs of plant height was located using composite interval mapping (Zeng 1994). 
 
Results 
 
Phenotyping for the target trait 

No significant differences in plant heights were observed between the parents at the two locations. 
However, the F1 displayed significant heterosis for plant height, that is, 50.10% and 36.15% over the two 
parents at Wuhan and Xiangfan, respectively. There were extreme variations among the F2:3 families in 
plant heights at Wuhan and Xiangfan, ranging from 129.36 to 235.13cm and 138.67 to 226.36cm, 
respectively. Normal distributions for plant heights in the segregating population were detected at both 
locations (Fig 1). 
 
Molecular marker linkage map 

A total of 166 markers (150 SSR and 16 RFLP) showing codominant segregation, were selected for 
constructing a molecular markers linkage map. Using Mapmaker 3.0, polymorphism markers were 
classified into 12 groups, covering the 10 chromosomes of maize with a total length of 2475.9cM and an 
average interval of 14.9cM. In terms of marker alignments and intervals, the linkage map established in 
this investigation was consistent with other published maps. 
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Main-QTL analysis 
Based on composite interval mapping, nine plant height QTLs were detected at LOD value>2.5 in 

Wuhan (Fig 2). These QTLs located on chromosomes 1, 3, 4, 5, 7, 8 and 9 were named as Ph1-2, Ph1-3, 
Ph3, Ph4, Ph5-2, Ph5-3, Ph7, Ph8 and Ph9, respectively (Table 1). These QTLs could explain 5.40% to 
16.41% of the phenotypic variation for plant height. Alleles at Ph1-2, Ph1-3, Ph5-2 and Ph5-3 from one 
parent, 87-1, had the positive effects (increasing plant height), while alleles at the other five loci from 
another parent, Zong3, also showed positive effects. At Xiangfan�10 plant height QTLs were mapped on 
chromosomes 1, 3, 4, 5, 7 and 9 (Fig 2), designated as Ph1-1, Ph1-2, Ph1-3, Ph3, Ph4, Ph5-1, Ph5-2, Ph5-
3, Ph7 and Ph9, respectively (Table 1). These could account for 4.18% and 16.72% of the phenotypic 
variation. It should be noted that at both the locations, Wuhan and Xiangfan, eight QTLs were mapped in 
the same regions of chromosomes, seven of which showed the same direction of effect (increase in plant 
height). Approximately, one-third (6 out of 19) main-effect QTLs contributing to plant height seemed to 
be over dominant, based on a criterion suggested by Stuber et al. (1992). Over dominance may play an 
important role in conferring plant height in maize, since the dominant effect was underestimated using the 
F2:3 population. 

 
Discussion 
 

Austin at al. (1997, 2001) showed that most of the plant height QTLs could be detected 
simultaneously through the systematical analysis of F2:3 and F6:7, and the progenies tested between F2:3 
and F6:8 using three different testers. The present investigation supports the observations made by Austin 
an coworkers. More than 70 per cent of the QTLs for plant height were detected at both the locations. 
These mapped QTLs provide a solid foundation for further molecular marker-assisted selection for plant 
height. In contrast, when results from different studies were compared with those of the present study, 
there is some incongruence. A possible reason could be that QTLs in one population may or may not 
display polymorphism in another. In order to fully understand their genetic basis in plant heights, 
integration of all detected QTLs should be paid attention to.  

Research of plant comparative genomics revealed that gibberellins sensitive genes and plant height 
gene in wheat (Rht), maize (d8, d9) and rice are not only collinear in genomes but also extremely similar 
in sequences (Peng 1999). Likewise, the main dwarf gene sites, d3 and an1, in maize could be also found 
in sorghum at corresponding sites controlling the plant height of sorghum. d3, d8, d9 and an1 were 
localized on chromosomal positions 9.03,1.10, 5.02, 1.08 in maize, which seems to be corresponding to 
the positions of the QTLs (Ph9, Ph1-2, Ph5-2, Ph1-3) detected in our study. Ph5-2 is a major QTL, 
accounting for 16.41% and 16.72% of the phenotypic variation for plant height at Wuhan in Xiangfan, 
respectively. Further investigations will be needed to explore the relationships of these QTLs with the 
genes for plant height in maize. 
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Figure 1. Frequency distribution for plant heights in maize F2:3 population at two locations (left 
graph: Wuhan; right graph: Xinagfan). 
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Table 1. Main-effect QTLs affecting plant height in Zong3/87-1 F2:3 population using CIM. 
 

Interval (cM) Position (cM) LOD(2) A  D   (3) (4) R2(5)  (%) Gene action(6) 

QTL(1) 
Wuhan  Xiangfan Wuhan Xiangfan Wuhan Xiangfan Wuhan Xiangfan Wuhan Xiangfan Wuhan Xiangfan Wuhan Xiangfan 

ph1-1              83.81-143.51 114 2.96 -4.9 2.3 4.18 PD

ph1-2 239.01-307.71 215.01-282.81 259            

            

             

             

              

            

            

             

               

               

261 5.06 10.42 -11 -14.8 6.73 2.25 8.5 15.99 PD A

ph1-3 314.11-344.91 316.11-356.91 332 332 2.97 3.50 -7.42 -7.01 9.32 7.7 8.6 9.86 OD PD

ph3 197.11-218.61 195.11-218.61 207 207 4.47 4.77 4.79 2.84 3.97 5.45 7.37 8.01 PD OD

ph4 65.31-129.61 53.31-127.61 90 90 4.25 4.23 1.3 1.18 8.46 7.38 7.29 7.59 OD OD

ph5-1 0.01-9.21 0 3.61 -5.41 1.46 4.31 PD

ph5-2 67.61-218.01 67.61-140.61 91 91 9.63 9.43 -11.27 -9.96 4.97 3.74 16.41 16.72 PD PD

ph5-3 282.71-302.71 280.71-302.71 293 291 3.09 3.07 -6.82 -5.15 3.65 1.02 5.4 4.89 OD A

ph7 145.71-151.51 143.51-149.51 150 148 2.83 2.74 0.42 -0.11 -4.41 -3.13 7.6 6.03 OD OD

ph8 58.51-122.01 92 4.04 5.35 2.82 6.76 PD

ph9 0.01-34.01 0.01-28.01 20 18 5.49 4.78 5.33 4.98 4.63 2.2 7.91 6.63 PD PD
 
1) Numbers following the two letters represents the chromosome locations of the QTLs 
2) Log-likelihood value was calculated by composite interval mapping  
3) Additive effect; positive values of the additive effect indicate that the zong3 alleles are in the direction of increasing the plant height 
4) Dominance effect; positive values of the dominance effect indicate that the heterozygotes have higher phenotypic values than the respective 

means of two homozygotes  
5) Variation explained by each QTL 
6) A, additive (d/a=0-0.20); PD, partial dominance (d/a=0.21- 0.80); OD, over-dominance (d/a> 1.20). 
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Figure 2. Genome locations for the main-effect QTLs affecting plant height in the maize F2:3 populations. 
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Abstract 
 

Classification of heterotic groups is essential for maize breeding. RFLP has provided a powerful tool 
to assign maize inbred lines into heterotic groups. In this study, 45 inbred lines that are used widely in 
China, besides four lines from USA were chosen for RFLP analysis. Fufty-four RFLP core markers 
covering the 10 chromosomes of maize were used. The total DNA of each sample was digested with 
EcoR I, BamH I and Hind III. A total of 860 bands were detected among the 45 inbred lines based on 
RFLP analysis, mapping to 212 loci. A number of allele at each locus ranged from 2 to 9 with an average 
of 4.06. In total, 45 inbred lines were classified into six heterotic groups according to RFLPs. Three 
heterotic groups, including Mo17, B73 and Oh43 respectively, represented the U.S. heterotic groups. 
Twenty-one inbred lines, most of which were derived from the Chinese local germplasm, were classified 
into two heterotic groups, indicating that the local germplasm was different from U.S. germplasm at the 
molecular level, and played an important role in maize hybrid production in China. Two inbred lines from 
the tropical germplasm were assigned to the same group. These results provided useful information to 
understand maize heterotic groups and heterotic patterns in China. 
 
Introduction 
 

Maize is a very important crop in China. According to the FAO data, planting areas of maize reached 
to 25.86 million hectares in 1999, and the average yields of maize were 4.88 tonnes per hectare. China has 
become the second largest country for maize production over the world. Maize yield has been increased 
3-4 times mostly because of widening the area under hybrids during the past four decades. 

In order to enhance heterosis, classification of maize heterotic groups is essential because the 
knowledge of heterotic groups and patterns can direct the combination of outstanding hybrids and 
improvement of elite inbreds. Biotechnology provides powerful tools for classification of heterotic groups 
at the molecular level. RFLP (Ajimone et al. 1998, Dubreuli et al. 1996, Dudley et al. 1991, Melchinger et 
al. 1990), RAPD (Liu et al. 1997, Lanza et al. 1997), AFLP (Wu et al. 2000) and SSR (Senior et al. 1998) 
were used to assign maize germplasm into heterotic groups. Compared to other molecular markers, RFLP 
performs more stably and repeatedly. Messmer et al. (1992) estimated genetic relationships among 57 
European maize inbred lines with RFLP markers. Mumm and Dudly (1994) not only assigned 148 
American maize lines into two major heterotic groups, but also into 11 sub-groups. However, until now, 
there are few reports on classification of Chinese inbred lines using RFLP markers. The primary 
objectives of this investigation are to classify 45 of the maize inbred lines used widely in China into 
heterotic groups through RFLPs, and to explore the genetic basis of maize germplasm in China for 
deriving heterotic groups and patterns. 

 

- 43 - 

mailto:lijs@163bj.com


Yi-qin and Jian-sheng 
 

Materials and Methods 
 

Fort-five inbred lines in south China were chosen, besides four US lines ( Mo17, FRB73, A632 and 
Oh43). Leaves from each of these lines were collected at the seedling stage, then stored in –70°C 
refrigerator. 

 
RFLP analysis 

A procedure described by maize RFLP lab at University of Missouri, Columbia, USA, was employed 
for RFLP analysis. A total of 54 probes were chosen for RFLP analyses, including 47 genome probes and 
7 cDNA probes. 
 
Statistical analyses 

Each band of RFLP profiles was transferred into digit data, 1 or 0, for presence or absence of a band, 
respectively. Genetic similarity (GS) and genetic distance (GD) between pairs of inbred lines were 
estimated according to the methods of Nei and Li (1979). Associations among the 45 lines were 
determined using Ward’s method of cluster analyses by SAS based on the GD estimates. 
 
Results 
 
Genetic variation based on RFLPs 

In this investigation, 145 probe-enzyme combinations were used for RFLP analyses. Totally, 860 
bands were detected across the 45 inbred lines, involved in 212 RFLP loci. There was an average of 4.06 
alleles at each locus, ranging from 2 to 9 alleles. Of these, 746 bands revealed polymorphism, 
representing 86.74% of the total bands. Among the 212 detected loci, 145 (68.4%) loci were polymorphic, 
including 95 single copy loci, 41 low repeat copy loci having two bands, and nine multiple copy loci 
having more than three bands. These results demonstrated that there was considerable genetic diversity 
across the 45 inbred lines used in the investigation. 

Based on Nei’s genetic distance, average distance was 0.525, varying between 0.119-0.663. The 
genetic distance between Hz32 and Hz1 was the least (0.199). The pedigree information showed both 
lines had very close association since Hz32 was selected from a mutant plant of Hz1. The farthest genetic 
distance was found out between Qiu23 and Gui102. The former was developed from a local variety in the 
south western China, but the latter was derived from a local variety in Indonesia. Three inbred lines, 
T7913, 200B and S4003, which belonged to Zi 330 second cycle lines, had the considerable close genetic 
distance with Zi 330, being 0.396, 0.345 and 0.409, respectively. The results indicated that the RFLP data 
reflected the genetic relationship accurately. 
Cluster analyses of the RFLP data 

In the dendrogram resulting from the cluster analyses of GDs, 45 inbred lines could be primarily 
divided into six major groups at semi-partial R-squared 0.032 (Fig 1, Table 3). In the first group, there 
were only two lines, Gui102 and M9, both of which originated from the tropical germplasm. The second 
group had 10 lines, including Mo17, which could be called as the ‘Mo17 group’. The third group 
consisted of RFB73, 7922, 8112 and Su80-1, considered as the ‘B73 group’. There were 11 and 10 lines 
in the fourth group and the fifth group, respectively. It should be noted that in the fourth group and the 
fifth group, most lines, such as Tangsipingtou, Niu2-1, Wu151, Xian201, Huobai, Chang 72, Qui23, 
Xiwu211, and Jiao 51, were selected from the Chinese local varieties. Therefore, these were named as 
local group I and group II, respectively. The rest of the 8 lines were assigned to the group 6, which 
included Oh43, Zi 330, Dan 340 etc. 
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The information of the performance of the hybrids derived from these investigated lines provided 
strong evidence to support the classification results. The parent lines of 20 hybrids extended widely were 
included in the investigated lines, such as, Zhongdan 2 (Mo17 x Zi 330), Yundan 1 (77 x Zi330), Yandan 
14 (Huangzaosi x Mo17) etc. On an avaerge, the genetic distance between two parent lines among 20 
hybrids was 0.46. The two parental lines from 17 of 20 hybrids were assigned to different groups, which 
is consistent with heterotic patterns used in maize breeding. On the other hand, pedigree information 
offered another evidence to support the results. For instance, S4003, 200B and T7913, which all belong to 
the 2nd cycle lines of Zi 330, were classified into Zi 330 group. Three lines containing Suwan germplasm, 
namely S37, Suwan 1611 and Hz106, were assigned to the same group, as well as MoT and Mo17, and 
Tangsipingtou and Huangzaosi. Therefore, this classification of heterotic groups for Chinese maize 
germplasm should be reasonable. 
 
Discussion 
 

The RFLP, RAPD, SSR and AFLP markers have been extensively used for classifying maize 
germplasm into heterotic groups. RFLPs are highly useful in determining precisely the genetic 
relationships among the maize materials at the molecular level since these markers are codominant and 
cover the whole genome. In this investigation, RFLP markers aided in classifying 45 inbred lines used in 
China to six major heterotic groups. Three of the six major heterotic groups are similar to the heterotic 
groups in the US Corn Belt, namely the Mo17 group, B73 group and Oh43 group. This indicates that the 
American maize germplasm may continue to play an important role in the maize breeding in China. It 
should be mentioned that among the six heterotic groups, there are two groups consisting of Chinese local 
varieties, named as local group I and group II, respectively. This is the first molecular evidence to 
demonstrate that there may be genetic differences to certain extent between the American and Chinese 
maize materials and further differentiation among the Chinese local maize germplasm is possible. The 
result also indicates that Chinese local germplasm may also posses an important position in maize 
breeding in China. The results also suggest that the American germplasm should not only be paid 
attention to, but the Chinese local germplasm should also be exploited in order to maintain the high level 
of heterosis in maize breeding.  

Most parental lines of the hybrids of the lines analyzed in this study came from the Mo17 group and 
the local group I. The former is 47.83% among all parent lines, while the latter is 43.48%. There exist five 
pairs of heterotic patterns across all the hybrids. These are Mo17 group x local group, Mo17 group x local 
group, FRB73 x local group, 330 group x local group, and 330 group x local group. 
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Table 1. List of maize inbred lines and their derivation. 
S. No. Inbred lines Derivation 

1 HZ85 Second cycle line from American hybrid  
2 S7913 Second cycle line from German hybrid  
3 HZ32 Mutant plant of HZ1 
4 HZ1 Second cycle line from Zi330 x Fengke1 
5 3H-2 Second cycle line from Xiansandanjiao x H94 
6 Cai 11-8 Second cycle line from Menke B x Zi330 
7 Chang 72 Selected from local variety Changyangdazihuang 
8 Mo17 Second cycle line from CI187-2 x C103 
9 FRB73 Selected from BSSS C5 

10 Huangzaosi Mutant plant of TangsipingT 
11 TangsipingT Selected from local variety, TangsipingT 
12 Huobai Selected from local variety, Huojiabaimaya 
13 8112 Second cycle line from American hybrid 
14 T7913 Selected from synthesis (including Zi330) 
15 P111 Selected from (Palamadi x Tai183) x Zi330 
16 77 (Huangxiao162 x 1865) x (187-2 x Nan55) 
17 Wu 151 Selected from local variety, Qinglongwusuibai 
18 Jiao 51 Selected from local variety 
19 Niu 2 Selected from local variety, Niupindazihuang  
20 Zi 330 Second cycle line from Oh43 x Keli67 
21 Oh43 Second cycle line from Oh43 x W8 
22 200B Second cycle line of Zi330 
23 7922 Second cycle line from American hybrid 
24 S37 Selected from Suwan 1 population 
25 Huangza-1 Mutant from seeds reated with microwave 
26 SL2166 Second cycle line from 150 x Lu 9 
27 S4003 Second cycle selection of MO17 x Zi330 
28 48-2 Selected from synthetic 
29 7331 Selected from (Aiguang x Neierma) x Oh43 
30 Qiu 23 Selected from local variety, Nanchongqiuzi 
31 Su 22 Selected from Suwan 2 
32 Mo T Second cycle line from Mo17 x TX508 
33 Gui 102 selected from Indonesia local variety, Palamadi  
34 M9 Selected from MoHuang 9 
35 Suwan 1611 Selected from Suwan 2 
36 Qing 795 Selected from Yunnan local variety 
37 Xiwu 211 (Xizedahuang x Jinghuanghou) x Jinza 1hao 
38 Su 80-1 Second cycle line from Jinhuang 55 x Yuanwu 02 
39 Xian 201 Selected from local variety, Xianfengdazihuang 
40 HZ111 Second cycle line from American hybrid  
41 HZ106 Second cycle line from Suwan x Niu2-1 
42 QuanshuiH Selected from local variety, Quanshuihong 
43 78599 Second cycle line from American hybrid 
44 Dan 340 Lu 9 x paleaceous maize treated with radiation 
45 A632 Selected from (Mt42 x B14) x B14 
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Table 2. List of RFLP probes and enzyme combinations. 
 
Chromosome 

location 
Probe Enzyme Chromosome 

location 
Probe Enzyme 

1S umc157 
(chn)* 

B, E, H 5L umc126* B, E, H 

1S umc76 
(gne)* 

E, H 6C umc85* B, E, H 

1C umc67* B, E, H 6L umc59* B, E, H 
1L umc128* 

(aga) 
B, E, H 6L umc65* B, H 

1L umc161* B, H 6L umc21* B, E, H 
1L Bnl6.32* B, H 6L csu116 (elf1) B, E, H 
2S umc53* E, H 6L umc38* B, E, H 
2S umc6* H 6L umc62 B, E, H 
2S umc34* B, E, H 6L umc132* B, E, H 
2C umc131* 

(pext) 
B, E 7S asg8 (myb)* B, E, H 

2L umc5* B, E, H 7S csu129 B, E, H 
2L umc49* B, E, H 7S asg34 (msd)* B, E, H 
2L umc36 B, E, H 7L umc56 B, E, H 
3S umc32* B, E, H 7L umc254* E, H 
3S Csu32* H 7L bnl16.06 B, E, H 
3S umc154 B, H 7L umc35 B, H 
3S umc102* B, E, H 8C npi220* B, E, H 
3L umc17* B, E, H 8C bnl9.11 (lts)* B, E, H 
3L umc63* B, E, H 8L bnl9.44 B, E, H 
4S umc31* E, H 8L csu140 (gpa) B, E, H 
4C umc47 B, E, H 9S umc109* B, E, H 
4L umc66* B, E, H 9S umc25 (wx1)* B, E, H 
4L umc15 B, E, H 9L csu147* B, E, H 
4L umc169* B, E, H 9L umc95* B, H 
5S Bnl8.33 B, E, H 9L csu61* B, E, H 
5S umc90* B, E, H 10L csu86 B, E, H 
5S umc43 B, H 10L umc44* B, H 

Notes: 1. B, E, and H represent the enzymes BamHI, EcoRI, and Hind III, respectively. 
2. Symbols in the parentheses represent function of gene probes.  
3. “*” represents core probes. 
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Table 3. Classification of heterotic groups among the 45 inbred lines. 
 

No Group Inbred lines Inbred Number 
1 Tropic Group Gui 102; M9 2 
2 Mo17 Group Su22; Hz85; Hz111; 7331; QuanshuiH; 

A632; 78599; S7913; MoT; Mo17 
10 

3 B73 Group FRB73; 7922; 8112; Su80-1 4 
4 Local Group I TangsipingT; Huangzaosi; Niu 2-1; 

Wu151; Cai11-8; 3H-2; Huangza-1; 
P111; Xian201; Huobai; Chang72 

11 

5 Local Group II 48-2; S37; Suwan 1611; Qiu 23; 
Xiwu211; Hz106; 77; Jiao51; Hz32; 
Hz1 

10 

6 Oh43/330 Group SL2166; T7913; Qing 795; S4003; 
200B; Zi330; Oh43; Dan340 

8 

 
 

 
Figure 2. Cluster analysis of 45 inbreds based on RFLP markers using Ward’s method. 
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Abstract 
 

Knowledge of genetic diversity and of relationships among the elite breeding materials can have a 
significant impact on maize breeding. SSR markers have proven to be reliable and highly informative for 
assessing genetic diversity in maize. In the present study, 134 maize inbred lines from China and 
CIMMYT were assayed for polymorphism at 51 SSR marker loci using non-denaturing polyacrylamide 
gels. A total of 222 alleles were detected among these lines with an average of 4.4 alleles per locus. The 
values of polymorphic information content (PIC) for these loci ranged from 0.14 to 0.87, with an average 
of 0.56. The relationships among the lines revealed by genetic similarity (GS) coefficient were consistent 
with known pedigrees. The dendrogram based on the similarity matrix using UPGMA algorithm delineated 
the above lines into nine clusters. Most of the CIMMYT lines representing subtropical and tropical 
germplasm were assigned into one major cluster, and the lines from the Chinese germplasm were placed 
into the remaining eight clusters (Sipingtou, Luda Red Cob, Lancaster, BSSS, PA, PB, Zi330, and Zhong). 
The results have provided useful information for assigning lines to heterotic groups, planning crosses for 
hybrid and line development, and choosing parents for breeding program. 
 
Introduction 

 
Analysis of genetic diversity and of relationships among the elite breeding materials can significantly 

aid in crop improvement (Hallauer et al. 1988). In maize, this information is useful in planning crosses for 
hybrid and line development, in assigning lines to heterotic groups, and in plant variety protection. 
Molecular markers provide are more powerful in assessing genetic diversity in comparison with the 
morphological data, pedigree data, heterosis data, and biochemical data, because these markers reveal 
differences at the level of DNA (Melchinger, 1999). Several studies have aimed at assessing the genetic 
diversity using various molecular markers such as RFLPs (Dubreuil et al. 1996), AFLPs (Ajmone-Marsan 
et al. 1998), RAPDs (Lanza et al. 1997), and SSRs (Senior et al. 1998). Compared to other markers, SSRs 
represent the optimal approach for the assessment of genetic diversity in terms of discrimination, 
standardization, and automation. Moreover, SSRs always reveal the highest level of polymorphism and its 
banding patterns can usually be interpreted in terms of alleles at mapped loci (Smith et al. 1997; Pejic et al. 
1998).  

In contrast to the North-American and European elite maize germplasm (Mumm & Dudley, 1994; 
Dubreuil et al. 1996), Chinese germplasm has only been assessed for genetic diversity based on relatively 
few inbred lines (Yuan et al. 2001). Therefore, a larger and more diverse selection of the elite inbred lines 
representative of the Chinese germplasm should be analyzed. In addition, heterotic groups used in China 
are very complex, and defining them using molecular markers could be very useful. In this study, we 
utilized SSR markers (i) to estimate genetic diversity among 115 inbred lines chosen from Chinese maize 
germplasm and 19 lines from CIMMYT; (ii) to assign them into existing or new heterotic groups; and (iii) 
to provide useful information for systematic introgression of exotic germplasm. 
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Materials and Methods 
 
Plant materials  

A total of 134 inbred lines were chosen to represent diversity in maize germplasm; these include 115 
inbred lines used in the maize production in China, and 19 lines introduced from CIMMYT. The pedigrees 
of about 80% of inbred lines were available (data not shown). 
 
Laboratory analyses 

SSR analyses were performed as described by the protocols of CIMMYT Applied Molecular Genetics 
Laboratory (Hoisington et al. 1994). Leaf tissue was collected from a bulk of ten 5-6 weeks-old 
greenhouse-grown seedlings of each inbred line. Genomic DNA extraction was performed using the 
CTAB procedure. PCR reactions were carried out in 15 µl volume mixtures containing 50 ng template 
DNA, 1X PCR buffer, 2.5 mM MgCl2, 150 µM each of dNTPs, 1 Unit Taq polymerase and 0.25 µM 
primers, using the following program in DNA thermal cycle (MJ Research): initial denaturation at 94oC for 
2 min; 30 cycles at 94oC for 1min, XoC for 2 min, 72oC for 1 min; and a final extension at 72oC for 5 min. 
XoC refers to the annealing temperature for each primer pairs. The amplification products were resolved on 
12% non-denaturing polyacrlamide gels by vertical electrophoresis system (ATTO AE-6220), followed by 
fast silver staining. About 100 SSR primers were chosen to reveal genotyping quality and polymorphism 
among four elite lines. A set of 51 primers was chosen for further analysis (Table 1). Fragment sizes were 
calculated using the program Kodak 1D 2.0.2 by comparing with fragments of 100 base pair DNA ladder 
marker. 
 
Data analysis  

Polymorphic information content (PIC) for each SSR marker locus was determined as described in 
Smith et al. (1997), PIC=1-∑fi

2, where fi is the frequency of the ith allele. Genetic similarity (GS) was 
estimated from the allele data using a simple matching coefficient, such that GS = m/(m+n), where m = the 
number of matches, and n = the number of mismatches. Cluster analysis based on the matrix of similarity 
coefficients was obtained with Unweighted Paired Group Method using Arithmetic Averages (UPGMA) 
and the relationships among the inbreds visualized as dendrograms. The necessary computations were 
performed using NTSYSpc 2.0. 

 
Results 
 

A set of 51 SSR primers was ultimately analyzed for genetic diversity. Primers used in the analysis 
had an amplification that was consistent among all inbred lines and their banding patterns were easily 
scored on the gels. An example, SSR marker phi053, is shown in Figure 1. These primers showed good 
coverage of the maize genome, with an average of five primers on each chromosome (Table 1). A total of 
222 alleles were detected among 134 inbred lines, ranging from 2 to 19 alleles, with an average of 4.4 
alleles per locus. The values of polymorphic information content (PIC) for the SSR loci ranged from 0.14 
to 0.87, with an average of 0.56 (Table 1). 

Estimates of genetic similarities based on 222 polymorphic alleles among the 134 inbred lines ranged 
from a low of 0.60 up to 0.98, with an average of 0.74. The dendrogram based on UPGMA cluster analysis 
of genetic similarities indicated that the inbred lines were clustered into nine clusters (Fig. 2). Cluster 
‘CIMMYT’ represents mainly subtropical and tropical germplasm, with inbred lines from CIMMYT and 
Suwan germplasm such as S37 and Suwan1611. The temperate Chinese inbred lines were assigned into the 
remaining eight clusters. Cluster ‘Sipingtou’ consisted of a predominant domestic inbred line ‘Huangzao4’ 
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and its recycled lines. The inbred lines derived from the PN hybrids were assigned to separate clusters 
‘PA’ and ‘PB’. Another predominant domestic inbred line, ‘Dan340’ and its related lines, were assigned to 
Cluster ‘Luda Red Cob’. This group also contained some Chinese QPM lines such as CA335 and CA091, 
which were developed from the CIMMYT QPM Pool. Cluster ‘Zi330’ was comprised of inbred line 
‘Zi330’ and its relatives, which were related to U.S. inbred line Oh43. A tight grouping of Iowa Stiff Stalk 
Synthetic (BSSS) lines, including B37, B73 and B84, were found in Cluster ‘BSSS’. Likewise, Cluster 
‘Lancaster’ contained the common tester Mo17 as well as its related lines. Cluster ‘Zhong’ comprised a 
grouping of inbred lines containing some exotic tropical germplasm. Clusters of inbred lines revealed in 
the present study were consistent with the available pedigree. Moreover, the inbred lines of unknown 
genetic origin were assigned to the corresponding groups (Figure 1). 

 
Discussion 
 

The PIC values provide an estimate of the discrimination power of the marker, and marker loci with a 
large number of alleles occurring at equal frequencies will have the highest PIC values (Senior et al. 1998). 
The average PIC values (0.56) of 51 SSR loci in the present study was lower than those showed in the 
previous studies by Smith et al. (1997) and Senior et al. (1998) with values of 0.62 and 0.59, respectively. 
This may have resulted from fewer SSR loci comprising dinucleotide repeats used in the current study. 
SSR loci with trinucleotide repeats or repeat types above trinucleotides were selected for this study as they 
present fewer scoring problems than distinguishing SSR alleles based on only two base-pair difference. 
Smith et al. (1997) and Senior et al. (1998) found that the average PIC values of SSR loci of dinucleotide 
repeats were 0.70 and 0.67, higher than the average PIC values. Therefore, a lower percent of SSR loci 
with a dinucleotide repeat type would decrease the average PIC values as shown in the present study. 
Smith et al. (1997) showed that detecting alleles using polyacrylamide gels gave a higher ability to 
discriminate alleles, which leads to a higher average PIC value, as compared to detection using agarose gel 
with less resolution as was done by Senior et al. (1998). However, the use of polyacrylamide gels in the 
present study could not have increased the resolution sufficiently, due to the small size of the gels used 
which reduced the separation of bands following migration. 

The choice of heterotic groups and patterns is of fundamental importance in hybrid breeding, and the 
identification of them depends largely on the source materials (Melchinger, 1999). The performance of 
testcrosses between germplasm is usually used for identification of heterotic groups and patterns in the 
case of established heterotic groups for which proven testers are available. However, heterotic groups used 
in China are very complex, and there are at least five common testers. Therefore, it is necessary to first 
identify groups of genetically similar germplasm based on molecular markers for a large number of lines, 
following which promising clusters can be selected as heterotic groups or patterns and tested based on 
hybrid performance. Zhang et al. (2000) summarized that there are three predominant heterotic groups 
(Dom, Lan and Reid), and two predominant heterotic patterns (Dom × Lan and Dom × Reid) in China. 
Based on the performance of crosses between the representative inbred lines from each group (data not 
shown), the clusters identified in the present study could be clearly assigned to the predominant heterotic 
groups. The Dom heterotic group contains lines of domestic origin including cluster ‘Sipingtou’, ‘Luda 
Red Cob’ and ‘Zi330’. The Lan heterotic group contains cluster ‘Lancaster’ and ‘PB’, and the Reid 
heterotic group consists of cluster ‘BSSS’ and ‘PA’. Both cluster ‘PA’ and ‘PB’ from PN hybrid, were 
separately assigned into two different heterotic groups due to the genetic background of original hybrids 
and breeder’s consideration on their diverse origin from lines developed using testers from the 
corresponding heterotic groups. 
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Commercial maize varieties in China present a restricted genetic base because new hybrids are largely 
produced from crosses among a few predominant elite inbred lines such as Huangzao4, Mo17, Dan340, 
E28, and Ye478. Exotic germplasm, particularly tropical germplasm, has been suggested as a source to 
broaden the existing genetic diversity in maize breeding. In the present study, some CIMMYT inbred lines 
have been used for assessment of genetic diversity and relationship to existing Chinese germplasm, and 
clustered into one major group rather than into different groups of temperate lines. This indicates that the 
CIMMYT germplasm are genetically divergent from the Chinese maize germplasm, and would probably 
aid in broadening the genetic base if used in systematic introgression. Because all CIMMYT lines appear 
to be significantly divergent from the Chinese germplasm, heterosis is expected through cross 
combinations using these two groups. However, many of the CIMMYT lines may not prove suitable for 
crossing to the Chinese germplasm due to poor agronomic performance in the temperate zones. Therefore, 
agronomic evaluation of the temperate and tropical inbred line crosses will provide useful information for 
the combination of these two sources for the genetic improvement of hybrid maize in China. 
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Figure 1. Amplification profiles in 26 maize inbred lines using phi053. 
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Table 1. Repeat type, chromosome location and PIC values of 51 SSR loci used in this study. Bin 
numbers were determined from Maize DB (www.agron.missouri.edu). 
 

SSR locus Repeat type Bin 
Number 

Alleles  
Number Size range (bp) PIC 

phi056 CCG 1.01 4 84-93 0.64 
phi097 TAG 1.01 2 97-100 0.20 
phi037 AG 1.08 3 130-158 0.61 
phi011 GCT 1.09 2 110-122 0.50 
phi055 GAA 1.09 4 103-115 0.68 
phi064 ATCC 1.11 11 69-113 0.86 
phi120 AAG 1.11 7 64-107 0.65 
phi083 AGCT 2.04 4 126-138 0.61 
phi090 ATATC 2.08 2 141-151 0.33 
phi127 AGAC 2.08 3 112-128 0.55 
phi029 AG-AGCG 3.04 4 146-164 0.62 
phi036 AG 3.04 19 63-121 0.82 
phi053 ATAC 3.05 5 170-194 0.67 
phi073 AGC 3.05 3 90-99 0.61 
phi047 ATC 3.09 3 140-152 0.50 
phi072 AAAC 4.00 4 142-162 0.62 
phi074 CAA 4.04 3 89-95 0.51 
phi096 AGGTG 4.04 2 102-112 0.25 
phi026 CT 4.05 14 78-130 0.87 
phi086 ACG 4.08 2 70-73 0.14 
phi092 GCAA 4.08 2 120-128 0.48 
phi019 ATT 4.11 5 93-105 0.69 
phi113 GTCT 5.03-5.04 4 120-336 0.62 
phi048 ATCG 5.07 3 157-169 0.59 
phi058 CCG 5.07 2 148-151 0.40 
phi085 AACGC 5.07 4 70-95 0.62 
phi128 AAGCG 5.07 4 100-120 0.54 
phi126 AG 6.00 12 134-194 0.85 
phi077 AG 6.01 9 124-152 0.76 
phi078 AAAG 6.05 5 122-174 0.53 
phi081 GAT-TAC 6.05 3 160-169 0.45 
phi070 AGCTG 6.07 4 73-88 0.53 
phi123 AAAG 6.07 2 143-147 0.44 
phi057 GCC 7.01 3 145-151 0.54 
phi034 CCT 7.02 5 120-141 0.64 
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Table 1. Repeat type, chromosome location and PIC values of 51 SSR loci used in this study. Bin 
numbers were determined from Maize DB (www.agron.missouri.edu) continued. 
 
phi114 GCCT 7.02 5 135-167 0.59 
phi116 ACTG-ACG 7.06 4 151-173 0.60 
phi119 AG 8.02 3 162-170 0.55 
phi115 AT-ATAC 8.03 3 93-113 0.50 
phi014 GGC 8.04 2 157-163 0.48 
phi121 CCG 8.04 2 99-102 0.21 
phi015 AAAC 8.08-8.09 4 82-102 0.61 
phi080 AGGAG 8.09 6 140-165 0.67 
phi028 GAA 9.01 4 63-78 0.39 
phi017 TAC 9.02 3 101-107 0.65 
phi022 GTGC 9.02 3 124-148 0.66 
phi061 TTCT-GTAT 9.03 4 80-92 0.50 
phi065 CACTT 9.03 4 132-152 0.63 
phi059 ACC 10.02 2 147-156 0.43 
phi050 AAGC 10.03 3 80-88 0.50 
phi062 ACG 10.04 2 161-164 0.45 
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Genetic Similarity
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Figure 2. Association among 134 inbred lines revealed by UPGMA cluster analysis of s
similarity coefficients based on SSR data. 

- 58 - 
 CIMMY
P

BSSS
Lancater
Zhon
Zi330
Luda Red Cob
P

Sipingtou
imple genetic 



Proceedings of the 8th Asian Regional Maize Workshop, Bangkok, Thailand: August 5-8, 2002 

Biolistic Introduction of a Modified CpTI (SCK) Gene  
into an Elite Maize Inbred Line 

 
Liping Zhang, Tingzhao Rong, Zhen Zhu*, Guangtang Pan, Baiyan Qu 

Plant Genetic Manipulation Laboratory, Institute of Genetics,  
Chinese Academy of Sciences, Beijing 

 
Abstract 

 
A modified cowpea trypsin inhibitor (SCK) gene has been successfully transferred into a maize elite 

inbred line R18 using microprojectile bombardment of embryonic calli, resulting in a large number of 
fertile transgenic plants. Experimental conditions such as transformation manipulation, hormone, 
genotype, medium, culture conditions, selection agents, subculture time and methods of transplant have 
been optimized. An efficient and stable transformation system of embryonic calli of elite inbred line R18 
has been established. Results of PCR, PCR Southern, Southern blot, and bioassay of transgenic plants 
confirmed the transgenic status of the transformants, besides the expression the target gene. Bioassay of 
the transgenic maize plants showed significantly increased resistance to the larvae of maize Hubner 
(Ostrinia palustralis) in comparison with the untransformed control plants. The T1 seeds have been 
obtained through this study, which would pave way for further improvement of maize through genetic 
engineering. 

 
Introduction 

 
Crop plants are susceptible to a wide range of herbivorous insects. Present methods of crop protection 

rely mainly on the use of agrochemicals. The cost associated with management practices and chemical 
control of insect pests approaches $10 billion annually worldwide, yet losses due to insect still account for 
20% to 30% of the total crop production (Estruch 1997). Also, many insect pests have developed 
tolerance to chemical insecticides. Therefore, it is necessary to develop an environmentally friendly 
agriculture with decreased inputs of energy and chemicals that will not produce harmful outputs such as 
pesticide residues. Gene transfer technology has made it possible to deliver insecticidal genes into crops, 
providing a new and attractive tool to reduce insect pest damage. The present study was carried out for 
improving insect pest resistance of maize through genetic transformation.  

The Bt toxin gene, encoding a crystal insecticidal protein, isolated from Bacillus thuringiensis, is 
the first insecticidal gene applied in plants and is still widely used (Veack 1987). Novel insecticidal genes 
are being sought or are under study in order to broaden the range spectrum of insect-resistance and 
include important pests that are not sensitive to the toxins already being used. Plant-derived genes, such 
as those encoding enzyme inhibitors or lectins are also being analyzed. The protease inhibitors, present 
widely in plant storage organ, especially in seed, fruit, root and stem tuber, that interfere with the 
digestive processes in insects (Hilder 1993) are also potent insecticides. The most potent inhibitor 
identified so far is the cowpea Trypsin Inhibitor (CpTI) which has been transferred to several plant 
species affecting a wide range of lepidopteran and coleopteran insects. However, due to suboptimal 
expression and effectiveness, transgenic plants with protease inhibitor including CpTI have not been 
commercialized. Experiment showed that the foreign CpTI protein only accumulated to the lower levels 
in the leaves of transgenic plant, it was supposed due to undergo continuous breakdown in the protease-
rich environment of leaf cell (Higgins and Spencer 1991). In order to enhance the insect-resistance of 
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transgenic plant, it is very important to increase the accumulation of the foreign insecticidal protein in the 
host plant cell.  

In this study, we have attempted to increase the accumulation level of foreign CpTI in transgenic 
plant by targeting foreign CpTI into endoplasmic reticulum (ER) and protein body derived from ER, in 
which a metabolism stable environment for foreign protein would be provided. To change the CpTI 
targeting site in the host cells, it is necessary to add an extra ER retention signal at the carboxy (C) end of 
the polypeptide. Signal peptide sequence, a domain containing 13-30 amino acids at the N end of nascent 
polypeptide, is necessary to lead the polypeptide into the secretary pathway. As a cytoplasmic protein, 
CpTI does not carry any signal peptide sequence; therefore, in order to target CpTI protein into the ER, 
the signal peptide sequence also is necessary as ER retention signal is. By adding the signal peptide and 
KDEL coding sequences at the 5' and 3' ends of gene respectively, a modified CpTI coding gene was 
obtained, which encodes a fusion protein. The signal peptide-CpTI-KDEL are introduced and retained in 
ER rather than cytoplasm. The content of CpTI in transgenic tobacco and rice was significantly increased 
in SCK transgenic plants than in CpTI transgenic plants.  

A plant expression vector suitable for maize transformation, pUSCK-Hyg was constructed (Fig. 1). 
Besides the SCk gene, hygromycin resistant gene is incorporated in the plasmid as a selectable marker. 
Biolistic strategy was used for transformation, and the transgenic maize plants were selected by screening 
hygromycin resistant calli, followed by regeneration of plantlets. Experimental parameters such as 
transformation manipulation, hormone, genotype, medium, culture conditions, selection agents, and 
procedure, subculture time and methods of transplant have been optimized. A maize inbred line R18, that 
is widely utilized in China at present, was used for transformation. An efficient and stable transformation 
system of embryonic calli of elite inbred line R18 was established. 

Results of PCR (Fig 2), PCR Southern (Fig 3) and Southern blot (Fig 4) confirmed that the transgenic 
plants carry the foreign genes. The activity assay of protease inhibitor on transgenic maize indicated 
10.85% higher activity of the insecticidal protein compared to the untransformed control plants, with 
some individual showed even 33.64% higher activity. 

Bioassay of the transgenic maize plants showed significantly increased resistance to the larvae of 
maize Hubner (Ostrinia palustralis) than the untransformed controls (Table 1 and Fig. 5). The same part 
of leaves from the maize plants were used in this experiment, and 10 second instar larvae of maize 
Hubner (Ostrinia palustralis) were used as challenge pest for each piece of leaf. The data was collected 
after 7 days. R18-SCK are transformed maize with SCK gene (pUSCK-Hyg) with SKTI signal peptide 
and KDEL signal coding sequence, and R18-CK are untransformed maize as control. 

At present, the transgenic maize lines are at the T1 stage, and the field test is being undertaken. The 
field test of T1 generation has so far shown that the transgenic maize could efficiently resist the insect pest 
damage.  
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Figure 1. The Map of pUSCK-Hyg. P-Ubi - rice Ubiquitin promoter with exon and intron; CpTI - 
cowpea trypsin inhibitor coding sequence; signal represents SKTI - signal peptide coding sequence; 
KDEL - endoplasmic reticulum (ER) retention signal coding sequence; T-nos - nos terminator, P-
Mas - mas-promoter; and T-ocs - ocs terminater. 
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Figure 2. PCR assay of transformed plants derived from hygromycin 
resistant calli. 1 & 24 Size standard (1543, 994, 697, 515, 377, 237 bp); 
2-21: Transformed plant DNA; 22: Untransformed plant DNA; 23: 
pUSCK-Hyg plasmid DNA. 
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Figure 3. PCR-Southern assay of the transformed plants. 
1: pUSCK-Hyg plasmid DNA; 2: size standard (1543, 994 ,697, 515, 377, 237 
bp); 3: Untransformed plant DNA; 4-8: Transformed plant DNA 
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Figure 4. Southern blot assay of the T1 transformed plants. 
1-5: Transformed plant DNA (HindIII digested); 6: Untransformed plant 
DNA: 7: pUSCK-Hyg plasmid DNA 
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Figure 5. Bioassay on SCK transgenic maize. 
Left: The SCK transgenic maize showing resistance to maize Hubner 
(Ostrinia palustralis) (left), while wild type maize was seriously damaged 
(right). Right: The larvae feed on the transgenic maize were small (right), 
while the ones on the wild type maize were big (left). 

Table 1. Bioassay on the transgenic maize plants. 
 

Line 
Mortality 

(%) 
Biomass 

(mg) 
Average 

weight (mg) 
Damage Level 

R18-CK-01 40 23.0 3.8 3.5 
-02 10 18.0 3.0 4.0 
-03 60 21.0 5.3 3.5 
-04 40 30.0 5.0 3.5 

Mean 37.5 18.0 4.3 3.63 
R18-SCK- 03 100 0 0 0.5 

 -07 50 5.0 1.0 2.5 
-10 80 3.0 1.5 1.0 
-13 40 6.0 1.0 2.5 
-15 70 4.0 1.3 1.0 
-18 50 6.0 1.2 2.5 
-21 70 5.0 1.7 1.5 
-23 70 6.0 2.0 1.5 
-25 50 7.0 1.4 2.0 
-26 100 0 0 0.5 
-27 60 10.0 2.5 2.5 
-32 90 1.0 1.0 1.0 
-41 70 2.0 0.7 2.0 

Mean  69.23 4.23 1.17 1.62 
R18-CK: Untransformed maize as control; R18-SCK: Transformant. 
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Abstract 

 
Based on dialle l and design II analyses, besides application of molecular markers (RFLP, SSR and 

RAPD), most of the predominant inbred lines used in Chinese maize breeding program can be clustered 
into three heterotic groups or six sub-groups. The first group is of domestic germplasm named as Dom, 
and consists of Sipingtou and Luda Red Cob sub-groups. The second group is of Reid germplasm and 
consists of BSSS and PA sub-groups. The third group is of Lancaster (Lan) or non-Reid germplasm. The 
predominant heterotic patterns can be summarized as Dom × Lan or Dom × Reid. Luda Red Cob × Lan is 
the predominant pattern in spring maize area in north China. Sipingtou × Lan is early maturing, and is 
mainly used in the northeast provinces and north part of summer maize area. Sipingtou × PA is usually 
used in the summer maize area. Heterotic pattern used in the southern provinces has not been established. 
Maize breeders in China tend to produce combinations between local germplasm and exotics. All the 
patterns currently can be summarized as Local × Exotics, and the patterns are usually of dent × flint type. 
 
Introduction 
 

Maize (Zea mays L.) is an important feed and food crop in China. Maize yield level has increased 
dramatically during the past four decades in China due to the adoption of hybrids. The application of 
heterosis in crop breeding and production is the most important contribution of plant genetics to the 
development of agricultural technology in the last century (Zhang et al. 1998). 
 
Heterotic Groups and Patterns in Maize 
 

Along with the rediscovery of Mendelian law of inheritance in the early of the 20th century, inbred-
hybrid concept was proposed and the exploitation of hybrids in commercial maize production was 
stimulated. Hybrid vigor is expressed significantly in some crosses, but not in others. The choice of 
parents is extremely important in the production of the hybrids. Hybridization itself does not result in 
hybrid vigor. Heterosis depends on the genetic background of parents. 

Breeders developed a lot of inbred lines and generated a number of cross combinations. It was often 
noticed that some germplasm perform better in combinations than others, and the concept of general 
combining ability (GCA) was introduced. However, the combining ability of inbred lines varies in cross 
combinations although elite lines were used to produce crosses. This is referred to as special combining 
ability (SCA). Heterosis is related with GCA of lines and SCA between parents.  

Breeders generalized the crossing patterns as flint x dent types, or local x exotics (Zeng, 1990). Two 
groups of maize germplasm have been using in the US Corn Belt. One is the south dent with tall plant 
stature, full season, bigger tassel and ears, and another one is the north flint with short stature, earlier 
maturity. These two groups were generalized as Reid and Lancaster germplasm. Synthetic BSSS is of 
Reid group. Significant heterosis was found between the groups, and heterotic pattern between Reid and 
non-Reid germplasm was established. Heterotic pattern between US dent x European flint was established 
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based upon the geographic origin and kernel types in Europe. Some developing countries in tropical area 
established potential patterns, such as Tuxpeno x ETO, Tuson x Tuxpeno, Cuba flint x Tuxpeno, Suwan 1 
x Tuxpeno etc. (Vasal et al. 1999). 

Maize breeders have been trying to exploit the heterotic groups and patterns during the course of 
hybrid maize breeding and dissemination in China. But, the heterotic grouping research was initiated by 
the end of 1980s based on experimental design (Peng and Liu, 1998; Wang et al. 1997). 
 
Methods Used in Heterotic Grouping 
 
Pedigree analysis 

The heterotic pattern increases the efficiency of hybrid development, inbred recycling and population 
improvement. The Reid and Lancaster groups were identified based upon pedigree and geography 
analysis of inbred lines used in the Corn Belt. Wu (1983) and Wang (1992) attempted to classify inbred 
lines into 4 or 5 groups based on pedigree analysis and to predict heterotic patterns used in China.  

 
Quantitative genetic analysis 

Cluster analysis based on SCA can be used to classify inbred lines into heterotic groups. Diallel 
analysis is available, but the reliability for SCA analysis depends upon the quantity of inbred lines used as 
parents and the genetic base of the entries. This requisition restricts the application of diallel analysis. 
Design II is also a useful method to group maize germplasm, but a set of reliable common testers is the 
precondition for this approach.  

 
Molecular markers 

Molecular marker technology provides a kind of genetic markers based on DNA structure 
polymorphism, which can be detected at any stage of plant development, and are not influenced by 
seasons and environments. The quantity of molecular markers is plenty enough to cover the whole maize 
genome, and some markers such as RFLP or SSR are genetically codominant. The homologous and 
heterozygous genotypes can be distinguished clearly by the codominant markers. Two types of molecular 
markers are used in heterotic grouping research. One such as RFLP is based upon DNA hybridization, 
and another one is based on PCR technology such as RAPD and SSR. The AMBIONET China Lab 
attached to CAAS has stopped the utilization of RAPD due to its poor reliability, but we extended the 
work with SSR and RFLP. 

Based on diallel and design II analysis, we extended the grouping of 160 lines based on molecular 
markers. This is a simple and economic approach to classify a lot of inbred lines derived from divergent 
sources of germplasm into potential heterotic groups. 
 
Strategy Adopted for Heterotic Grouping 
 

Since at least five potential heterotic groups were estimated in China (Peng et al. 1998, Wang et al. 
1997), we proposed the strategy for heterotic grouping in three steps: (1) Diallel analysis to classify a set 
of selected typical inbreds with clear pedigree into a few groups, and to distinguish the common testers; 
an expert on hybrid maize breeding played an important role when selecting entries for diallel crosses; (2) 
Design II to classify more inbreds based on SCA data with the common testers distinguished based on 
diallel analysis; and (3) Molecular marker technology was adopted to analyze a group of inbred lines. 
CAAS has completed the analysis with 160 lines, and identified five common testers.  
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Predominant Heterotic Groups and Heterotic Patterns of Maize in China 
 

Peng and Liu (1998) designed a diallel analysis with 15 predominant inbred lines. The evaluation test 
was planted at four locations over two years. They classified the 15 lines into five clusters based on SCA 
data: Sipingtou, Luda Red Cob, BSSS, PA and Lancaster. The RAPD data confirmed these results.  

We tested the same set of inbred lines with RFLP (54 probe-enzyme combinations), SSR and AFLP 
assays, and confirmed the results of Peng and Liu (1998) (Fig.1). The RFLPs and SSRs showed that the 
genetic distance (GD) between Sipingtou and Luda Red Cob sub-groups is closer, and can be 
incorporated as one group named as domestic (Dom.). The GD between BSSS and PA sub-groups is also 
closer, and these are incorporated as Reid group. The GD between Lancaster and Reid or Dom is more 
than 0.55. These results are consistent with the breeders’ experiences.  

We extended the work on 29 inbred lines with RFLP and SSR (Yuan et al. 2000). The grouping 
results were the same with Peng and Liu (1998) (Fig. 2). Yuan et al. (2000) and Peng et al. (1998) 
documented that there are at least three groups among the inbred lines used in China, and identified five 
common testers for the five sub-groups (Fig. 3), respectively. These testers are Huangzao 4 for Sipingtou, 
Dan 340 for Luda Red Cob, Mo17 for Lancaster, B73 for BSSS and Ye 478 for PA sub-groups, 
respectively.  

Maize breeders have developed a number of new lines based on American hybrids and a new sub-
group is emerging. This sub-group showed very good resistance to virus diseases, common rust, stalk rot 
and other foliar diseases, and good tolerance to drought. It showed strong heterosis with Sipingtou and 
PA sub-groups. We guess that it is a new sub-group close to the non-Reid germplasm, and can be named 
as PB sub-group. 

Most of the maize breeders in China tend to exploit two heterotic patterns. The first pattern is Dom × 
Lan and expresses as two models. Luda Red Cob x Lan is late and available in spring maize area in north 
or northeast China. The typical hybrids are Danyu 13 (E28 x Mo17) and Zhongdan No 2 (Mo17 x Zi330). 
Sipingtou × Lan is early maturing and is an important model in northeast provinces and part of summer 
maize areas. The typical hybrid is Huangzao4 ×Mo17. Another pattern available in summer maize area is 
Dom x PA. This pattern expresses as two models. One model is PA x Sipingtou, and the typical hybrid is 
Yedan No 4 (U8112 x Huangzao 4). Another one is Luda Red Cob x PA, and the typical hybrid is Yedan 
13 (Ye478 x Dan340). A lot of recycled lines and hybrids were derived based on this pattern, and used 
commercially in maize production. These heterotic patterns can be summarized as Domestic x Exotics, 
and /or dent x flint germplasm. 
 
Heterotic Patterns and Technology for Inbred Line Development 
 

Maize breeders have been trying to exploit heterotic patterns to facilitate breeding activities. 
We suggest that Sipingtou and Luda Red Cob could be incorporated into one group named as 
Dom. In fact, Denghai Seed Group derived a recycled line Ye502 from the cross combination 
Huangzao 4 x Dan 340 (Sipingtou × Luda Red Cob), and then derived a series of modified lines 
based on this combination (Li Denghai, 2001, personal communication). A number of hybrids 
used widely in summer maize area have been developed based on this germplasm (Table 1).  

Breeder’s experience showed that new lines can be derived from the crosses between sub-
groups within a heterotic group, and it is more efficient to develop hybrids between heterotic 
groups. For instance, good lines could be derived from Sipingtou x Luda Red Cob, and also from 
the crosses between BSSS and PA sub-groups. Good hybrids can be developed between Dom x 
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Lan, such as Luda Red Cob x Lan or Sipingtou x Lan in spring maize area, and also between PA 
x Dom in summer maize area. 

We also distinguished a heterotic pattern for QPM breeding, which is Qi 205 × CA375, or Pool 34 × 
Pool 33. Almost all the successful QPM hybrids followed this pattern. 
 
Heterotic Patterns and Technology for Germplasm Improvement 
 

Germplasm enhancement, improvement and the utilization of exotics have been limited since the 
study on the heterotic groups and patterns between temperate and tropical or subtropical germplasm has 
been lacking. Since 1978, maize breeders have been developing and improving populations using 
recurrent selection methods. But, only a few of the lines have been derived from the improved 
populations. The chaotic germplasm background in most of the base populations makes it difficult to 
derive elite lines from the improved populations. 

We should try to understand the genetic background of germplasm, and make combinations from the 
same or closer sub-groups. We should test the heterotic performance of germplasm, and then produce 
semi-exotics when tropical or subtropical germplasm are introduced to broaden the genetic background in 
temperate maize breeding activities. Heterotic groups are complex, and at least five common testers have 
been identified in China. We should try to simplify the heterotic groups predominant in commercial maize 
production.  

Germplasm improvement has not been emphasized enough although the exploitation of heterosis has 
been successful during the past four decades. Maize breeders have constructed a number of populations 
and synthetics, but the heritage of most of them is chaotic, and heterotic patterns have not been 
established in those germplasm. Reciprocal recurrent selection (RRS) of inter-populations will be more 
useful rather than selections on intra-population such as modified ear-to-row, half-sib, full-sib, S1 or S2 
selections although these methods played an important role to increase the GCA during the early stage of 
germplasm improvement. The purpose of population improvement is to derive new lines with higher 
combining ability and to produce superior hybrids ultimately. As a base for hybrid development, the 
germplasm improvement intra-population is not enough for SCA, and reciprocal recurrent selection 
(RRS) in inter-populations is necessary for developing elite lines and hybrids. So, germplasm 
improvement should be connected with inbred line and hybrid development.  

 
Heterotic Patterns and Germplasm Enhancement 

 
The CAAS initiated a project of maize germplasm enhancement, improvement and development in 

1995, which was financed by the Ministry of Agriculture in 1996 and 2002. Pools and populations have 
been introduced from CIMMYT to broaden the genetic base of hybrid maize breeding, and to develop 
new lines with higher combining ability and hybrids with superior performance and resistance to biotic 
and abiotic stresses. 

The heterotic responses among populations are being tested using quantitative genetic methods. Design 
II is adopted for producing the crosses between 27 populations (14 from CIMMYT, and 13 domestic) and 4 
common testers (Huangzao 4, Dan 340, Ye 478 and Mo17). The evaluation trials were laid out in 5 sites in 
2001and 8 sites in 2002. The semi-exotic composites will be produced based on the data of heterosis 
reactions among populations. We will not compose the semi-exotics or composites between domestic and 
exotic germplasm until we finish the genetic diversity analysis for these germplasm.  

We should try to improve elite local germplasm such as Luda Red Cob, Sipingtou and Golden Queen, 
and evaluate the heterotic groups and patterns in cross combinations between these local germplasm and 
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other populations, synthetics or exotics. The construction of composites and/or populations is needed with 
exotics and adapted germplasm in north China, and then we can exploit the heterotic patterns to 
strengthen the hybrid maize breeding efforts. 

Two dozens of tropical and subtropical germplasm were improved under temperate long-day 
conditions using biparental mass selection method which permits the adaptability improvement with little 
losses of genetic variance. Five populations, namely Pob 101, Pob 45, Pob 46, Pool 33 and Pool 34, have 
been improved through this procedure and adapted under long-day condition in Heilongjiang, the 
northern-most province.  

Semi-exotic development is another available approach to utilize tropical germplasm in the temperate 
areas. We introduced more than 200 CMLs from CIMMYT and crossed them with domestic lines 
gradually based upon the heterotic responses. The improved semi-exotics have been released to maize 
breeders after one season of selfing and at least two cycles of bulk pollination. By this way, we tried to 
broaden the genetic basis of hybrid maize breeding activities in China. 

  
Strategy for Heterotic Grouping Research in the Future 
 

Maize breeders will continue to utilize new germplasm to broaden the genetic background of hybrid 
maize breeding and production. This trend will facilitate the exploitation of heterosis and hybridization. 
But, it also means that the heterotic groups and patterns will be extended with the introduction of new 
germplasm. Heterosis is not only dependent upon the genetic distance between clusters or sub-groups; we 
have noticed that the distances among clusters were not significant enough, but the deviations were very 
small among the clusters, and the diversity within group or sub-group was getting remarkable as the 
entries increased. That means there are several factors influencing heterosis. The interaction among genes 
has not been considered in heterotic grouping and patterns analysis. It is reasonable to consider that we 
cannot group germplasm based only upon genetic distance. The heterotic groups and patterns are 
connected with gene interactions also; but, we do not have any approach to distinguish the gene 
interactions for the purpose of analysis of genetic diversity.  

There are two strategies for germplasm grouping research in the future. The first one is to cluster the 
new lines with molecular markers, and then identify common testers and typical lines from each cluster to 
estimate genetic distance with quantitative genetic technology. The groups and patterns should continue to 
be simplified to facilitate the hybrid maize breeding effort. This approach is complex and not flexible.  

Another strategy is grouping the exotic germplasm, and matching them with the current groups and 
patterns before improving these lines and utilizing them in hybrid maize breeding efforts. We can 
compose the semi-exotics or composites between domestic and exotic germplasm based on the data of 
heterotic patterns. Breeders will continue to keep the limited groups and patterns. This strategy could lead 
to better exploitation of new germplasm and is more efficient than the first one.  
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Table 1. Heterotic patterns of some predominant hybrids used in China corn belt. 
 
Hybrid   Co mbination  Heterotic Pattern  HP # Type 
 
Zhongdan No 2* Zi330 × Mo17  Luda Red Cob × Lan  Dom × Lan 
Danyu 13*  E28 × Mo17  Luda Red Cob × Lan  Dom × Lan 
Yandan 14  HZ4+ × Mo17  Sipingtou × Lan   Dom × Lan 
Ludan 981  Qi 319 × LX9801 PB × Sipingtou   PB × Dom 
Shendan No 7*  Shen 5003×E28  PA × Luda Red Cob  PA × Dom 
Yedan 13*  Ye478 × Dan340 PA × Luda Red Cob  PA × Dom 
Yedan No 2  Ye107 × HZ4  PA × Sipingtou   PA × Dom 
Yedan No 4  U8112 × HZ4  PA × Sipingtou    PA × Dom 
Zhongdan 9409  Qi 205 × CA375 Pool 34 × Pool 33  QA × QB 
CAT 209  Qi 205 × CA335 Pool 34 × Pool 33  QA × QB 
CAT 208  Qi 205 × CA498 Pool 34 × Pool 33  QA × QB 
Luyu 13  Qi 205 ×CA091  Pool 34 ×Land Germ.  QA × QB 
 
* Awarded with the first class national encouragement citation.  
# HP: Heterotic pattern 
+ HZ4: Huangzao 4 
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Figure 1. Dendrogram of 15 elite inbreds clustered based on RFLP analysis. 
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Figure 2. Dendrogram of 29 lines clustered based on SSR and RFLP analyses. 
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Figure 3. Dendrogram based on SSR and RFLP analyses and Diallel data on 15 lines and Design II 
data on 29 lines. 
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Abstract 
 

Concerted efforts by maize researchers in India from diverse institutions across the country, 
particularly since 1960s, have led to significant advances in improving maize production and productivity 
in the country. However, there is considerable scope for further enhancing the efficiency of maize 
breeding in the National Agricultural Research System through judicious integration of biotechnology. 
The inception of the Asian Maize Biotechnology Network (AMBIONET) in India in 1999 has provided 
tremendous impetus in this direction. Our research efforts through this Network, facilitated by CIMMYT, 
have led to: (i) molecular profiling of 58 inbred lines developed by various maize breeding units in India, 
using microsatellite or simple sequence repeat (SSR) markers; (ii) detailed analysis of genetic diversity in 
Indian maize inbred lines using various datasets (morphological, per se performance and molecular); and 
(iii) mapping of quantitative trait loci (QTL) and identification of SSR markers linked to genomic regions 
conferring tolerance to downy mildew diseases in India. Efforts are also being made to apply molecular 
marker strategies for enhancing drought tolerance under Indian conditions. The progress made so far in 
application of molecular technologies, particularly through AMBIONET, and the potential areas where 
marker technologies can further aid in maize breeding programs in India shall be discussed. 
 
Introduction 
 

Maize, the world’s most widely grown cereal, assumes considerable significance in meeting the 
increasing demand for food and feed in Asia. While appreciable progress has been made in relation to 
maize improvement using conventional breeding strategies in Asian countries like India (Dhillon and 
Prasanna 2001), an array of climatic, biotic and abiotic constraints continue to seriously affect maize 
production and productivity in the tropical/sub-tropical maize-growing regions. The constraints are indeed 
diverse and complex. However, there is tremendous scope for genetic enhancement of maize to counter 
these challenges and to enhance productivity through effective technological interventions. Broadening 
the genetic base of breeding materials, and genetic improvement with respect to biotic and abiotic stress 
tolerance, and nutritional quality, would require judicious utilization of various technological options.  

Molecular marker technologies have the potential to aid maize breeding program through diverse 
ways, ranging from fingerprinting of elite germplasm, analysis of genetic diversity, to increasing the 
efficiency of selection for agronomically important traits. In this article, we shall discuss the attempts 
being made in India, under the Asian Maize Biotechnology Network (AMBIONET) program, to integrate 
molecular technologies in maize breeding efforts. AMBIONET is currently being facilitated by CIMMYT 
in six Asia countries (China, India, Indonesia, Philippines, Thailand and Vietnam). AMBIONET provided 
an opportunity for the national agricultural research system, spearheaded by the Indian Council of 
Agricultural Research (ICAR) to launch the first public sector effort to initiate the application of 
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molecular marker technologies for maize improvement. During AMBIONET Phase-I, the Indian team has 
focused on (i) application of molecular markers to characterize maize germplasm and analyze genetic 
diversity; and (ii) mapping and marker-assisted selection for specific agronomically important traits in 
maize. We shall discuss the salient results from these research components, besides prospects for further 
application of molecular marker technologies for maize improvement in India.  
 
Molecular Profiling of Maize Germplasm in India 
 

Effective and reliable discrimination of inbred lines not only helps in establishing the identity of 
genotypes, but also in promoting efficient utilization of genetic materials in breeding programs. Maize 
breeders in India, as in most of the developing countries, have been differentiating inbred lines mainly on 
the basis of morphological characters. Although morphological descriptions do not require expensive 
laboratory techniques and are indeed important for ascertaining the agronomic utility of germplasm, 
genotype discrimination based on phenotypic expression could be unreliable because of complex 
‘genotype x environment’ interactions. Detailed studies in various crop species, particularly in maize, 
have established that methods that solely depend on morphological data are neither consistent nor 
effective in unambiguous differentiation of elite breeding materials (Smith and Smith 1989; Bar-Hen et 
al. 1995). Genetic heterogeneity, different combinations of alleles producing similar phenotypes, and 
environmental influence on genotypes, result in morphological similarities or differences that may not be 
proportional to the underlying genetic differences. Isozyme analysis is relatively simple and less costly in 
comparison with molecular marker analysis. However, inadequate genomic coverage, relatively low 
levels of polymorphism, developmental regulation and pleiotropic effects impose major constraints for 
effectively using these markers in genotype differentiation and analysis of genetic diversity.  

DNA-based markers are more accurate and reliable for effective differentiation of genotypes. In 
recent years, PCR-based SSR markers have been effectively used for differentiation of US and European 
maize germplasm, as they are particularly suited for genotype discrimination (Smith et al. 1997, 
Warburton et al. 2002). The AMBIONET-India Team has profiled a selected set of Indian maize 
genotypes, using both morphological and microsatellite markers, and analyzed the genetic diversity in the 
maize inbred lines that are commonly used in the public sector institutions in India (Pushpavalli et al. 
2001, 2002, Mohammadi et al. 2002). The inbred lines included 38 CM (‘Coordinated Maize’) lines, 2 
LM (Ludhiana maize) lines, 3 NAI (Nagenahalli) lines, 15 BIO (unreleased parental lines of some 
promising hybrids developed by maize breeding centers at Hyderabad and New Delhi).  

Analysis of data recorded on 20 morphological or ‘categorical descriptors’ (qualitative or visually 
assessed quantitative characters) in 47 Indian inbred lines revealed very low polymorphism for the 
morphological characters in the Indian lines analyzed with a total of only 55 variants. In contrast, 
molecular profiling of 69 inbred lines, comprising 58 Indian lines, 6 CIMMYT lines developed at Mexico 
(used as ‘reference genotypes’), and 5 lines from the CIMMYT-Asian Regional Maize Program 
(CIMMYT-ARMP), using 58 polymorphic SSR markers revealed high levels of polymorphism (435 SSR 
alleles in total). Identification of 109 unique/rare SSR alleles (an allele limited to only 1 or 2 of the 
genotypes analyzed) facilitated effective discrimination of the genotypes analyzed. Although a large 
majority (89 out of 109) of these rare SSR alleles were found in the Indian maize lines, the study also 
indicated considerable scope for broadening the genetic base of the Indian maize germplasm through 
planned introgression of exotic maize germplasm, particularly from CIMMYT.  

The level of polymorphism displayed by the SSR loci was high, reflected by the average 
polymorphism information content (PIC) value (0.70). On the basis of high PIC values (>0.75) and 
distinct allelic size ranges, SSR markers, such as dupssr17, bnlg1647, and bnlg198, could be effectively 
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used in differentiating majority of the inbred lines under study. The AMBONET study also revealed high 
level of SSR heterozygosity in some of the Indian maize inbred lines. This could be due to various 
reasons including residual heterozygosity due to inadequate cycles of inbreeding, improper pollination 
control during seed multiplication, seed stock contamination or accumulation of mutations at diverse SSR 
loci. Amplification of similar sequences in different genomic regions due to duplications could be another 
possible reason for occurrence of double–band phenotypes for some SSR loci.  

With the availability of high throughput technologies that can make use of fluorescent-labeled SSR 
markers through multiplexing, fingerprinting has been extended to classification of genetically diverse 
materials such as landraces, populations, open-pollinated varieties (OPVs) and germplasm accessions. At 
CIMMYT’s Applied Biotechnology Center, a large number of inbred lines and open-pollinated 
populations have been analyzed, providing valuable information to the breeders regarding genetic 
relationships of the elite genotypes as well as evolution of major tropical landraces (Warburton et al. 
2002). The technology is now being extended to analyze selected maize inbred lines and landraces in 
India under the AMBIONET program.  
 
Analysis of Genetic Diversity in Indian Maize Germplasm using Molecular Markers 
 

Increasing emphasis is being placed on comprehensive analysis of genetic diversity in breeding 
materials of major crops (Mohammadi and Prasanna 2003). Accurate assessment of the levels and 
patterns of genetic diversity is particularly helpful in maize breeding for (i) maintenance and broadening 
of the genetic base of the elite germplasm; (ii) selection of appropriate parental lines for hybrid 
combinations; and (iii) generation of segregating progenies with maximum genetic variability for further 
selection. DNA-based markers, particularly PCR-based markers such as SSRs and AFLPs, have provided 
powerful tools for analyzing genetic diversity.  

Published literature on the genetic diversity analysis of the Indian maize inbred lines using different 
datasets is scarce. The AMBIONET-India Team utilized three different data sets for assessing genetic 
diversity in the Indian maize germplasm: (i) Morphological data (20 'categorical descriptors') recorded on 
48 inbred lines (39 CM & 9 unreleased lines) at two locations (Delhi and Hyderabad) over three seasons; 
(ii) Morphological data (17 quantitative or morpho-agronomic characters) recorded for 57 lines (39 CM, 2 
LM & 16 unregistered); and (iii) SSR data for 58 polymorphic loci recorded over 69 maize inbreds (58 
Indian and 11 CIMMYT lines). Analysis of the first two data sets highlighted the severe limitations of the 
morphological data in general and categorical descriptors in particular, in differentiating the Indian maize 
genotypes, as well as for determining genetic relationships, as significant incongruities were found 
between dendrograms based on morphological data and well-established pedigree for some of the Indian 
genotypes.  

AMBIONET studies provided valuable information about genetic relationships in the Indian maize 
breeding materials (Pushpavalli et al. 2001, 2002; Mohammadi et al. 2002). Cluster analysis of the 
genetic dissimilarity matrix using Ward’s minimum variance method, besides application of ‘pattern-
finding methods’ such as principal coordinate analysis (PCoA), aided in determining genetic 
relationships. The 69 maize inbred lines analyzed in the study were clustered in three major groups. 
Twenty-nine out of the 58 Indian inbreds, mainly comprising the inbred lines derived from the Colombian 
germplasm (CM111, CM114, CM120, CM300), and the early-maturing inbred lines developed at IARI, 
New Delhi, were placed in Group I. The Almora inbred lines, CM126, CM128 and CM129, were found 
to be reasonably divergent (falling in three distinct Groups), with CM127 behaving as an ‘outlier’. The 
study also highlighted the broad genetic base of the Ludhiana maize germplasm, with the eight inbred 
lines analyzed in this study falling in two distinct Groups (II and III); LM5 and LM6, parental lines of the 
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single-cross hybrid ‘Paras’ were in two divergent sub-clusters in Group III. Clustering of the Ludhiana 
inbred lines based on SSR data was found to have reasonably good congruity with the information 
available about the heterotic pools from which these lines were derived (Dhillon et al. 1998; Saxena et al. 
2000).  

The CIMMYT-ARMP lines (AMB112, AMB119, AMB115 and AMB109), besides NAI116, all of 
which are downy mildew-resistant, were placed in Group III. The genetic distinctness of these lines from 
majority of the Indian maize lines (which are highly susceptible to sorghum downy mildew) offer the 
possibility for further expansion of the genetic base of Indian maize germplasm through efficient 
introgression of these genotypes. In contrast to the AMB lines, the six inbred lines from CIMMYT, 
Mexico, showed dispersion in various clusters. Thus, the present investigation, the first of its kind on 
maize in India, clearly demonstrated the robustness and utility of SSR markers in revealing genetic 
relationships among Indian maize inbred lines. It shall also serve as an effective foundation for further 
analysis of genetic relationships of the inbred lines being developed by the public sector institutions in 
India.  

 
Heterotic Grouping of Indian Maize Inbred Lines 
 

An attempt was made for the first time under the AMBIONET-India program to group a set of 46 
inbred lines into specific heterotic groups based on two different datasets: (A) performance of 
experimental crosses generated by crossing 46 inbred lines with the two widely-referred heterotic testers 
in India, CM111 and CM202; and (B) SSR-based grouping pattern. In method (A), cross-combinations 
and parental lines were evaluated during Kharif (monsoon season)-2000 at Delhi and Hyderabad. 
Through this approach, only limited number of lines (a maximum of 17) could be assigned to specific 
heterotic groups with CM111 and CM202, respectively. Grouping of inbreds based on SSR data provided 
an opportunity for proposing a framework for further comprehensive analysis of heterotic grouping of 
Indian maize inbred lines. The study highlighted (i) the utility of SSR data in aiding heterotic grouping of 
the germplasm; (ii) the need for employing genetically divergent lines, particularly CM139 and CM140, 
and CM128 and CM129 (based on source germplasm of the inbred lines) for heterotic grouping, 
considering the inadequacy of CM111 and CM202 in forming effective heterotic groups of Indian maize 
inbred lines. 
 
Molecular Marker Divergence and Heterotic Performance 
 

To ascertain the utility of molecular marker divergence between genotypes based on SSR analysis in 
predicting hybrid performance, three sets of experimental crosses (8 x 8 diallel, 6 x 6 line x tester, and 
testcrosses of 46 lines with the two heterotic testers, CM111 and CM202, respectively) were analyzed. 
Each of these experimental sets was evaluated over three seasons in two locations, and the overall means 
of total grain weight of the hybrids across environments were employed (after analyzing the 
homeogeneity of datasets) for estimating the correlation, if any, between hybrid performance and 
molecular divergence of respective parental lines. While the correlations were found to be positive and 
significant for the testcross and diallel datasets, no significant correlation was revealed between pair-wise 
genetic distance values and hybrid performance in case of the line x tester set. Using step-wise multiple 
regression analysis of the SSR data, putative ‘informative markers’ or ‘positive markers’ for grain yield 
(in diallel set) were detected, mainly on chromosomes 1, 6 and 10. Although use of informative markers 
did increase the magnitude of correlation coefficients, the level of association may not be still considered 
high enough to have predictive value.  
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Taking into consideration genetic relationships among the lines (as revealed by the SSR analysis), the 
study clearly indicated that marker data could be more useful for predicting hybrid performance of lines 
that are related and from a narrow genetic base than those derived from highly divergent genetic 
backgrounds. Derivation of groups based on reliable genetic diversity estimates such as SSR analysis 
provides now a platform for selection of parental lines to generate both intra-group and inter-group 
hybrids, and further ascertaining the power of molecular marker-based prediction of hybrid performance.  
 
Mapping and Mas for Agronomically Important Traits 
 

An area receiving increasing attention is mapping of chromosomal regions influencing qualitative or 
quantitative traits of interest, for possible utility in marker-assisted selection. Besides localization of 
polygenes, QTL (quantitative trait loci) mapping also allows estimation of the effects of individual QTL 
as well as their joint effects (epistasis). QTL mapping has been increasingly employed in recent years, 
primarily because of the availability of PCR-based markers and powerful statistical packages. While 
genetic dissection of diverse agronomically important traits in maize has been carried out, particularly in 
the developed world, besides organizations such as CIMMYT, significant thrust is required for mapping 
chromosomal regions conferring resistance to major biotic/abiotic stresses affecting maize in the Asian 
region and gainful application of this information in germplasm development. We shall discuss here the 
efforts being made by the AMBIONET-India team in this regard.  

 
Downy Mildew Resistance 
 

Downy mildews occur predominantly in tropical/sub-tropical regions of China, India, Indonesia, 
Japan, Nepal, Pakistan, Philippines and Thailand in Asia (CABI 1997), where the disease is an important 
factor limiting maize production. Different types of downy mildew are reported in India, including 
sorghum downy mildew (SDM), brown stripe downy mildew (BSDM), and Rajasthan downy mildew 
(RDM). Genetic resistance is a cost-effective and environmentally-safe alternative in controlling the 
downy mildews. As a Network activity under the AMBIONET program, four countries (India, Indonesia, 
Thailand and Philippines) have recently undertaken a QTL mapping project aimed at identifying downy 
mildew resistance genes (George et al. 2003). This research activity was based on evaluation of a set of 
Recombinant Inbred Lins (RILs) derived from Ki3 (resistant) x CML139 (susceptible) cross (Fig.1). The 
study led to the identification of five QTL with significant effects on resistance to the five important 
downy mildew diseases affecting maize production in the Asian region. The proportion of the phenotypic 
variance explained by each of the five QTL (R2 values) varied across environments. Collectively, the five 
QTL identified in this study explained phenotypic variation in disease susceptibility ranging from 24% 
(Thailand) to 54% (Udaipur, India). Most significantly, the QTL on chromosome 6 had the largest 
contribution, accounting for nearly 20% and 31% of the phenotypic variance for SDM and RDM disease 
susceptibility at Mandya and Udaipur, respectively, and explaining more than half of the total phenotypic 
variance due to the five QTL in each of the four environments. Significant QTL x E interactions and large 
estimates of σ2

ge observed across the locations indicated major influence of the environment, particularly 
the characteristic pathogen populations on the expression of downy mildew resistance. The AMBIONET 
study also led to the identification of SSR markers tightly linked to the QTL on chromosome 6 (George et 
al. 2003), indicating their possible use for marker-assisted selection.  

Chances of successful application of MAS for downy mildew resistance are better when QTL are 
identified in the germplasm used in the national breeding program. For this purpose, the AMBIONET-
India Team also screened nearly 80 inbred lines, including 50 Indian genotypes, against SDM and RDM 
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diseases at Mandya and Udaipur, respectively. The study led to the identification of NAI116, an excellent 
source of resistance against both the downy mildew diseases in India (Nair et al. 2001). A backcross 
mapping population was developed using CM139 (elite susceptible inbred) and NAI116. Results from 
QTL mapping using genotypic and phenotypic data from this mapping population (Fig. 2) reaffirmed the 
importance of the QTL detected on chromosome 6 (bin location 6.05) by the earlier AMBIONET study of 
the RILs.  
 
Drought Stress Tolerance 
 

Among the abiotic stresses, drought and excess water (water logging) assume considerable 
importance in the Indian context, as nearly 70 per cent of the maize area is under rainfed conditions. 
Screening of a large set of inbred lines from India as well as CIMMYT at two locations (Hyderabad and 
Karimnagar) during the dry season (Rabi) under controlled irrigation regimes during 2000 and 2001 led to 
the identification of a few promising genotypes. The AMBIONET-India team is currently making efforts 
towards (i) reconfirmation of the drought stress responses of the promising inbred lines; (ii) evaluation of 
drought mapping populations developed by CIMMYT Applied Biotechnology Center, Mexico, provided 
the parental lines show stable and contrasting responses to drought stress under Indian conditions; and 
(iii) ascertaining the possible utility of drought-tolerant germplasm, specifically inbred lines, developed 
by the CIMMYT Maize Program. The experimental methodology developed by CIMMYT for evaluating 
drought stress tolerance, and the knowledge accrued in relation to mapping and MAS for drought 
tolerance, could be valuable for the NARS in developing suitable strategies in tackling this complex and 
highly important trait.  
 
Integrating Molecular Marker Technologies in Maize Breeding in India 
 

In the coming years, our major focus shall be strengthening the research components with respect to 
genetic diversity analysis, and mapping and MAS for agronomically important traits such as downy 
mildew and drought stress tolerance in maize. We have also initiated efforts to utilize molecular marker 
technologies to enhance the pace of progress in quality protein maize (QPM) breeding. Increasing 
emphasis is paid towards utilization of QPM technology in countries like India, where a large proportion 
of maize is used for human consumption (Prasanna et al. 2001). A study has been recently undertaken at 
the Indian Agricultural Research Institute (IARI), wherein a set of QPM lines developed by the national 
program as well as selected tropical/sub-tropical QPM lines developed by CIMMYT were analyzed for 
their grain quality, agronomic performance and molecular polymorphism (Kassahun 2001, Kassahun and 
Prasanna 2003). The study aided in (i) identification of some highly promising QPM lines in the Indian 
context, and (ii) analysis of genetic relationships among the QPM lines using SSR data. The need for 
more effective utilization of the CIMMYT QPM germplasm for broadening the genetic base of QPM 
materials being developed in India was also indicated by the study. Opportunities exist for enhancing the 
pace of progress of QPM breeding in India, by integrating MAS for opaque2 (o2) gene using o2-specific 
SSR markers (phi057, phi112 and umc1066) during line conversion.  

Another high priority research area for maize in India is development of germplasm resistant to 
banded leaf and sheath blight (BLSB), incited by Rhizotonia solani f.sp. sasakii Exner. In collaboration 
with CIMMYT, intensive efforts are currently being made under the AMBIONET program to analyze the 
genetic variability for resistance to BLSB, for identification and potential utilization of promising inbred 
lines in mapping and MAS for BLSB resistance in maize.  
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The NARS in India have demonstrated the commitment and capacity to effectively apply modern 
biotechnology, particularly molecular markers, for crop improvement. The data already developed under 
the AMBIONET program in relation to molecular profiling of Indian maize inbred lines, besides agro-
morphological data already available from the breeders, provide valuable information in clearly 
understanding the genetic diversity in the inbred genetic base, thereby permitting more efficient 
utilization of genetic resources, both indigenous and exotic, in breeding programs. However, cost-
effective application of molecular technologies to agriculturally important problems in developing 
countries cannot be done in isolation. Advances in maize functional genomics, including gene expression 
profiling and proteomics, should also allow maize researchers in the future to identify the key genes as 
well as pathways involved in expression of traits such as biotic/abiotic stress tolerance. Effective linkages 
with institutions such as CIMMYT can immensely help in harnessing the synergy of collective efforts in 
molecular breeding of maize in countries like India. 
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Figure. 1. Distinctly different responses of the parental lines of the RIL mapping population (Ki3: 
resistant; CML139: susceptible) against P. heteropogoni (at Udaipur). 
 
 
 
 

 
Figure 2. Genotyping of BC1F1 mapping population for QTL mapping of downy mildew resistance 
in maize; the panels represent analyses using two polymorphic SSR loci, bnlg1272 and bnlg490. A 
100-bp ladder was used as the molecular size standard (M). 
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Abstract 

 
The systemic disease of downy mildew (DM) caused by Peronosclerospora maydis Shaw has been an 

important limiting factor for maize production in Indonesia. Resistance against P. maydis is necessary for 
developing high yielding cultivars to be released in the country. The molecular marker assisted selection 
(MAS) program for breeding resistance against P. maydis started in 1999 when Indonesia joined the 
Asian Maize Biotechnology Network (AMBIONET). A set of inbred lines was phenotypically evaluated 
in four sites for DM under artificial inoculation using spreader row technique. Several lines showed 
consistent resistance reaction, including Ki3, P345G/S2B46-2-2-1-2-B-B-B, Nei 9008, AMATL COHS-
115-1-2-3-3-1-2-B-B, AMATL COHS-9-1-1-1-1-1-2-3, and Nei 9202. Four of the lines that are highly 
susceptible were then used to trap the pathogen under natural condition at four hotspot areas. Molecular 
analysis of the DM by single strand conformational polymorphism (SSCP) using Peronosclerospora 
genus-specific (PGS) primers did not successfully differentiate DM samples from each location. This 
result was confirmed with RFLP analysis. A mapping population was developed using two lines: J1-46-2-
2-3f, an elite inbred which developed by InCRI but susceptible to DM as recurrent parent, and AMATL 
COHS-9-1-1-1-1-1-2-3, a resistant CIMMYT inbred as donor parent. SSR analysis of six inbred lines 
using 112 primers revealed high level of polymorphism between JI-46-2-2-3f and AMATL COHS-9-1-1-
1-1-1-2-3. 

 
Introduction 
 

The downy mildew disease of maize in Indonesia is believed to be caused by Peronosclerospora 
maydis (De Leon 1984; Renfro and Ullstrup 1976). This fungus has been identified as the causal 
organism for the serious damage observed in major maize production centers in East, Central and West 
Java; South Sulawesi; Lampung; and North Sumatra. Despite the DM resistance conferred by the released 
varieties, farmers still usually apply Metalaxyl fungicide, which is expensive and environmentally non-
friendly. Recent research conducted by RIMOC pathologist in South Sulawesi indicated that most of the 
released varieties were susceptible to DM when grown under high pressure of the disease. 

Resistance against P. maydis is a necessary character for developing high yielding cultivars to be 
released in the country. However, development of resistance to P. maydis entails a great effort by plant 
breeders and plant pathologists. The DM resistance is governed by additive genes with dominant and 
epistatic effects (Ruswandi et al. 2002); therefore, selections will take a longer time to complete. In 
addition, selection under severe epiphytotic conditions could have a penalty on other agronomically 
favourable genes including yield (Kaneko and Aday 1980). Advances in molecular marker technologies 
assist in characterization of downy mildew pathogen. Besides, molecular markers linked to quantitative 
trait loci associated with downy mildew resistance traits could allow selection for resistance in the 
absence of the pathogen. 
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Mapping and molecular marker assisted selection (MAS) for resistance against P. maydis was 
initiated in 1999 when Indonesia joined the Asian Maize Biotechnology Network (AMBIONET). A 
strategic objective of the network was to enhance and support the capacity of the breeding program to 
adopt biotechnology tools for maize improvement. The specific objectives of the experiments were to 
molecularly characterize P. maydis in hot spot areas in Indonesia and to study the polymorphism of 
simple sequence repeat (SSR) primers in selected lines for mapping Java Downy Mildew resistance. 

 
Materials and Methods 
 
Screening for Java downy mildew resistance 

A set of genetic materials was evaluated for Java downy mildew resistance under artificial screening 
nursery using spreader row technique. The set included the AMBIONET lines from various national 
programs, which were collected by CIMMYT Asian Regional Program (CIMMTY-ARMP). First 
evaluation was done in three locations during January- February 2000. Further evaluation of the set 
together with 10 Indonesian lines was undertaken during the dry season of June- July 2000 in three 
locations. The inclusion of the 10 lines from Indonesia served other important purpose, namely to identify 
potential most DM susceptible line to be used as a parent in developing a mapping population. We used 
OPV Antasena as susceptible plants for spreader row plants and as check entry. 
 
Molecular characterization of DM pathogen in hot spot area in Indonesia 

Four selected lines were grown at four locations, namely Bogor, Lampung, Lanrang, and Maros, to 
trap the pathogen. These lines were 24STE-5*24STE-17-BBBB###-B-5-B-4-B-B-B, SIN.AM.TSR-76-1-
1-B-1-BBBB-5##BBBBBBBB, CML 270, CML 289. Twenty grams of fresh leaves of each line were 
harvested, lyophilized, and stored. DNA isolation was carried out following the technique described by 
Hoisington et al. (1997) with slight modifications by using 2x CTAB for buffer extraction. Genomic 
DNA was then analyzed using PCR and RFLP. 
 
PCR analysis of the DM pathogen  

Four specific primers, namely fungal ITS1 (Fits 1), fungal ITS 2 (Fits 2), PGS, and PSS, were used to 
fingerprint DM pathogen using PCR assay. PCR assays were performed using optimum amplification 
conditions. Amplification reactions was performed in 15µl total volume containing 10x PCR buffer, 50 
mM MgCl2, 1.0 mM dNTPs, 33 ng/µl mM each of forward and reverse primers, 2 U Taq polymerase and 
40 ng of genomic DNA. Each sample was overlaid with a drop of mineral oil to prevent evaporation of 
the reaction mix. 

Amplification was carried out in an MJ Research (PTC-100) Programmable Thermocycler with the 
following profile: one cycle of 5 min at 94oC for initial denaturation, 39 cycles of 30 sec. at 94oC for 
denaturation, 30 sec. at 56oC for annealing, and 1 min at 72oC for extension, followed by 1 cycle of 7 min 
at 72o C for final extension. Amplification products were resolved on 4% Metaphor agarose (BMA) in 1x 
TBE at low voltage for overnight and were visualized under UV light after staining with ethidium 
bromide. 
 
RFLP analysis of the DM pathogen 

DNA of each line was digested with the restriction enzyme EcoRI. Digested DNA was fractionated 
on 1% agarose gels for overnight. After electrophoresis, the gels were denatured, neutralized and 
Southern-blotted onto Hybon-N+ nylon membranes as described by Hoisington et al. (1997). Five 
plasmids, namely pCLY 83, pMLY 87, pMLY 5, pMLY 145, pMLY 10 were used as probes. The 
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plasmid transformation and isolation were done following CIMMYT Laboratory Protocols (Hoisington et 
al. 1997). Plasmids were amplified in 75µl total volume containing 10x PCR buffer containing MgCl2, 0.2 
mM dNTPs, 50 nM of forward and reverse primers of M13, 10U Taq polymerase and 25 ng of plasmid 
DNA. Each sample was overlaid with a drop of mineral oil to prevent evaporation of the reaction mix. 
Amplification was carried out in an MJ Research (PTC-100) Programmable Thermocycler with the 
following profile: one cycle of 4 min at 94oC for initial denaturation, 29 cycles of 1 min. at 94oC for 
denaturation, 1 min. at 50oC for annealing, and 1 min at 72oC for extension, followed by 1 cycle of 7 min 
at 72oC for final extension. 

 
SSR analysis of parental lines for mapping Java downy mildew resistance genes 

Six parental lines, namely Nei 9008, Ki 3, and AMATLCOHS-9-1-1-1-1-1-2-B and J1-19-1-3-1f, J1-
46-2-2-3f, and K2-296-1-3-1f were used as resistance and susceptible lines, respectively. Twenty grams 
of healthy fresh leaves of each line were harvested, lyophilized, and stored. DNA isolation was carried 
out as mentioned earlier. Genomic DNA was analyzed using PCR. 

One hundred and twelve SSR primers were used to fingerprint these parental lines. PCR amplification 
reactions was performed in 20µL total volume containing 1x PCR buffer, 0.5 mM MgCl2, 0.1 mM 
dNTPs, 0.25 µM each of forward and reverse primers, 0.5U Taq polymerase and 25 ng of genomic DNA. 
Each sample was overlaid with a drop of mineral oil to prevent evaporation of the reaction mix. 
Amplification was carried out in an MJ Research (PTC-100) Programmable Thermocycler with the 
following profile: one cycle of 1 min at 94oC for initial denaturation, 29 cycles of 1 min. at 94oC for 
denaturation, 2 min. at 56/58/60o/C for annealing and 2 min at 72o C for extension, followed by 1 cycle of 
5 min at 72o C for final extension. Amplification products were resolved on 4% Metaphor agarose gel 
(BMA) in 1x TBE at low voltage for overnight and were visualized under UV light after staining with 
ethidium bromide.  
 
Results and Discussion 
 
Analysis of genetic variability for Java downy mildew resistance 

Based on field evaluations, we have identified several lines which showed consistent resistance 
reaction. These lines were Ki3, P345G/S2B46-2-2-1-2-B-B-B, Nei 9008, AMATL COHS-115-1-2-3-3-1-
2-B-B, AMATL COHS-9-1-1-1-1-1-2-3, and Nei 9202 (Table 1). Similarly, the known susceptible lines 
showed relatively high disease incidence in almost all experiments during the two seasons. Table 1 
indicates that most of the Indonesian lines showed relatively high susceptibility to DM. For the 
development of mapping population, we chose the lines J1-46-2-2-3f and AMATLCOH-9-1-1-1-1-12-B 
as susceptible and resistant parents, respectively.  

 
Molecular characterization of DM pathogen in hot spot areas in Indonesia 

Separation of PCR product using primer Fits 1 on 4% metaphor agarose amplified specific band of 
249 bp from the healthy lines (Figure 1). However, it did not produce any band from the infected samples. 
Primer Fits 1 produced monomorphic band for all DNA samples. This means that the primer could not 
differentiate DM pathogen originating from the four hotspot areas in Indonesia. 

The PGS primer amplified a DNA fragment of the size 311 bp. Separation and signal detection, 
however, were not clear. Further optimization is needed to utilize this primer for characterization of the 
DM pathogen. PGS primer could not differentiate the DM pathogen from different hotspots in Indonesia. 
In addition, the control line (DM from India) produced the same size of amplicon with the other samples 
from the four DM hotspot areas in Indonesia. Amplification using the PSS primer showed that the DNA 
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of the infected sample (Natar) had two bands of 151 bp and 140 bp, respectively. The other samples, 
however, only amplified one band of 140 bp (Figure 2). Furthermore, sample number 22 (healthy plant of 
Natar) showed no band. In conclusion, this primer too could not distinguish the DM pathogen originating 
from the four hot spot areas in Indonesia. Amplification using the primer Fits 2 showed a smear and no 
specific band on separation using 4 % metaphor agarose. Only DNA from the healthy plant sample 
collected from Lanrang area showed a band of 413 bp. As in case of other primers, Fits 2 could not be 
used in characterization of DM pathogen from the four hot spot areas in Indonesia. 

Also, characterization of DM pathogen from the four hot spot areas in Indonesia and the DM 
pathogen from India showed monomorphic and smear band. Similarly, in the RFLP analysis, only three 
probes could be utilized; these were pMLY 87, pCLY 83, and pMLY 5. However, only probe pMLY 87 
produced good result (Figure 3). This probe produces a band size of 3.5 kb for infected sample number 21 
(Lanrang), 22 (Lanrang), 29 (Natar), 30 (Natar) and India. In conclusion, it is proposed that the DM 
pathogen in four hotspot areas in Indonesia and India have probably the same conserved gene. Ruswandi 
(2001) identified a QTL conferring downy mildew resistance against Peronosclerospora philippinensis 
(Philippine DM), P. sorghi (sorghum DM in India), and P. maydis (Java DM) have the same conserved 
region in chromosome # 1. Further studies are required to conclude about the relationships among the DM 
pathogens in tropical Asia. 
 
SSR polymorphisms in the parental lines 

The 112 SSRs obtained from CIMMYT were screened for polymorphism between the resistant and 
susceptible parental inbred lines, namely Nei 9008, Ki 3, and AMATLCOHS-9-1-1-1-1-1-2-B and J1-19-
1-3-1f, J1-46-2-2-3f, and K2-296-1-3-1. These primers generated 214 alleles among the 6 parental inbred 
lines. The average number of alleles per locus was 1.91, with a range from two to six. This result is 
confirmed with the study conducted by Ruswandi and Latiza (1999). They found that the average number 
of alleles per locus was 2, with a range from two to five in six inbred lines to be used for mapping 
resistance gene against Philippines DM. 

Of the 112 SSRs primers screened, 72 primers (64.71%) were polymorphic for parental combinations 
Nei 9008 and J1-19-1-3f and Nei 9008 and K2-296-1-3f and 70 primers (62.83%) for parental 
combination Nei 9008 and J1-46-2-2-3f. Polymorphism of the following parental combinations Ki 3 and 
J1-19-1-3f, Ki 3 and J1-46-2-2-3f, and Ki 3 and K2-296-1-3f were 63 primers (56.64%), 68 primers 
(61.06%), and 70 primers (62.83%), respectively. Polymorphism of the following parental combinations 
AMATLCOH-9-1-1-1-1-12-B and J1-19-1-3f, AMATLCOH-9-1-1-1-1-12-B and J1-46-2-2-3f, and 
AMATLCOH-9-1-1-1-1-12-B and K2-296-1-3f were 68 primers (61.06%), 76 primers (68.14%), and 74 
primers (66.37%), respectively. The SSR information is summarized in Table 2. Based on the 
polymorphism study of parental lines, AMATLCOH-9-1-1-1-1-12-B and J1-46-2-2-3f have been 
identified as suitable parental lines fpr generation of a mapping population for mapping of resistance 
genes against Java DM pathogen.  
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Table 1. Means of per cent Java downy mildew infection at different locations in Indonesia.  
Pedigree Lanrang1  Lanrang2 Lampung Maros  
Pi21 29.2 67.3 31.0 52.1 
Pi31 59.1 65.9 63.8 58.1 
Nei9008 2.5 23.7 51.5 0 
Nei9202 38.5 45.0 20.6 11.2 
Nei9203 47 38.25 34.8 35.0 
Nei9204 50 75 31.4 37.9 
Ki3 2.5 14.3 41.7 0 
Ki14  53.8 50.0 - 58.3 
AMATLC0HS-115-1-2-3-3-1-2-B-B 12.4 26.7 24.7 20 
AMATLC0HS-223-1-1-1-1-2-2-B-B-B 61.6 50.0 51.7 61.9 
P345C3S3B-40-8-1-1-2-2-B 16.8 19.6 47.2 3.9 
P345C5S1B-15-4-2-1-2-1-2-B 2.9 33.1 23.0 15.6 
AMATLCOHS-9-1-1-1-1- 1-2-B 0 20 39.6 3.3 
AMATLCOHS-245-1-1-1-2-1-1-B-B 64.8 85 54.2 37.3 
P345C4S2B46-2-2-1-2-B-B-B 12.9 11.5 17.2 0 
NS1C1S5-261-7-3-1-2-1-1-B-B 7.5 40.0 35.4 33.3 
P300C5S2B-46-2-2-1-2-B-B-B 100 100 12.5 0 
IPB9204-1-3-1-2-4-B 7.7 38.2 19.2 9.4 
(24STE-5*24STE-17)-BBBB###-B-1-B-2-B-B-B 100 100 58.6 85.8 
(24STE-5*24STE-17)-BBBB###-B-5-B-4-B-B-B 96.1 100 48.2 100 
CML270 100 100 6.3 100 
CML289 76.3 66.6 38.5 75.2 
SIN.AM.TSR-76-1-1-B-1-BBBB-5##BBBBBBBBB 100 100 26.9 100 
P24STEC1HC16-1-3-3-1-2-BBB-1###-9-BBBBBBB 100 92.8 45.1 59.0 
P24(STE)C2-29-BBBB#-3-BBBBBBB 100 66.6 41.1 81.8 
G26C25HS45-3-4-1-6-BBBB 96.9 90.9 58.4 68.2 
CML281 96.9 100 45.5 100 
CML272 96.7 97.3 39.8 91.9 
J1-19-1-3-1f - 91.6 83.3 54.2 
J1-46-2-2-3f - 90.0 41.1 73.9 
J2-102-3-1-1-1f - 73.5 - 50.0 
J2-375-1-1-1-1f - 75.0 14.3 62.5 
SW2-50-3-1-1#-2-2-1# - 0 0 0 
SW2-72-2-2-4#-1-3-2# - 31.2 17.9 63.3 
SW3-3-1-1-2-4f - 67.5 60.0 20.0 
SW3-61-1-1-1-1### - 39.6 12.2 50.0 
K1-388-2-2-1 - 77 29.3 77.4 
K2-229-1-3-1f - 59 12.5 28.6 
Antasena 95 93.5 85 100 
CV (%) 35.8 39.8 78.0 48.2 
 F test * * * * 
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Table 2. SSR primers and polymorphism information in analysis of six parental lines. 
 

Chromosome   Per cent polymorphism     
Number Total   R1 x S1 R1 x S2 R1 x S3 R2 x S1 R2 x S2 R2 x S3 R3 x S1 R3 x S2 R3 x S3 

a.   12 50 41.67 41.67 41.67 33.33 25 58.33 50 50 

b.   12 33.33 33.33 33.33 41.67 41.67 41.67 41.67 41.67 41.67 

c.   10 70 70 70 60 80 80 60 90 90 

d.   13 61.54 61.54 53.86 46.15 38.46 53.85 61.54 69.23 69.23 

e.   8 62.5 62.5 75 50 50 62.5 37.5 62.5 62.5 

2.   10 70 70 70 70 70 70 70 70 70 

1.  10 80 50 50 50 70 60 70 70 60 

2.  5 60 60 60 40 60 60 40 60 60 

3.  11 54.55 54.55 72.73 54.55 63.64 72.73 54.55 63.64 72.73 

4.  7 100 100 100 100 85.71 85.71 100 85.71 85.71 

Unknown  15 73.33 93.33 86.67 73.33 86.67 86.67 73.33 86.67 73.33 

Average   63.71 62.83 63.71 56.64 61.06 62.83 61.06 68.14 66.37 

           
R1  =  Nei 9008; R2  =  Ki3; R3  =  AMATLCOH –9-1-1-1-1-1-2-8; S1  =  J1-19-1-3-F; S2  =  J1-46-2-2-3f; S3  =  K2-296-1-3; Note: R and S                   
indicate resistant and susceptible lines, respectively 
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Figure 1. Polymorphism in DM pathogen revealed by the primer Fits 1. 
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Figure 2. Polymorphism in DM pathogen revealed by the PSS primer. 
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Figure 3. DNA fingerprinting of the DM pathogen using probe pMLY87. 
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Abstract 
 

Simple Sequence Repeats (SSRs) have been used to identify maize inbreds into heterotic groups 
related to the determining of parents hybrid. A total of 73 lines, collected from Maros, Bogor, Malang, 
Thailand and Mexico (CIMMYT), were analized with 30 SSRs primers (3-6 nucleotide repeats) that are 
distributed over the ten chromosomes of maize genome. Percent heterozygosity revealed 36 inbreds, 
mostly Indonesian, that are less than 80% pure and having two to four alleles at certain loci. This high 
percentage of heterozygous lines points to the need for use of the elite inbred lines in hybrid seed 
production as well as for future breeding purposes. The remaining of 37 inbreds was further analyzed 
along with 6 CIMMYT maize standard lines. The alleles were scored in reference to the sequencered-
based, molecular sized standard alleles develop at the Asian Maize Biotechnology Network 
(AMBIONET) service laboratory. From 43 inbreds, identified 145 alleles ranged from 2 to 8 alleles per 
locus and average 4.8 alleles. The polymorphism information content ranged from 0.21 (umc1161) to 
0.87 (umc1196), and average at 0.62. According to PCA, there are three SSRs locus were not have 
contribution to the constructing of the dendrogram as the resulted of low PIC value i.e. phi050 (0.31%), 
phi420701 (0.40%), and umc1161 (0.21%). Cluster analysis placed the inbred lines in nine groups and six 
inbreds were not belonging to the nine groups. Cophenetic correlation (r) was 0.874, showing a good fit 
of the dendrogram with the similarity matrix generated using SSRs data. Results showed that heterotic 
groups is not always derived from genotype which collected from the same institution or region. High 
value of genetic distance is closely related to the information of specific combining ability. SSRs 
technique can be used for assigning inbreds into heterotic groups and quantifying genetic similarity, but it 
seems that a large number of SSRs primers combination are required to obtain reliable estimates of 
genetic diversity analysis. 

 
Introduction 
 

Evaluation of lines combining ability is used a tester parent or make diallel cross among lines in 
conventional breeding. Tester parents should be able differentiate the value of genotype in crosses 
combination. The efficiency of lines evaluation will be improved by predicting the value of cross before 
field evaluation. The challenge to maize breeders is to identify inbred lines that produce highly heterotic 
hybrids. Genetic relationship can be a useful predictor of the relative performance of hybrid combinations 
for a hybrid breeding programs resulting in reduced time and cost of hybrid testing. 

Melchinger et al. (1991) reported that restricted fragment length polymorphism (RFLP) can be used 
to study pedigree relationship among inbred lines but RFLP-based genetic distance measures are limited 
use in predicting heterosis between unrelated lines. Lee et al. (1989) estimated genetic distance between 
inbred lines using RFLP and estimated as Modified Roger Distance (MRD). The result showed that grain 
yield and Specific Combining Ability (SCA) were significantly correlated with MRD fox six of the ten 
chromosomes. Smith et al. (1992) also have used RFLP to study diversity of U.S. hybrid maize 
germplasm and showed that inter hybrid distance for RFLP vs. pedigree data for hybrid known pedigree 
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have a good correlation (r = 0.87). Microsatellites markers have been developed for important crops, 
including maize (Taramino and Tingey, 1996), soybean (Powell et al., 1996), barley (Russel et al., 1997), 
and others. Senior et al. (1998) analyzed 94 diverse maize inbreds using 70 SSRs (Simple sequence 
Repeats (SSRs) polymorphic markers identified 365 alleles and found that pattern of genetic divergence 
revealed more consistent with known pedigree. A cluster analysis placed the inbred lines in nine clusters 
that correspond to major heterotic groups or marker classes for North American maize. Bohn et al. (1999) 
found significant correlation between coancestry with genetic similarity for RFLP, Amplified Fragment 
Length Polymorphism (AFLP), and SSR only for related parent combinations.  

Substantial progress in maize production in Indonesia has been made in the last 27 years, but the 
increase production fails to meet the domestic demand revealed in the large increase of the maize import. 
All varieties so far are the product of conventional breeding. Conventional breeding has been cost 
effective and productive, and has been making steady progress. One alternative way for declining the net 
maize import is to increase maize production by adopting hybrids varieties in the high-productivity areas, 
and increasing the genetic potential yield of open pollinated varieties for low-productivity systems 
through breeding. Breeding for hybrid varieties in Indonesia began in the 1950s but only a minor 
program. The first hybrid variety released in 1983 is the product of Cargill, followed by Bogor 
Agricultural University, Pioneer, and BISI/Charoen Pokphand (1985). CRIFC released its first hybrid in 
1992 (Subandi, 1998). 

Seventy three Indonesian inbreds, were collected from Maros, Bogor, Malang and Thailand 
(CIMMYT), which were usually used in hybrid breeding program. However, most of the inbred 
collections were introduced from CIMMYT Asian (Thailand). Consequently, the genetic base of the 
inbred lines, developed in different institute were probably the same. In this context, information of the 
genetic diversity is essential for identifying the potential of germplasm groups and optimizing 
hybridization and selection procedures. 

The objectives of this study were (1) to study the genetic relationship among 73 inbred lines used in 
hybrid maize programs, (2) to assess whether such PCR-based markers will be useful for evaluating the 
relationship of the 73 inbred identified. 

 
Materials and Methods 
 

Genetic diversity activities were conducted at the Asian Maize Biotechnology Network 
(AMBIONET) Service Laboratory (ASL), c/o International Rice Research Instiute (IRRI), Los Banos, 
Philippines. The procedure of genomic DNA isolation, SSR-PCR, and running on PolyAcrylamide Gel 
Electrophoresis (PAGE) followed the ASL protocols. 

For each line, genomic DNA was extracted from 10 bulked leaves, harvested three to four weeks old 
plants per genotype. The CTAB procedure was used with modified by ASL. Agarose gel electrophoresis 
was used for DNA quantity and quality analysis. Quantification for each sample based on ethidium 
bromide fluorescence in comparison with uncut λ DNA of known quantity run on the same gel, and also 
used for analysis of the DNA quality. PCR reactions were performed in a 10 µl reaction mix consisting of 
10 ng template DNA, 0.1 mM dNTPs, 0.25 µM SSR primers (forward + reverse), 1.5 mM MgCl2, 0.038 
U taq DNA polymerase, 1X reaction buffer (10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2). A total of 30 
primers were run for this preliminary study. PCR cycling showed in Table 1. 
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Table 1. PCR profile used in the amplification of simple sequence repeats in maize. 
 

PCR program Steps SSRs 
SSR 54 
 
 
SSR 56 

93o C for 2 m; 30 cycles of 93o C for 1 
m, 54o C for 2 m, 72o C for 2 m; and 
72o C for 5 m 
94o C for 2 m; 30 cycles of 94o C for 1 
m, 56o C for 2 m, 72o C for 2 m; and 
72o C for 5 m 

phi109275 
 
 
All other SSRs used 

 
Reaction was stopped with 4 µl of loading-dye. PCR amplified products were resolved using a 4.5% 

polyacrylamide sequencing followed by silver staining. The alleles were scored in reference to the 
molecular weight standard (φX-174/Hinf) and standard alleles developed at the ASL. Profile for each 
cultivars and marker system were constructed by scoring 1 or 0 for absence of fragments and 9 for 
missing data. 
 
Data Analysis 
 

The average of pol ymorphisms information content  (PIC) for ea ch SSRs marker sy stem across all 
polymorphic assay units applying the formula described in Smith et al. (1997). PIC is a measure of allele 
diversity at a locus and is equal to: 

∑−= f ij
PIC

2
1 ,where fij is the frequency of the ith allele at the jth SSR locus. 

For those genotypes showing heterozygosity for a specific SSR locus, PIC values wer e calculated by 
considering each allele from those genotypes as contributing one-half instead of one. 

Genetic similarities (GS) were estimated from the allele size data using a Jaccard coefficient, such 
that GS = m/(m + u), where m = the number of matches and u = the number of mismatches (Sneath and 
Sokal, 1973).  

Cluster analysis based on the matrix of genetic similarities using the Unweighted Pair Group Method 
Using Arithmetic Average (UPGMA) clustering algorithm.  

A Principal Components Analysis (PCA) was then performed based on the variance-covariance 
matrix calculated from this transformed data. The principal component scores were not standardized and 
thus had variance equal to the corresponding eigenvalue. The distance matrix and the dendrogram were 
constructed with NTSYS-pc version 2.1 (Rohlf, 2000). 

 
Result and Discussion 
 
Level of heterozygosity 

Several of the SSRs primers amplified more than one bands per line. Percentage of heterozygosity 
ranged from 0% to 60% of the total of 30 SSRs loci. Thirty-six inbreds, mostly Indonesian, that are less 
than 80% pure and having two to four alleles at certain loci. Probably the high percentage of heterozygous 
lines as the result of contamination in the process of maintaining inbreds, or in seed processing. Senior et 
al. (1998) reported that SSRs primers amplified more than one bands per line, perhaps because of residual 
heterozygosity, contamination, or the amplification of similar sequences into separate genomic regions.  
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This high percentage of heterozygous lines points to the needs for a more effective maintenance 
breeding which is necessary for use of the elite inbred lines in hybrid seed production as well as for future 
breeding purposes. The remaining of 43 inbreds, consisting of 37 inbreds collection and six CIMMYT 
standard lines were further analyzed. 
 
Profiles of SSRs loci  

PIC values for each marker are tabulated in Table 2. The 30 primers dispered troughout at the 10 
chromosomes of the maize genome and produce 145 alleles among the 43 inbreds. The average number 
of alleles per locus was 4.8, with a range from 0.21 to 0.87 with an average of 0.62. Senior et al. (1998) 
found the lower value of PIC (0.56) probably was resulted by using agarose gel because of the lower 
resolution. 
 
 
 
Table 2. Profiles of 30 SSRs loci on 43 Indonesian maize inbreds collection.  
 

No. SSRs loci Bin 
No. 

Repeat type Expected size 
range 

Observed size 
range 

Number of 
alleles 

Polymorphisms 
(%) 

1 phi109275 1,00 AGCT 119-143 119-143 6 0.79 
2 umc1122 1,06 (CGT)7 151-169 151-169 3 0.43 
3 phi227562 1,12 ACC 310-328 310-325 5 0.55 
4 phi96100 2,00 ACCT 269-297 269-297 5 0.66 
5 phi083 2,04 AGCT 125-137 129-135 3 0.60 
6 phi101049 2,09 AGAT 230-274 230-274 8 0.85 
7 phi374118 3,02 ACC 217-238 217-238 5 0.72 
8 phi053 3,05 ATAC 167-195 169-195 5 0.79 
9 phi046 3,08 ACGC 62-66 62-66 2 0.46 
10 phi072 4,00 AAAC 143-167 143-163 4 0.58 
11 phi079 4,05 AGATG 180-195 165-197 7 0.55 
12 phi076 4,11 AGCGGG 161-173 161-173 4 0.68 
13 phi109188 5,00 AAAG 148-174 148-172 5 0.70 
14 phi087 5,06 ACC 150-177 150-179 5 0,62 
15 umc1153  5,09 (TCA)4 105-114 105-114 5 0.59 
16 umc1143 6,00 AAAAT 76-86 77-87 7 0.77 
17 phi452693 6,06 AGCC 125-145 125-145 6 0.69 
18 phi299852 6,08 AGC 111-149 111-147 7 0.76 
19 umc1545  7,00 (AAGA) 4 70-86 70-86 5 0.71 
20 phi034 7,02 CCT 122-146 122-146 4 0.61 
21 phi328175 7,04 AGG 100-130 100-130 5 0.64 
22 phi420701 8,00 CCG 291-300 291-300 4 0.40 
23 phi233376 8,03 CCG 142-154 142-154 5 0.65 
24 umc1161 8,06 (GCTGGG)5 134-158 134-158 6 0.21 
25 umc1279   9,00 (CCT) 6 92-101 92-101 4 0.45 
26 phi032 9,04 AAAG 233-241 233-245 4 0.85 
27 umc1277 9,08 (AATA) 5 134-138 130-138 3 0.50 
28 phi041 10,00 AGCC 196-216 196-216 4 0.55 
29 phi050 10,03 AAGC 80-86 80-86 3 0.31 
30 umc1196 10,07 CACACG 137-161 137-161 6 0.87 

 
PIC values are dependent on the genetic diversity of the accessions chosen (Garland et al., 1999). 

This current investigation probably had a high proportion of closely related cultivars, which would have 
the effect of the PIC values. 
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A PCA (Principal Component Analysis) was performed, with eigenvalues greaters than 1.0, on the 
covariant matrix calculated from the mean cluster allele frequencies of each major cluster. The first four 
principal components accounted 12.96% (PC-1), 8.37% (PC-2), 6.72% (PC-3), and 5.77% (PC-4) and all 
together explained 33.82% of the accumulated variation (Table 3). It means that 33.82% of variation of 
the alleles on 43 inbreds could be explained by the first four principal components. The lower value of 
PCs showed the need to identify a large number of SSRs primers. From the total of the accumulated 
variability were obtained 49 alleles, placed on 27 SSRs loci, which have contributed to the construction of 
the dendrogram. Locus phi050, phi420701, and phi1161, which have the lowest PIC value, were not have 
contribution to the construction of the dendrogram (Table 3). 
 
Table 3. Value of principal components (PCs) of each allele. 

 
No. SSRs locus (bp) PC1 PC2 PC3 PC4 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

phi032 
 

phi034 
phi041 
 
phi048 
 
phi053 
 
 
phi072 
 
phi076 
 
 
phi079 
phi083 
 
 
phi087 
phi101049 
phi109188 
phi109275 
 
phi227562 
phi233376 
 
phi299852 
 
 
phi328175 
 
phi374118 
phi452693 
phi96100 
 
umc1122 
umc1143 
 
 
umc1153 
 
umc1196 
 
umc1277 
 
umc1279 
umc1545 

241 
233 
122 
204 
200 
66 
62 
187 
175 
171 
155 
151 
173 
167 
161 
190 
135 
133 
128 
g1 
258 
168 
i2 
i3 
g1 
h1 
147 
123 
111 
130 
124 
232 
217 
125 
289 
277 
151 
86 
82 
80 
114 
106 
149 
143 
138 
134 
98 
86 
81 

-0.0378 
-0.0571 
-0.1506 
-0.0815 
-0.0105 
-0.3090 
 0.3089 
-0.0720 
 0.1375 
-0.3191 
-0.0997 
-0.0331 
 0.2342 
-0.2794 
 0.0430 
-0.2111 
 0.1571 
-0.0264 
  0.1610 
-0.1769 
-0.0281 
-0.2849 
-0.3089 
 0.0797 
 0.0956 
-0.3135 
-0.3291 
 0.1991 
 0.0718 
 0.1711 
-0.0235 
 0.0173 
 0.0434 
-0.2476 
 0.1679 

          -0.2725 
          -0.2956 
           0.0413 
          -0.3262 
           0.1412 
           0.1409 
          -0.2334 
           0.1897 
           0.0272 
           0.0667 
          -0.0683 
          -0.1355 
          -0.2587 
           0.1447 

0.2327 
-0.2714 
-0.0276 
0.0106 
-0.0150 
0.1406 
-0.1406 
-0.1238 
0.1347 
0.0749 
0.2156 
-0.2790 
0.2353 
-0.0192 
-0.2075 
-0.2065 
-0.2598 
0.0835 
0.1869 
0.1038 
0.0119 
0.0739 
0.0558 
-0.0230 
0.1099 
0.0613 
0.0628 
0.2265 
-0.2037 
0.1074 
-0.0843 
-0.3278 
0.0657 
-0.0349 
0.2567 
-0.0267 
0.0322 
0.0740 
0.0747 
-0.3030 
-0.1780 
0.0754 
0.1659 
-0.0216 
-0.1631 
0.2253 
-0.0308 
-0.0450 
-0.0071 

- 0.0150 
  0.0371 
  0.1577 
-0.0713 
 0.2262 
-0.0328 
  0.0328 
 0.2033 
-0.0227 
-0.0067 
  0.0303 
-0.0404 
 0.1346 
-0.0580 
-0.0423 
-0.0066 
-0.0611 
-0.0258 
 0.1124 
 0.2413 
-0.0716 
 0.1024 
-0.0825 
 0.2636 
-0.0137 
-0.0282 
-0.0299 
-0.0729 
 0.2329 
 0.0056 
 0.0612 
 0.2039 
-0.2602 
 0.2147 
 0.0784 
-0.0967 
-0.0913 
 0.1855 
-0.0701 
-0.1374 
-0.0234 
-0.1046 
-0.0069 
-0.1722 
-0.2175 
 0.1920 
-0.0061 
  0.0132 
-0.0516 

0.1785 
-0.1610 
-0.1843 
-0.1746 
-0.2094 
0.1755 
-0.1755 
-0.1318 
-0.0593 
-0.0291 
-0.1726 
0.1519 
0.0463 
-0.0110 
-0.0690 
-0.0119 
0.0618 
-0.1254 
0.1407 
-0.1810 
-0.0664 
0.1756 
-0.0335 
-0.0185 
-0.1613 
-0.0163 
-0.0371 
0.0264 
-0.0261 
-0.1502 
0.0180 
0.0814 
0.0697 
-0.0126 
0.0624 
0.0435 
-0.0679 
0.0756 
0.0068 
-0.1047 
0.2216 
-0.1477 
-0.1510 
-0.0379 
-0.1922 
0.2358 
-0.1776 
-0.1332 
0.2221 

Eigenvalue           12.41 1.61 1.33 1.44 
Variability  (%)          12.96 8.37 6.72 5.77 
Accumulated   12.96 21. 33 28.05 33. 82 

 
Bold markers are the PC value at the specific allele which have contribution in discrimination power 

of dendrogram based on similarities. 
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Clustering Analysis 

Detection of genetic variation and determination of genetic relationship between individuals and 
populations is an important consideration for the efficient conservation and utilization of plant genetic 
resources (Powel et al., 1996).  

The dendrogram obtained from UPGMA cluster analysis of the 43 inbreds on the basis of genetic 
similarity of SSRs presented in Figure 1. Cluster analysis placed the inbred lines in nine groups initialed 
A to I and other six inbreds were not belonging to the nine groups. From the total of 37 inbreds identified, 
there are five inbreds usually used as parental lines based on good SCA i.e. J2-R-144, SW3-61, J1-46, J1-
19, and SW3-109. Initialed J2 were made from early maturing population and J1 from lately maturing 
population. On the fenogram, each of the five inbreds that mentioned above placed on different clustered. 
Therefore, they have a chance to be a candidate for parent hybrid. Coefficient cophenetic (r) was 0.874 
showed a good fit of the dendrogram (Rohlf and Fisher, 1968, in Rohlf, 2000). Peijic et al. (1998) 
reported that the value of coefficient cophenetic provided for each marker system, indicate the extent to 
which the clustering of genotypes depicted in the trees accurately represents the estimates of genetic 
similarity between inbreds obtained with that marker system. The clustered revealed that each of group 
consisting of inbreds which were collected from different region except group D. It shows that grouping 
based on where the inbreds were collected is not always support the clustering based on molecular marker 
analysis (Table 4). 
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Figure 1. Dendrogram of 43 inbred lines revealed by UPGMA cluster analysis based on 30 SSR markers. Numbers  
shown different branches represent percentage confidence limits obtained in the bootstrap analysis.
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Table 4. Composition of Indonesian maize inbreds based on genetic similarities. 
 

Cluster Number of lines in each 
cluster 

Source of collection Genetic similarity 

A 
 
 

 

CML51 
 W39 
 W44 
 W46 

CIMMYT (Mexico) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 

0.275 

B 
 

CML396 
LYDMR 
 CA00108 

CIMMYT (Mexico) 
Maros 
CIMMYT (Thailand) 

0.375 

C 
 

P4G12 
Arc1-S5P-P0 
 CA00324 
 W49 
 W54 
 CA00332 
 CA14502 
 W63 
 CA14514 
 J1-46-2* 

Bogor 
Bogor 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
Malang 

0.305 

D 
 

CA03111 
 CA03123 
 CA03136 
 CA03139 
CA03102 
CA03134 

CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
CIMMYT (Thailand) 

0.740 
 

E CML236 
 CA00302 

CIMMYT (Mexico) 
CIMMYT (Thailand) 

0.325 

F W51 
 AMATL 
 W65 
 W48 
 J2-375 

CIMMYT (Thailand) 
Maros 
CIMMYT (Thailand) 
CIMMYT (Thailand) 
Malang 

0.330 

G CML202 
 GM19 
 J1-19* 

CIMMYT (Mexico) 
Malang 
Malang 

0.305 

H W64 
 SW3-109* 

CIMMYT (Thailand) 
Malang 

0.330 

I GM15 
 CA34503 

Malang 
CIMMYT (Thailand) 

0.305 

No Cluster CML206 
 W42 
 CML292 
 W57 
 J2-R-144* 
 Sw3-61* 

CIMMYT (Mexico) 
CIMMYT (Thailand) 
CIMMYT (Mexico) 
CIMMYT (Thailand) 
Malang 
Malang 

- 
- 
- 
- 
- 
- 

* = candidate of parent inbred lines based on fenotipic data 
 
 

PCA also were performed to know the relative position of the inbreds. Principal coordinate analysis 
are partly of PCA (Rohlf, 2000). Relative position of the 43 maize inbreds collection is presented in 
Figure 2, which were generated from similarity matrix on 30 SSRs loci.  
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Figure 2. Relative position of 43 inbreds collection based in PCA analysis in two dimension. 
 
 
 

Based on the data from the field, analysis of SCA showed that parental lines initialed J1 crossed with 
J2 and GM15 x GM19 have a good combining. From the result of cluster analysis, lines J1 and J2 are 
placed in the different group. Based on genetic distance, J2-R-144 x J1-46 was 0.80, J2-R-144 x J1-19-1 
was 0.72, and GM15 x GM19 was 0.72. It seems that phenotypic data is agree with molecular data (data 
not showed). 

Principal component analysis of SSRs data provided fairly accurate portrayal of relative position of 
each line identified. However, the data shown degree of confidence based on bootstrap analysis were 
varied from 0.3% to 100%. Besides of that there are several lines were in outlayers. These results 
suggested that large number of SSRs primers are needed to measure sufficient precision. 
 
Conclusion 
 
1. Percent heterozygosity revealed 36 inbreds, mostly Indonesian, that are less than 80% pure and having 

2 to 4 alleles at certain loci. This high percentage of heterozygous lines points to the need for use of 
the elite inbred lines in hybrid seed production as well as for future breeding purposes. 

2. From 43 inbreds, identified 145 alleles, ranging from 2 to 8 alleles per locus and average 4.8 alleles. 
The polymorphism information content ranged from 0.21 (umc1161) to 0.87 (umc1196), and average 
at 0.62. 

3. Cluster analysis placed the inbred lines in nine groups and other six inbreds were not belonging to the 
nine groups. Cophenetic correlation (r) was 0.874, showing a good fit of the dendrogram with the 
similarity matrix generated using SSRs data. 

4. Heterotic groups is not always derived from genotype which collected from the same institution or 
region. High value of genetic distance is closely related to the information of specific combining 
ability. 
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Introduction 
 

Sorghum downy mildew (Perenosclerospora sorghi) is one of the most devastating diseases in 
tropical maize. Although seed treatment is an effective alternative at the moment, the cost of seed 
treatment is high. Breeding for downy mildew resistance is the most cost effective. The present study is 
aimed at mapping the genes controlling downy mildew resistance in maize. 
 
Materials and Methods 
 
Plant materials 

The Ki14 x Hi31 population consisting of 113 RILs was used in this study in cooperation with the 
University of Hawaii, USA. The linkage map for this mapping population was constructed based on 
RFLP assays by the University of Hawaii (Ming et al. 1997). Ki14 is the donor of downy mildew 
resistance (DMR) alleles and Hi31, the susceptible parent, was developed from the sweet corn 
germplasm. 
 
Methods 

Screening for downy mildew resistance: Downy mildew screening was done in a screenhouse at 
Kumphaemgsaen campus. Moist conditions were created using overhead sprinkler. Five plants per line, 
and 3-5 lines per plastic tray, were arranged in the screenhouse. Tuxpeno was used as the spreader rows. 
Additional inoculation with the pathogen conidia was done between 2-3 am when the plants were 2-3 
weeks old. The inoculum was produced from infected leaves after being incubated in a dark, moisture-
saturated chamber for 6-8 h. DM symptoms were scored at one and two weeks after spraying.  

DMR screening was also conducted in the field at Nakhorn Sawan Field Crop Research Center and 
Kumphaenngsaen campus. Fifty plants per line were planted in duplicate in 2.5-m single-row plots with 
spreader rows for every 10 rows; a plot of spreader row was inserted after every five rows of test entries 
at the same planting date. Artificial inoculation was done when the plants were one-week old.  

DM symptom was scored using 1-5 numerical system, where ‘1’ is equivalent to 0% disease severity 
and ‘5’ to 100%. Another criterion employed was % DM-infected plants, measured as percentage of the 
frequency of infected plants per line three weeks after inoculation. Both % infected plants and % disease 
severity were used as criteria and scoring was done for three times on every three days after the two-week 
stage of the RILs.  

 
Genotyping 

Based on the original RILs set, 113 lines were genotyped using SSLP markers. The assays revealed 
235 polymorphic loci between the parents, and these were used for genotyping of the mapping 
population. Linkage map was constructed using both the 127 RFLP markers as well as 108 SSLP 
markers.  
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SSLP analysis 
The microsatellite primers for maize were derived from the MapPairs Division, Biology Department, 

Brookhaven National Laboratory, Upton, New York. Amplification was performed in a 5 µl containing 
10 ng of genomic DNA, 5 pmol of each primer, 100µM of each dNTP, 90mM Tris-Cl pH8.3, 20 mM 
(NH4)SO4, 2.0 mM MgCl2, and 0.19 U Taq DNA Polymerase (Promega Inc., USA) by using Thermal 
Cycler (PE biosystem, USA) with the following conditions: 95oc for 5 min (1 cycle); 95oc for 30 sec, 56oc 
for 30 sec and 72oc for 1 min (40 cycles); and 72oc for 4 min (1 cycle). To the PCR products, 3 µl loading 
buffer (10mM NaOH, 95% formamide, 0.05% bromophenol blue, 0.05% xylene cyanol FF) was added, 
and the amplification products were analyzed on 4.5% denaturing polyacrylarmide gel electrophoresis 
and visualized by silver staining.  
 
Linkage map construction and QTL analysis 

Linkage map was constructed using Joinmap version 2.0 and QTL analysis was analyzed using two 
methods. The first approach was interval mapping analysis using MQTL version 0.98 and the second was 
the single marker regression analysis using STATGRAPHICS plus version 3.0. 
 
Results and Discussion 
 
Screening for downy mildew resistance 

DMR screening was conducted in the field at Nakorn Sawan Field Crop Research Center and 
Kamphaengsaen Campus. Frequency distributions of the screening populations in terms of both the % 
infected plants and disease severity scores were shown in Fig. 1. The RILs of Ki14 x Hi31 skewed 
towards the susceptible parent in both the experiments. Most RILs were found to be susceptible. The 
resistant line (Ki14) showed 43% infection, while the susceptible Hi31 was 100% infected in the field. 
DM symptoms based on screen house condition showed more serious infection (data not shown), possibly 
due to inoculation by force.  
 
Linkage map construction  

The Ki14 x Hi31 population consisted of 113 RILs. Genotyping of these RILs aided in construction 
of a linkage map, based on analyses using 127 RFLP markers at the University of Hawii. The 108 SSLP 
markers, selected based on genome coverage, were used to genotype 113 RILs. Only 79 RILs were in 
common between the two populations analyzed using RFLPs and SSLPs. Allelic ratios of SSLP markers 
were given in Fig. 1. When considering all the 235 markers, only 133 loci showed a 1:1 ratio; 78 loci 
skewed towards the susceptible parent, and only 24 loci were skewed similar to the resistant alleles. 
Moreover, 71 SSLPs showed unexpected heterozygosity while 21 SSLPs showed alleles not exist in their 
parents. These data confirmed that the RIL population was skewed. 

Linkage map was constructed based on 79 RILs in common between RFLP-scored and SSLP-scored  
populations. By  com bining 82 SSLPs and 70 RFLPs, the total map distance was 1494.8 cM and the  
average marker distance  was 9.8cM. The lar gest marker dista nce w as 42.3cM. Chro mosome 5, wit h 
162.3cM, was the longest chromosome, while chromosome 10, with 34.9cM, was the shortest. The results 
corresponded to t he previ ous lin kage map reported b y Mi ng et al. (19 97) who have us ed the sam e 
population. 
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QTL analysis 

The DMR scores from the two locations and the marker genotypes of mapping progeny were used for 
QTL analysis. Based on the previous map based on 79 RILs, the regression of DMR scores on marker 
genotypes showed several significant marker-QTL linkages. The results of the mutilocus model for QTL 
analysis were shown in Tables 1 and 2. By using the criterion of % infected plants, QTL-marker linkages 
were found on chromosome 3, 5, 6 and 9, while the QTLs for % disease severity were linked to markers 
on chromosome 1, 2, 4, and a marker which does not exist on the map. The phynotypic variance 
explained (PVE) were 35.34 % and 47.14 % for %-infected plant and % disease severity, respectively. 
Interval mapping using MQTL revealed that the locus controlling % disease severity was located on 
chromosome 3 near the SSLP marker nc030 (Fig. 3) with a LOD core of 2.0, explaining 15% of the 
phenotypic variance. The second locus controlling % infected plants was detected on chromosome 1 near 
the RFLP marker bnl6.32 with a LOD score 2.3, at 14% PVE. Both loci showed additive effects.  

The results are in correspondence with the QTLs reported by Agrama et al. (1999) with respect to a 
QTL on chromosome 1 and two QTLs on chromosome 9. The two QTLs located on the different 
chromosomes using different scoring approaches may be due to the effects of QTLs on resistance 
mechanism; the DM symptom distribution of RILs is indicative of this. The possible reasons for the low 
PVE and LOD scores could be the small RIL population, low marker density, variable phenotyping data 
and too many missing data in phenotyping. Also, the donor parent (Ki14) showed 43% infected plants in 
the field screening, indicating that this is not a strong donor for resistance.  
 
Conclusions 
 

The major QTL of downy mildew resistance is located on chromosome 1 when %-infected plants was 
used, and QTL controlling the %-disease severity score was located on chromosome 3, while the minor 
effect QTLs were found on several chromosomes. However, QTLs controlling downy mildew resistance 
needs to be further confirmed. 
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Figure 1. Distribution of 79 RILs for DM symptom in evaluation at two locations. 
KPS = Kamphaengsaen Campus, NSW = Nakornsawan province, Takfah. 
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Figure 2. Characteristics of DNA markers that were used to construct linkage 
map in the present study. 
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Table 1. Multilocus model of main effect-QTLs for % infected plants. 
 
DNA markers Effects (donor) P-value R2 Chromosome 

Bngl166 (SSR) -2.1 (Hi31) 0.040 10.8 2 

Bngl257 (SSR) +3.4 (Ki14) 0.020 10.8 4 

npi285 (RFLP) -2.1 (Hi31) 0.040 12.6 no assignment 

umc107 (RFLP) +2.1 (Ki14) 0.004 6.6 1 

Multilocus R2   39.8  

 
 
Table 2. Multilocus model of main effect-QTLs for % disease severity. 
 
DNA markers Effects (donor) P-value R2 Chromosome 

Bngl127 (SSR) -2.2 (Hi31) 0.031 6.8 9 

MACT2E1 
(SSR) 

-2.8 (Hi31) 0.069 8.4 6 

NC030 (SSR) -2.7 (Hi31) 0.008 8.8 3 

bnl5.71 (RFLP) -2.1 (Hi31) 0.033 9.4 5 

Multilocus R2   35.34  
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Figure 3. QTLs for downy mildew resistance detected using interval-mapping method. 
 
 

 
 
Figure 4. Linkage map constructed based on 79 RILs indicating QTLs for downy mildew 
resistance. 
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Abstract 
 

The frequency of spontaneous chromosome doubling occurring during androgenesis of maize is 
relatively low. Attempts were made in this study to determine efficient methods of artificial chromosome 
doubling to increase the number of doubled haploid plants regenerated from cultured anthers of maize. 
Colchicine and pronamide were used as chromosome doubling agents. Anthers of the F1 hybrid between 
Ki3 and M24 were cultured on induction medium supplemented with colchicine at the concentrations of 
0, 125, 250, 500 and 1,000 mg/l and pronamide at the concentrations of 0. 2.5, 5, 10, 20 and 40 µM for 0, 
3, 5 and 7 days. After the treatment for various durations, anthers were subcultured onto the same 
induction medium without colchicine and pronamide until the complete period of induction (3 weeks). 
Anthers were then transferred to regeneration medium for embryo-like structure (ES) formation and plant 
regeneration. Chromosomes from root tip of each regenerated plant (RP) were counted by squash method 
with 1% aceto-carmine staining. It was found that pronamide at the concentration of 40 µM applied to 
anthers for 7 days gave the highest frequency of ES formation (15.55 ES/100 anthers) and plant 
regeneration (5.78 RP/100 anthers). Spontaneous chromosome doubling occurred at the rate of 10.3% 
when the anthers were cultured on induction medium without doubling agent. Colchicine at the 
concentration of 125 mg/l applied to anthers for 3 days induced the highest percentage of chromosome 
doubling (35.3%) followed by pronamide at the concentration of 20 µM gave to anthers for 3 days, which 
caused chromosome doubling at the rate of 34.8%. 

 
Introduction 
 

Anther culture is one of the powerful tools for generating homozygous doubled haploid lines which 
could be used for the production of commercial hybrids. However, the successful application of anther 
culture for maize breeding depends on the high frequency of plant regeneration from cultured anthers and 
the high rate of chromosome doubling of anther – derived plants. 

Maize shows considerable genotypic variation in anther culture response. Only a few genotypes 
exhibit a good positive response compared to barley and wheat (Büter, 1997). However, genetic analysis 
revealed that androgenic response is a highly heritable character and controlled by a few genes 
(Murigneux et al., 1994). Consequently, significant progress has been made by intercrossing and 
subsequent selection for highly responsive genotypes (Büter, 1997). 

The frequency of spontaneous chromosome doubling occurring during androgenesis of maize is 
relatively low, varying between 4.5 to 22% with an average of 10% (Büter, 1996). The frequency of 
spontaneous chromosome doubling exceeding 50% was observed in barley (Lyne et al., 1986) and rice 
(Raina, 1989). Thus, artificial chromosome doubling in maize should be investigated to increase the 
number of doubled haploid (DH) plant regenerated from cultured anthers. 

Attempts were made in this study to determine the efficient methods of artificial chromosome 
doubling in anther culture of the F1 hybrid maize. Colchicine is a doubling agent and frequently used for 
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chromosome doubling both in situ and in vitro conditions. Colchicine disrupts mitotic cell division by 
inhibiting the formation of spindle fiber and polar migration of chromosomes. Colchicine and pronamide 
were used as doubling agents in this experiment. Pronamide is a benzamide herbicide which disrupts 
mitosis by a similar mechanism as colchicine (Wan et al., 1991). Chromosome doubling agents were 
applied at the early stage during anther culture, probably before microspore mitosis and DH plants 
directly regenerated without an intermediate callus stage. 
 
Materials and Methods 
 
Plant materials 

An F1 hybrid between Ki3, an Thai maize inbred line with no response to anther culture and M24, an 
anther – derived line developed by ETH in Switzerland having high anther culture response, was used as 
donor plants. The hybrid plants were grown under field condition at National Corn and Sorghum 
Research Center, Nakorn- rachasima province, Thailand. 
 
Cold pretreatment 

At booting stage, tassels containing microspore at the late – uninucleate to early bi – nucleate stage 
were collected and cold pretreated at 7o C for 10 – 14 days (Jumpatong et al., 1996). 
 
Anther culture induction 

After cold pretreatment, the tassels were surface sterilized by soaking in 15% Clorox for 10 min and 
rinsing with sterile distilled water for 1 time and soaking again in 10% Clorox for 10 min and rinsing with 
sterile stilled water for 1 time. Anthers were then removed from the florets and cultured on induction 
medium (IM) (Jumpatong et al., 1996) solidified with 0.15% phytagel (Figure 1 A) . Colchicine at the 
concentrations of 0, 125, 250, 500 and 1,000 mg/l and pronamide at the concentrations of 0, 2.5, 5, 10, 20 
and 40 µM were added to the IM medium. Each petridish (60 x 15 mm) containing 30 anthers were 
incubated at 14o C under dark condition for 0, 3, 5 and 7 days. After the treatment with various durations, 
anthers were subcultured onto IM medium without colchicine and pronamide and incubated under the 
same condition until the complete period of 7 days. The cultures were then transferred to incubate at 25o 
C under dark condition for 7 days and at 25o C under light condition  (3, 000 lux of light and 16 hrs 
photoperiod) for 7 days. 
 
Plant regeneration 

Anthers were subcultured onto regeneration medium (RM) (Jumpatong et al., 1996) and incubated at 
25o C under light condition. About two weeks after culture, embryo – like structure (ES) were visible and 
became shoots or plantlets (Figure 1 B)one week later. The shoots or plantlets (RP) with 2 – 3 cm in 
length were transferred to growth medium (GM) (Jumpatong et al., 1996) in glass bottles to promote 
shoot elongation and vigorous root formation. 
 
Transplanting of regenerated plants 

The regenerated plants with 8 – 12 cm in height were transplanted into Hoagland solution containing 
in glass bottles, covered with plastic bottles and grown at 25o C under light condition for 7 days for 
hardening. Subsequently, they were transferred to soil containing in pots and grown under greenhouse 
condition until maturity. 
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Chromosome count 
Chromosomes from root tip of each regenerated plant were counted by squash method with 1% 

acetocarmine staining. 
 
Results and Discussion 
 
Effects of colchicine on embryo – like structure formation and plant regeneration 

Colchicine added to induction medium at the concentrations from 125 to 500 mg/l gave higher 
average frequency of embryo – like structure formation (ES/100 anthers) and plant regeneration (RP/100 
anthers) from cultured anthers than the untreated control regardless of the duration of treatment (Table 1). 
However, colchicine at the concentration of 1,000 mg/l showed lower average frequency of plant 
regeneration than the untreated control. The beneficial effects of colchicine as a component of the 
induction medium on ES formation and plant regeneration from cultured anthers have been reported in 
rice (Alemanno and Guiderdoni, 1994), wheat (Barnabas et al., 1991), rape seed (Iqbal et al., 1994 ; Zaki 
and Dickinson, 1995) and maize elsewhere (Saisingtong et al., 1996). The causes for the beneficial effect 
of colchicine are not clearly understood yet. However, Alemanno and Guiderdoni (1994) observed 
multinucleate microspores more frequently in rice anthers treated with colchicine than the non – treated 
ones. These multinucleate structures were thought to be derived from symmetrical mitotic division of 
microspores. This symmetrical microspore division is assumed to be associated with the pathways of 
microspore organogenesis (Chang et al., 1978) and embryogenesis (Iqbal et al., 1994). The negative 
effects of high colchicine concentration (1,000 mg/l) on ES formation and plant regeneration might be 
resulted from the toxic of colchicine on microspores.  

Considering the colchicine concentration in combination with duration of treatment (3, 5 and 7 days) 
in this experiment, it was found that colchicine applied to anthers of maize genotype (Ki3 x M24) at the 
concentration of 125 mg/l for 5 days showed the relatively high frequency of ES formation (9.88 ES/100 
anthers) and highest rate of plant regeneration (3.43 RP/100 anthers).  
 
Effects of pronamide on embryo – like structure formation and plant regeneration 

Pronamide supplemented to induction medium at the concentrations of 2.5, 5 and 10 µM exhibited 
lower average frequency of ES formation and plant regeneration than the untreated control regardless of 
the duration of treatment (Table 2). While pronamide at the concentrations of 20 and 40 µM gave higher 
average rate of both ES formation and plant regeneration than the untreated control. Especially, 
pronamide at the highest concentration of 40 µM induced the highest average frequency of ES formation 
(13.84 ES/100 anthers) and plant regeneration (4.61 RP/100 anthers). The present study demonstrated that 
pronamide at the low concentration (< 10 µM) showed negative effects on ES formation and plant 
regeneration. Similary, Wan et al. (1991) reported that pronamide at the concentrations of 5 and 10 µM 
slightly inhibited callus growth and decreased regeneration ability of the treated calli derived from anthers 
of maize. However, pronamide at the high concentration (> 20 µM) produced beneficial effects on ES 
formation and plant regeneration similar to those of the low concentration (<500 mg/l) of colchicine. The 
reasons for the beneficial effects of colchicine previously described might be the explanation for the 
positive effects of pronamide. 

Considering the pronamide concentration in conjunction with duration of treatment (3, 5 and 7 days), 
it was revaled that pronamide at the concentration of 40  µM applied to anthers for 7 days gave the 
highest frequency of ES formation (15.55 ES/100 anthers) and plant regeneration (5.78 RP/100 anthers). 
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Effect of colchicine on chromosome doubling of anther – derived plants 

Anthers cultured on IM medium without colchicine yielded spontaneous chromosome doubling at the 
frequency of 9.8 (Table 3). BÜter (1997) reviewed that the frequency of spontaneous chromosome 
doubling in maize ranged from 4.5 to 22% with an average frequency around 10%. Both 
endoreduplication and nuclear fusion of the microspores occurred during anther culture are presumed to 
be the cause of spontaneous chromosome doubling (Chen and Wu, 1983). Colchicine added to IM 
medium at every concentration from 125 to 1,000 mg/l induced higher frequency of chromosome 
doubling than IM medium without colchicine regardless of the duration of treatment. Colchicine at the 
concentration of 125 mg/l gave the highest average frequency of chromosome doubling (23.5%) followed 
by colchicine at the concentration of 500 and 250 mg/l which caused quite equal rates of chromosome 
doubling (18.8 and 17.4%). 

Considering the colchicine concentration and duration of treatment, it was shown that colchicine at 
the concentration of 125 mg/l applied to anthers for 3 days (at 14oC) induced the highest percentage of 
chromosome doubling (35.3%). In comparison with the direct embryogenesis study of Saisingtong et al. 
(1996) that the maximum frequency of chromosome doubling (49%) was accomolished when anthers of 
maize genotype ETH – M36 were treated with 250 mg/l colchicine for 7 days (at 14oC) whereas the 
untreated control gave 8% of spontaneous chromosome doubling. Antoine – Michard and Beckert (1997) 
reported that spontaneous chromosome doubling occurred during direct embryogenesis of maize 
genotypes F1937 x DH229 and DH147 x L1 at the rate of 26.92% could be enhanced to 38.10% when the 
anthers were treated with colchicine at the concentration of 1,250 µM for 1 week of cold preatment (7oC). 
It is clearly shown that the optimum concentration and duration of treatment for chromosome doubling in 
maize anther culture were different dependent on the genotypes of maize used in the experiments. 
 
Effect of pronamide on chromosome doubling of anther – derived plants 

Spontaneous chromosome doubling occurred at the rate of 10.8% when anthers were cultured on IM 
medium without pronamide (Table 4). Pronamide added to IM medium at the low concentrations of 2.5, 5 
and 10 µM regardless of the duration of treatment induced considerably low average rate of chromosome 
doubling (11.9 to 13.5%) compored to spontaneous chromosome doubling (10.8%). Pronamide at the 
concentration of 20 µM yielded the highest average rate of chromosome doubling (25.5%). Although 
pronamide at the highest concentration of 40 µM showed the highest rate of plant regeneration, its effect 
on chromosome doubling (8.0%) was lower than the untreated control (10.8%). 

Taking into account for pronamide concentration and duration of treatment, it was revealed that 
pronamide gave to anthers at the concentration of 20 µM for 3 days (at 14o C) caused the highest 
percentage of chromosome doubling (34.8%). Wan et al. (1991) treated haploid calli derived from anthers 
of maize with pronomide at the concentrations of 1, 5, 10 and 20 µM for 2 – 3 days and found that the 
percentage of diploid cells increased to 62.1% when the concentration of pronamide increased from 1 to 
10 µM. However, at 20 µM concentration of pronamide, the percentage of diploid cell decreased to 
40.1%. In comparison with this experiment, the concentration of pronamide suitable for chromosome 
doubling of haploid callus was lower than that for chromosome doubling of plants regenerated directly 
from anthers of maize. It is recommended that pronamide can be used as an alternative to colchicine 
because both of them could induce chromosome doubling in maize with approximately the same 
frequency (> 30%). Moreover, pronamide is much cheaper in price than colchicine. 
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Agronomic and morphological characters of haploid and doubled haploid plants 
By counting the chromosome number of 791 plants regenerated from both untreated and treated 

anthers with colchicine and pronamide, 682 and 109 plants were found to be haploids and doubled 
haploids (Table 5). However, 435 haploids and 60 doubled haploids (Figure 1 C) could survive until 
maturity after transferring to greenhouse. Both haploids and doubled haploids showed variation in 
agronomic characters including plant height, ear height, days to anthesis and days to silking. Abnormal 
morphological characters were also observed in both haploids and doubled haploids. Generally, they were 
short in plant stature with narrow leaves (some with broad leaves) and had abnormal reproductive organ 
such as tassel seed with varying degree of pistillate and staminate flowers (Figure 1 D), very small ears 
and tassel, prolific ears, terminal ear (Figure 1 E), no tassel and/or ear formation, non – shedding tassels 
and non – silking ears. However, the degree of abnormality was higher in haploids than doubled haploids. 
Self – pollination of each doubled haploid plant was attempted in order to produce selfed seeds for inbred 
line formation. So far, only a few doubled haploids could produce selfed seeds (Figure 1 F) due to the 
abnormality of reproductive organ and the non – synchronization pollen shedding and ear silking. Wan et 
al. (1989) also faced the problem that some doubled haploid plants derived from colchicine – treated 
anthers could not set seed after self – pollination which mainly caused by delayed silk emergence or the 
lack of ear formation. The abnormality of reproductive organ and the non – synchronization of pollen 
shedding and ear silking are the common phenomena among tissue culture – derived maize plants (Miao 
et al., 1978; Petolino and Jones, 1986 : Wan et al., 1989) The morphological abnormalities found among 
the regenerated plants were probably due to the tissue culture conditions rather than the colchicine or 
pronamide treatment since the same abanormalities existed among the plants regenerated from untreated 
control anthers. It is suggested that only vigorous plantlets should be selected before transplanting to 
greenhouse or field in order to reduce the frequency of abnormal plants. 

In conclusion, colchicine (conc. 125 mg/l) and pronamide (conc. 20 µM) applied to maize anthers 
during a post – plating cold treatment for 3 days induced relatively high frequency of chromosome 
doubling (> 30%). Morever, both of them increased the frequency of ES formation and direct plant 
regeneration from anthers. However, the main obstacle of anther culture for the production of the doubled 
haploid lines or inbred lines is the abnormalities of doubled haploid plants derived from anthers. Most of 
the doubled haploid plants could not set seed after self – pollination because of the abnormality of 
reproductive organ and the non – synchronization of pollen shedding and ear silking. In this experiment, 
the doubled haploid plants were regenerated from anthers of the F1 hybrid between Thai maize genotype 
and the temperate one which might be attributed to the morphological and physiological abnormalities. 
Attempt will be made to induce doubled haploid plants from only tropical or Thai maize genotype in 
order to overcome the problem on abnormal plants and selfed seed production. 
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Table 1. Effects of colchicine concentration and duration of treatment on embryo-like structure 
(ES) formation and plant regeneration (RP) from anther culture of the F1 hybrid Ki 3 x M 24. 

No. of No. of ES/ No. of RP/ Colchicine treatment 
anthers ES 100  RP 100 

Conc.(mg/l) Duration (d) cultured Anthers  anthers 
0 0 11,730  371 3.16 113 0.96 
125 3 4,020  275 6.84  91 2.26 
 5 4,290  424 9.88 147 3.43 
 7 5,670  567 10.10 174 3.07 
Total  13,980 1,266 9.06 412 2.95 
250 3 4,710  428 9.09 132 2.80 

5 4,380  286 6.53  94 2.15 
7 3 ,840  199 5.18 101 2.63 

Total  12,930  913 7.06 327 2.53 
500 3 2,940  356 12.11  90 3.06 

5 5,190  467 9.00  89 1.71 
7 4,590  114 2.48  37 0.81 

Total  12,720  937 7.37 216 1.70 
1,000 3 4,770  220 4.61  37 0.78 

5 4,470  148 3.31  23 0.51 
7 5,730  159 2.77  51 0.89 

Total  14,970  527 3.52  111  0.74 

 
 
 
Table 2. Effects of pronamide concentration and duration of treatment on embryo-like structure 
(ES) formation and plant regeneration (RP) from anther culture of the F1 hybrid Ki 3 x M 24. 

No. of No. of  ES/ No. of RP/ Pronamide treatment  
anthers ES 100 RP 100 

 Conc.( µM) Duration (d) cultured an thers anthers 
 0 00  6,480  200 3.09 79 1.22 
 2.5 33 5 ,670  150 2.65 54 0.95 
  55 6 ,600  176 2.67 54 0.82 
  77 5 ,220  137 2.62 66 1.26 
 Total 17,490  463 2.65 174 0.99 
 5.0  33 6 ,030  167 2.77 62 1.03 
  55 5 ,820  134 2.30 47 0.81 
  77 10,140  178 1.76 51 0.50 
 Total 21,990  479 2.18 160 0.73 
 10.0 33 4,740    92 1.94 21 0.44 
 55 6 ,180  173 2.80 46 0.74 
 77 5 ,190  120 2.31 26 0.50 
Total 16,110  358 2.39 93 0.58 
20.0 33 4 ,650  188 4.04 66 1.42 
 55 3 ,660  148 4.04 42 1.15 
 77 4 ,200  202 4.81 79 1.88 
 Total 12,510  538 4.30 187 1.49 
40.0 33 4 ,110  568 13.82 187 4.55 
 55 5 ,580  676 12.12 194 3.48 
 77 5 ,640  877 15.55 326 5.78 
Total 15,330  2,121 13.84 707 4.61 
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Table 3. Chromosome complement of anther – derived plants after colchicine treatment of anthers 
of the F1 hybrid maize Ki 3 x M 24. 
 

Colchicine treatment No. of anther – derived plants 
 

Conc.(mg/l) 
 

Duration (d) 
 

Haploid 
 

Diploid 
 

Total 

Frequency of 
chromosome 
doubling (%) 

0 0 37  4 41   9.8 
125 3 11  6 17 35.3 

 5 25 10 35 28.6 
 7 26   3 29 10.4 

Total  62 19 81 23.5 
250 3 30   6 36 16.7 

 5 24   2 26   7.7 
 7 17   7 24 29.2 

Total  71 15 86 17.4 
500 3 14   2 16 12.5 

 5 20   5 25 20.0 
 7 18   5 23 21.7 

Total  52 12 64 18.8 
1,000 3 28   5 33 15.2 

 5 29   3 32   9.4 
 7 17   1 18   5.6 

Total  74   9 83 10.8 
 
Table 4. Chromosome complement of anther – derived plants after pronamide treatment of anthers 
of the F1 hybrid maize Ki 3 x M 24. 

Pronamide treatment No. of anther – derived plants 
 

Conc.( µM) 
 

Duration (d) 
 

Haploid 
 

Diploid 
 

Total 

Frequency of 
chromosome 
doubling (%) 

0 0   33 4   37 10.8 
2.5 3   16 1   17   5.9 
 5   12 2   14 14.3 
 7     9 2   11 18.2 
Total    37 5   42 11.9 
5 3   16 3   19 15.8 
 5   17 1   18   5.6 
 7   12 3   15 20.0 
Total    45 7   52 13.5 
10 3     7 1    8 12.5 
 5   15 2   17 11.8 
 7     7 1     8 12.5 
Total    29 4   33 12.1 
20 3   15 8   23 34.8 
 5     7 3   10 30.0 
 7   13 1   14   7.1 
Total    35 12   47 25.5 
40 3   60 7   67 10.5 
 5   59 4   63   6.4 
 7   88 7   95   7.4 
Total  207 18 225   8.0 
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Table 5. Agronomic and morphological characters of haploid and doubled haploid plants derived from both untreated and treated 
anthers with colchicine and pronamide of the F1 hybrid maize Ki 3 x M 24. 
 
Chromosome 
complement 

No. of 
total 
RP 

No. of 
surviving 
plants 

Plant 
height 
(cm) 

Ear 
Height 
(cm) 

Days 
to 
anthesis 

Days 
to 
silking 

Morphological 
characters 

Haploids 682 435 1.7-12 0.0 0-32.5-mid 1) 55-100-non2) 40-12 0-non3) Very short  culm , 
narrow leaves, broad 
leaves., ver y sm all 
ear, prolific ear s, 
terminal ear , tassel  
seed, no tassel and/or 
ear formation, non-
shedding tassel and  
non-silking ear. 

Doubled 
haploids 
 

109 60 3.0-67.0 0-29.5-mid 58-134-non 65-102-non Short culm , narrow 
leaves, broad leaves,  
small ear,  prolific 
ears, ter minal ear,  
normal but sm all 
tassel, tassel seed, no 
tassel and/ or ear 
formation, non-
shedding tassel and  
non-silking ear. 

1)  mid  =  ear was in the middle of culm, not emerge from the leaf whorl  
2)  non  =  non-shedding tassel 
3) non  =  non-silking ear 
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Figure 1. Anther culture of the F1 hybrid maize Ki3 x M24 ; (A) anthers cultured on induction 
medium, (B) plants regeneration from anthers cultured on regeneration medium (C) doubled 
haploid plant, (D) haploid plant with tassel seed, (E) with terminal ear and (F) ear with selfed seeds. 
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Abstract 

 
In 2001, Vietnam produced about 2,200,000 metric tons of maize grain in an acreage of 730,000 hectares. 

About 80 percent of the maize produced in the country (plus 100,000 tons of maize imported annually) are used 
for animal feeds. Since the last decade, the area under maize, yield and production per annum have increased by 
1.7 times, 2 times and 3.3 times, respectively. About 60 percent of hybrid seeds were produced by the domestic 
organizations. However, in comparison with other countries, grain yield is still below the average with high 
input costs, and the production is uneven and unstable in different regions. The Vietnamese Government has 
planned to enhance maize production by 2005 to 4-5 million tons with maize planting areas to climb to about 
1.2 million hectares (90 percent of which will be grown with hybrids). For this purpose, besides improvement in 
yields, maize production must deal with problem of drought, soil acidity or salinity, nitrogen deficiency, early 
maturity, lodging and disease resistance. One of the effective tools to solve these problems is application of 
biotechnology approaches in maize breeding. Recently, the Agricultural Genetics Institute (AGI) and National 
Maize Research Institute (NMRI) conducted maize biotechnology research, mainly in the fields of anther and 
ovary culture and characterization of genetic diversity. Both the Institutes have also planned to carry out a 
program of collaborative biotechnology research on mapping of drought tolerance in maize, analysis of genetic 
diversity in maize germplasm for heterotic prediction, as well as application of molecular markers for 
developing quality protein maize (QPM). 
 
Introduction 
 

In Vietnam, although maize area accounts for only 8 percent of the total area under food crops, it 
ranks as the second important crop after rice. Previously, maize was mainly consumed as human food. 
Since 1997, Vietnam has become the second major rice exporter after Thailand with an annual amount of 
4 million metric tons. Therefore, about 80 percent of total maize output is presently used as livestock 
feeds, and partly as human food for ethnic minorities. In addition, some maize is used as materials for 
industry. Recently, sweet corn, waxy corn, and baby corn have also been produced. 

Over the last decade, Vietnam maize production has seen some great achievements. In 2001, maize 
acreage reached 730,000 hectares, with an average yield of 3 tons per ha, and a total production of 2.2 
million tons. It means that within 10 years, the land area under maize, yield and production per annum 
have increased by 1.7 times, 2 times and 3.3 times, respectively. The yield was double owing to acreasing 
hybrid maize area from 0 percent hybrid maize in 1990 to 70 percent of the total area in 2001. QPM 
hybrid acreage was increased to over 2000 hectares in spring 2002. Open pollinated varieties (OPVs) are 
only utilized in difficult areas. 

In spite of considerable successes achieved, maize production in Vietnam still has to deal with several 
challenges. Average yield of maize in Vietnam is still low in comparison with other countries and 
unstable over different regions and seasons. Production cost of maize grain is still high. Weather and 
climate are often risky to producers. To deal with these challenges, the national maize program is 
undertaking an integrated strategy. The Government of Vietnam has set up a national project on plant 
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biotechnology including maize. The major target of maize biotechnology in Vietnam is to integrate 
traditional breeding methods with the modern technologies. NMRI, AGI and Biotechnology Institute have 
a collaborative program funded by the Government, besides the Asian Maize Biotehnology Network 
(AMBIONET) facilitated by CIMMYT. 
 
Research and Extension Work of the Maize Program 
 

The NMRI is the main institution with more than 100 research staff including 20 postgraduates. The 
Institute has collaborated in maize breeding with AGI, North Vietnam Agricultural science Institute 
(VASI) and South VASI, Biotechnology Institute, National Center for Variety Evaluation and Seed 
Testing, several Agricultural Universities, and Southern Seed Company. The Extension Department of the 
Ministry of Agriculture and Rural Development and extension units of provincial and district levels are 
all involved in maize extension work. 

During the past years, the Government of Vietnam has issued appropriate policies for maize 
development program including research, extension, seed production, and subsidizing for seed costs and 
training farmers. In addition, international cooperation with FAO, and particularly with CIMMYT, has 
brought enormous benefits to the maize program of Vietnam. Before 1980, average yield of maize was 
only about 1 ton per ha due to the utilization of local varieties. In late 1980s, maize yields rose to 1.55 
tons per ha owing to utilization of CIMMYT maize germplasm in breeding early-matured OPVs with 
high yield such as MSB49 (developed from Pop. 49), TSB-1 (developed from Suwan 1), TSB-2 
(developed from Suwan 2), HL31 (developed from Pop. 31), and Q2 (from Pop. 28, 31, 36..., x TSB2). 
From 1977 to 1995, 16 OPVs were released for production. However, 20 percent of the area in the 
difficult regions are still using the OPVs. 

Hybrid maize program in Vietnam started from 1970, but due to direct utilization of inappropriate 
germplasm (from the temperate regions), the program was not successful. In 1991, non-conventional 
hybrids such as the double topcrosses and modified double topcrosses were utilized in Vietnam. With 
advantages of wide adaptation, cheap price of seed and high yield (4-6 tons per ha), the acreage of the 
non-conventional hybrids increased rapidly by 100,000 hectares per annum during 1993-1995. Presently, 
these types of hybrids are still being used in the difficult regions.  

Conventional hybrid program has been really efficient during the last 15 years. Now 20 hybrids 
developed by the Vietnamese organizations are being utilized in large-scale production, and many 
promising hybrids such as single crosses, modified single crosses, three-way crosses, modified three-way 
crosses, and double crosses, with different maturity groups, and high yields are being tested at different 
locations. In spring 2002, the cross combination CLG2617 x CML287 from CIMMYT showed higher 
yields in an experiment, and was found to promising in Vietnam. 
 
Salient Reasons for the Successes in Maize Breeding in Vietnam 
 

Some of the major reasons for th e above-mentioned successes in maize production in Vietnam in the 
recent years are as follows: 
 
Use of appropriate germplasm 

Appropriate germplasm has been choosen for inbred line development, mainly from commercial 
hybrids, and particularly the single crosses adapted to the Vietnam conditions. These hybrids have good 
grain quality with yellow color, dent or semident grain types, and tolerance to some common diseases. Up 
to now, hundreds of pure inbred lines have been developed.  



Maize biotechnology in Vietnam 

- 121 - 

 
Appropriate utilization of testers 

Many testers have been used for developing topcrosses. Each heterotic group has at least one tester, 
without depending on narrow or wide genetic base. In diallel crosses, the lines of each heterosis group 
employed were equal in quality. 
 
Studies on cytoplasm male sterility (CMS) 

Before 1987, within the maize germplasm nurseries of the NMRI, there existed the CMS types, Texas 
(T) and Moldavi (M, S). Since 1988, type C has been intensively studied. Screening of almost 200 inbred 
lines led to identification of only 4 lines with the genotype Rf4/Rf4 (about 4 percent), and the rest were 
rf4/rf4. The new early hybrid LVN9 was released based on applying CMS under restoration scheme. 
 
Quality protein maize development program 

In 1989, an OPV namely Q63 (QPM developed from Pop.63) was released for production. However, 
yield was not as high as that of the popular normal maize variety at that time (VM 1, developed from 
V524); also, due to its white grain color, Q63 it was not widely grown. Since 1999, based on QPM inbred 
lines imported from CIMMYT, and in collaboration with CIMMYT experts, a cross combination, 
CML161 x CML165 was obtained, which showed high yield, good lodging resistance, and drought 
tolerance. Since 2000, this combination, namely HQ2000, has been tested in different regions and highly 
used by our farmers. In 2001, two QPM crosses were found to have yields higher than HQ2000. Among 
them, (CML166 x CML168) x CML172 gave 18 percent higher yield than HQ2000. However, its grain 
colour was as not as fine as HQ2000. Its parent lines showed good growth and development. These 
hybrids will be tested in the near future. 
 
Cultural techniques 

Cultural techniques have also been studied thoroughly and brought certain important results, such as 
on transplanting maize on wet land, specific technical package of plant population, fertilizer, 
intercropping, rotation, and minimum tillage in specific regions. 

At present, hybrid seed produced by domestic organizations account for 60 percent, the rest from 
foreign companies or joint ventures such as Bioseed Genetics Vietnam, CP group, Pacific Seeds, 
Monsanto, Syngenta etc. Price of the seed produced by foreign companies is often 50-100 percent higher 
than that produced by the Vietnamese Organizations. Price of Vietnam seed is US$ 1.1-1.2 per kg of 
single cross, US$ 0.8-0.9 per kg of double cross. Commercial grain is US$ 130-150 per ton.  
 
Major Constraints of Maize Production in Vietnam 
 
Abiotic stress 

Drought is the biggest limitation of maize production in Vietnam. Over 80 percent of total acreage is 
planted to maize under rainfed conditions and 80 percent of maize area are planted in rainy season. Therefore, 
drought tolerant cultivars are urgently needed for improved production and productivity. Besides, other major 
abiotic stresses are: (i) low temperature at planting time in the first crop at Zone I; (ii) excess rain at harvesting 
time in the first crop in Zone II, V, and VII; (iii) large area under poor soil and acid-saline soils; and (iv) lack of 
early cultivars tolerant to drought and resistant to lodging. 
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Biotic stresses 
The major biotic stresses affecting maize production and productivity in Vietnam are: Banded leaf 

and sheath blight (Rhizoctonia solani); cut worms (Agrotis ipsilon); leaf blights (Helminthosporium 
tucicum, H. maydis); ear worms (Helliothis zea, H. armigera) and rats. 
 
Socio-economic constraints 

Salient socio-economic constraints influencing maize production in Vietnam are: (i) low levels of technical 
skills of farmers in some areas; (ii) low input investments in some areas; (iii) poor technologies for post-harvest 
processing and storage; and (iv) unstable price of agricultural products. 

 
Maize Biotechnology Program in Vietnam 
 

Recently, Vietnam has set up a national project involving the NMRI, AGI, and Biotechnology 
Institute to undertake maize biotechnology research. Some activities such as anther and ovary culture (for 
double haploids), genetic diversity characterization, genetic markers for Rhizoctonia solani and some 
work on Bt gene transfer have been undertaken. However, achievements in these areas are still moderate, 
except for the study on anther culture for double haploids which showed some promising results. 

Vietnam Government has set up a program on agricultural biotechnology toward 2005 and 2010. The 
program will play an important role to meet the demands of producing 4 million tons of maize by 2005. 
The project on production of double haploid lines based on maize anther culture is to be continued. In 
addition, there are several new projects on maize biotechnology, such as application of molecular markers 
in breeding for disease resistance, drought tolerance, development of QPM, and genetic diversity analysis 
of inbred lines for determination of good combining ability. 
 
AMBIONET-II 
 

Since 2002, Vietnam has participated in the AMBIONET-II, focusing on genetic diversity analysis, 
QPM development and mapping of QTLs conferring drought tolerance. The tasks of the Vietnam Team in 
the frame of the AMBIONET program are as follows: 
 
Genetic diversity of maize inbred lines for predicting heterosis 

The area under hybrid maize in Vietnam accounted for 70% of the total area of the maize planted in 
2001, and is expected to further increase. Search for suitable cross combinations that can give high 
heterosis is possible through experiments on genetic diversity analysis of inbred lines. AMBIONET-
Vietnam Team has planned to use SSR markers in genetic diversity analysis for heterosis prediction. 

About 100 maize inbred lines will be analyzed using 60-70 SSR markers, followed by cluster analysis 
of the inbred lines and identification of potential parent pairs with great genetic distances. After that 40-50 
cross combinations between potential parental lines will be developed. Growth, development, grain yield 
and some other characteristics of the F1 plants will be assessed, and heterotic ability will be evaluated. 
 
Marker-assisted selection for quality protein maize 

Quality protein maize (QPM) is necessary not only for animal feeds, but also for some ethnic 
minorities of mountainous regions that use maize as the main food source. Therefore, new QPM varieties 
with improved amino acid compositions of grains are essential. For that, crosses between QPM (carrying 
opaque-2) with elite lines will be made, followed by marker-assisted backcrossing procedures using the 
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markers closely linked to opaque-2. Biochemical analysis and selection for endosperm modifiers shall be 
done for developing QPM versions of the normal maize lines.  
 
Mapping of drought tolerance in maize 

Among the abiotic stresses, drought is the major limitation of maize production in Vietnam. Drought 
can happen at any phase of maize growth. Breeding of maize for drought tolerance is one of the priorities 
in the research programs of Vietnam. In the framework of the AMBIONET program, the Vietnam Team 
will carry out mapping of QTLs conferring drought tolerance, and use these QTLs further in maize 
breeding. SSR markers will be initially used for parental polymorphism survey as well as for subsequent 
steps of mapping using F2:3 population.  

Hopefully, through these programs and projects funded by Vietnam Government and through 
international cooperations, especially CIMMYT and AMBIONET, the team working on biotechnology 
will be trained and equipped laboratories will be set up that would enable us to effectively solve problems 
related to maize research and production in Vietnam. 

 
         VIETNAM 
Area: 331 thous. km2 
Population: 78.8 mln 
7 ecological zones 
 
Total area of planted 
maize 730,000 ha 
including 
 
Zone I:  200,000 ha 
Zone II:  110,000 ha 
Zone III:  50,000 ha 
Zone IV:  87,000 ha 
Zone V:  90,000 ha 
Zone VI:  32,000 ha 
Zone VII: 160,000 ha 

II 
I 

II

IV 

V 

VI 

VII 

III 
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Abstract 

 
Based on the successful results of a maize genetics and hybrid breeding study carried out by local and 

foreign scientists, we suggest paying attention to GCA selection, making use of TTC (Triple Test Cross 
Design), and combining genetic study and population improvement with inbred and hybrid selection. This 
would help with making selections more accurate, shortening the period of developing inbred and hybrid, 
and speeding up maize breeding in southwest of China. Hybrids developed from Temperate Zone 
germplasms are not adaptable for the complicated and changeable circumstances in this mountainous 
area. According to the model of maize heterosis in China, a new model is raised for the comprehensive 
utilization of Torrid Zone germplasms with characteristics such as strong resistance, extensive 
adaptability, and great organism yield. Temperate Zone germplasms show characteristics such as great 
economic coefficient. In this model, inbreds of two kinds of germplasm are developed separately and the 
fine characteristics should be synthesized in a hybrid, not in an inbred to breed hybrids with great and 
stable yield and broad adaptability. The inbred selected in the southwest of China should be crossed with 
external inbred from foreign counties and north of China. The cooperation should be strengthened and 
inbreeds should be exchanged especially between south and north China. In this way, maize-breeding 
efficiency will increase greatly. 
 
Introduction 
 

Pigs are not only the main source for peasants to earn money; they are also the main forage for 
organic matter in the fields. Because of the high mountains and narrow valleys in southwest China, most 
fields distribute among mountains and deep hills. Being the primary food in mountainous areas in 
summer, maize is one of the main crops in dry lands. On the other hand, drought becomes more serious 
because of the deteriorative ecological environment. New measures have been made to move from paddy 
farming to dry farming. This means using maize produce as a strategic step to enhance yields. The central 
party is determined to develop in west of China this year. One of the main items is to send plowland back 
to forest or grassland. Remaining fields must be more efficient so as to provide the basis for sustainable 
and stable development in western China. Consequently, it is the most efficient method to select new 
varieties with high and stable output, strong resistance, and good adaptability. They can suit the various 
ecological environments. In the abovementioned research experiences and lessons, several conclusions 
are made to quicken the maize breeding in southwest of China. 
 
To quicken the process of maize breeding 

Take GCA selection of yield as the center, make use of TTC (Triple Test Cross Design), and combine 
genetic study and population improvement with inbred and hybrid selection.  

Since Sprague and Tatum put forward the conception of CA for yield in the 1940s, extensive research 
of CA has been done on yield and other traits. A new method has been provided to focus on to CA 
selection. Having done research on inheriting and variation rules for yield and other important agronomic 
traits, as well as on GCA’s function to forecast the heterosis, we found that CA was heritable. It meant 
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that offspring could be forecasted with parent’s GCA. Then the range of parents can be narrowed, labor 
and material resources can be saved and the efficiency of maize breeding can be improved.  

With much research in our country and in foreign countries, many practicable methods for genetic 
mating design for statistical analysis have been provided to test GCA. Using Kearsey and Jink’s TTC 
creatively in home in early 1980’s, we brought forward a new method to combine genetic study and 
population improvement with inbred and hybrid selection. Knowing the genetic heft, we can not only 
choose the project for alternation selection in basic population but can also compute the relative 
magnitude of fixed and unfixed genetic variances. Then the project of selecting inbred from population 
can be set up better and a credible degree of using parent’s GCA for hybridization can be foretold. In this 
way, genetic study and population improvement are banded together with inbred and hybrid selection. 
Selection will be more exact and the period of breeding will be shortened. Using this method, we 
achieved inbred 48-2 and S37 in 1980s. We were honored with the second-class inventing award by the 
country in 1996 for three great traits. Taking 48-2 as parent, we achieved several good varieties: SAU 9, 
SAU 10, SAU 11, SAU 12, SAU 15 and SAU 16. All have been authorized by the province. SAU97-2 
has passed regional testing in Sichuan province and will be authorized by the province. Selected by Crop 
Research Institute of Sichuan Agricultural Science Academe, four other varieties will also be authorized. 
With S37 as parent, Hesu Hybrid (He 2 × S37), Yayu 2 (7922 ×S37), Yayu 3, Yayu 4, Yayu8, Miandan 3, 
Guibi 302, Guibi 303 and Guibi 304 have been successfully selected.  

In order to promote the GCA of new inbred-lines, we had the above-mentioned method modified 
during late 1980s to early 1990s. We formed several TTCs for the basic plants in the same basic 
population or took different inbreeds and hybrids as testing species separately in the populations of S1, 
S2, and S3. Combing these methods in some important basic populations and in basic plants considered 
good, we promoted the intensity of CA selection. 18-599, 21-ES, 08-641, 09-613 were successful 
instances as Three High Traits Inbred. With 18-599 as the parent, SAU 13, SAU16, and SAU 18 have 
been authorized by the province. With 21-ES as the parent, SAU14 and SAU 18 have also been 
authorized by province and 0921(SAU 17) has passed regional testing in southwest areas. With 08-641 
and 09-613 as parent, SAU 12, SAU 14, SAU 18, SAU 21, and SAU 24 have been selected successfully.  

 
To select good hybrids with high and stable yield as well as good adaptability to ecological environment 
in southwest of China 

Germplasms coming from torrid zones have strong resistance, extensive adaptability, and great 
organism yield. Those coming from temperate zones have great economic coefficients. It is best to 
develop torrid zone germplasms and temperate zone germplasms separately and then synthesize both fine 
characteristics in a hybrid, not in an inbred. Good hybrids with high and stable yield as well as good 
adaptability will be achieved.  

According to special circumstances for nature, ecology and producing in southwest China, the 
planting characteristics are conducted as double cropping on sloping dry lands under overcast and rainy 
conditions. So it is an economical and efficient measure to select varieties not only with large and stable 
yields, broad resistance to disease, drought, poor soil and dankness, but also with proper life stage and 
broad adaptability. 

However, hearty young plants, with flourishing vegetal body, loose planting and dankness endurance, 
and strong resistance are as important as the traits mentioned above. But for temperate zone germplasms, 
thin vegetal body, loose bracts of fringe, inferior resistance, and adaptability are disadvantages. That is 
the reason why the temperate zone germplasms did little to contribute to maize breeding in these 
mountainous areas during these years. Accordingly, we considered it necessary to synthesize fine 
characteristics both from torrid zone germplasms and from temperate zone germplasms and then to 
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synthesize in a hybrid. Taking torrid zone germplasm as basic population hybrid, not in a inbred. The 
proper project is to cultivate two kinds of inbreds separately whereas for temperate zone germplasms as a 
testing variety, we put up the TTC. Torrid zone germplasm is Suwan-1. Temperate zone germplasms are 
He 2, 331, and their hybrid. He 2 is selected and 331 is introduced. With this foundation, a good inbreed 
of torrid zone germplasm named S37 was selected in 1984. Its characteristics include high CA, long life 
stage, hearty young plants, strong resistance, good quality, and broad adaptability. Meanwhile, Hesu 
Hybrid (4) was selected to suit planting in these areas. From then on, S37 has been used in Sichuan and 
Guizhou province and more than ten varieties have been selected. They have populated about two 
thousand acres. Being crossed or backcrossed by S37, several good inbreeds were selected. 3732 is an 
example from Yaan Agricultural Science Research Institute. 3237 is another from Crop Research Institute 
of Sichuan Agricultural Science Academe. S37 is now considered an undeniably good germplasm 
resource for crossbreeding in southwest China. It has been honored the second-class inventing award by 
the country in 1996 and the second-class progressive award by Sichuan province in 1994.  

 
To have inbreeds selected in southwest China crossed with external inbreeds from foreign counties or 
from north China  

By studying populations and models of heterosis, we found that the model in southwest China is 
similar to all over the country. In different ecological circumstances, inbreeds of different CA can be 
selected even in the same population. Consequently, the difference of ecological circumstances is a vital 
factor for using populations and model of heterosis. The suitable model for these areas is to make 
inbreeds selected in southwest of China crossed with external inbreeds from foreign counties and 
especially from northern China. According to statistics, more than sixty percent of hybrids being 
popularized in southwest China are selected in this model. SAU 9(48-2 × 5003), Chengdan 14(32 × 
200B), Yayu 2(7922 × S37), SAU 13(478 ×18-599), Chengdan 18(Cheng768 × Qi 205), SAU 11(478 × 
48-2), SAU 21(08-614  × S28) are examples. Among these inbreeds, 48-2, 200B, S37, and Cheng768 are 
selected in southwest of China. 5003, 32, 478, 7922 and Qi205 are introduced from north of China. 
Therefore, maize-breeding efficiency is believed to be increased greatly if the cooperation is strengthened 
and inbreeds are exchanged especially between south and north of China. 

 
Literature Cited 
 
Jingxiong Li (1982) The maize germplasm base in China, Foreign Agricultural Technology, 1982,(4). 
Chingfeng Wu. (1983). A review on the germplasm bases of the main corn hybrids in China .Scientia 

Agricultura Sinisa .1983,(2). 
Guangtang Pan. (1986). Study on the application of Ttc to population improvement. Sichuan Agricultural 

University Sinica 1986,4(1). 
Tingzhao Rong. (1987). A study on the new method of combining population improvement with selecting 

inbred lines and hybrids in maize. Sichuan Agricultural University Sinica.1987. 
Sanxing Zeng. (1990). The maize germplasm base of hybrids in China. Scientia Agricultura 

Sinisa1990,23(4). 
Jingxiong Li, The development of maize breeding, The science publishing house. 
Yibo Wang, (1997). Division and utilization. The major germplasm hybrid monoid of maize in China, 

ACTA Agriculture Boreali-sinica,1997 ,12(3) 
YiBo Wang. (1997). Studies on the heterosis utilizing models of main maize germplasm in China. 

Scientia Agricuura Sinisa,1997,29(4). 
Kearsey.M J. and Jinks, J.L. (1968) A general method detecting additive ,dominance and espistatic 

variation for metrical traits. I theory. Heredity,23. 
Hallauer, A.R.and Miarude. (1981) Quantitative genetics in maize breeding, Iowa State University 

Press/Ames.

- 129 - 



Proceedings of the 8th Asian Regional Maize Workshop, Bangkok, Thailand: August 5-8, 2002 

High-Oil Selection in Five Maize Populations 
 

T. M. Song* and S. J. Chen 
National Maize Improvement Center of China, China Agricultural University, Beijing 100094 Email: 

tm_song@263.net
 

Abstract 
 

Our maize high oil selection program involves a series of basic populations with different genetic 
backgrounds. Here we report the main advances of five populations: BHO, AIHO, Syn.D.O., RYD, and 
KYHO. By the end of 2001, seven to eighteen cycles of selection had been completed. Data demonstrate 
that selection procedures used were very effective. Within the selection period, total oil increase was from 
6.32% to 9.95% among the five populations. The average genetic gain per cycle was 0.77%. KYHO had 
the highest genetic gain, 1.18%. Average predicted realized heritability was 0.42. with KYHO again the 
highest, at 0.67. Correlation analysis indicated that except KYHO, oil% was not negatively correlated 
with kernel weight but was positively correlated with protein and lysine. Regression analysis indicated 
that with each 1% oil increase, protein would increase by 0.25% to 0.56% and lysine would increase by 
0.01% to 0.015%. Oil% was highly but negatively correlated with starch%. With each 1% oil increase, 
starch would decrease by 1.48% to 1.83%. 
 
Introduction 
 

High oil (HO) maize (Zea mays L.) is an important value-added maize type developed artificially, and 
a the great contribution of modern science to maize breeding. Compared with normal maize, HO maize 
not only greatly raised the oil content and total energy level, but also increased the protein content, lysine 
content and other limited amino acids’ content (Han, et al., 1987; Song, 2000). The “added value” of HO 
maize reflected mainly in the gain-feed-ratio of livestock, swine, and poultry (Adams and Jensen, 1987; 
Adams et al., 1994; Atwell et al., 1988), as well as in the products of maize processing. 

The development of first HO maize strain (IHO) started in 1896 by Hopkins(1974) was really a 
historical event which demonstrated the feasibility for altering oil content in maize kernel (Dudley, 1974). 
The oil content of IHO has reached 22% at its 90th cycle (Dudley, 1992). However, because IHO strain 
had a poor genetic background, with low combining ability, disease susceptibility and lodging problems, 
its breeding value is limited (Jump, 1961). Alexho HO maize synthetic is a good example of using single 
kernel phenotypic recurrent selection procedure and NMR nondestructive oil analysis 
technique(Alexander, et al., 1967). Other HO maize populations developed so far include Syn.D.O. RYD 
(Miller et al., 1981),YUSSS, and DS7U (Miševic, 1985).  

Quantity and quality of HO maize germplasms directly influence HO maize breeding. The objectives 
of this study were: 1) to develop more new HO maize populations; 2) to increase oil% of original HO 
maize synthetic Syn.D.O. (RD.O.) and RYD (RHORYD) to higher level to satisfy HO maize breeding 
purpose; 3) to determine and compare the response of these HO maize populations; and  4) to measure 
and compare the correlated responses to selection for percent oil. 
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Materials and Methods 
 

Eighteen cycles of recurrent selection for high oil% in Zhongzong No. 2 synthetic were completed in 
2001. This HO maize synthetic was designated as BHO. Results of the first eleven cycles of selection had 
been reported (Song et al., 1999). This time, a further seven cycles data are reported. The second 
population was called AIHO, which was developed from (IHO C80 × Alexho C23) F3 population. In 
2001, twelve cycles of selection had been finished (detailed data in another paper). The third and fourth 
HO populations were Syn.D.O. and RYD, which were introduced from University of Illinois. Nine and 
eleven cycles of oil% selection were finished respectively. The fifth population was a normal maize 
synthetic developed in 1997 from 14 elite Chinese inbreds using the chain cross procedure . The high 
oil% recurrent selection was started in 1998, At this time, seven cycles of high oil% selection have been 
completed. This synthetic was designated KYHO. 

The selection procedure of these five populations was basically the same. Each cycle, 100 to 120 ears 
were selected, 100 kernels of each ear were analyzed by NMR and the highest three to four kernels from 
each ear were saved and mixed. However, to avoid kernel weight decrease with selection, kernels with 
less than standard weight were discarded. 300 to 340 kernels of each population were planted into 30 to 
34 rolls in the nursery. At flowering time, these 30 or 34 rows were equally divided into A, B plots, each 
having 15 or 17 rows. Tassels and ears of all healthy plants in both plots were bagged. Then, ears of plot 
A were pollinated with the bulked pollen of plot B and ears of plot B were pollinated with the bulked 
pollen of plot A. Healthy pollinated ears were harvested, forming next cycle’s population. The protein%, 
starch%, and lysine% were analyzed by the conventional chemical method carried out by Crop Quality 
Analytical Center of Chinese Agricultural Ministry.  
 
Statistical methods 

In each cycle of each working populations, kernel oil% and kernel weight of selected individual 
kernels were recorded. Kernel oil% and kernel weight of the population was also recorded from the 
sample of the mixed population kernels. From this data the following statistics were calculated for each 
population and each cycle: mean oil% of population (

−

X ), mean oil% of selected kernels ( −

s
) , selection

differential ( −

s

−
X  

X - X ) , standard deviation (S.D.), and coefficient of variation (C.V.).  
Observed realized heritabilities (h2

r) were calculated from the observed genetic gain of each cycle 
divided by the selection differential of the previous cycle, and its predicted value was calculated from 
regression of cycle means on cumulative selection differential. Observed genetic gain of each cycle was 
calculated from the observed population mean of present cycle minus observed population mean of the 
previous cycle. Average predicted genetic gain of oil% per cycle was calculated from the means predicted 
from regression of means on cumulative selection differential as the difference between the last cycle and 
first cycle divided by the number of cycles.  
 
 
Results and Discussion 
 

Selection was effective in increasing oil% in all five populations. Mean percent oil of 18th cycle of 
BHO Synthetic was 15.55% (Table 1). Its predicted value was 15.53% (Table 6). It was 330% and 278% 
of the actual mean and predicted mean. This change was on the same magnitude of IHO after 65 cycles 
selection (Dudley, et al., 1974) and of Alexho after 22 cycles selection (Miševic, 1985). The arithmetic 
mean of observed h2

r for 18 cycles was 0.38 and the predicted value was 0.34. It was much higher than 
IHO in 70 generations (Dudley, et al., 1974) and also higher than Alexho in 25 cycles (Miševic, 1985). 
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AIHO was a synthetic originated from the hybrids of two HO populations :IHO C80 and Alexho C23. 
The mean oil% of C0 was much higher than other population (Table 2). Through 12 cycles of selection, 
mean oil% increased to 20.43%. Its predicted value was 19.41% (Table 6). It was 151% and 155% of the 
observed mean and predicted mean. This change almost equaled to the increase of first 35 cycles selection 
of IHO or the last 16 cycles oil increase of Alexho (Miševic, 1985), indicating that more genetic variance 
was created through hybridization and gene recombination. The observed and predicted h2

r of 12 cycles 
was 0.22 and 0.32. It was still higher than  IHO in 70 generations and Alexho in 25 cycles. 

HO population Syn.D.O. and R.Y.D. were introduced from the University of Illinois. Oil contents of 
the original strains were 7.60% and 7.16% respectively. After nine and eleven cycles of selection, their oil 
level reached 15.19% and 13.41% respectively (Table 3 and 4). Their predicted value was 16.02% and 
14.00%(Table 6), which indicated the effectiveness of the new cycling selection. The observed and 
predicted h2

r of nine and eleven cycles was 0.56, 0.29 and 0.51and 0.27, indicating that their still exist big 
genetic potential for oil selection, especially in Syn.D.O..  

KYHO is a good example of HO maize population rapid development. High oil% selection was 
started in 1998. Two cycles of selection were completed each year, and seven cycles were completed 
within four years. Oil content of the original normal maize population (C0) was only 3.73%. After seven 
cycles selection, its oil level has reached 11.57%(Table 5). Predicted oil content of C7 was 11.92%(Table 
6), which was 327% of the original predicted mean (3.64%). Its genetic gain reached 1.17% per cycle and 
2.34% per year. Total oil increase of four years selection was almost equal to the increase of 34 
generations in IHO. The observed and predicted h2

r of seven cycles was 0.56 and 0.67, also the highest in 
the five HO populations.  

Mean percent oil against selection cycles of the five HO populations was showed comparatively in 
figure 1. It is clear that the genetic advances of later selection cycles were relatively faster than the early 
cycles, especially for KYHO and AIHO, even though the oil content of AIHO is very high. This tendency 
does not conform to IHO (Dudley, 1974) and Alexho (Miševic, 1985). Oil% per cycle for the five 
populations increased 0.77% in average. KYHO was the highest, reaching 1.18%. BHO was the lowest, 
but still surpassed 0.5%. Average realized heritability was 0.42. KYHO was the highest, reached 0.67 
(Table 6). From cycle 3 to cycle 4, the actual realized heritability even reached 1.22(Table 5). It was 
really unbelievable and had no reasonable explanation. 

Comparing the correlation coefficients between oil% and other kernel elements, it was found that 
except KYHO, kernel weight was not negatively correlated with oil%, even though the oil% of BHO, 
AIHO, Syn.D.O., and  R.Y.D. were much higher than 7%, the threshold proposed by Dudley(1974). By 
discarding kernels with less than standard weight during oil selection, we developed HO maize 
populations with very high oil content and relatively high kernel weight.  

Except AIHO, oil% was consistently positively correlated with protein% (r=0.67* to 0.87**). This 
was in agreement with other studies (Song, et al., 1986, 1999. Watson and Freeman. 1975). Regression 
analysis indicated that with each 1% oil increase, protein would increase by 0.25% to 0.56%. Lysine 
content was analyzed in Syn.D.O., R.Y.D., and KYHO. In each, lysine content was positively correlated 
with oil%(r=0.79** to 0.90**). Regression analysis indicated that with each 1% oil increase, lysine would 
increase by 0.01% to 0.015%. Oil% was highly consistently but negatively correlated with starch%( 
r=0.92** to 0.98**, Table 7). With each 1% oil increase, starch would decrease by 1.48% to 1.83%.  
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Table 1. Data from 18 cycles of selection for high oil% in BHO synthetic. 
 

Oil  %  
Cycle Mean 

of all 
kernels 
 
 
 
 (

−
X )     

Mean of 
selected 
kernels  
 
 
 
( ) 

−

sX

 
Selection 
Differential 
 
 
 
 
( s

−
X -

−
X ) 

 
Genetic 
gain 
 
 
 
 
% 

 
Realized 
Heritability 
 
 
 
 
h2

r

 
S.D. 

 
C.V.  

 
Kernel 
Weight 
 
 
 
 
mg 

 
Protein 
 
 
 
 
 
% 

 
Starch 
 
 
 
 
 
% 

0          4.71 5.53 0.82 — — 0.76 16.14 282.8 11.1 68.6
1         

          
         
          
          
          
          
          
          

          
          
           
          
          
           
          
          
          

5.38 6.66 1.28 0.67 0.82 1.01 18.77 — — —
2 5.96 6.79 0.83 0.58 0.45 1.18 19.80 236.8

 
— —

3 6.10 7.53 1.43 0.14 0.17 1.11 18.20 — 11.0 68.3
4 7.28 8.78 1.50 1.18 0.83 1.15 15.80 242.5 12.8 63.8
5 7.96 8.88 0.92 0.68 0.45 1.08 13.50 233.9 12.2 64.3
6 8.44 9.71 1.27 0.48 0.52 1.52 18.01 260.1 12.7 63.7
7 9.26 10.96 1.70 0.82 0.65 1.85 19.98 261.3 12.8 61.8
8 9.64 11.67 2.03 0.38 0.22 1.16 12.03 265.5 13.4 62.7
9 9.55 11.03 1.48 -0.09 -0.04 1.69 17.70 250.9 15.5 59.3
10 10.52 12.51 1.99 0.97 0.66 1.87 17.78 253.6 13.6 60.9
11 11.25 12.75 1.50 0.73 0.37 1.23 10.93 245.1 14.3 57.5
12 11.79 13.00 1.21 0.54 0.36 1.06 9.79 274.7 — —
13 11.05 12.17 1.12 -0.74 -0.61 2.36 16.35 257.5 — —
14 11.39 13.73 2.34 0.34 0.30 2.09 15.13 235.0 — —
15 12.46 15.11 2.65 1.07 0.46 1.13 9.07 248.3 — —
16 13.90 16.70 2.80 1.44 0.55 1.49 10.79 248.0 — —
17 14.43 16.75 2.32 0.53 0.19 1.76 12.20 255.8 — —
18 15.55 17.73 2.18 1.12 0.48 1.62 10.42 275.3 — —
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Table 2. Data from 12 cycles of selection for high oil% in AIHO synthetic. 
 

Oil  %  
Cycle Mean of 

all 
kernels 
selected 
 
 
(
−
X ) 

Mean of 
selected 
kernels 
 
 
 
 ( ) 

−

sX

 
Selection 
Differential 
 
 
 
 
( s

−
X -

−
X ) 

 
Genetic 
gain 
 
 
 
 
% 

 
Realized 
Heritability 
 
 
 
 
h2

r

 
S.D. 

 
C.V.  

 
Kernel 
Weight 
 
 
 
 
mg 

 
Protein 
 
 
 
 
 
% 

 
Starch 
 
 
 
 
 
% 

0           13.50 14.93 1.43 — — 1.34 9.92 212.0 13.0 —
1           

           
           
           

13.56 16.09 2.53 0.06 0.04 2.29 16.81 188.4 13.0 57.4
2 13.85 16.08 2.22 0.29 0.12 2.21 15.95 178.2 14.3 56.3
3 14.54 16.28 1.74 0.69 0.31 1.75 12.04 217.8 13.4 54.2
4 14.82 16.45 1.63 0.28 0.16 2.68 18.08 201.3 12.8 56.2
5           

           
           
           
           

           
           
           

15.90 16.67 0.77 1.08 0.66 1.75 11.01 268.2 13.6 55.9
6 14.57 15.42 0.85 -1.33 -1.72 1.83 12.56 196.5 14.3 54.1
7 14.73 15.90 1.17 0.16 0.19 2.56 17.38 167.9 14.8 53.8
8 15.27 16.94 1.67 0.54 0.46 1.98 12.97 180.7 15.0 53.6
9 16.52 18.02 1.50 1.25 0.75 2.48 15.01 210.8 13.5 53.7
10 17.86 20.09 2.23 1.34 0.89 1.34 7.90 225.1 14.4 52.1
11 18.98 23.09 4.11 1.12 0.50 2.12 11.17 213.4 14.4 47.3
12 20.43 23.82 3.39 1.45 0.35 2.22 10.09 234.8 15.0 44.4
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Table 3. Data from 9 cycles of selection for high oil% in Syn.D.O. synthetic. 
 

Oil  %           
Cycle Mean of 

all 
kernels 
 
 
(
−
X )   

Mean of 
selected 
kernels 
 
 
 ( ) 

−

sX

Selection 
Differential 
 
 
 
( s

−
X -

−
X ) 

Genetic 
gain 
 
 
 
% 

Realized 
Heritability 
 
 
 
h2

r

S.D . C.V. Kernel 
Weight 
 
 
 
mg 

Protein 
 
 
 
 
% 

Starch 
 
 
 
 
% 

Lysine 
 
 
 
 
% 

0          7.60 8.52 0.92 — — 1.08 14.20 255.4 14.16 63.86 0.34
1           

           
           
           
           
           
           
            
           

8.14 10.15   2.01 0.54 0.57 1.50 18.42 230.1 13.69 64.12 0.34
2 8.46 9.79 1.15 0.50 0.25 1.25 14.47 247.1 12.62 65.37 0.30
3 8.61 9.87 1.26 -0.03 -0.03 0.97 11.27 235.2 14.18 64.78 0.34
4 9.76 11.27 1.51 1.15 0.91 1.67 17.11 225.5 14.88 63.54 0.38
5 10.50 11.71 1.21 0.74 0.49 1.54 14.67 181.7 15.28 62.26 0.38
6 11.44 13.91 2.47 0.94 0.78 1.60 13.99 267.3 15.06 57.99 0.48
7 13.90 17.54 3.64 2.46 1.00 1.85 13.31 270.1 15.09 54.40 0.48
8 15.21 18.03 2.82 1.31 0.36 1.59 9.57 238.2 14.92 52.70 0.42
9 15.19 17.53 2.34 1.25 0.75 2.48 15.01 233.9 16.40 51.45 0.44
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Table 4. Data from 11 cycles of selection for high oil% in RYD. 
 

Oil %             
Cycle Mean 

all of 
kernels 
 
 
 ( ) 

−

X  X

Mean 
of 
selected 
kernels 
 
 ( ) 

−

sX

Selection 
Differential 
 
 
 
( s

−
-

−
X ) 

Genetic 
gain 
 
 
 
% 

Realized 
Heritability 
 
 
 
h2

r

S.D 
. 

C.V.  Kernel
Weight 
 
 
 
mg 

Protein 
 
 
 
 
% 

Starch 
 
 
 
 
% 

Lysine 
 
 
 
 
% 

0        7.16 8.79 1.63 — — 1.23 17.18 209.5 13.18 65.71 0.33
1        

          
          
          
          
          
          
          
          

          
          

7.90 9.37 1.47 0.74 0.45 1.28 16.20 242.3 — — —
2 8.62 9.41 0.79 0.72 0.49 1.25 14.50 265.7 13.00 63.26 0.34
3 8.99 10.14 1.14 0.38 0.48 1.29 14.35 235.7 13.37 64.60 0.36
4 8.95 11.16 2.21 -0.04 -0.04 1.27 14.19 201.0 13.90 63.16 0.38
5 9.79 12.37 2.58 0.84 0.38 1.73 17.67 202.5 13.74 60.20 0.41
6 10.53 12.67 2.14 0.74 0.29 1.61 15.26 189.8 15.07 60.12 0.42
7 10.88 12.65 1.77 0.35 0.16 1.35 12.41 247.1 14.92 59.72 0.38
8 11.52 14.99 3.47 0.74 0.42 1.73 15.10 230.1 13.52 58.94 0.40
9 12.08 15.26 3.18 0.56 0.16 1.71 14.16 244.1 14.26 57.06 0.42
10 13.11 17.02 3.91 1.03 0.32 1.68 12.81 243.0 14.26 55.59 0.42
11 13.41 14.90 1.49 0.30 0.08 1.84 13.72 215.8 14.94 54.28 0.44
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Table 5. Data from 7 cycles of selection for high oil% in KYHO Synthetic. 
 

Oil  %           
Cycle Mean 

of all      
kernels   
 
 
 (

−
X ) 

Mean of 
selected 
kernels 
 
 

( ) 
−

sX

Selection 
Differential 
 
 
 
( s

−
X -

−
X ) 

Genetic 
gain 
 
 
 
% 

Realized 
Heritability 
 
 
 
h2

r

S.D . C.V. Kernel 
Weight 
 
 
 
mg 

Protein 
 
 
 
 
% 

Starch 
 
 
 
 
% 

Lysine 
 
 
 
 
% 

0           3.73 4.41 0.68 — — — — 403.2 11.84 68.74 0.32
1           

           
           
           
           
           
         

3.81 5.07 1.26 0.08 0.12 0.95 24.93 357.0 10.34 70.79 0.32
2 4.85 6.06 1.21 1.04 0.82 0.63 12.99 426.9 11.88 68.28 0.33
3 5.35 8.19 2.84 0.50 0.41 0.87 16.26 397.5 10.98 70.35 0.30
4 8.82 11.29 2.47 3.47 1.22 1.64 18.59 351.5 13.14 61.92 0.38
5 9.30 11.30 2.00 0.48 0.19 0.99 10.66 349.0 12.64 61.95 0.37
6 10.62 12.46 1.84 1.32 0.66 1.26 11.86 331.1 13.62 60.49 0.38
7 11.57 13.80 2.23 0.95 0.52 1.41 12.19 313.6 — — —
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Table 6. Comparison of oil selection parameters of 5 HO maize populations.* 
 

Oil content 
%  

Genetic gain 
% 

Population Selected 
cycles 
   

 (n) C0 Cn Total Cycle 

Realized 
heritability 
 
h2

r

BHO 18 5.58 15.53 9.95 0.55 0.34 
AIHO 12 12.5

4 
19.41 6.87 0.57 0.32 

Syn.D.O. 9 7.32 16.02 8.70 0.97 0.51 
RYD 11 7.68 14.00 6.32 0.57 0.27 
KYHO 7 3.64 11.92 8.27 1.18 0.67 
Mean     0.77 0.42 

*Oil%, Genetic gain% and h2
r were the predicted value. 

 
 
 
 
 
Table 7. Comparison of Correlation coefficients between oil content, kernel weight, protein, starch, 
and lysine content of five HO maize populations. 
 
Population Kernel weight 

mg 
Protein 
% 

Starch 
% 

Lysine 
% 

BHO 0.10 0.82** -0.94** — 
AIHO 0.49 0.52 -0.92** — 
Syn.D.O. 0.13 0.73* -0.97** 0.79** 
R.Y.D. 0.07 0.67* -0.98** 0.87** 
KYHO -0.82* 0.87** -0.94** 0.90** 

*, ** Significant at the 0.05 and 0.01 probability levels respectively 
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Figure 1. Mean percent oil for KYHO,BHO,Syn.D.O.,RYD and 
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Abstract 
 

 a 
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ne action for rest of the characters including grain yield. Among the hybrids, four 
cros

multi 

anking 

as 

ge, variability, versatility and high productivity 
mai

 inbred 

tent 

ong with two checks viz., DHM105 and Madhuri in a 
rand

 

Forty-five single cross hybrids of high oil maize were derived using ten parents and evaluated in
randomized block design replicated thrice at Agricultural Research Station (Maize), Amberpet, 
Hyderabad, during Kharif 2001. Combining ability analysis was carried out to determine their SCA 
effects for different agronomic, yield and quality parameters namely, days to 50 per cent tasselling, day
to 50 per cent silking, days to 50 per cent maturity, plant height (cm), ear height (cm), 100- seed weight
(g), grain yield per plot (kg), oil content (%) and protein content (%). The results revealed the 
predominant role of additive gene action for the traits viz., plant height, oil content and protein content 
and non-additive ge

ses viz., QPM-36 x HOL-65, AML-18 x HOL-65, AML-18 x QPM-48 and QPM-33 x M-210, 
showed highly significant SCA effects for oil and protein contents along with grain yield and also found 
promising on basis of per se performance. Hence, these hybrids were recommended for their future 
location evaluation to confirm their consistency before commercial utilization. 
 
Introduction 
 

Maize is the second most important cereal crop in the world economy. It is globally the top r
cereal in productivity and has worldwide significance as human food, animal feed and as a source of 
many industrial products. Among all the cereals maize is the richest source of oil. Corn oil is obtained 
a valuable byproduct after processing maize for starch production. Though the corn is usually not 
classified as an oil seed crop but looking at its large acrea

ze genotypes possessing high oil will be a step forward as a long term measure for increasing the 
availability of quantities of edible oil (Diwarkar and Sanghi, 1989). The consorted efforts of the breeders 
at the university of Illinois, USA resulted in development and release of high oil maize hybrids and
lines with 12-14 per cent oil content. The hybrids released for commercial cultivation in India have only 
3-5 per cent oil. Future anticipated increase in demand for corn oil in industries and also for human 
consumption, the Indian Maize Development Association feels that hybrids containing higher oil con
i.e. about 7 per cent along with present day best normal hybrid yield (6-8T/ha) will be more desirable 
(Sharma, 1993). Keeping this in view, the present investigation was undertaken to work out combining 
ability effects for yield and quality parameters in selected elite high oil maize genotypes. 
 
Materials and Methods 
 

Forty-five direct F1 single cross hybrids derived through diallel mating from ten selected diverse high 
oil maize genotypes [i.e. QPM-35, QPM-12, QPM-33, QPM-23, QPM-36, HOL-31, AML-18, M-210, 
QPM-48, and HOL-65] were evaluated al

omized block design with three replications at Agricultural Research Station (Maize), Amberpet, 
Hyderabad, India during Kharif (monsoon) season of 2001. Each entry was grown in a single row of 5m 
length spaced 75cm between rows with an inter plant distance of 20cm. Agronomical practices were 
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adopted as per the recommended package of practices. Data were recorded for nine traits viz., days t
per cent tasselling, days to 50 per cent silking, days to 50 per cent maturity, plant height (cm), ear height 
(cm), 100-seed weight (g), grain yield per plot (kg), oil content (%) and protein content (%). Means we
subjected to statistical analysis following the combining ability estimates of fixed effects model as 
proposed in method 4 of Griffing (1956). 

o 50 

re 

ssion 

 
diff ility analysis indicated the importance of 

r in 

plan ayed a major role in the 
rlier 

rep Singh (1998), Joshi et al (1998) and 

com her simultaneously (Table-2). However, AML-18 and HOL-65 displayed 

agr e good general combiners for oil 
general 

com
con ive x additive interaction component which 

gen  worthy of 

The s made by Debnath (1984), Satyanarayana et al 

ects elucidated that out of 45 crosses evaluated, 18 

cha  
 by 

Bec  
the top ten promising crosses (Table-3) illustrated that two hybrids namely AML-18 x QPM-48 and 

 
and x M-210 and AML-

8 x HOL- 65 which also exhibited highly significant positive SCA effects for protein and oil content 
along with grain yield and its components were also considered as noteworthy for further exploitation. It 
is observed that these cross combinations generally involved one parent as good general combiner and the 
other as poor combiner either for yield or for oil or for protein content. These types of cross combinations 
are likely to throw up desirable transgressive segregants with pyramidized genes in subsequent advanced 
generations. These findings corroborated the earlier reports of Satyanarayana et al (1994), Reddy (1996), 
Joshi et al (1998) and Suchindra (1999). 

In brief, from the present investigation it could be inferred that among 45 single crosses evaluated 
four hybrids namely AML-18 x QPM-48, QPM-36 x HOL-65, AML-18 x HOL65 and QPM-33 x M-210 
were found as potential combinations based on their SCA and per se basis for oil, protein content along 

 
Results and Discu
 

The analysis of variance for grain yield, agronomic and quality parameters revealed significant
erences among the genotypes studied. While combining ab

both GCA and SCA effects in determining the inheritance of these characters (Table-1). Furthe
partitioning of variances, GCA components indicated the predominant role of additive gene action for 

t height, oil content, while non-additive gene effects (SCA components) pl
inheritance of grain yield and other agronomic characters. These findings were in consonance with ea

orts of Vasal et al (1993), Satyanarayana et al (1994), Singh and 
Suchindra (1999). 

The estimates of combining ability studies showed that none of the parents was a good general 
biner for all the traits toget

significant desirable good general combining ability for grain yield (0.34 & 0.21) along with other 
onomic parameters. Inbreds QPM-33 (0.58) and QPM-48 (0.48) wer

content where as QPM-23 (1.03), QPM-36 (0.41), QPM-12 (0.41) & M-210 (0.27) were good 
biners for protein content. Significant GCA effects of a parent is a function of breeding value 

tributed by additive genetic effect in addition to addit
represents the fixable nature of genetic variation (Griffing, 1956). Thus, in the present study the 

otypes AML-18, HOL-65, QPM-33, QPM-48, QPM-23, QPM-12 and QPM-36 appear to be
exploitation through crossing programme for the improvement of grain yield, oil and protein content. 

se findings were in conformity with the observation
(19994), Reddy (1996) and Nagesh Kumar et al (1999). 

The estimates of specific combining ability eff
hybrids observed to possess desirable positive and significant SCA effects for grain yield along with other 

racters while 13 hybrids recorded significant SCA effects for oil content but only nine crosses
exhibited high SCA effects for protein content. Appreciable heterosis for these attributes was observed

k and Vasal (1990), Tagoor Verma (1998) and Nagesh Kumar (1999). A perusal of the SCA effects of

QPM36 x HOL-65 exhibited simultaneously positive significant SCA effects favourably for grain yield
 also for other agronomic and quality parameters. The other hybrids viz., QPM-33 

1
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with yield and other characters. Hence, these hybrids were recommended for their future testing of 
multilocation evaluation to confirm their  before commercial utilization. Parents AML-18 and 
HOL-65 for g oil M-36 for 
protein nt we als on re s d able inb s for fur  ut atio n crossing programme to 
improve grain yield along with protein and oil content in maize. 
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Table 1. Combining ability analysis of grain yield, its components and oil and protein contents. 
 
Source   

( (

1

W

(g

G

Pe

(k

il

Co

(%

Pr

C

(%

 

 d.f. Days to

50% 

Tasselling 

Days to 

50% 

Silking 

Days to 

50% 

Maturity 

Plant 

Height 

cm) 

Ear 

Height 

cm) 

00-Seed 

eight 

m) 

rain Yield 

r Plot 

O

g) 

 

ntent 

) 

otein 

ontent 

) 

MSS of

 

 **    4  1. 15. 16  

 

 9 

gca

28.49** 19.97 34.65** 1538.83** 535.22** 3.65** 82** 14** .08**

MSS of

a 

* *    2  0. 0.4 0. 45 

sc

13.17* 11.63* 19.26** 115.47** 197.26** 2.10** 70** 6* 41* 

Error 

SS 

   8.83 

M

108 1.02 1.89 1.34 4.93 1.25 0.06 0.14 0.12 

σ2 gca 1   1  1  2  .28 0.69 .28 27.50 8.16 1.79 0.09 1.25 1.33 

σ2 sca      2  12.15 9.74 17.92 106.64 192.33 0.85 0.64 0.32 0.29 

σ2 gca /      σ2 sca 0.11 0.07 0.07 1.195 0.15 0.09 0.14 3.91 4.59. 

* nificant at 5%, **  sig  and 1% levels respectively. 
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T
 
S.No Parent Days to Days to Days to Plant Ear 100-Seed Grain Yield Oil 

able 2. General combining ability effects for grain yield, its components and oil and protein contents. 

lling g 

5 H

(c (c

W

(g

ntent 

Protein 

t 50% 

Tasse

50% 

Silkin

0% 

Maturity 

eight 

m) 

Height 

m) 

eight 

) 

Per Plot 

(kg) 

Co

(%) 

Conten

(%) 

1. * ** * -0.59 0.05 0.07 * QPM-35 0.62* 0.91 -0.64** -10.68 -9.82* -0.84*

2. QPM-12 -0.72* 1  -7  -6  -1  ** * * * 0.02 .87** .96** .71** .42** -0.15 -0.58* 0.41*

3. QPM-33 1.78** * - * -4 -3  -1  *  1** 1.04* 0.94* .15** .09** .82** -0.17* 0.58** -0.9

4. QPM-23 0.20 -0.73 -1.83** ** * -1.22* * * * 1.03 ** -12.41 -8.64* -0.26* -0.31*

5. -0.94** -0.98* * -0.39 3.99** 0.71 0.17 -0.12** -0.28** 0.41 ** QPM-36 

6. H    - * -0 4  1  *   OL-31 -0.02 0.52 2.24* .85 .62** .49** -0.09* 0.27** 0.17

7. AML-18 -0.11 -0.04 2.46** ** ** -0.19 -0.57* * 15.67** 9.77** 2.00 0.34

8. M  -1.19** -1.46** -0.51 2.29* 4.79** -0.54 -0.02* -0.17 0.27** -210

9. Q   6 3 0    PM-48 -1.16** -0.85* 0.04 .12** .79** .39 0.08* 0.48** -0.06

10. H    7 4 1    * OL-65 1.53** 1.57* 1.42** .97** .59** .08** 0.21** -0.23* -0.62*

0.28 0.38 0.32 0.81 0.61 0.31 0.04 0.10 0.09 SE (gi) 

0.46 0.06 0.15 0.14 SE (gi-gj) 0.43 0.56 0.47 1.47 0.82 

*, **  significant at 5% and 1% .  levels respectively
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Table 3. Specific combining ability effects of top ten promising hybrids for yield and their corresponding quality and agronomic 

e

S.No Cross 

ation 

Days to 

Tasselling 

% 

Silking 

 

Maturity 

Plant 

Heig

(cm) 

Ear 

Height 

(cm) 

100-seed 

eight 

(g) 

Grain Yield 

(kg) 

Oil 

Content 

(%) 

Protein 

Content 

(%) 

param
 

ters. 

Combin 50% 

Days to 

50

Days to 

50% ht W Per Plot 

1. 1 x 7 -0.69 1.42 ** 13.2 -8.19* 2.11* * 1.05** -0.31 2.81 7** * 0.49

2. 38 ** 12.8 8.16 0  0.93** -0.09 1 x 9 0.70 0. 4.18 9** ** -0.97 .44*

3. 2 x 5 -1.52 0.08 1.58 13.48** 6.83** 0.17 0.60** 1.41** 0.03 

4. 2 x 8 0.73 -0.12 2.02 6.09 -1.52 2.19 ** 1.50** 0.33 ** 0.73

5. 3 x 8  

♦♦ 

2.12* -2.81* 5.20** 25.18** 17.7 2** 8.77 ** 0.76** 2.02** 1.16** 

6. 5 x 8 2.29* 4.21** 1.23 22.67** 16.1 3** 3.14 ** 0.59** 0.93** -0.07 

7. 5 x 10 

♦♦ 

4.29** 3.63 ** 2.81 ** 29.0 1** 24.01** 5.57** 0.75** 1.87** 1.33 ** 

8. 6 x 10 -1.91* -0.67 1.99 5.04 -8.49* * 3.43** 0.73** 3.49** -1.42** 

9. 7 x 9 ♦♦ 3.31** 6.35 ** 3.88 ** 32.1 1** 38.29** 6.43** 1.00** 1.44** 1.19 ** 

10. 7 x 10 

♦♦ 

-2.94** 3.41** 7.32 ** 27.7 9** 21.77** 3.07** 0.74** 2.59** 1.37 ** 

1.QPM-35             6.HOL-31  
2.QPM-12             7. AML-18                *, **  significant at 5% and 1% levels respectively. 
3.QPM-33             8.M-210                    ♦♦ - Potential combinations for yield, oil and protein. 
4.QPM-23             9.QPM-48 
5.QPM-36            10.HOL-65

- 146 - 



High-oil maize hybrids 

- 147 - 

 c ed ld

 S
h

t (%) 

Table 4. Promising single
 
S.No Pedigre

ross hybrids of high oil maize identifi

Grain yield 
per hectare 
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% increase over 
DHM - 105 

 for yie
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Weig
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, oil and protein contents. 

eed 
t 

Oil Content 
(%) 

Protein Conten
 

e 

1. 
 

QPM - 36 x HOL - 65 8421 19.71 24.02 9.53 8.84 

2. 
 

AML - 18 5 22.36x HOL - 6 8250 
 

17.40 
 

 9.49 9.17 

3. 
 

AML - 18 8 25.10 
 

x QPM - 4 8000 13.72 10.06 8.75 

4. QPM -33
 

  23.80 
 

x  M- 210 7944 
 

12.92 
 

10.57 
 

8.43 
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Abstract 

he 

er 

 
. 

d 

 
urce germplasm is an essential part of a breeding program. The breeding 

ethod, efficiency of selection, and final success are highly dependent on the germplasm chosen. Diallel 
g sets of divergent maize populations have been used to categorize the performance of 

pop
ze 

 

e 
s 

ndously 

 
Seven yellow maize populations were crossed in 7 X 7 diallel mating system during winter 1999. T

parents and their crosses were evaluated at four locations during summer 2000 with objectives to 
determine heterosis, heterotic populations, and combining ability. Data were recorded for days to silk, 
plant height, ear height, and grain yield. Percent heterosis for all the traits was calculated over the bett
parent values. Analysis III as suggested by Gardner and Eberhart (1966) was used to obtain estimates of 
GCA and SCA. The overall mean grain yield for parents and their crosses was 5262 and 6069 kg/ha, 
respectively. Among the parents, Hill Pool Yellow produced the highest grain yield (6430 kg/ha) followed
by Rampur Composite (6042 kg/ha). High-parent heterosis for grain yield ranged from –17.8 to 23.9%
Non-significant G x E interaction for grain yield was recorded. Highly significant difference for grain 
yield was observed for entries and parents but significant for parents vs. crosses, crosses and SCA. GCA 
effects were found non-significant for yield. Upahar with Arun 4, Rampur Composite and Khumal 
Yellow; Hill Pool Yellow with Khumal Yellow, Arun 2 and Arun 4; Arun 2 with Rampur Composite an
Rampur 2;and Arun 4 with Rampur 2 are the possible heterotic partners for the evaluated populations. 
Reduced days to silk, plant and ear heights were observed for crosses compared to their either parents. 

 
Introduction 

Selection of proper so
m
crosses amon

ulations and their combining ability to establish heterotic patterns (Eberhart, 1971; Crossa and 
Gardner, 1987; Misevic, 1989). Study of heterotic patterns has got special attention since 1980s. Mai
workers have given special emphasis to identify heterotic response among different maize populations 
(Hallauer et al., 1988; Mungoma and Pollak, 1988; Misevic 1989, 1990; Patil and Singh, 1997; 
Rodriguez-Herrera et al., 1997) in different countries to use it in hybrid breeding program. This type of 
diallel mating design helps in identifying source populations for reciprocal recurrent selection (Camussi et 
al., 1988) and also determining their utility as parents in the development of hybrids or high yielding 
composites (Sinha and Mishra, 1997). These identified genotypes of particular heterotic groups can also
be used for determining heterotic patterns of other collected or exotic germplasm as done by Radovic and 
Jelovac (1995).  

Until 1985, CIMMYT had placed greater emphasis on developing open-pollinated varieties. After th
inception of the hybrid program in 1985, it has started to identify combining ability and heterotic group
of germplasm adapted to different environments and maturity groups (Vasal et al., 1987; Beck et al., 
1991) extensively.  

National Maize Research Program (NMRP), Nepal has so far released 15 open-pollinated varieties. 
However, not a single hybrid has been released yet. Demand for hybrid maize is increasing treme
mainly in Terai, inner Terai, tar, foot hill valleys and some other potential pockets of hills. Thus, the 
immediate task that faced the hybrid program was to generate information on combining ability and 
heterotic patterns of existing maize populations to accelerate hybrid, hybrid-oriented research work and 
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development of populations as well. The objectives of this study were to determine heterosis, heterotic 
populations, combining ability of seven yellow maize populations and also to identify superior 
population/variety crosses as non-conventional hybrids for immediate use.  
 
Materials and Methods 
 

During winter 1999, seven yellow maize populations both early (Arun 2 and Arun 4) and full season 
r 2, Hill Pool Yellow, Rampur Composite and Khumal Yellow) were crossed in 7 x 7 

dial  
k 

 
s 

 

s 

ing 
s 

rtitioned into parents, crosses and parents vs. crosses. Variation among crosses was 
further subdivided between GCA and SCA. 

Res

g the 

VA 
nt 
 

effects were found non-significant for grain yield (Table 2), however Upahar and 
Khumal Yellow had positive values (412 and 479 kg/ha, respectively) and remaining five populations had 

riance due to parents vs. crosses is a measure of average heterosis (Vasal et al., 1992) that 
was

CA 
 
ic 

x 
Arun 2 (818 kg/ha), Hill Pool Yellow x Khumal Yellow (347 kg/ ha), Upahar x Rampur Composite (327 

(Upahar, Rampu
lel mating system at NMRP. The latest cycles of selection of the parents were planted in 4-paired rows

of 5-m length for each cross combination. All possible 21 crosses were made in both directions using bul
pollen. Seeds of each cross and its reciprocal were bulked. The parental seeds were used from the on-
going programme. All the populations except Upahar (dent) were of flint types. During summer 2000, the
parents and their crosses were evaluated at four locations (ARS-Lumle, HCRP-Kabre, ARS-Pakhriba
and Agricultural Botany Division- Khumaltar). The plot size was two rows of 3 m long and 75 cm apart. 
Two seeds per hill were planted and thinned to single plant per hill during first weeding. Data were
recorded for days to 50% silking, plant height, ear height, grain yield and grain moisture (%) at harvest. 
Grain yield was calculated at 80% of the ear weight and adjusted to 15% moisture. Percent heterosis for 
all the traits was calculated over the better parent values. Analysis of variance was carried out for all trait
using plot mean data. Locations were initially analyzed separately (data not shown) and then combined 
analysis was performed. For estimating GCA (general combining ability) and SCA (specific combin
ability), data were subjected to biometrical analysis III model of Gardner and Eberhart (1966). Entry sum
of square were pa

 
ults and Discussion 

 
Grain yield 

The mean grain yield for parents and their crosses was 5262 and 6069 kg/ha, respectively. Amon
parents, Hill Pool Yellow produced the highest mean grain yield (6430 kg/ha) followed by Rampur 
Composite (6042 kg/ha). Mean grain yield among the crosses ranged between 4809 (Arun 2 x Arun 4) 
and 7215 kg/ha (Upahar x Khumal Yellow). High-parent heterosis for grain yield ranged from –17.8 
(Rampur Composite x Rampur 2) to 23.9% (Khumal Yellow x Upahar). Twelve out of 21 crosses showed 
positive values for high-parent heterosis and 50% of which exceeded 10% (Table 1). Combined ANO
showed non-significant G x E (genotype by environment) interactions for grain yield. Highly significa
differences for grain yield were observed for entries and parents but significant for parents vs. crosses,
crosses and SCA. GCA 

negative. Va
 found significant indicating the importance of non-additive genetic effects in determining yield in 

these germplasm. Likewise, partitioning of the sums of square among crosses between GCA and S
showed that 64% of the variation could be attributed to SCA. This also indicates the relative importance
of non-additive genetic effects in controlling expression of yield in these germplasm. But, additive genet
effects were found more important in controlling yield of CIMMYT’s subtropical and temperate 
intermediate maturity (Beck et al., 1991) as well as subtropical and temperate early-maturity germplasm 
(Vasal et al., 1992). Rampur Composite x Arun 2 (974 kg/ha), Upahar x Arun 4 (850 kg/ha), Rampur 2 
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kg/ha), Hill Pool Yellow x Arun 2 (291 kg/ha), Upahar x Khumal Yellow (260 kg/ha), Rampur 2 x A
4 (252 kg/ha) and Hill Pool Yellow x Arun 4 (118 kg/ha) exhibited

run 
 significant positive SCA effects 

(Table 4). Upahar and Khumal Yellow not only showed positive values for GCA or average performance 
 for yield but also produced the highest yielding cross between them. Crosses viz. Upahar x 

humal Yellow (7215 kg/ha), Upahar x Arun 4 (7180 kg/ha) and Hill Pool Yellow x Khumal Yellow 
(67

 

low 
ereas 

but 
ificant 

 (-1.77 days) and Arun 2 (-1.32 days) (Table 3). This significant 
negative GCA can be considered desirable trait in future breeding programme since it can contribute to 

 
Pla

e 

nged from -18.5 (Arun 2 x Hill Pool 
Yellow) to 3.1% (Upahar x Arun 4). For plant height non-significant differences among entries and their 

ted by combined ANOVA) except for GCA that was significant (Table 2). Among the 
teraction terms, E x parents vs. crosses were found highly significant, E x parents significant and rest of 

pos m) had 
nt 

heig

Ear

(Kh om 98 (Rampur Composite x Arun 4) to 120 cm (Hill 

8.7% s for entries 
. Most 

of th ignificant except for E x SCA, which showed significant effect 

in the crosses
K

99 kg/ha) produced higher yields resulting high-parent heterosis 23.9, 23.3 and 20.6%, respectively. 
 

Days to silking 
Mean days to silking for parents and their crosses were similar (76 and 75 days, respectively). There

was a highly significant effect of crosses, which ranged from 72 (Arun 2 x Arun 4) to 77days (Upahar x 
Hill Pool Yellow, Upahar x Rampur Composite, Upahar x Khumal Yellow, Rampur 2 x Khumal Yel
and Rampur Composite x Hill Pool Yellow). Among the parents, Arun 4 (73 days) was earliest wh
Upahar and Hill Pool Yellow (78 days) were the latest ones. High-parent heterosis ranged from -6.4 
(Upahar x Arun 4, Hill Pool Yellow x Arun 4) to 1.3% (Khumal Yellow x Rampur 2). It was observed on 
the negative side for most of the crosses except for Rampur 2 x Khumal Yellow (1.3%) (Table 1). 
Combined analyses of variance were found highly significant for entries, parents, crosses and GCA, 
non-significant effect for parents vs. crosses and SCA. Many of the interaction terms were non-sign
whereas E x entries and E x SCA were significant (Table 2). Significant positive GCA was recorded for 
Khumal Yellow (1.13 days), Hill Pool Yellow (0.85 days), Upahar and Rampur Composite (0.45 days) 
and significant negative for Arun 4

earlier maturity. 

nt height 
Average plant height for parents and their crosses was 218 and 211 cm, respectively. Hill Pool 

Yellow was the tallest (243 cm) and Rampur 2 (190 cm) the shortest. Among the crosses plant height 
ranged from 198 (Arun 2 x Hill Pool Yellow) to 230 cm (Upahar x Arun 4). High-parent heterosis on th
negative side was recorded for most of the crosses except for Upahar x Arun 4 which showed 3.1% 
heterosis with positive value (Table 1). High-parent heterosis ra

partitionings (resul
in
the parameters were non-significant (Table 1). Arun 4 (6 cm) and Upahar (5 cm) showed significant 

itive GCA estimates for plant height whereas Rampur composite (-7 cm) and Arun 2 (-5 c
significant effect, but negative. Thus, Rampur Composite and Arun 2 can contribute to reduced pla

ht. 
 

 height 
Mean ear height of the parents and crosses was same (111 cm). Most of the parental populations had 

ear placement at the middle of the plant height, which was ranged from 89 (Rampur 2) to 121 cm 
umal Yellow). In resultant crosses it varied fr

Pool Yellow x Arun 4). High parent heterosis was in between –18.3 (Arun 4 x Rampur Composite) and 
 (Rampur 2 x Arun 4). Combined analysis for ear height showed significant difference

and some of their partitionings except for parent vs. crosses and SCA, which were non-significant
e interaction terms were also non-s
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(Table 2). Significant negative GCA effects exhibited by Rampur Composite and Arun 2 were also 
sidered desirable since they contributed to recon duced ear height. 

Con

ll Pool 
Yel

and 
of h vironments. Upahar with Arun 4, Rampur Composite and Khumal Yellow; 

Com al 
Yel
Com raging results and could be possible heterotic partner(s) for future use. Thus the 

can  crossbred performance of other yellow or white maize populations or 

hete
environments. Significant negative GCA effects recorded for days to silk (Arun 2 and Arun 4), plant and 

nd ear 
heig
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Table 1. Mean values and high-parent heterosis (%) for days to silk, plant height, ear height and 
grain yield of seven yellow maize populations and their crosses evaluated at four locations during 
summer 2000. 
 
Pedigree DS HET E.Ht. HET G.Yld. HET Ranks 

for 
yield 

HET Pt.Ht.

Upahar x Rampur 2 75 8 215  109 5 58 15  -3. -3.5  -3. 25 0.1 
Upahar x
Upahar x

 Hill pool yellow 77 3 221 115 60 12 
 Rampur composite 77 3 205 114  65 5 

74 1 203 101 1.4 55 17 
 Arun 4 73 4 230 115  71 2 
 Khumal yallow 77 3 218  115 0 72 1 

r 2 x Hill pool yellow 76 6 212 6 109 2 56 16 
ur 2 x Rampur composite 75 .3 204  101 8 49  20 
ur 2 x Arun 2 73 .9 214  110  64 6 

75 -1.3 216  113 58 14 
Khumal yellow 77 .3 205  117  61 9 
ow x Rampur 77 .2 205 6 107 3 53 19 

ow x Arun 2 75 .8 198 5 105  61 10 
ow x Arun 4 73 .4 220  120 59 13 

ellow x Khumal 76 -2.6 217 7 118  67 3 

omposite x Arun  2 74 -1.3 205  108 .0 66 4 
osite x Arun 4 3 -2.7 207 98 54  18 

 composite x Khumal 76 .0 203 8 113 1 6165 2.0 8 

run 2 x Arun 4 72 -4.0 210 -3.2 106 -7.0 4809 -16.2 21 
run 2 x Khumal yellow 75 -1.3 210 -2.8 111 -8.3 6098 6.2 11 
run 4 x Khumal yellow 75 -1.3 214 -1.4 113 -6.6 6361 12.8 7 

 89  1674   
ill pool yellow 78  243  115  6430   

R omposite 225  42
Arun   216 114 5742  
A   217 104 5482  
K 76  215 121 5639 
O .9  218. 4 110.9 5262  
CV 9  12.6 7 11.6 17.91  

 -1.
 -1.

-9.1 
-8.9 

 0.0 
 -5.0

70 -5.6 
79 8.9 

Upahar x Arun 2  -5. -8.9  -1 76 -4.2 
Upahar x
Upahar x

 -6.
 -1.

3.1 
-2.2

 1.8
 -5.

80 23.3 
15 23.9 

Rampu  -2. -12.  -5. 05 -12.8 
Ramp
Ramp

 -1
 -3

-9.3
-0.9

 -15.
 -3.5

76 -17.8
52 12.4 

Rampur 2 x Arun 4  -0.5  8.7 65 7.0 
Rampur 2 x 
Hill pool yell

 1
 -1

-4.7
 -15.

 -3.3
 -13.

41 8.9 
67 -16.5 

composite 
Hill pool yell
Hill pool yell

 -3
 -6

-18.
-9.5

 -8.7
 4.3 

40 -4.5 
45 -7.5 

Hill pool y
yellow 
Rampur c

 -10.  -2.5 99 20.6 

 -8.9  -10 90 10.7 
Rampur comp 7  -8.0 -18.3 96 -9.0
Rampur
yellow 

 0  -9.  -7.

A
A
A
Overall Crosses 75.1  211  110. 6  6069   
Uphar 78  223  113  5822   
Rampur 2 76  190 
H

ampur c 75   120  60    
2 75    

run 4 73    
humal yellow     
verall Parents 75    

(%) 2.6      
D to silk, Pl.Ht.: Plant h E.Ht: Ear height, G.Yld: Grain yield and HET- High-parent 
he

S: Days eight, 
terosis (%)
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Table 2. Partial analysis of variance of diallel crosses among seven yellow maize populatio
days to silk, plant height, ear height and grain yield, combined across

ns for 
 four locations during summer 

000. 
 

square

2

Mean s 

Source df Days to silk Plant height Ear height G ld rain yie

E 27 21 * 8 8 6 ** ntries * 83 ns 442 * 04093

P 24 * 2  2 432 ** 

P 1 26 n 2226 ns 27040639 * 

C 20 29 * 480 ns  3269704 * 

G 49 * 1 3  ns 

S 3 ns 252 ns  2 7 * 

E tries 81 5 * 7 s 2 18 ns 

E 18 5 ns 1 s 2  ns 

E s 3   802800 ns 

E 60 5 ns 3  2129702 ns 

E 4 ns 4  s 3 16 * 

E 42 5 * 3   1 11 ns 

P 7 2 8 

C  2.69 1 1

arents 6 * 004 ns 1008 * 0778

arents vs. crosses s 7 ns 

rosses * 294 *

CA 6 * 010 * 510 * 918831

CA 14 201 ns 99150

nvironments (E) x En 42 ns 257 n 2432

 x Parents 474 * 261 n 861675

 x Parents vs. crosses 3 9 n 210 ** 483 ns

 x Crosses 99 ns 244 ns

 x GCA 18 92 ns 215 n 7728

 x SCA 59 ns 257 * 4255

ooled error 112 4 48 208 68365

V, % 2.67 11.60 7.91 

 
 
 
Table 3. Estimates of general combining ability (GCA) effects of seven yellow maize populations for 
days to silk, plant height, ear height and grain yield. 
 

Parent Days to silk Plant height Ear height Grain yield 
Upahar 
Rampur 2 
Hill pool yellow 
Rampur composite 
Arun 2 
Arun 4 
Khumal yellow 

0.45 
0.20 

0.45 
-1.32 
-1.77 
1.13 

5.10 
-0.20 
1.40 
-7.42 
-5.35 
6.30 
0.15 

1.46 
-0.47 
1.91 
-4.77 
-4.34 
0.91 
5.31 

412 
-306 
-92 
-224 
-112 
-146 
479 
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Tabl
opulations for days to silk, plant height, ear height and grain yield. 

 
C

(kg/ha) 

e 4. Estimates of specific combining ability (SCA) effects among seven yellow maize 
p

rosses Silking 
days 

Plant 
height, cm 

Ear height, 
cm 

Grain 
yield 

Upahar x Rampur 2 -0.68 7 -1.90 -345  -0.9
Upahar x Hill pool yellow 0.68  1.10 -315 
U

n 4 0.58 -2.39 -0.98 -986 
umal yellow 0.30 4.51 -0.13 -321 

A

3.56
pahar x Rampur composite 0.70 -3.62 6.65 327 

Upahar x Arun 2 -0.03 -8.07 -6.78 -776 
Upahar x Arun 4 -0.95 7.41 2.48 850 
Upahar x Khumal yellow 0.28 1.68 -1.55 260 
Rampur 2 x Hill pool yellow -0.08 -0.64 -2.48 -61 
Rampur 2 x Rampur composite -0.43 0.81 -4.05 -567 
Rampur 2 x Arun 2 -1.15 7.98 4.15 818 
Rampur 2 x Arun 4 2.05 -0.92 2.15 252 
Rampur 2 x Khumal yellow 0.28 -6.27 2.13 -96 
Hill pool yellow x Rampur composite 1.18 -0.17 -3.55 -381 
Hill pool yellow x Arun 2 0.45 -8.74 -2.98 291 
Hill Poll Yellow x Arun 4 -1.35 1.61 7.40 118 
Hill pool yellow x Khumal yellow -.088 4.38 0.50 347 
Rampur composite x Arun 2 -0.15 6.71 6.70 974 
Rampur composite x Arun 4 -0.83 -2.57 -7.93 -198 
Rampur composite x Khumal yellow -0.48 -1.17 2.18 -154 
Arun 2 x Aru
Arun 2 x Kh

run 4 x Khumal yellow 0.50 -3.14 -3.13 -36 
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Searching for Better White Corn Genetics for Marginal Uplands in the Philippines 
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Abstract 
 

There are ≈1.2 million has of marginal uplands planted to native corn in the Philippines. To provide
better corn genetics for farmers in these areas, a study was conducted to determine the  stability for yield
of  white corn varieties in marginal uplands, to select genotypes with exceptional yield performance
to distribute selected variet

luated in a 6 x 3  alpha (0,1) lattice design with four replications at seven  marginal uplands during the 
1999 wet and 1999-2000 dry seasons. The Additive Main effect and Multiplicative Interaction (AMM
model was used to analyze the genotype x environment interaction, which was found to be significant in 
the combined ANOVA. AMMI analysis showed variability in both main effects and interaction. AG535
a commercial hybrid, had the highest mean yield among the entries but its principal component (PC) 
score suggested that it is adapted to specific environments. USM Var10 exhibited the highest yield amon
the OPVs and revealed a PC score near zero suggesting broad adaptability. The native varieties showe
below average performance and limited adaptability. The yield of the native corn varieties was 31% less 
than the improved varieties. We distributed seeds of USM Var10, which wa

 to ≈2000 marginal upland corn farmers. We designed a seed production and distribution system, 
which should make OPVs readily available to resource poor farmers in the Philippines.  
 
Introduction 
 

White corn  is a staple food of about 15% of the Filipinos mostly living in rural areas of the 
Philippines. The grits obtained after milling the grains are boiled as substitute for rice. Large quantitie
white corn are consumed in  North Eastern Luzon, Central and Eastern Visayas, and Northern and 
Western Mindanao (Salazar et al. 2000). Average corn consumption from 1990 to 1999 was estimated 

rural areas and the diminishing fields devoted to rice farming would increase the dem nd fo  white co
Of the 1.6 million has planted to white corn in the Philippines, 75% ar  marginal uplands. These 

usually hilly areas that are prone to drought, acidic and have very poor fertility level. There are no 
breeding programs addressing these environments in government br eding institutions despite the 
significant acreage of m nd corn farms in the Philippines. Varietal testing is also very limited 
in these environments wherein  native or landrace varieties are mostly grown with yield  ranging from 0.5
to 0.8 t ha-1. Since majority of the farmers are poor and sustained efforts on the part of the government t
provide better varieties is lacking, marginal upland farmers have limited access to improved gene
With a grant from the Department of Agriculture-Bureau of Agricultural Research (DA-BAR) we 
evaluated eighteen white corn varieties including two widely grown landraces in marginal uplands in the 
Philippines. In our study, we wanted to determine the  yield stability of the varieties, to select genotypes 
with exceptional yield performance and to produce and distribute  the selected varieties  to resource po
farmers in the Philippines.  
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Ma

) 
nized as recommended varieties. 

ecommended varieties are eligible for any government sponsored seed distribution and utilization 
notypes were evaluated at seven locations: 1) Enrile (Cagayan); 2) Cabagan 

sabela); 3) Matalom (Leyte); 4) Colawin (Cebu); 5) Arakan (Cotabato); 5) Malungon (Sarangani); and  
7) M

n 
 and 

ic 

 WS, stray carabaos destroyed the experiment at Cagayan while excessive 
rain  

 a 

s 

 7) 

ed 
ran  of 

terials and Methods 
 

Included in this study were six experimental open-pollinated varieties (OPVs), two native varieties, 
eight recommended OPVs and two hybrids. Varieties that pass the National Cooperative Testing (NCT
and approved by the Philippine Seed Board  (PSB) are recog
R
program. The eighteen ge
(I

usuan (Bukidnon) (Fig. 1). The experiment in Enrile is 200 m away from the Cagayan  River. The 
location has a sandy soil  with low organic matter and available N. Around 10 000 has of such area are 
planted to white corn in  the Cagayan Valley Region. The Cabagan, Colawin and Arakan locations are 
hilly areas with low organic matter and drought prone. Matalom and Musuan soils are acidic while 
Malungon has a high pH. 

 The varieties were evaluated using a 6 x 3 Alpha (0,1) lattice design with four replications during the 
1999-2000 dry season (DS) and 2000 wet season (WS.) Plots were four 5.0-m long rows with 0.7-m 
between rows. Thirty two seeds were planted in each row. Rows were not thinned. Weeding was done i
all plots. Fertilizer applications were 60 kg ha-1  N, 30 kg ha-1 P2O5,  and 30 kg ha-1 K2O. Pesticides
irrigation were not applied to the plots. Grain yield (t ha-1) adjusted to 140 g kg-1 moisture  and agronom
data were taken from the inner two rows of the plot. The DS experiments at Colawin and Musuan were 
lost due to drought. In the  

fall damaged the trials in Isabela. The Leyte and Cebu trials were discarded due to severe drought in
the WS. The experiment at Bukidnon was disregarded due to erratic data.  

An analysis of variance (ANOVA) for grain yield was performed for each environment according to
6 x 3 alpha (0,1) lattice design. The entry means therefore were adjusted for block effects. The data of the 
two 2000 WS trials were combined with the data of the 1999-2000 DS. Location-season combination wa
considered as one environment for a total of seven environments coded as: 1) s1 (Enrile  DS); 2) s2 
(Cabagan DS); 3) s3 (Matalom DS); 4) s4 (Arakan DS); 5) s5 (Malungon DS); 6) s6 (Arakan WS); and
s7 (Malungon WS). A combined analysis of variance was performed to determine the significance of 
genotype x environment interaction (GEI). Except for the genotypes, all the effects were consider

dom in the analysis. The GEI was further analyzed using the AMMI model (Gauch 1992). The aim
the analysis was to evaluate visually the GEI pattern across environments. The model is described as: 

ijjkikkjiij
k
t

sgy εγαλµ ++++= ∑  ,  
where  ijy  is the mean of the ith genotype at the jth environment, µ is the grand mean, ig  and js  are the 
genotype and environment deviations from the grand mean, respectively, kλ  is the square root of the 
eigenvalue corresponding to the k axis,  ikα and jkγ  are the genotype and environment scores for axis k 
and ijε is the residual error. The additive part of the AMMI model ( ijji ,sg εµ  ,, ) is estimated from an 
ANOVA and the multiplicative part ( jkikk ,, γαλ   ) from a principal component analysis. In this study,  the 
GEI in the AMMI analysis was represented by two terms, AMMI1 and AMMI2. The GEI was graphic
depicted using the biplot of the genotype and environment mean yield on the abscissa, and the 
environment and genotype first PCA on the ordinate. In the biplot,  vertical line represents the grand 
mean of the experiment. Genotypes with the same score on the x-axis have similar means while those 
with the same y score have similar interaction. Displacement along the x-axis indicates differences i
main effects while displacement along the y-axis reflects differences in interaction effects. Genotypes
with PCA1 score near zero have smal

ally 

n 
 

l interaction and show broader adaptation. Genotypes and 
environments with different PCA1 signs have negative interaction while those with the same sign (+ or -) 
interact positively.  
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 Based on the results of the trials, selected varieties were produced in the University of Southern 
Mindanao and Central Mindanao University (CMU) during the 2000-01 DS and 2001 WS. Standard 
procedures for OPV production were followed. With the assistance of local government units, seeds were
distributed to ≈2100 resource poor farmers in Isabela, Leyte, Maguindanao, Cotabato, Sarangani and 
Bukidnon provinces. Each farmer received 10 kgs of seeds. 
 
Results and Discussion 
 

 

the 
ield 
, was 

d 

e 
ny 

ies is due to their 
inab

nts 
 rest 

onsystematic components of the GEI and should be discarded from the model (Crossa et al. 1997). These 
 the precision of yield estimates and should be considered residual variation. 

The environments exhibited variability in both main effects and interactions (Fig. 2). High yields 
gon 

WS  lowest yielding environments. In general, higher yields were obtained in the dry season. 

othe

8), U 9-10 (Entry 16) and USMARCSyn (Entry 18)  are 

perf ently performed well and should be grown in areas similar to those 

perf ted 
to s  native varieties in addition to their low yields, particularly Enrile White 
(Entry 14), have  narrow range of adaptation. Therefore, the use of improved genetics is the key in 
increasing yield in marginal uplands. Considering the  resources of farmers, OPVs are obviously the 
genotypes appropriate in such areas. 

We produced seeds of USM Var 10 and distributed them to  ≈2000 resource poor farmers in Cagayan, 
Isabela, Leyte, Maguindanao, Cotabato and Sarangani provinces (Fig. 3). Seeds of CMU Var 12 were also 

Table 1 shows the mean for grain yield and some agronomic characters across environments of 
eighteen varieties. Highly significant differences for yield were obtained among entries. The mean y
ranged from 1.28 (Entry 14) to 2.93 (Entry 17) t ha-1. AG5355, a commercial hybrid from Monsanto
recently taken out of the market. Entry 10 was the highest yielding OPV. The recommended hybrids an
the OPVs outyielded the native varieties by 35% and  22%,  respectively. The mean yield of the 
experimental OPVs was 26 % higher than the native varieties. Tiniguib (Entry 13) is a very popular nativ
variety in the Central (Visayas) and Southern Philippines (Mindanao). It was the chief source of dow
mildew resistance (DMR) for most DMR resistant tropical corn germplasm. We speculate that natural 
cross pollination through time with improved varieties, particularly hybrids, in the farmer’s field 
improved the yield performance of Tiniguib. The low yield of some improved variet

ility to tolerate stresses prevailing in marginal areas. Overall, the improved varieties outyielded the 
native varieties by 31%. 

Analysis of variance showed that environmental variation and GEI explained 20% and 39% of the 
total variation, respectively. The GEI was highly significant suggesting changes in the relative 
performance of the entries across environments. In the AMMI model, 37% and 24% of the GEI sum of 
squares were explained by the first (AMMI1) and second (AMMI2) principal components,  respectively. 
The residual captured 39% of the G x E interaction sum of squares. Although both AMMI compone
were significant, AMMI1 is most useful because it explained much of the variability due to GEI. The
of the multiplicative terms, even though their axes are statistically significant, are considered noise or 
n
components reduce

were obtained at  Enrile (s1)  and Malungon (s5) during the dry season. Matalom DS (s3) and Malun
 (s7) were the

Malungon and Arakan in both seasons showed positive PCA1 scores, which were not different from each 
r. The other three environments have negative PCA1 scores.  
Results obtained with the AMMI analysis indicated that VISCA Var2 (Entry 6), USM Var 6 (Entry 
SM Var8 (Entry 9), USM Var10 (Entry 10), IES8

the most stable since their PCA1 scores are near zero. However, entries 6 and 9 exhibited below average 
ormance. USM Var 10 consist

used in this study. CMU Var12 (Entry 3), a recommended OPV, had above average yield performance but 
ormed  inconsistently across environments. AG5355 (Entry 17), the highest yielding entry,  is adap
pecific environments. The
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distributed to 100 marginal upland corn farmers in Bukidon. Each farmer received 10 kgs. of OPV. We 
onducted lectures on corn  production and management during the seed distribution program. Production 
uides and brochures, written in local dialects, were also distributed during the program. Although there 
ere some experimental OPVs that performed well in the trials, they were not produced and distributed 

ince they have yet to undergo the NCT and  should be approved by the PSB. In the Philippines, seed 
istribution programs supported and  funded by the government  should use PSB approved varieties. The 
xperimental and recommended OPVs that performed well and exhibited good stability are potential 
ermplasm for a breeding program with emphasis on marginal uplands.  

To fast track the delivery of OPVs, the machinery of the local government units (LGUs) in the 
hilippines should be exploited. In each corn producing region, the regional corn coordinator upon 
ceiving foundation seeds from government breeding institutions should transmit the seeds to the 

rovincial corn coordinators who in turn would hand over the seeds to municipal agricultural officers 
AO) (Fig 4). The municipal corn staff would distribute the seeds to recognize barangay (village) seed 

rowers or accredited cooperatives, who would produce the seeds. Farmers would obtain the seeds from 
e seed growers or cooperatives. Cooperatives with sufficient experience in seed production could 
quest foundation seeds  directly from government breeding institutions. Municipal governments may 

lso grow foundation seeds and distribute their harvests to resource poor farmers. Monitoring of corn 
roduction areas and farmer’s fields are mandated to the municipal corn personnel. 

Appropriate choice of improved varieties would increase the yield of corn in marginal uplands in the 
hilippines. Based on the results of our study, not all recommended OPVs are adapted to marginal 
plands and we suggest that testing be conducted in these environments to address the varietal needs of 
orn farmers in these areas. CIMMYT germplasm  has been instrumental in improving the yield of the 
ilipino corn farmer. In the Philippines, all recommended OPVs were developed directly or partially from 
IMMYT germplasm. USM Var10 is CIMMYT Population 20 and  all USM varieties, which are popular 
 Mindanao, were derived directly from CIMMYT materials. CMU Var10  and CMU Var12 were 

erived from crosses of CIMMYT Suelos Acidos and CMU 474 and CMU selections. S1 or half-sib 
current selection was conducted on these germplasm prior to their approval as recommended OPVs.  
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Figure 1. The location of the trials. 
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Table 1. Mean yield and some agronomic traits of eighteen white corn varieties evaluated at seven 
arginal uplands in the Philippines. 

  Yield Moisture Plant Ear Ear Ear 

m
 
 
Entry Variety  Status* (t ha-1) content height height length diameter 

o.    (%) (cm) (cm) (cm) (cm) 
 IPB 9204 RH 1.88 24.3 166.9 85.5 13.8 4.1 
 CMU Var 10 ROPV 2.05 23.9 191.7 94.8 14.3 4.2 
 CMU Var 12 ROPV 2.25 23.8 192.9 100.6 14.1 4.2 
 CMU Selec 

9902 
EXOPV 2.07 23.6 195.1 98.2 14.3 4.3 

 CMU Selec 
9904 

EXOPV 2.25 23.8 201.4 101.6 14.2 4.4 

 VISCA Var 2 ROPV 1.90 23.1 194.4 101.6 13.3 4.1 
 USM Var 2 ROPV 1.91 23.1 192.0 93.0 14.3 4.1 
 USM Var 6 ROPV 2.09 22.6 188.1 91.1 12.7 4.3 
 USM Var 8 ROPV 1.34 23.5 149.2 66.7 12.3 3.5 
0 USM Var 10 ROPV 2.55 23.9 189.2 93.8 14.3 4.4 
1 USM Var 12 ROPV 1.99 23.9 186.2 91.9 13.7 4.2 
2 USMARC 9902 EXOPV 2.42 23.4 189.7 90.4 13.8 4.3 
3 Local Tiniguib NV 1.85 22.5 204.1 107.5 11.2 4.2 
4 Enrile White NV 1.28 20.0 168.2 79.0 11.1 3.8 

5 IES 89-08 EXOPV 1.78 21.2 167.6 79.0 12.4 4.1 
6 IES 89-10 EXOPV 2.06 22.5 164.8 68.8 13.8 4.1 
7 AG 5355 RH 2.93 23.7 173.3 81.2 13.5 4.3 
8 USMARC 

Syn#1 
EXOPV 2.13 22.9 162.8 71.4 13.7 4.3 

        

n
1
2
3
4

5

6
7
8
9
1
1
1
1
1

1
1
1
1

 
Mean   2.04 23.09 182.08 88.67 13.37 4.16 
LSD .05   0.33 1.26 18.65 9.77 1.51 0.47 
CV(%)   20.04 5.15 9.66 10.39 10.66 10.66 
*ROPV = Recommended OPV;  EXOPV= Experimental OPV;        
RH=Recommended hybrid; NV = Native variety 
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igure. 2. Biplot of main effects and PCA1 score of eighteen white corn varieties grown in 
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Foundation seeds from UPLB, USM, CMU, 
IES and other RIARCs 
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Municipal agricultural officer 
(may produce registered seeds) 

 
 
 
 

 
 

Seed growers/cooperatives 
(will produce registered or certified seeds) 

 
 

 

 
Figure 4. Seed distribution system that would make OPV seeds readily available to  
Farmers. 
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Abstract 
 

Cytoplasmic male sterility (cms) is used increasingly in hybrid seed production, because of its 
superior cost-efficiency. Non-restored cms-hybrids often yield more than their male-fertile counterparts. 
An additional positive effect is found when these cms-hybrids are pollinated by unrelated hybrids. This 
combined effect of cms and genetically dissimilar pollen sources (i.e. xenia) is referred to as the "Plus-
Hyb  

ect 

 

h Asian, 
0) with American, and +8.2 % (p<0.01) with European germplasm. To confirm those 

ndings of small-plot trials, large-strip mixture trials were conducted for three years in the USA and one 
lus-Hybrids in the large-strip mixture trials outyielded their isogenically 

ollinated (partially) male-fertile control. The Plus-Hybrid system is an important option for obtaining 
es in grain yield also in Asia, especially when cytoplasmic male-sterile versions of elite 

ger

e 

How

sary 

 

rid" effect. The Plus-Hybrid system consists of blending a non-restored cms-hybrid with an unrelated
male-fertile hybrid as a pollinator. The objectives of this study were to: (i) determine the combined eff
of male sterility and xenia on the grain yield of male-sterile hybrids as pure stands in small-plot 
experiments and (ii) to evaluate applicable Plus-Hybrids as blends in large-strip mixture trials. Small-plot
experiments were conducted for three years in Thailand with detasseled hybrids, and for two years in the 
USA and three years in Switzerland with cms-hybrids. Compared to their isogenically pollinated male-
fertile counterparts, the average grain yield increases of Plus-Hybrids were +4.4 % (p<0.10) wit
+4.5 % (p<0.1
fi
year in Switzerland. All P
p
substantial increas

mplasm are available. 
Cytoplasmic male sterility (CMS) was extensively studied in the 1950s and 1960s. The outstanding 

advantage of CMS was that mechanical or manual removal of the tassels, and hence considerable costs in 
the hybrid seed production, could be avoided. Some of the researchers at that time reported increases in 
grain yield as a result of CMS. After the epidemic of southern corn leaf blight (Helminthosporium 
maydis, Cochliobolus heterostrophus) in the US Corn Belt in 1970 (Ullstrup, 1972), the use and, 
consequently, the research into CMS was abruptly terminated (Duvick and Noble, 1978). Within a few 
years, hybrid maize companies have switched back completely to normal male-fertile cytoplasm, and 
detasseling was the method of choice for producing hybrid seed. However, with increasing economic 
pressure on the profit margin, which seed producers receive per unit sold, CMS has again become more 
important (B. Fabre, Contrôleur national maïs SOC, France, personal communication). In Europe and th
USA, the number of commercial hybrids produced with CMS is increasing steadily. 

An adequate amount of pollen is necessary to ensure fertilization of all the ovaries of a maize ear. 
ever, what is an adequate amount? About 14 to 50 million pollen grains are shed per fertile plant 

(Feil and Schmid, 2002). This corresponds to a minimum of 100,000 pollen grains per fertilized kernel. 
Already at the end of the 19th century, Watson (1893) concluded from his experiments with detasseled 
plants: "... the experiments indicate that there is more pollen produced by the corn plant than is neces
to produce a maximum crop and that this over production is an exhaustive process". 

Xenia is another biological factor affecting flowering, i.e., the effect of non-isogenic pollination. As
early as at the beginning of last century, the importance of this effect was reported (Carrier, 1919): 
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"Agronomists have been unreasonably slow in accepting that the pollen which fertilizes the silk may 
influence the size and the weight of the grain produced as well as its color."  

ntly 

n 

hybrids with pollen from 
n unrelated hybrid. There are no published studies on the combined effects of male sterility and xenia 

ield.  
ing 

 
rch 

xperiments with male-sterile hybrids and non-related pollinators were grown in pure stands in 
small-plots in Thailand (1996, 1997, and 1998), Switzerland (1998, 1999, and 2000), and USA (1999 and 

ill 933, Ciba G5445, Dekalb 999, Pioneer 3011, Suwan 3601; they 
wer ere 

e 

e-
 

 
 

ere chosen. In the USA, there were eight locations in 1999 and four in 
000 in the Corn Belt area in Illinois, Iowa, and Nebraska (40° - 43°N, 89° - 99° W, 250 - 600 m asl). 

t-plot with two (USA), three (Thailand), and five (Switzerland) replications. The 
ollinator blocks (main-plots) had 17 or 18 (Thailand and Switzerland) and 28 (USA) rows, each 14 to 21 

m l

e or 

The question as to whether detasseling or CMS and, consequently, an interruption of the exhaustive 
process (Watson, 1893) at an early growth stage have positive effects on seed set may be important for 
environments where resources are limited. In a first study with the open-pollinated cultivar Suwan 2 in 
Thailand, we demonstrated that grain yield, number of ears per plant, and harvest index were consiste
higher for the CMS version than for the normal male-fertile version, especially after preanthesis drought 
stress (Stamp et al., 2000). These findings and, moreover, the fact that xenia may indicate that maize 
grain yield is not solely source- but also sink-limited, should lead us to reconsider the status quo of grai
maize production in industrialized countries, where it is common practice to plant one variety per field. 
Bulant and Gallais (1998) showed that xenia increased the grain yields of inbred lines. Similarly, the 
hypothesis can be put forward that it may be beneficial to pollinate male-sterile 
a
with regard to maize grain y

We hypothesized that combining male sterility and xenia to "Plus-Hybrids" is one way of increas
maize grain yields, at least in a range of additive impacts resulting from both these biological factors 
affecting flowering. In order to keep a fast practical application in mind, the prerequisites for the 
experiments were: (i) only current commercial or pre-commercial hybrids should be investigated, (ii) all 
the combinations of germplasm (dent × dent, dent × flint, flint × flint) should be tested in their respective
environments, (iii) all three cytoplasms types (T, C and S) should be used. Thus, a collaborative resea
program was developed to investigate the performance of Plus-Hybrids in Thailand, USA, and 
Switzerland.  
 
Material and Methods 
 
Small-plot trials 

Field e

2000). The Asian cultivars were Carg
e used in a diallel mating design as detasseled hybrids and as pollinators. The European cultivars w

Silpro and Delprim and were used as cms-hybrids (T-cytoplasm) and as pollinators in their male-fertil
versions; an additional non-related pollinator was Banguy. The cytoplasmic male-sterile US cultivars 
were N58-D1 (C-cytoplasm), N6423, and NX6506 (both with S-cytoplasm); the pollinators were the mal
fertile versions thereof and the Pioneer Brand Pi3489. The field experiments in Thailand were conducted
in the dry season of 1996/1997 and in the in the late rainy seasons of 1997 and 1998 at the National Corn 
and Sorghum Research Center, Suwan Farm, in the Nakhon Ratchashima province (14°30' N, 101°30' E,
356 m asl.). In Switzerland nine environments (46°53' - 47°35' N, 6°58' - 8°48' E, 350 to 550 m asl) in
three different maturity zones w
2

The design was a spli
p

ong and 0.75 m apart. The plant density was 5.3 (Thailand), 11.5 (Switzerland), and 7.2 (USA) plants 
m-2. The sub-plots, each with two rows about 5 m long, were planted randomly inside the pollinator 
blocks with the male-sterile hybrids and the same male-fertile hybrid as the respective pollinator. On
two rows of pollinators were sown between the male-sterile hybrids, to ensure a non limiting supply of 
pollen. Three or four border rows of the main plot and rows (2.5 m - 5 m long) at each end of the sub-
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plots were additional sources of pollen and acted as buffer zones to minimize contamination by pollen
from neighboring pollinator blocks (Figure 1). 

Agricultural practices were according to the local standard. Nitrogen fertilization was 110 kg (split 
into two applications) in Thailand, 180 kg (split into three applications) in Switzerland, and 200 k
(one application at planting) in the USA. During the dry season (1996/1997) in Thailand, the field tria
was irrigated in a weekly interval (40 to 50mm m

 

g N ha-1 
l 

plan

 80 
 

nd 
 

cording 
ts. In both countries, the six center rows were 

com

 were 

in grain yield of +8.2 % (p<0.01) and +6.5 % (p<0.05) were found in the small-plot experiments in 
Switzerland and in the large-strip mixture trials in the USA, respectively (Tables 3 and 4). Yield increases 
that were almost significant (p<0.10) were found in the small-plot experiments in Thailand (+4.4 %) and 

-2 by sprinkler and later using furrow irrigation). In 
Thailand, detasseling was done as soon as the tassels emerged from the top leaf whorl. The tassels from 
the plants used as male-sterile hybrids were pulled off carefully before any pollen was shed; in this way 
the leaves were not destroyed. At physiological maturity (black layer formation), the sub-plots (30-60 

ts) were manually harvested, and the ears were dried to a moisture content of about 60 g H2O kg-1. 
The ears were shelled and a 500 g sub-sample was dried at 65°C to constant weight to determine grain 
yield and kernel weight on a dry weight basis and kernel number per unit area. 
 
Large-strip mixture trials 

In Switzerland, the large-strip mixture trials were conducted with 100 % (male-fertile) Silpro, a 
mixture of 85 % Silpro ms and 15 % pollinators (Silpro, Delprim and Banguy), and a mixture of 85% 
Silpro ms and 7.5 % Delprim and 7.5 % Banguy. The trials were planted in strips (45 m long, consisting 
of 16 rows) at the same three sites as selected for the small-plot trials in 2000. In the USA, mixtures of
% N6423 ms with 20 % pollinators (N6423, NX6506 and Pi3489) were planted from 1998 to 2000 at 32
locations in the Corn Belt. N6423 ms was tested for three years with NX6506 and for two years with 
N6423 and Pi3489. The commercial hybrid N6423 was partly produced by using a female cms-line a
was not completely restored. Therefore, a completely male-fertile version was not available. A standard
blend of 50 % fertile and 50 % sterile plants was used instead as the control treatment. The trials were 
sown in strips (150 m long, comprising 42 rows). The experiments were planted and conducted ac
to best farmers practices, and were supervised by the scientis

bine-harvested. Grain yield and moisture content were recorded and yields were adjusted to 15.5 % 
moisture. 

 
Calculation of effects and statistics 

The grain yield of a non-isogenically pollinated male-sterile hybrid was compared with the grain 
yield of its male-fertile counterpart (i.e. the status quo scenario). A non-isogenically pollinated male-
sterile hybrid is a male-sterile hybrid pollinated by pollen from an unrelated genotype. Differences in 
grain yield were calculated as the combined effect of male sterility and cross-pollination, designated as 
"Plus-Hybrid effect". Analysis of variance and mean comparisons of yields were conducted with PROC 
GLM (SAS Institute Inc., 1989). The plant density at harvest was a covariance factor. Environments
combinations of years and locations and treated as random factors. Sources of variation and appropriate 
F-ratios were used according to McIntosh (1983). The comparison of means was performed with the 
Student-Newman-Keuls test.  
 
Results and Discussion 
 

The average grain yields of Plus-Hybrids were higher than those of the status quo scenario; this was 
observed with every of the three (Asian, European, American) germplasm sources. Significant increases 
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the USA (+4.5 %) (Tables 1 and 2). In the large-strip mixture trials in Switzerland, ample yield gains 
(+10.5 %) were observed with Plus-Hybrids, but they were not significant; this may be due to the 
relatively small number of environments (Table 5). Nevertheless, the large yield increases of Silpro ms
mixtures confirmed the findings of the small-plot trials in the first two years (1998 and 1999) in 
Switzerland (Weingartner et al., 2002) when the best combination of a male-sterile hybrid and a non-
isogenic pollinator increased grain yield by 21.4 % compared to the normal male-fertile hybrid. With t
exception of four Asian combinations of a male-sterile hybrid with a non-isogenic pollinator (Table 1), 3
of 34 Plus-Hybrids outyielded the status quo scenario in pure stands in the small-plot trials. Plus-Hybrids
as mixtures in the large-strip trials, always had higher yields than the control strips of male-fertile hybrids.

Results obtained with Asian detasseled hybrids were not as clear-cut as those obtained with Euro
and American cms-hybrids

 in 

he 
0 
, 

 
pean 

. The grain yields across all Asian combinations of hybrids differed greatly in 
e three different seasons: 9.9 t ha-1 in the dry season with irrigation in 1996/1997, 7.4 t ha-1 in the rainy 

7, and 3.2 t ha-1 in the rainy season with lodging and leaf rust (Puccinia polysora Underw.) 
 the rainy season in 1998. The genotype × season interaction was highly significant across all three 

sea , 
reason 

an 
o 

seled 

ed 

. 
 

eatest effect on grain yield. Consequently, all nutrients available to 
e plants by water fluxes (especially nitrogen) may be less available to male-fertile plants, and this may 

rain yield (Vega et al., 2001). Gautam et al. (2000) also reported significantly higher 
rain yields when 50 % and 75 % of the tassels were removed than when no tassels or 25 % of the tassels 

wer

t. This was in accordance with the findings 
f Bulant and Gallais (1998), who found that cross-pollination increases the level of heterozygosity of the 

kernel, referred to as sink strength. Furthermore, the TopCross1 method (Lambert et al., 1998) showed 
that paternal genes can influence the quality of the kernel, i.e. the oil concentration in the endosperm and 
the embryo. There are no indications that an increase in grain yield, similar to such an increase in grain 
quality, should not as well be possible after cross-pollination. (Westgate et al., 1999).  

American and Asian germplasm may not have shown a significant reaction to xenia because of their 
level of heterozygosity. The most obvious advantages of combined male sterility and xenia were found 

                                                

th
season in 199
in

sons, indicating that the yield performance of the different hybrids depended strongly on the season
i.e. on the climatic conditions and the phytopathologic pressure in the particular seasons. Another 
may be the different treatments to induce male sterility. In the experiments with European and Americ
germpalsm, male sterility was induced by a male-sterile cytoplasm (CMS). For Asian germplasm, n
modern grain maize hybrids could be identified which were cytoplasmically male-sterile. Hence, male 
sterility in our study was induced by manual detasseling. Therefore, the results obtained with detas
plants may not be compared without restrictions to results obtained with cms-plants. Every plant on 
normal male-fertile cytoplasm is predisposed to develop functional male flowering organs and to sh
viable pollen. If male-fertile plants are detasseled shortly before flowering, the advantages of cytoplasmic 
male-sterile plants may not be found to the same extent in detasseled plants, because microspore 
development may have already started and injury occurred. 

In general, advantages of male-sterile plants are probably linked to limited use of growth resources
Vincent and Woolley (1972) showed that under moisture stress, corn plants with male-sterile cytoplasm
extracted more moisture from the soil than their male-fertile counterparts; this was most evident at 
anthesis when plant moisture has its gr
th
reduce the potential g
g

e removed. Weingartner et al. (2002) calculated the amounts of nitrogen that were not used for pollen 
production by a stand of male-sterile plants, at sites in Europe, compared to the status quo scenario, to be 
as high as 10 to 30 kg N ha-1. They also showed that male sterility per se causes increases in kernel 
number, whereas xenia per se causes increases in kernel weigh
o

 
1 TopCross is a registered trademark of DuPont Specialty Grains, Johnston, IA. 
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with European dent × flint germplasm. The US dent hybrids did not show the same large yield gains but 
ey did show positive reactions to both effects. The Asian germplasm used in this study consisted of flint 

it 
fro tigated in our experiments; the likelihood of finding a 

nt 
tha ermplasm. Therefore, the potential benefit from xenia may be 

the s 
were blended. Using two non-related cultivars as pollinators instead of a only one may be a possibility to 

pe

Co

ignificantly increase the 
es of 

-
Hy nditions. Although Asian germplasm could not be tested with 

s to 
be Asian hybrids are 

Hy mplasm,. The aim of generating consistent and high yield 
te and 

ge
her 

yie ost recently released hybrids. 
 
s 

the
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th
or semi-flint hybrids. According to Bulant and Gallais (1998), genetic distance is necessary to benef

m xenia. Genetic distance was not inves
pollinator which is a sufficiently distant relative to a detasseled hybrid may be greater in the dent × fli

n in the dent or flint and semi-flint g
higher for European germplasm. It is assumed that additive effects of heterozygosity become operative; 

 highest yield gain in the large-strip mixture trials in Switzerland was observed when two pollinator

increase the level of heterozygosity or, in other words, to minimize the risks associated with poorly 
rforming Plus-Hybrids. 

 
nclusion 

 
The Plus-Hybrid system, a combination of male sterility and xenia, can s

grain yield of maize hybrids. Results obtained with pure stands were confirmed with mixtur
cytoplasmic male-sterile and male-fertile non-related pollinators; this method will be used when Plus

brids are grown under practical co
cytoplasmic male-sterile hybrids, the potential to achieve higher grain yields with Plus-Hybrids seem

 inherent in detasseled Asian germplasm, too. Once cytoplasmic male-sterile 
available, this potential will probably result in substantial increases in yield, comparable to those of Plus-

brids with European or American ger
increases in a Plus-Hybrid system, can only be achieved when outstanding combinations include eli

netically diverse germplasm. This can be done by combining different sources of germplasm based on 
pedigree information or marker-evaluated genetic distance. Plus-Hybrids must not only produce hig

lds than either of its two components, but must also outperform the m
Since the life cycle of a grain-maize hybrid is often relatively short, promising new inbreds, which are
potential components of a Plus-Hybrid, should be converted to male-sterile versions at the same time a

y are used to produce test-hybrids. 
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Plus-hybrid to increase yield 

Table 1. Performance of Plus-Hybrids tested in small-plot trials inThailand in three years. Changes
(%) in grain yield are presented in relation to the isogenically pollinated male-fertile hybrid.  

 

H p ‡ t 
 

ybrid ollinator yield SNK Plus-Hybrid effec
  t ha-1  % 
Ca ill 993 (status quo) .0 A 0.0 
Ca  ms Cargill 993  6.7 ⎯ 
 C  -0.4 
 D
 P 011  +4.7 
 S 1  +2.7 
 P ids  +1.6 

Ci a G5445 ( 6.8 0.0 
Ci a G5445 ms C 5445  7.3 A ⎯ 
 Cargill 993 7.1 A +3.7 
 Dekal 2 A +5.7 
 P
 S  
 P ids S +4.8 

D ( )  0 
D s D 9  ⎯ 
 C 5.9 +5.8 
 C 5445 6.1 A +9.5 
 P  3011 6.5 A +16.8 
 S 6.4 
 P  S +12.1 

Pi ( )  0 
Pi s P 11  ⎯ 
 C 3 
 C 5 
 D 9 
 S 7.4 +3.7 
 Plus-Hybrids  NS +0.6 

Su (  A 0.0 
Su S  A ⎯ 
 Cargill 993  8.0 A +8.8 
 C 5445 7.8 A +5.7 
 Dekalb 999 4 A +0.7 
 P  3011 6 A +2.4 
 Plus-Hybrids  NS +4.4 

A  quo 6.8   
A .1 † +4.4

En nm     
G  S   
Plus-Hybrid vs status quo †   

rg 7
rgill 993 A 

Aiba G5445 7.0 
ekalb 999 7.0 A -0.6 
ioneer 3 7.3 A
uwan 360

r
7.2 A

Slus-Hyb  N

b status quo) A 
b iba G

b 999 
ioneer 3011 

7.
7.2 A +5.1 

uwan 3601 7.2 A +4.8 
lus-Hybr  N

ekalb 999 status quo 5.5 A 0.
ekalb 999 m ekalb 99 5.9 A 

argill 993 A 
iba G
ioneer
uwan 3601 
lus-Hybrids

6.4 
 

A +1
N

oneer 3011 
oneer 3011 m

status quo
0

7.1
7.2 

A 0.
A ioneer 3

argill 99 6.8 A -4.5 
iba G544 7.0 A -1.6 
ekalb 99 7.5 A +5.0 
uwan 3601 A 

wan 3601 status quo) 7.4
wan 3601 ms uwan 3601  7.9

iba G
7.
7.ioneer

verage status
verage Plus-Hybrids 7  

viro ent
enotype 

*** 
N

Genotype × (Plus-Hybrid vs status quo) NS   
R2  0. 96   
CV (%)  10.7   

 

‡ Grain yield adjusted to a moisture content of 155 g kg-1. †, *** Significant at the 0.1 and 0.001 probability levels, 
respectively. NS = non-significant. Means in a column not followed by the same letter are significantly different at the 
0.05 probability level according to the Student-Newman-Keuls test. 
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Table 2. Performance of Plus-Hybrids tested in small-plot trials in the USA in two years. Changes 

Hybrid pollinator yield ‡ SNK Plus-Hybrid effect 

(%) in grain yield are presented in relation to the isogenically pollinated male-fertile hybrid.  
 

  t ha-1  % 
     

0.0 N58-D1 (status quo) 11.6 AB 
58-D1 ms 58-D1  
58-D1 ms 6423 1.9 B 2.7 

s   
+  

rids  

6423 tatus quo) 1.6  .0 
6423 ms 6423 11 .8   

s  
 +  

ids  

X6205 tatus quo) 0.9  .0 
   
 

X6205 ms 6423 1.9  9.2 
X6205 ms X6506 2.2  12.0 

i3489  9.2 
lus-Hybrids S 9.2 

ge Plus-Hybrids 11.9 † +4.5 

Environment  ***   

 0.93   
CV (%)  9.2   

N N 11.5 A ⎯ 
N N 1 A +
N58-D1 m NX6506 11.7 AB +1.3
N58-D1 ms Pi3489 12.3 B 6.5
 Plus-Hyb  NS +3.5 
     
     
N (s 1 A 0
N N A ⎯
N6423 m N58-D1 11.8 A +0.9
N6423 ms NX6506 11.9 A 2.1
N6423 ms Pi3489 11.9 A +2.6 
 Plus-Hybr  NS +1.9 
     
     
N (s 1 A 0
NX6205 ms NX6205 11.4 A ⎯
NX6205 ms N58-D1 11.6 A +6.5 
N N 1 A +
N N 1 A +
NX6205 ms P 11.9 A +
 P  N +
     
Average status quo 
Avera

11.4   

     
     

Genotype  NS   
Plus-Hybrid vs status quo †   
Genotype × (Plus-Hybrid vs status quo) NS   
R2

 

‡ Grain yield adjusted to a moisture content of 155 g kg-1. †, *** Significant at the 0.1 and 0.001 
probability levels, respectively. NS = non-significant. Means in a column not followed by the same 
letter are significantly different at the 0.05 probability level according to the Student-Newman-Keuls 
test. 
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Table 3. Performance of Plus-Hybrids tested in small-plot trials in Switzerland in three years. 
Changes (%) in grain yield are presented in relation to the isogenically pollinated male-fertile 
hybrid.  

Hybrid pollinator yield ‡ SNK Plus-Hybrid 
effect 

 

  t ha-1  % 
     

r   .6 A 0.0 
r m .3 A ⎯ 
r y .4 A +6.6 

Delprim ms 11.7 A +1.0 
 Plus-Hybrids  NS +3.8 
   
   

o   .0 A 0.0 
o .2 A ⎯ 

Silpro ms Banguy 13.1 B +9.9 

verage status quo 11.8   
Average Plus-Hybrids 12.7 ** +8.2 

Genotype  
Plus-Hybrid v  
Genotype × (Plus-Hybrid vs status 
quo) 

S  

2 3 
V (  

Delp im (status quo) 11  
Delp im ms Delpri  12   
Delp im ms Bangu  12  

Silpro  

  
  

Silpr (status quo) 12  
Silpr  ms Silpro 12   

Silpro ms Delprim 13.7 B +15.0 
 Plus-Hybrids  ** +12.5 
     
     
A

     
     
Environment  ***   

† 
* 

  
 s status quo *  

 N

R  0.7   
C %)  9.6   

 
in yield adj‡ Gra ust ntent o kg †, *  Significant at the 0.1, 

0.01 rob le ectivel n sign n not 
followed by the same letter are significantly  a e 0. bability lev ding to 
the Student-Newma -Keuls 

ed to a moisture co f 155 g -1. *, ***
and 0.001 p ability vels, resp y. NS = on- ificant. Means in 

05 pro
a colum
el accordifferent t th

n test. 
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Table 4 - Performance of Plus-Hybrids tested in large-strip mixture trials in the USA. Changes (%) 
in grain ield are  N6423ms. 

 
Hybrid  Hybrid 

 

 y presented in relation to the isogenic blend with 50 %

pollinator  E yield‡ SNK Plus-
effect

     t ha-1  % 
   
N6423 ms (50%)§

     
N642(50%)§ 16 10.7 

6
A 0.0 

⎯N6423 ms (80%) 
N6423 (80%) 6
N6423 (80%) 
  

  
  
N6423 (50%)§

N6423 
NX6506 

(20%) 1  11.2 AB  
B +7.1 ms (20%) 1  11.5 

ms Pi3489 
Plus-

(20%) 1
  

6 11.4 
 

B +5.9 
* +6.5 

Hybrids 
      
 

N6
  

4
   

ms 2(50%)§ 32 10.8 A 0.0 
N6423 (80%) ms NX6506  (20%) 32 11.4 B +5.2 
 

‡ Grain yi ted to a m ture content of 155 g k n not followed by the 
ame lette 0.05 probability level according to the Student-

 
Table 5. Performance of Plus-Hybrids tested in large-strip mixture trials in Switzerland. Changes 
(%) in grain yield are presented in relation to the male-fertile hybrid Silpro. 

 
Hybrid  pollinator  E yield‡ SNK Plus-Hybrid effect 

eld adjus
r are significantly different at the 

ois g-1. Means in a colum
s
Newman-Keuls Test. * Significant at the 0.05 probability level. NS = non-significant. E = number 
of environments. § Standardized seed blends of 50 % fertile and 50 % sterile represent status quo 
for this hybrid. 
 

     t ha-1  % 
        
Silpro  (status quo)  3 11.1 A 0.0 
Silpro ms (85%) Silpro (15%) 3 11.3 A ⎯ 
Silpro ms (85%) Banguy (15%) 3 12.0 A +8.1 
Silpro ms (85%) Delprim (15%) 3 12.2 A +9.9 
Silpro ms (85%) Delprim (7.5%) 3    
  Banguy (7.5%) 3 12.2 A +10.5 
  Plus-

Hybrids 
   NS +9.5 

 

‡ Grain yield adjusted to a moisture content of 155 g kg-1. Means in a column not followed by the same 
letter are significantly different at the 0.05 probability level according to the Student-Newman-Keuls 
test. NS = non-significant. E = number of environments. 
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Row 
 

    
1 
2 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

3 
4 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

5 
6 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

hybrid 1 ms 
hybrid 1 ms  

hy
hy

brid 2 ms 
brid 2 ms 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

7 
8 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

9 
10 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

hybrid 3 ms  
hybrid 3 ms  

hybrid 4 ms  
hybrid 4 ms  

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

11 
12 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

13 
14 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

hybrid 5 ms  
hybrid 5 ms  

hybrid 1 
hybrid 1 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

15 
16 

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

17 
18 

⎯⎯ hybrid1 
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯

     
meters 0 4 8 12 16 

 
Figure 1: Schematic experimental layout of a pollinator block in Switzerland. The pollinator in this 
xample is the fertile hybrid 1. This genotype surrounds the sub-plots with the five cms-hybrids. 

tested in the sixth sub-plot in the pollinator block. 
e
The male-fertile version of hybrid 1 is 
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tive, inexpensive, and less time-consuming method. 

ays tended to choose the more productive lines but have hesitated to discard 
tho

s 
2) 

re 
essive 

ided (Hull, 1945, 1952). 
Rawlings and Thomson (1962) reported that a low gene frequency in the tester will give greater variance 

 of genes, while high gene frequency in the tester may give 
grea

female 
ic contribution 

of t ss 
 

ulations per se and population crosses, as well as the combining ability of 
inbr

or 
 

Abstract 
 

The objectives of this research were to compare S1, S1 testcrossed with low-(TC1) and high-(TC2

favorable gene testers methods in Caripeno DMR (S)C5 and Suwan 1(S)C10 populations for evaluating 
S1 lines, correlations among these methods, responses to selection, and general and specific combining 
ability of S3 lines. The testers of the TC1 and TC2 methods were Cycle 0 and the later cycle of the 
opposite population, respectively. Results, averaged from both populations, revealed that genet
variability among progenies were S1 > TC1, S1 > TC2, and TC1 > TC2 by 2.4, 3.3, and 1.4 times for grain
yield; and 2.0, 3.5, and 1.8 times for 14 agronomic traits, respectively. Correlation coefficients for gr
yield were 0.521 for S1 and TC1, 0.450 for S1 and TC2, and 0.498 for TC1 and TC2. The S1 method gave
higher mean yield of the 10 S1 lines for high yield selection than those of the TC1 (13%) and TC2 (15%) 
methods. All of populations per se, interpopulation crosses, and testcrosses showed the same rank of 
responses to high yield selection; S1 > TC1 > TC2. Compared to the inbred and hybrid checks for grain 
yield, the orders were TC1 (11) > S1 (10) > TC2 (9) for selecting high GCA-S3 lines, and S1 (22) > TC1 
(21) > TC2 (4) for selecting significant S3 x S3 hybrids. In conclusion, the TC2 method was less efficient 
and the S1 method was the most effec
 
Introduction 
 

Corn breeders have alw
se with mediocre yields because of the possibility that some lines might possess superior combining 

ability (Honer et al., 1977). Therefore, an effective method is needed for breeders to identify good line
which have both high seed yield and high combining ability with other lines. Selfed progeny (S1 or S
and testcross methods have been widely used for corn breeders to identify superior lines for population 
improvement and hybrid development. For the testcross method, types of testers to evaluate new lines a
still being investigated. Theoretically, the most efficient tester should be one that is homozygous rec
at all loci, and that homozygosity for dominant alleles at any locus should be avo

in the range of partial to complete dominance
ter variance if over dominance is prevalent. 
The S1 and S2 line per se methods are used by many breeders, where stable and high-yielding 

lines are needed. The methods are expected to be more efficient due to the lack of the genet
he tester. Moreover, they are more efficient in utilizing additive genetic variance than the testcro

method, when selecting for combining ability (Comstock, 1964). Consequently, the effective method for
improving the yields of pop

ed lines, should be investigated in heterotic populations. 
The objectives of this research were to: (i) compare the evaluation methods of S1 line per se (S1), 

testcross with a low-favorable gene tester (TC1), and testcross with a high-favorable gene tester (TC2) f
evaluating S1 lines, (ii) study correlation among the three evaluation methods, (iii) study responses to
selection of the three methods, and (iv) study general and specific combining ability of  S3 lines 
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developed from the three methods, in a heterotic population of Caripeno DMR (S)C5 and Suwan 
1(S)C10.  
 
Materials and Methods 
 

Three evaluation methods of S1 line per se (S1), S1 test-crossed with low-(TC1) and high-(TC2) 
favorable gene testers were used in two broad genetically based populations; Caripeno DMR (S)C5
Suwan 1(S)C10. The tester of the TC

 and 
d of the TC2 method was the later cycle 

of S
l 

 of 

son, the 12 synthetics, their 12 
terpopulation crosses, the 12 synthetic testcrossed with the later cycle of an opposite population, four 

88, six possible crosses of the four testers, and three population checks 
(Su h 

 

ps as 
inbr ripeno 

 

.2% (6.99 vs. 5.41 t/ha), respectively 
(Ta  

1 

hese results supported Hull’s (1945, 1952) theory that the most efficient tester would be one that is 

avo

1 method was the cycle 0; an
1 recurrent selection of the opposite population. A hundred progenies from each method in each 

population were evaluated in a 10 x 10 simple lattice design in the 1988 early rainy season at the Nationa
Corn and Sorghum Research Center (Suwan Farm), Nakhonratchasima. Ten entries selected from each
the highest (H) and lowest (L) yields of each method in the two populations were then grouped by using 
their S2 seeds to form 12 synthetics. In the 1989 early rainy sea
in
population testers used in 19

wan 1(S)C11, Suwan 3(S)C4, and KS 5(S)C2) were evaluated in a 7 x 7 Simple lattice design wit
two sets. A cross-classification mating design (North Carolina Design II) was also used to evaluate the
types of gene action and the performance of 10 S3 lines derived from the 10 S1 lines from the H selection 
of each method in each population. Two commercial inbred lines were added in 10-S3 lines grou

ed and hybrid checks in each method; e.g., Ki 3 derived from Suwan 1(S)C4 and Ki 20 from Ca
DMR (S)C1. Then, each of  121 interpopulation hybrids of the three evaluation methods were tested in a 
11 x 11 triple lattice design (Fig. 1). 
 
Results and Discussion 

Evaluation of four testers 
Results of a diallel cross of four population testers of Caripeno DMR (S)C0, C5 and Suwan 1(S)C0, 

C10 revealed that Caripeno DMR (S)C5 and Suwan 1(S)C10 gave highly significant (P < 0.01) yield 
increase over their Cycles 0 by 24.4 (7.06 vs. 5.68 t/ha) and 29

ble 1). The C5 x C10 also gave highly significant yield increase (P < 0.01) over its C0 x C0 by 43.4%
(7.80 vs. 5.44 t/ha) and had midparent heterosis of 11.1%. These results indicated that the later cycles, 
used as testers for the TC2 method, had higher favorable gene frequencies for grain yield and other 
agronomic traits than those of the Cycles 0, used as testers for the TC1 method. 

 
Genotypic coefficients of Variation (GCV) 

The results of genetic variability among progenies evaluated over both populations were S1 > TC1, S
> TC2, and TC1 > TC2 by 2.0, 3.5, and 1.8 times, respectively, for all of 14 agronomic characters 
measured (Table 2), and by 2.4, 3.3, and 1.4 times, respectively, for grain yield (Table 3).  

It is apparent that the level of dominance is in the range of partial to complete dominance, and 
overdominance show little effect on important traits because the GCV values of the three methods were 
ranked as S1 > TC1 > TC2.  

T
homozygous recessive at all loci and that homozygosity for dominant alleles at an locus should by 

ided. The data also supported the hypothesis of Rawlings and Thompson (1962) and the computer 
simulation results of Smith (1986) that the use of a high performance (good) tester would reduce the 
genetic variance among testcrosses due to the masking effects of dominance in the tester. The results 
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agreed with the report of Hallauer and Lopez-Perez (1979) who found that S1 and S8 lines of BSSS 
population testcrossed to BSSS and BSSS-222 (a poor-performance line derived from BSSS) gave greate
variability among testcrosses than those testcrossed to BS1

r 
3(S)C1 (a BSSS population after 7 cycles of 

half
 line 

he 
th the comparative studies of S1 and testcross 

(ha e 

 

). 
ain 

ue 

 

 
 (Table 6). However, the effective method for selection for low yield in 

per
5%) 

 

ner and 
Smi

ore 

r as 

-sib selection and 1 cycle of S1 - S2 recurrent selection) and B73 (a good-performance line derived 
from BS13(HS)C5). The results were also similar to the study of Jampatong (1988) who found that S1

per se of EMBU 11 population gave more genetic variability than S1 lines testcrossed to Ki 11 (an 
unrelated inbred line having high-recessive gene frequency derived from Suwan 1(S)C4 and those 
testcrossed to Suwan 1(S)C9 by 2.9 and 3.8 times, respectively.  

The S1 method gave greater genetic variability among the S1 lines than among the TC1 and TC2 
testcrosses for grain yield and other traits because the S1 lines per se did not have the interference of t
genetic contribution of the tester. The results agreed wi

lf-sib) performance of Genter and Alexander (1962); Lonnquist and Lindsey (1964); Duclos and Cran
(1968); Carangal et al. (1971); Lamkey and Hallauer (1986).  

Coefficients of correlation 
Number of significant coefficients of correlation (r) among the three methods for 14 agronomic 

characters, over both populations, were ranked as S1 and TC1 > S1 and TC2 > TC1 and TC2 (Table 4
Correlation coefficients (r) among the three evaluation methods, averaged over both populations, for gr
yield were 0.521 for S1 and TC1, 0.450 for S1 and TC2, and 0.498 for TC1 and TC2 (Tables 3).  

The results were in good agreement with the computer simulation results of Smith (1986) who 
demonstrated that a high performance (good) tester can reduce the genetic variance among testcrosses d
to the masking effects of dominance in the tester. 
 
High and low selections for grain yield of S1 lines 

Over both populations, the number of common S1 lines were ranked as S1 and TC1 (7) > S1 and TC2 
(6) > TC1 and TC2 (4) > S1, TC1 and TC2 (3) for 10 highest-yielding group and TC1 and TC2 (8) > S1; and 
TC1 (6) > S1 and TC2 (4) > S1, TC1 and TC2 (2) for 10 lowest-yielding group (Table 5). Lines selected for 
high or low performance by the S1 and TC1 methods, over both populations, were strongly correlated than
by the S1 and TC2 methods and by the TC1 and TC2 methods.  

Over both populations, lines selected for high or low testcross or S1 line performance were also high
or low for other testing methods

centage of high yield was S1 > TC1 > TC2. The S1 method, averaged from both populations, gave 
higher mean yield of the 10 S1 lines in the high (H) selection than those of the TC1 (13%) and TC2 (1
methods (Table 5). Conversely, it gave lower mean yield of the 10 S1 lines in the low (L) selection than
those of the TC1 (22%) and TC2 (32%) methods (Table 6).  

The results supported many investigators (Duclos and Crane, 1968; Burton et al., 1971; Tan
th, 1987; Rodriquez and Hallauer, 1988) that the S1 method was superior to the testcross methods for 

improving the yields of S1 lines, yet it is effective in reducing inbreeding. Thus it should result in m
vigorous and high-yielding inbred lines than the testcross method. Evidently, the S1 method is more 
effective in decreasing the frequency of recessive deleterious genes which have a major effect on vigo
homozygosity increases.  

 
Evaluation of responses to selection of populations per se, interpopulation crosses, and testcrosses 

There were no significant differences among populations per se and among testcrosses of Caripeno 
DMR (S)C5 and Suwan 1(S)C10 improved for one cycle of high and low yields by the three methods. 
However, there was significant (P < 0.05) difference among interpopulation crosses improved for high 
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yield by the three methods. Over both populations, the orders of responses to the selection for grain
(relative to Cycle 0) were S

 yield 
C2 (-1.4%) for the H selection; and S1 (-6.0%) < 

TC

 over the C0 x C0 was TC1 (-15.8%) < S1 (-9.7%) < TC2 (-5.5%) (Table 8). 
h AC0 

e, 

is 
 

frequencies (Comstock, 1964; Wright, 1980). Results from computer simulation studies also indicated 
thod should be a very effective method of recurrent selection (Choo and Kannenberg, 1979; 

right, 1980). Moreover, the data were in good agreement with the results from both theoretical and 
sim

 TC2 
 

 gene 
h partial to complete dominance in both populations. 

The data indicated that the S1 and TC1 methods were superior to the TC2 method for selecting high 
ng hybrids. 

In conclusion, the TC2 method was less efficient in evaluating S1 lines than the S1 and TC1 methods 

betw

dev n the testcross methods. 
 

hom ty for dominant alleles at an locus should be 

sim Smith (1986) that the use of a high performance (good) tester would reduce the 
lts 

agre at S1 and S8 lines of BSSS 
r 

vari an those testcrossed to BS13(S)C1 (a BSSS population after 7 cycles of 

from e greater genetic variability among the S1 lines than among the 

1 (1.9%) > TC1 (-0.8%) > T
1 (-5.1%) < TC2 (-4.0%) for the L selection (Table 7).  
From the responses to the H selection for grain yield of interpopulation cross of H x H combination, 

the S1, TC1, and TC2 methods gave 3.3, -1.6, -11.6% higher than the C0 x C0 cross, respectively. An 
interpopulation cross of the TC2 method gave lower yield than those of the S1 (P < 0.01) and TC1 (P < 
0.05) methods (6.90 vs. 8.06 and 7.68 t/ha, respectively). An order of response to the L selection for grain 
yield of L x L combination

Responses to the selection for grain yield over both interpopulation crosses and testcrosses wit
or BC0, on the average, were S1 (-1.5% > TC1 (-2.8%) > TC2 (-7.1%) for the H selection; and TC1 (-
7.5%) < S1 (-5.8%) < TC2 (-5.7%) for the L selection. 

Over both populations, all of populations per se, interpopulation crosses and testcrosses showed the 
same rank of responses to the H selection for grain yield; S1 > TC1 > TC2. 

The S1 method was the most effective method for improving grain yields of populations per s
interpopulation crosses and testcrosses. The results supported theoretical comparisons of different 
methods of recurrent selection indicated that, in the absence of overdominance, the S1 or S2 method 
expected to be appreciably more effective than the testcross method for changing population gene

that the S1 me
W

ulation studies of Wright (1980). He demonstrated that use of S1 testing was superior to the lowest 
homozygote tester for all models including simple directional dominance. 
 
Responses to the selection of inter-population hybrids 

Compared to the inbred and hybrid checks over both populations, the orders of three methods were 
TC1 (11) > S1 (10) > TC2 (9) for selecting S3 lines with higher GCA effects; and S1 (22) > TC1 (21) >
(4) for selecting S3 x S3 hybrids with higher significant yields. Most of the variation in all traits evaluated
by the three methods was attributed to general combining ability (GCA). Consequently, the type of
action was additive wit

SCA or high-yieldi

because of the masking effects of high-favorable gene frequency in the tester. Also, the correlation 
een the TC2 and S1 methods was lower than the TC1 and S1 methods. The S1 method was the most 

effective method for selecting superior S1 lines for intra and interpopulation improvement and hybrid 
elopment. Moreover, it is inexpensive and less time-consuming tha
These results supported Hull’s (1945, 1952) theory that the most efficient tester would be one that is
ozygous recessive at all loci and that homozygosi

avoided. The data also supported the hypothesis of Rawlings and Thompson (1962) and the computer 
ulation results of 

genetic variance among testcrosses due to the masking effects of dominance in the tester. The resu
ed with the results of Hallauer and Lopez-Perez (1979) who found th

population testcrossed to BSSS and BSSS-222 (a poor-performance line derived from BSSS) gave greate
ability among testcrosses th

half-sib selection and 1 cycle of S1 - S2 recurrent selection) and B73 (a good-performance line derived 
 BS13(HS)C5). The S1 method gav

- 179 - 



Use of testers 

TC1 and TC2 testcrosses for grain yield and other traits because the S1 lines per se did not have the 
rference of the genetic contribution of the tester.  inte

 
Smith, 1987; Rodriquez and Hallauer, 1988) that the S1 method was superior to the testcross methods for 

vigo s than the testcross method. Evidently, the S1 method is more 
or as 

hom

pop  supported theoretical comparisons 
 

method is expected to be appreciably more effective than the testcross method for changing population 

ind ld be a very effective method of recurrent selection (Choo and 
 

theoretical and simulation studies of Wright (1980). He demonstrated that the use of S1 testing was 

Con

he overdominance range is not important in 
both populations because the S1 and TC1 methods were superior to the TC2 method. The correlation 
between the TC2 and S1 methods was lower than the TC1 and S1 methods because of the masking effects 
of high-favorable gene frequency in the tester of the TC2 method. Consequently, this supports the 
evidence of theoretical studies that a low-favorable gene tester gives greater value in line evaluation than 
a high-favorable gene tester. In conclusion, the S1 method is the most effective method for selecting 
superior S1 lines for intra and interpopulation improvement, and hybrid development. Furthermore, it is 
inexpensive and less time-consuming due to no testcrossing requirement, and it also leads to high-
yielding seed parents. 
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From this study, the S1 method was the most efficiency method for improving grain yields of 
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of different methods of recurrent selection indicated that, in the absence of overdominance, the S1 or S2
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  Caripeno DMR (S)C5   Suwan 1 (S)C10 
Season  [A(S)C5 or AC0]   [B(S)C10 or BC0]
      
      

ate 1987

 
  

 
 

  : Nursery  100 S1   100 S1  
1 Formation)     

   
Dry 1988  :  Nursery S   0 S2

L
(S   
    

2 S1 x B(S)C0 S1 x A(S)C  
(Make Testcrosses,  S)C5    S1 x B(S)C10 S1 x A (  
S2 Formation)       
      

 ne per se  1 Lin e  
 

Early 1988  : S1 Li S e per s
Evaluation (10 x 10  w-Favorable Gene )  S1 x L  S1 x Lo  Tester (LT T 
Simple lattice, 2 rep.,  igh-Favorable Gene r (HT)  S1 x H  S x H1  Teste T 
6 Experiments)       
       

 Highest    ighest  

  10 S2 Lowest  
   

      
Late 1988  : Nursery   Highest  hest  

 10 S2 10 S2 H

  10 S2 Lowest  
    

 
Hig

(Recombination,   A(S)C5(HS1)C1  B(S)C10(HS1)C1  
S3 Formation)   A(S)C5(HLT)C1  B(S)C10(HLT)C1  
   A(S)C5(HHT)C1  B(S)C10(HHT)C1  
 S3     S3
   Lowest  Lowest  
   A(S)C5(LS1)C1  B(S)C10(LS1)C1  
   A(S)C5(LLT)C1  B(S)C10(LLT)C1  
   A(S)C5(LHT)C1  B(S)C10(LHT)C1  
       
      
Dry 1989 : Nursery    3 H x H 

 
   

(Make F2, Diallel Cross  Advanced Generation,  3 H x L  Advanced Generation,  
of Original, Nonimproved Testcrossed with  3 L x H  Testcrossed with  
Pop.; Varietal Crosses;  B(S)C10  3 L x L  A(S)C5  
Factorial Crosses)       
       
   HS1  : 10 S3 x 10 S3    
  10 S3 Highest HLT : 10 S3 x 10 S3  10 S3 Highest  
   HHT: 10 S3 x 10 S3    
   Check : Ki 3 x Ki 20    
       
       
Early 1989 :  Progress from Selection :  7 x 7 Double Lattice, 1 Experiment   
Evaluation  Factorial Crosses            : 11 x 11 Triple Lattice, 3 Experiments   
 
Figure 1. Diagram of the three methods of S1 line per se (S1 ) and two testcrosses with low- (TC1) 
and high-(TC2) favorable gene testers for evaluating S1 lines and their recurrent selections in  two 
corn populations. 
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Table 1. Mean grain yields (t/ha, above diagonal) and midparent heterosis (%, below diagonal) for 
the six population cr  (on diagonal) for four populations per se of 

rm  early rainy 
osses and mean grain yields

Caripeno DMR (S)C0, C5 and Suwan
season. 
 
 

 1(S)C0, C10, tested at Suwan Fa  in the 1989 

Population 

Population Caripeno DMR (S)C0 Caripeno DMR 
(S)C5 

Suwan 
1(S)C0 

Suwan 
1(S)C10 

Caripeno DMR (S)C0 5.68 7.00 5.44 7.24 
Caripeno DMR (S)C5 9.8 7.06 6.75 7.80 
Suwan 1(S)C0 -1.8 8.3 5.41 6.58 

6.99Suwan 1(S)C10 14.3 11.1 6.2 
  
Cross m

   
ean 6.56 7.18 6.26 7.21 

LSD (0.05) a
 

nd LSD (0.01) were 0.69 and 0.91 t/ha, respectively. 
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Table 2. Comparative genotypic coefficients of variation (GCV, %) for grain  yield  and  oth c  characters  of t
methods for evaluating each of 100 S1 lines of Caripeno DMR (S)C5 and Suwan 1 (S)C10 populati te n F  i
early rainy season. 
 
 Caripeno DMR (S)C5  Suwan 1(S)C1              

er  agronomi he thre
n th

e 
e 1988 ons, tes

0          

d at Suwa arm

Character  S1 lines x S1 lines x   nes x ineS1 li S1 l s x 
 S1 lines per se SW 1(S)C0 SW 1(S)C10  S1 lines  per se DMR (S)C0 .D
 (S 1) (TC 1B) (TC 2B)  (S1) (TC 1A) (TC 2A

       

Car. Car MR (S)C5 
) 

 
Grain yield (t/ha)   20.51     10.28      6.78   17.40     6.22         
Days to anthesis (d)     2.65       0.76      0.89     2.11     0.63         
Days to silk (d)     2.80       1.31      0.92     2.43            
Plant height (cm)     6.50       1.50      2.76     3.73            
Ear height (cm)     9.01       4.27      3.65     8.38     3.42         
Root lodging ratings (1-5)1   17.03       9.34      8.80    20.61   11.68         
Stalk lodging (%)   72.05     27.81    23.57    76.37   31.54         
Foliar diseases ratings (1-5)   10.10       8.23      9.52     9.32     5.73          6.
Husk cover ratings (1-5)     9.25       5.87      7.48    11.97     4      7.
Plant aspect ratings (1-5)   15.10     11.63    11.47    11.71             9.65 
Ear aspect ratings (1-5)   14.28       8.32    10.11    17.39             4.72 
Rotten ears (%)   41.68     32.61      0.00    76.44   40.4          8.82 
Ears/plant (%)   12.95       3.27      0.00    10.32     2.35          2.26 
Grain moisture (%)     7.12       4.00      2.55     4.49     0.67          2.32 
       
Mean   17.22       9.23      6.32    19.51         4.16 
       

     
     
     
     
     
     
     
     
     
     
     
     
     
     

     

 4.8
 0.5
 0.6
 1.3
 2.2
 0.0
 7.1

2 
1 
7 
9 
2 
0 
3 

18 
49 

 

 0.9
 1.5

4 
5 

8.0
 9.8
 8.4

    
9 
2 
1 

 9.39     
 

1 1 = best, 5 = poorest. 
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of variation (%) and correlation coefficients for 
1 line per se (S1) and two  testcrosses with low- 

1) and high- (TC ne tester er h  

S1 TC1 TC2

Table 3. Mean values of genotypic coefficients 
grain yield among the three evaluation methods of S
(TC
 Caripeno DMR (S)C5 and Suwan 1(
 
Evaluation method 

2) favorable ge s ov
 # 

 bot
S)C10.

    
              
TC

     S1  18.96             0.450 
        0.498 

5.80 
  

    
    
        

    0

 - 

.521
1      

 - 
-        8.25 

TC2          
 

       
 

# Mean
the diagonal.
 
 

 v otypic coefficients of variation on the diagonalues
 

 of gen al and correlation coefficients above 
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Table 4. Comparativ
100 S1 lines of Caripe R  Suwa  populations, te  Suwa the 1988 ea so
 

 Caripeno DMR (S)C5  1(S)C10 

e corre
no DM

lation 
(S)

coe
C5 

ffic
and

ients for 
n 1

gra
(S)

in y
C10

ield and other agronomic characters of the three met
rly

hod
 rai

s f
ny

or 
 sea

evaluat
n. 

ing each of 
sted at n Farm in 

 Suwan 
Character S 1 and TC1B S1 and TC2B TC1B 2B † C1A S1 2A TC1 d TC2A and TC  S1 and T  and TC A an    ‡ 
        
Grain yield (t/ha)     * 0.50       6** 0.384** 0.492**   
Days to anthesis (d) 0.37 0.4 * 0.282**  7** 0.356** * 
Days to silk (d) 0.35   4** 0.459** * 
Plant height (cm) * 0.37  6 0.362** * 
Ear height  (cm) 0.482** 0.5 * 0.454**  5** * 
Root lodging ratings 5** *  7** 0.161 
Stalk lodging (%) 7** 6** 07  8** 0.247* 
Foliar diseases rating 0.311** 4** 0.209* -0.0  
Husk cover ratings ( 5** 1** 0.25  8** 0.294** * 
Plant aspect ratings ( 0.546** 0.357** 0.394**  2** 
Ear aspect ratings (1 4** 88** 0.49  2** 0.257** 68** 
Rotten ears (%) 1** 7 -0.017  9* 0.216* 86 
Ears/plant (%) 8** 32** 0.29   9** 0.348** 
Grain moisture (%) 4** 8** 0.32  2** 0.267** * 
     

4**  0.45
0.27
0.49
0.14
0.32

 0.35
0.27

 0.34
0.35
0.34
0.31
0.20
0.29
0.34

  

   

 

0.3
0.3
0.3
0.2
0.1
0.1

0.585** 
6** 
4** 
5** 

0.515*
80*
06*
51*
49*
91*

19*
50*
32*
57*
67
24 
11
76*
51 

0.41
0.53

0.5
0.5

* 1**
0** 

0.293** 
 (1-5)1 0.54

0.36
 0.3

0.30
 0

0.
0.335** 0.420** 

.397**
2 

s (1-5) 
1-5) 
1-5) 
-5) 

0.45 0.46 5* 0.2
0.1
0.4
0.1

0.160 
0.45
0.33

0.3
0.14

9** 

0.26
0.36

0.3
0.36

7**
4** 

0.193 
0.2

 
86*

*, **  Signifi ability e
1 1 = best, 5 = poorest. 
†  TC1B and TC2B wer  lines of Caripeno DMR (S)C5 testcr 10, respectively. 
‡  TC1A and TC2A were wan cross ari MR C  5, respectively. 
 
 

ossed with Suwan 1 Cycles 0 and 
ycles 0 and

cant at the 0.05 and 

e 100 S

0.01 prop  levels, respectiv ly.  

ed with C peno D
1

 100 S1 lines of Su 1(S)C10 test
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Table 5. Number of S1 lines that were common to highest- and lowest- selected groups from the 
three evaluation methods in Caripeno DMR (S)C5 and Suwan 1(S)C10 populations. 
 
 10 Highest-yielding group  10 Lowest-yielding group 
Evaluation method Car. MR (S)C5 SW 1(S) ar. DMR (S)C5 SW 1(S)C10  D  C10  C
      
S1 and TC1 4 3 2 

1 and TC2 4 2  2 2 
C1 and TC2 3 1  5 3 

2 1  0 
    

 4 
S
T
S1, TC1 and TC2 2 
  
 
 
 
Table 6. Mean grain
ow- (TC ) and high 

 yields  12 select groups o  of S1 line per se (S rosses with 
1 (TC2) favorable gene testers m ds in Carip DM   and Su

(S)C10 populations, tested at Suwan  in the  early rainy season.

Selection m hod 

 of ed f lines 1) and twotestc
l etho eno R (S)C5 wan 
1 Farm  1988  
 
 et
     Mean of      S1  TC1  TC2

10 selections # High L Low i
% 

 H w Low  Low  in % ow n igh Lo  in %  High Low

     of hi     of  igh 
------t/ha----      %  -- --t/ha------      %  -t/ha-----           

gh     high      of h
 -     --      ----  %
            

Caripeno DMR (S)C5 

As S1 lines 4.72

 

2.03     43  4.06 2.67     61  4.05 2.78     69 
As TC1 6.61 5.18     78  7.03 4.61     66  6.10 4.99     82 
As TC2 7.95 6.83     86  7.78 6.41     82  8.43 6.14     73 
            
 Suwan 1(S)C10 

As S1 lines 6.17 3.20     52  5.38 3.91     73  5.20 4.08     78 
As TC1 6.86 6.03     88  7.46 5.55     74  6.84 6.18     90 
As TC2 7.52 6.77     90  7.54 6.63     88  8.20 6.22     76 
            
#  The underlined figure is the mean of the selected group for the indicated method and paired figures in 
the same column are averages of the same lines for the other testing methods. 
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Table 7. Responses to sel
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ection for low and high yields by the three methods of S1 line per se (S1) 
and two testcrosses with low- (TC1) and high- (TC2) favorable gene testers in two corn populations, 
tested at Suwan Farm in the 1989 early rainy season. 
 
   Selection 
Population Method Sele  gh Low ction Hi   
  cycle la C Grain 

yield 
Relat. to C0Grain yield Re t. to 0  

 %  t/ha %   t/ha 
        
 Caripeno DMR (S)C5 (A) - 0 0 7.06 0 
 S1 1 1 -0.7 6.63 -6.2 
 TC 1 6.78 -4.0  6.67 -5.6 
 TC 2B 1 7.33 3.7  6.55 -7.2 
    
 Suwan 1(S) 0 6.99 0 
 S 1 31 4 6.58 -5.9 
 TC 1A 1 16 2 6.82 -2.4 
 TC 2A 1 6.53 -6.5 6.78 -3.0 
        
 Mean 0 7.03 0  7.03 0 
 S1 1 7.16 1.9  6.60 -6.0 
 TC 1 1 7 -0.8 6.75 -4.0 
 TC 2 1 3 -1.4 6.67 -5.1 
        

7.06 
7.0

  
  

1B

 
 

 
6.99 

 
0 

 
 C10 (B) -

1 7. .6  
7. .5  

 

- 

6.9
6.9

 
 

 
 

LSD (0.05) =  t/ha. 
 

 0.69
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for lo nd h  ( with low- (T nd 
er w

 
Table 8. Effects of selection 
high- (TC

w a
s in t

 high yields by t
o corn populations

 Cari

e three methods of S1 line per se
, tested at Suwan Farm in the 19

peno DMR (S)C5  (AC0)  
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Abstract 

 
Monsanto, a US-based life sciences company, is a leading provider of agricultural products and 

integrated solutions for farmers. The company was established in 1901 as a chemical company. Monsanto 
makes Roundup, the world’s best-selling herbicide, and other crop protection products. We produce 
leading seed brands, including DEKALB and Asgrow, and we provide our seed partners with 

otechnology traits for insect protection and herbicide tolerance. With our unique combination of 
d our unparalleled resources in plant biotechnology, we create integrated solutions that bring 

pro

 

 

ch 
 

artnership is essential in accelerating maize production throughout the world. We fully support the 
doption of leading edge technologies that will enable Asia & Pacific farmers more 

com

 
uri, 
s 

l 

d 
 

nd power of genetic research. Monsanto 
erves farmers with high quality brand-name seeds, such as DEKALB and Asgrow, and a board, high-

bi
products an

ducts and technologies together to improve productivity and to reduce the costs of farming. The 
Monsanto seed business has research and seed conditioning sites in dozens of countries worldwide.  

Maize breeding research of Monsanto (ex-Cargill International Seeds and ex-Dekalb Seeds) in Asia &
Pacific Region has been carried out in Thailand and Philippines since 1979, India since 1996 and China 
since 2000. Monsanto also has testing sites in Pakistan, Indonesia, Vietnam, Japan and Korea. Monsanto's
breeding efforts are geared towards increasing yield and income of farmers by providing them with 
superior maize hybrids and their appropriate technologies. Our breeding aim is to develop better maize 
hybrids that are suitable to environmental conditions and farmer practices in Asia & Pacific countries. The 
company uses genomics-based capabilities both to breed for better maize hybrids and to identify 
biological traits. Its strong germplasm base allows it to commercialize high-quality seeds and to laun
new traits products. The existing inbreds have been developed by introgression the elite germplasm from
around the world into the locally adapted germplasm. The resulting hybrids have been tested over years 
and in wide array of environments under farmer’s fields before being released to the farmers.  

In addition to high yield, our goals are also emphasized on developing new corn hybrids that have 
better traits and quality i.e. tolerance to stress environments, tolerance to Roundup herbicide and Asian 
corn boror and higher quality corn. As a global company, Monsanto also believes that private-public 
p
introduction and a

petitive advantage in the world market.  
 
Introduction 
 

Monsanto, a new life sciences company, is a wholly owned subsidiary of Pharmacia Corporation.
Monsanto was established in 1901 as chemical company and is now headquartered in St. Louis, Misso
USA. Monsanto is a leading global provider of agricultural solutions to growers worldwide. Monsanto’
employees provide top-quality, cost-effective and integrated approaches to help farmers improve their 
productivity and produce better quality foods. We manage our business in two segments: Agricultura
Productivity and Seeds and Genomics. Our Agricultural Productivity segment includes Roundup 
herbicide and other crop protection products, and our animal agriculture business. The Seeds an
Genomics segment consists of global businesses in seeds and related biotechnology traits, and technology
platforms based on plant genomics, which increases the speed a
s
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quality collection of genetic material – called germplasm – used to develop new varieties for Monsanto 
and

, 
ain goal 

s 
 
. 

and 
d 

 

ld. The adapted inbreds with high combining ability are crossed with other promising 
breds to make new hybrids. The resulting experimental hybrids are primarily tested over different 

ines, India and China. Selected hybrids are then tested extensively in 
thes

ds are 

nmental 
 country are then registered and released to farmers. 

 

 have 
f 

eKalb 

iotic stresses such as 
rought and strong winds, high shelling recovery, and good grain quality. Our corn hybrids are well 

n countries where we are gaining a seed market share. We will continue to 
gro

ulti-
cation Trials conducted by Government and Private Sectors . 

 

 many seed partner brands. Biotechnology traits, such as herbicide tolerance in Roundup Ready 
soybeans and insect protection in YieldGuard corn, give farmers more input options to produce crops 
more efficiently. 

Corn breeding research of Monsanto (ex-Cargill International Seeds and ex-Dekalb Seeds) in Asia has 
been carried in Thailand and Philippines since 1979 , India since 1996 and China since 2000. At present
Monsanto has four main research stations in Asia: Thailand, Philippines, India and China. The m
of our maize breeding research is to develop maize hybrids that are suitable to environmental condition
and farmer practices not only for Thailand, Philippines, India and China but also for other countries in the
Asian & Pacific region. Monsanto also has testing sites in Pakistan, Indonesia, Vietnam, Japan and Korea
Monsanto employs more than 75 plant breeders and agronomists in the region to carry out research 
programs. 
  
Strategies  

Monsanto's breeding research efforts are geared towards increasing yield and income of farmers by 
providing them with superior maize hybrids and their appropriate technologies. Our breeding aim is to 
develop better corn hybrids that are suitable to environmental conditions and farmer practices in Asia & 
Pacific countries. The company uses genomics-based capabilities both to breed better maize hybrids 
to identify biological traits. Its strong germplasm base allows it to commercialize high-quality seeds an
to launch new traits products. Elite germplasm from around the world including tropical, subtropical and
temperate zones has been introgressed into the locally adapted germplasm in Thailand, Philippines and 
India. Products of the introgression are adapted inbreds having genetic constituents of the elite germplasm 
around the wor
in
environments in Thailand, Philipp

e countries with additional testing sites in Pakistan, Indonesia, Vietnam, Japan and Korea. These tests 
are conducted at Monsanto stations and testing sites by Monsanto researchers. The selected hybri
likewise tested in multi-location trials conducted by government agencies in each country in Asian & 
Pacific Region. The hybrids that have been tested over locations and years under various enviro
conditions and proven to be the most suitable to each
 
Product Line-up 

In 1998 Monsanto has acquired Cargill International Seeds and Dekalb Seeds. Charoen Seeds (CP 
group) used to collaborate with Dekalb Seeds on maize breeding research. Charoen Phokphand Company
(CP) is now Monsanto seed licensee for maize and commercializes Monsanto licensed hybrids in 
Thailand, Indonesia and Vietnam. Monsanto hybrids that were originally developed by Cargill, and
been commercialized by Monsanto in Asian countries during 2000-2002 are listed in Table 1. List o
hybrids commercialized by CP, that were originally developed by Charoen Seeds (ex-CP and D
jointed research venture), are presented in Table 2. These hybrids are characterized by high and stable 
yield, resistant to insect pests and diseases prevailing in each country, tolerant to ab
d
known throughout the Asia

w. Monsanto hybrids were among the top yielders in the Philippines Seed Board Trial,  Pre-
commercial Hybrid Yield Trials conducted by Department of Agriculture, Thailand and Indonesia M
lo
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Expectations from International and National Pubic Research Centers 
ts 

 

nhance 
ompetition in seed markets. Public organizations can and should continue to play an important role in 

olvement will help to reduce research and 
dev ant 

mize 

n the 

 

nt trait 

al public organization can help Asian & Pacific countries by acting as a conduit for the 
ansfer of biotechnology tools and technologies from the advanced country laboratories and the 

onal public sectors. Public and private sector alliances would help 
nar

ls 

 
te the development of tolerant varieties and hybrids. Using genomics 

met

There are mutual advantages in the public and private sectors working together to maximize benefi
to society. The public sectors should complement and support rather than compete with the private sector
in providing better hybrids and varieties and suitable technology to farmers. The public sector has a 
particularly important role to play in supporting local private seed companies, which can e
c
maize research and seed production. Public-sector inv

elopment costs for private sectors in several ways. The public sector can also plays very import
role in the development and utilization of modern technologies. We acknowledged that only through the 
combined efforts of private and public institutions could we effectively tackle the multifarious problems 
facing the corn industry in the region. Complementation of research efforts is a must in order to maxi
the use of limited resources. Among the areas where complementation could be enhanced are as follows: 
 
Germplasm Utilization 

The public sector has always been a major source of improved populations and elite lines for private 
seed companies. For example, Kasetsart University in Thailand and IPB, UPLB, Philippines has been 
making their inbreds available to the private sector. Private companies on the other hand could help i
commercialization of publicly bred cultivars. Public-sector involvement can help to reduce costs of 
breeding research of private firms: i.e. generating improved germplasm that can be used as inputs into
commercial breeding programs and by training researchers. The international public sector, specifically 
CIMMYT, should continue to play a leadership role for global and as well Asia & Pacific region and acts 
as a central supplier for maize germplasm conservation, characterization, pre-breeding and importa
development. 
 
Transfer of modern technology 

The internation
tr
multinational private sectors to nati

row the science and technology gap between the rich and poor nations and also help deliver 
appropriate and new technologies to farmer’s fields. 
 
Improved Methodologies and Other Basic Studies 

These include the development of more efficient and accurate field and laboratory screening protoco
to facilitate identification of stress resistant lines. New molecular tools, that are available at the present, 
can be integrated with conventional breeding to increase our understanding of drought tolerance, very low
heritability trait, and accelera

hodologies, genes and quantitative trait loci that are related to improve stress tolerance can be 
identified. Universities and institutes have more capabilities to do basic studies on physiology, 
biochemistry, pathology, entomology, etc. The advent of biotechnology, which requires a lot of human 
and capital resources further, highlights the role of public sector in basic research. 
 
Manpower Development 

Inevitably, private companies look for highly trained researchers from public institutions for business 
expansion. Existing personnel also need to undergo formal training offered by public institutions.  
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Policy Advocacy 
This is an important area where public institutions could influence government policies that affect 

technology adoption and commercialization. Examples are promotion of plant variety protection (PVP) 
and information dissemination on the risks and merits of biotechnology. These are highly emotionally 
harged issues that need to be discussed and debated in a rational and objective fashion.  

hreats for Seed Industry in Asia & Pacific Region 

id 
 

e 

s 
 introducing their best hybrids, especially single cross 

into the market. Other threats for Asia & Pacific seed industry include low grain prize during harvesting 
parent lines in hybrid seed production under farmer contract growers, increasing 

mount of fake hybrid seed and delaying in GMO deregulation. Lower grain prize during harvesting 

nea ecially on popular hybrids in the market is the problem in 
aw 

in o
minimizing this problem could certainly attract the investment from private sector in research and 
development to Asia & Pacific countries. Delaying of GMO deregulation may affect Asian & Pacific 
farmers for competitive advantage in maize production efficiency and maize industry comparing to 
western countries. 
 
Future Trends and Opportunities 

The demand for maize will keep rising due to the expansion of feed industry and frozen food industry 
in Asia & Pacific region. Income of most of the Asia & Pacific countries is by large contributed by the 
agriculture and agricultural-related products. Maize will be expanded in hilly and marginal areas. Maize 
in paddy fields in the dry season will be expanded. Farmer will grow more three way and single cross 
hybrids since having higher yield than double cross hybrid and opened pollinated variety. Planting with 
higher planting population density per unit area will be the way to increase yield in the farmer’s fields for 
the next decade. Farmers who have good irrigation facilities will need earlier maturity hybrid to fit with 
multiple cropping patterns.  

Thai farmers will need to employ more modern technology in producing grain maize in order to 
maintain competitive advantage in the world market. After government deregulation for GM maize in the 
future in Asia & Pacific countries, corn tolerance to specific herbicides and pests will be more desirable. 
Farmers will have options to choose maize tolerant to Asian corn borer and/or fungal disease. Farmer will 
also have more options to choose maize tolerance to specific herbicides i.e. Roundup, Lightning, On Duty 
and Liberty. Farmers will have more opportunity to grow better hybrids that are more productive and 
more resistant to diseases and pests. They can grow more maize on the same amount of land and use less 
pesticides. Maize with value-added traits (i.e. high oil, high protein and human consumption traits) would 
be more important. Private sector will spend much more effort and resort in breeding for specialty maize 
in the next decade. High oil corn will more desirable by feed industry since high oil corn will increase 

c
 
T

The lack of effective plant variety protection laws in Asia & Pacific countries makes the large 
multinational seed companies skeptical about sharing its materials with public research agencies. Hybr
seed production for the best type hybrid, specifically single cross, is limited to very specific-secure areas
in a few countries in Asia. The loss of private important lines has been increased. Without property 
protection regulations, the private sector feels that it is difficult to safeguard research outputs. While th
private sector has established a strong presence with the introduction of many excellent hybrids in Asia, 
especially in Thailand, India, the Philippines and Vietnam, the lack of essential intellectual property law
can discourage many private seed companies from

period, security of 
a
period, which coincide with raining period, is due to not enough drying capacity and appropriate silo 

rby corn growing areas. Fake hybrid seed esp
several countries in Asia & Pacific Region. Strong government support and enforcement of copyright l

rder to eliminate this problem seed is necessary so that farmers can use good quality seed. By 
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energy for animal feed. Amino acid enhancements will be another goal. Amino acid enhancements in 
maize will increase levels of essential amino acid, lysine and methionine. Finally farmers and end users of
maize will have more options 

 
in the future to select desirable corn hybrids that can suit their general and 

pecific needs. 
 
Conclusion 
 

Public organizations can and should y an important role in maize research and seed 
production. We believe that public-private partnership is essential in accelerating maize production in 
Asia & Pacific region. We fully support the introduction and adoption of leading edge technologies that 
will make the farmers more competitive in the world market. We use genomics-based capabilities both to 
breed for better maize hybrids and to identify biological traits. Its strong germplasm base allows it to 
commercialize high-quality seeds and to launch new traits products. We can contribute to 
farmers by supplyin  with superior maiz s and their appropriate technologies so that they 
can increase final productive yield and incom
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Table 1. Corn hybrids, originally developed by Cargill International Seeds and now Monsanto, that 
have been commercialized in Asia Pacific Region by Monsanto Seeds Company and Monsanto seed 
licensees during 2000-2002. 
 

Hybrids Countries Year 
Released 2000 2001 2002 Marketed by 

Thailand 1995 BIG 919 BIG 919 BIG 919 Monsanto 
  1996 BIG 717 BIG 717 BIG 717 Monsanto 
  1996 BIG 727 BIG 727 BIG 727 Monsanto 
  2000 - BIG 939 BIG 939 Monsanto 
  2001 - BIG 949 BIG 949 Monsanto 
  2002 - - BIG DK 959 Monsanto 
Philippines 1995 C- C C-900M M onsanto 900M -900M 
  1997 C-838 C-838 Drop Monsanto 
  1997 C-818 C-818 C -818 M onsanto 
  1997 C-909 C-909 C -909 M onsanto 
  1998 C-848 C-848 Drop Monsanto  
  2001 - B BIG 949 Monsanto IG 949 
  2001 - DK 51 DK -9051 M onsanto -90
  2002 - - DK-9161 Monsanto 
  2002 - - DK-858 Monsanto 
  2002 - - DK-868 Monsanto 
Vietnam 1996 919V 919V 9 19V Mo nsanto 
Indonesia 1996 C-7 C-7 C -7 M onsanto  
  2000 C- C C-8 M onsanto 8 -8 
  2000 C- C -9 M onsanto 9 -9 C
  2000 C-10 C-10 C-10 Mo nsanto 
Pakistan 1996 919 919 91 9 M onsanto 
  1997 CRN 3549 CRN 3549 CRN 3549 Monsanto 
             1997 SNK 2 SN SNK 2021 Monsanto 021 K 2021 
  1998 MAGI MA GIC Mo nsanto C GIC MA
  2001 - DKC 65-25 DKC 65-25 Monsanto 
  2001 - 974-AW 9 74-AW Mo nsanto 
  2002 - - DKC 61-24 Monsanto 
India 1993 501 501 50 1 M onsanto 
  1993 633 633 63 3 M onsanto 
  1997 900M 900M 90 0M M onsanto 
  1999 DK 972 DK972 DK972 Parry Monsanto 
  2000 HI-SHELL HI-SHELL HI-S HELL Monsa nto 

  2000 
ALL 
ROUNDER ALLR OUNDER ALLROUNDER Monsanto 

  2000 DK D DK973 Parry Monsanto  973 K973 
  2000 DK 984 DK984 DK984 Parry Monsanto 
  2001 - MMH 3824 MMH 3824 Mahyco 
China 1996 DK 656 DK 656 DK 656 Monsanto 
  1997 DK 683 DK 683 DK 683 Monsanto 
  1999 DK 743 DK 743 DK 743 Monsanto 
  2002 - - DK250 M onsanto 
  2002 - - DK007 Monsanto 
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kp pany (CP), that were originally developed by roen 
an ndonesia and Vietnam during 2000-2002. 

    
s 

Table 2. List of hybrids commercialized by Charoen Pho
Seeds (ex-CP and DeKalb jointed research venture) in Thail
  

Hybrid

hand C
d, I

om Cha

Countries Year Released 
2000 2001 2002 

Marketed by 

Thailand 1990 CP888 CP888 CP888 CP 
  1998 CP989 CP989 CP989 CP 
  2001 - CP9774A CP9774A CP 
  2001 - CP9878 CP9878 CP 
            
Vietnam 1992 CP888 CP888 CP888 CP 
  1994 CP999 CP999 - CP 
  2000 - CP989 CP989 CP 
            
In  BISI-2 BISI-2 CP donesia 1993 BISI-2
  CPI-2 - CP 1995 CPI-2 
  BISI-5 - CP 1998 BISI-5 
  - BISI-7 CP 2002 - 
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Abstract 

 
Selection under plant densities have been an issue of discussion but inconclusive. Troyer and 

Rosenbrook (1983) and Russell (1991) suggested that selection should be conducted under higher plant 
densities than normal growing condition to enhance grain yield in maize. Higher plant densities provide 
greater stress on the progenies and thus selected progenies were able to withstand stress. On the contrary, 
Fasoula and Fasoula (1997a) and Fasoulas and Fasoula (1995) proposed selection under isolation 
environment  in honeycomb designs to avoid plant to plant competition, minimize soil heterogeneity, 
promote highest expression of genetic potential, enhance differentiation among lines and thus facilitate 

ne selection. This study designed to compare moving circle selection, prediction criterion li
2/)( ps sxxxpc −=  as proposed by Fasoula and Fasoula (1997b) and conventional visual grid selection 

election 1 plant out of each 19 plants in the same row). Grouped replicated R-49 honeycomb design and 
40 replicated plants was used to screen 49 S7 inbreds. Moving circle selection identified highest number 
of diverse and good combine lines followed by PC and visual grid selection when tested in conventional 
plant spacing, 0.75 X 0.25 m. Top seven hybrids were derived from top-5 inbreds from moving circle 
selection while only 3 and 1 hybrids of PC and visual selection were included in top-7 hybrids. 
 
Introduction 
 

The interaction of G X E is one of the most decisive factors for the success or failure of plant 
selection. There are two kinds of environments, the one that can be controlled and the one that can not be 
controlled. Eventhough, plant densities are controllable environment but there are different views for the 
optimum plant densities for the effective line screening. It is a commonsense that plant screening should 
be done under the conditions that plants will be grown. However, conditions in farmers’ fields are varied 
widely and the optimum conditions is impossible to ascertain. To correct the problem, multilocation 
testing is needed but it is very costly and practically will carry out only for the most promising lines on 
the final screening. In addition, yield per unit area can be improved by increasing plant densities or 
increasing yield per plant with the same density. Troyer and Rosenbrook (1983) and Russell (1991) 
suggested that selection should be done under higher plant densities as a means to improve grain yield of 
maize. Selection under high plant densities also increase heritabilities and gains for many traits (Eagles 
and Lothrop, 1994). Indirectly, selection under higher plant densities included progenies that can tolerate 
more limited moisture supplies, were effectively use available nutrients, and were effective in partitioning 
of available photosynthates, and survive greater pressures for susceptibility to pests (Hallauer, 1990). On 
different point of views, Fasoula and Fasoula (2000) suggested selection under isolation environments in 
honeycomb designs for effective control of soil heterogeneity and full expression of genotypes of which 
potential yield per plant (

(s

x ), tolerance to stress (predicted by the standardized entry mean, psx /  )and 
response to input (predicted by the standardized selection differential , 2/)( ps sxxxpc −=

three selection methods in hone
 )can be 

assessed. This study was designed to evaluate the effectiveness of ycomb 
design for the identification of good inbreds. 
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Materials and Methods 
 

Forty-nine inbreds were planted in grouped replicated R-49 honeycomb design and 40 replications. 
equilateral triangle of side 0.86 m., three seeds per hill and thined to 1 plant per hill at 

4th day after planting. Three selection methods were applied; visual grid selection (1 out of 19 plants in 
Plant spacing was 
1
the same row) , moving circle selection (1 out of 19 plants) and prediction criterion, 2/)( ps sxxx −

osed by Fasoula and Fasoula (1997b). Selections we
as 

prop re based on prediction criterion values and 

sele od total of 15 S7 inbreds were selected but there were only 8 different S1 inbreds and the 

mnant seeds of 8 selected S7 inbreds were planted separately in non-replicated honeycomb 

The l possible combinations. Twenty-eight hybrids and 4 checks were planted in 
. 

 
Results and Discussion 
 

Isolated spaces of crops are depended upon plant types and root systems of each crop. For maize, 
Onenanyoli and  Fasoulas (1989)  used plant to plant space of 1.25 m. to avoid competition among plants. 

 the 
con arm. Acording to Fasoulas and Fasoula (1995), 
plant to plant spacing = (row spacing)/(

selection frequencies of each S7 inbreds by the two grid selection methods . Top 5 lines from each 
ction meth

remaining 7 were overlapped between selection methods.  
The re

design 0.86 m. spacing among plants and 3 plants from each line were selected and bulked separately. 
y were crossed in al

conventional spacing (0.75 X 0.25 m.), 4 row plots, 2 replications in randomized complete block design
Yields and some agronomic traits were recorded. 

As a matter of convenience,  the present study used plant to plant space of 0.86 m. which fitted to
ventional 0.75 m. row spacing being used at Suwan F

2/3 )= 0.75/0.866 = 0.866. Under the present study conditions, 
plant to plant space of 0.86 m. seemed to be adequate because wide gap among plants and full expression 
of plants were observed. 

Top-5 out of 49  S7- inbreds were presented in Table 1. PC values and selection frequencies of each 
inbred were used as criteria of selection. From total of 15 selected inbreds, only 8 inbreds were different. 
The remaining 7 inbreds; Agron13, Agron26 and Agron27 of PC and Agron26, Nei9201 of visual 
selection were overlapped with lines of moving circle method and Agron4, Agron6 and Agron26 of visual 
selection overlapped with PC lines. Considering the top 5 inbreds of the 3 methods and their original 
sources presented in Table 1, PC and visual selection biased toward lines from Pioneer3013 (Agron4, 
Agron6 and Agron26 ) and the moving circle method selected a more diverse inbreds. The high efficiency 
of moving circle selection was obviously displayed in Table 2. Top -7 hybrids were derived from selected 
lines of moving circle selection. The Agron6 X Agron12 hybrid ranked 8th and comprised of lines from 
visual and moving circle selections. The Agron6 X Nei9201 and Agron4 X Agron27 hybrids ranked 9th 
and 10th derived from crossing of lines from visual selection and PC, respectively. However, there were 3 
and 1 hybrids from PC and visual selection in the top-7 hybrids, respectively. The top hybrids were 
comparable to checks (hybrids derived from early generation testing for combining ability) but 
statistically, better than the commercial hybrid, Pioneer3013. Therefore, selection for inbred per se under 
isolation environment or for their combining abilities were equally effective to identify inbreds which 
gave hybrids with similar yield levels. However, high yield inbreds had advantages on seed production 
and maintaining of inbred lines. PC method was design to select high yield and stable inbreds. 
Eventhough, PC and moving circle selection were related but it was not mutually exclusive (Fasoula and 
Fasoula, 2000). Using moving circle selection coupled with selection frequency in replicated honeycomb 
designs should be an effective method of selection for high yield and stable inbreds without any 
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complicate calculation. Yield trials under high densities followed by single plant selection under isolated 
space in honeycomb designs should be a good combination to get high yield inbreds and hybrids which 
can be grown under wide ranges of plant densities (Tokatlidis et.al., 2001). 
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Table 1. Selected top-5 of  S7 inbreds from each of 3 selection methods planted in grouped replicated 
R-49 honeycomb design with equilateral triangular side of 0.86 m. and 40 replications. 

Prediction crite
 

rion1/ Moving circle selec isual grid selection tion V

Entries2/ PC value Entries 2/ Frequencies Entries 2/ Frequencies 

Agron27 3.1 1 Argon26 17 Argon6 11 
Agron4 
Agron13 

2.74 A 12 4 26 10 
2.64 A 27  4 6 
2.53 N 1 4 21  
2.52 A 13  01  

rgon 1 Argon
 rgon 14 Agron

Agron6 
Agron26

 
 

ei90 1 Agron 6
6 rgon 11 Nei92

 

1/ 2/) s  ( s xxx − ppc =
2/  Original 

Pione
sources o : 
r3013=Agron4, Agron6  Agron

=Agron
Agron12 ron13 
19=Agron21 

1(inbred) 

f inbreds
e

G5445A
S385

 and 26 
27 

3=
Cargill9
Nei92

 and Ag

0
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Table 2. Means of agronomic traits and grain yield of top ten S7 maize hybrids planted at 0.75 X 
0.25 m. 
 

Hybrid 

Grain yield 
at 15% 
moisture 
(kg/ha) 

50% 
days to 
tasseling 

50% 
days to 
silking 

Ear 
height 
(cm) 

Plant 
height 
(cm) 

% 
shelling 

100 
grain 
weight 
(g) 

Agron12 X 
Agron27 
Agron26 X 
Nei9201 
Agron13 X 
Agron26 
Agron27 X 
Nei9201 
Agron26 X 
Agron27 
Agron12 X 
Agron26 
Agron13X 
Agron27 
Agron6 X Agron12 
Agron6 X Nei9201 
Agron4 X Agron27 

6275a 
6018a-c 
5837b-d 
5743b-e 
5712b-e 
5481d-g 
5462e-g 
5343f-h 
5331f-h 
5168g-i 

52i 
51j 
52f 
50l 
52i 
53f 
51k 
53f 
52i 
53g 

50j 
50k 
50j 
50k 
51h 
53f 
50j 
52g 
52g 
54d 

133gh 
155fg 
117d-f 
118de 
109jk 
117ef 
111ij 
119cd 
106lm 
109jk 

195fg 
211c 
202d 
202d 
199de 
194hi 
186kl 
197e-g 
197e-g 
173n 

85f-j 
86c-f 
86cd 
84k-m 
83k-m 
88ab 
83mn 
85f-j 
82mn 
85c-g 

23d-f 
25a 
24cd 
24bc 
25ab 
22gh 
21ik 
23ef 
23c-e 
18pq 

Checks : 
Agron14 X 
Agron29* 
Agron20 X 
Agron29* 
Agron30 X 
Agron32* 
Pioneer3013 

 
6043ab 
 
5712b-e 
 
5656c-f 
 
5343f-h 

 
50i-m 
 
52e-i 
 
52e-i 
 
48m 

 
51i 
 
51i 
 
48l 
 
54d 

 
102op 
 
92u 
 
101p 
 
97qr 

 
188jk 
 
185kl 
 
174n 
 
179m 

 
84g-k 
 
86c 
 
84h-l 
 
83k-n 

 
23f 
 
20k-m 
 
17q-s 
 
20jk 

Mean 
CV(%) 

4574 
17.00 

52 
1.36 

52 
1.35 

103 
4.67 

184 
3.57 

84 
3.05 

20 
7.64 

 
Top hybrids of selected inbreds (S7) from early generation top-cross (Pongseai, 2001). 
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Abstract 

 
The rice-wheat rotation is the most important cropping system in south Asia because of its role in 

food security as consumers here prefer wheat ‘chapati’ and rice. Overexploitation of groundwater and 
other natural resources resulted in either stagnation or decline in total factor productivity in this rotation 
and calls for a systems approach to revive agriculture in this region. There is a need to diversify rice-
wheat rotation and opportunities exist to do so. Keeping in view the nutritional and income security of the 
population in South Asian countries, this paper discusses how tillage and crop establishment can provide 
options to the farmers for diversification of rice-wheat rotation through incorporation of maize. Some of 
the options include growing maize in zero-till and raised bed systems, and introducing maize as an 
intercrop in the existing preferred crops. The alternative tillage and crop establishment practices help 
reduce some of the problems identified by improving maize productivity in the region such as late 
planting while improving the resource use efficiency.  
 
Introduction 
 

The rice-wheat rotation is the backbone for food security of South Asian countries comprising 
Pakistan, India, Nepal, and Bangladesh. These crops are being cultivated in 13.5 mha of fertile lands 
blessed with dependable irrigation facilities developed over the years (Gupta et al., 2002). These areas 
were also the beneficiary of Green Revolution in food grain production owing to the bounty of natural 
resources they enjoyed. However, of late, because of the over exploitation and injudicious use of chemical 
fertilizers and irrigation facilities created, the productive soils have gradually started showing the signs of 
fatigue such as significant decline in soil organic carbon content, development of micronutrient 
deficiencies in recurrence, increased soil salinity, stagnation of growth in crop productivity in some places 
with the signs of declining productivity (Ladha et al., 2003), requiring an approach hitherto unknown in 
the post Green Revolution agrarian history of these countries. In 1994, The Rice-Wheat Consortium for 
the Indo-Gangetic Plains, comprising of national agricultural research systems of Pakistan, India, Nepal, 
and Bangladesh; international centers representing CGIAR (CIMMYT, CIP, ICRISAT, IRRI and IWMI); 
NGOs, private entrepreneurs, and farmer groups, was formed as an ecoregional program of the CGIAR 
with ICRISAT as lead center which later on was transferred to CIMMYT. The Consortium has been 
evolving various concepts and technologies having potential to revive the declining trends observed in its 
countries. Some of these technologies are zero tillage, bed planting, and integrated input management for 
water, nutrients and judicious use of chemical inputs, while giving thrust on crop diversification as an 
option for better nutritional and income security. Many of these technologies are centered on the basic 
natural resource management methods such as zero tillage and bed planting systems. 
 
Diversification of Rice-Wheat Rotation 
 

While above mentioned problems in rice-wheat rotation reflect on one hand the deteriorating quality 
of natural resource base, it also reflects, on the other hand, the nutritional and income security of 
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dependent population in these countries. Hence, ensuring the income and nutritional security should 
receive equal importance in any efforts of reviving these systems. One major school of thought is to 
follow a two pronged approach where in the resource use efficiency in rice-wheat rotation is improved 
through alternative tillage and crop establishment practices along with efforts to diversify these systems 
with more of less resource demanding crops, which offer the needed income and nutritional security to 
farmers. While the debate on which crop need to be replaced with which crop and whether crop 
replacement jeopardize the food security of these rice and wheat eating population is outside the purview 
of this paper, the present paper limits its scope to discussing the potential possibilities for maize 
cultivation in rice-wheat rotation in the light of changing tillage practices and growing market potential 
for this crop. 

There are two main reasons for the necessity of increasing area under maize cultivation in South Asia. 
Firstly, the ever growing cereals demand, both globally in general and in developing world in specific, 
due to the rising population. It was projected that by 2020 the demand for maize in developing countries 
will surpass the demand for both wheat and rice (Pingali and Pandey, 2000). The rising incomes in 
developing world and the consequent growth in meat and poultry consumption have resulted in a rapid 
increase in the demand for maize as livestock feed in East and Southeast Asia where the maize 
requirements are projected to rise to 280 million tons in 2020 (IFPRI, 2000). Secondly, our major 
argument towards crop diversification in general and inclusion of maize in rice-wheat rotation in 
particular originates from that of Siddiq (2002) who predicts difficulties in furthering production and 
productivity in rice and wheat crops. He argues that the differences between farm and research plot yields 
are narrowing down and genetic means of increasing the productivity is no more an easy task for the plant 
breeders. Hence, we believe introduction of high productivity crops, such as maize, is worth exploring for 
enhancing the food production. This argument also has its roots in the fact that the hybrid rice would only 
provide limited yield advantage in this region. Similar is the case with the efforts of exploiting hybrid 
vigor in wheat crop (Siddiq, 2002). Success obtained in hybrid rice technology in China and elsewhere 
need to be analyzed cautiously.  
 
Maize in IGP Countries 
 

The IGP countries grew maize in an area of 7.99 mha in 2002 (FAO, 2003). Maize, the global leader 
in productivity and production, occupy second in area after rice in Nepal (Pathik, 2001), third in Pakistan 
and Bangladesh after rice and wheat, and fifth in India after rice, wheat, sorghum and pearl millet. Maize 
is traditionally grown as kharif crop in these countries, either rainfed or irrigated. In India, the kharif 
maize represents 89% of the total area under maize. The largest area under the kharif maize is in Uttar 
Pradesh (1.4m ha), followed by Bihar (0.96 mha). The spring and rabi maize are gaining popularity with 
farmers and with multinationals showing interest in it because of higher yield potential because of the 
assured irrigation facilities. The trend is more clear in Pakistan where spring maize, today, occupy 12-
15% of area planted in kharif and represents 30-35% of the annual maize production (Pakistan 
Agricultural Research Council, 2003a). Predictions are that the area would increase further owing to 
benefits it is bringing. In India, maize sector is going more towards winter maize. While spring maize has 
the threat of facing high temperatures during silking resulting possible poor seed setting and grain yield, 
the winter maize is relatively free from these difficulties and diseases and insects. Winter maize in India is 
a success in eastern IGP, especially in the state of Bihar (N.N. Singh, Personal communication, 2003). 
The success of winter maize in Bihar is due to sunny days, long growing season, dry and cool 
temperatures which are more suitable to the crop and less for the pest. This encouraged farmers to take 
rabi maize to a higher share (Chaudhary and Shahi, 1990). Incidentally, Bihar is the second largest maize 
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growing state in India which grows maize in 0.58 mha of area with a productivity of 2.6 tha-1. The 
productivity is highest in the Indian IGP states mainly because of the dominant rabi maize in this state.  
 
Maize as Possible Candidate of Rice-Wheat Diversification 
 

Any discussion on maize crop should start with its utilities, because this crop has many food and 
industrial uses. Maize can be consumed as grain (flour, flakes and pop corn), as a vegetable (sweet corn 
and baby corn), and as feed (grain and whole plant). Its industrial uses include preparation of starch, oil, 
alcohol, sweeteners and thickening agents (González Ceniceros and Singh, 2001). In India, these uses 
have already started finding market with a success. Maize demand is likely to grow rapidly in India in 
very near future for the poultry, piggery and livestock sectors as well for feed, and fodder. Whereas 
legumes/ pulses suffer from several diseases and pest problems, maize does not seem to be crippled by 
these limitations and likely to be farmer’s choice in diversification of rice-wheat rotation once maize 
production is fully mechanized. The ability of the maize crop to grow in different seasons and high 
productivity of winter and spring maize give it added advantages for inclusion in the cropping system as 
demand for more food grows. With increased purchasing power, maize demand is increasing in poultry 
industry as the populations in IGP countries are increasingly becoming non-vegetarian.  

Late planting is a major constraint in cultivating winter maize after kharif rice crop. The problem is 
acute when farmers grow long duration scented basmati cultivars in kharif. Sowings are further delayed 
when farmers resort to thorough field preparation which takes more time than a week time. Experiments 
conducted at KVK, Kalyani, West Bengal shows that the highest maize yields could only be obtained 
when it is sown in first fortnight of November (Fig 1) (Prodhan, 2001). The yields were substantially 
reduced by a ton per week of delay in sowing. Still higher yield reductions are expected if the silking and 
grain filling stages coincide with hot westerly winds. Late planting can be avoided by adopting zero-till 
sowing of maize in either kharif after harvesting wheat or in rabi after harvesting rice crop. In both cases, 
the maize crop can be planted by using multi-crop zero-till-cum-ferti-drill capable of sowing maize, rice, 
wheat, pigeonpea, peas, grams, mustard etc. Paliwal (2003) demonstrated how a successful zero-till maize 
crop can be grown using various best management practices. Zero-till sowing of maize is a good option 
worth exploring in areas where it follows the late harvested rice crop. Various on-farm participatory trials 
revealed little or no difference in zero-till maize when compared to best managed conventional crop. 
Despite the similar yields, the economic advantage the farmers benefit with zero-till maize was USD 50 
ha-1 due to savings in tillage and first irrigation as this crop utilizes the residual moisture. Successful 
establishment of rice on permanent beds would not only bring the benefits of zero tillage but also allows 
growing of various rabi crops, including maize, on raised bed system.  

Traditionally, maize is grown either in row geometry or by random broadcasting, mostly when meant 
for fodder after thoroughly tilling the field till proper tilth is obtained for good field emergence. The 
traditional practice of growing maize has limitations such as inconvenient input management when sown 
by broadcasting, improper plant geometry, and uneven plant population resulting in inefficient utilization 
of space and plant competition leading to low productivity and input efficiency. The south Asian farmers 
are yet to grow maize on raised beds, though it is a common practice in many western countries. Bed 
planting of maize helps establish proper plant stand, increases input efficiency, increases yields, and 
opens up avenues for further crop intensification through intercropping.  

The traditional cropping systems in which maize is grown in Indian IGP are given in Table 1 (Yadav 
and Rao, 2001). It can be seen that maize-wheat is the major crop rotation followed by maize-mustard or 
toria-wheat and maize-potato-wheat. This is to be noted that rice-wheat is primary cropping system in all 
these areas and these cropping systems stand at secondary or tertiary level. Kharif, rabi and spring maize 
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were promoted in eastern and western Indian IGP in an Asian Development Bank funded project on 
sustaining rice-wheat rotation. Successful farmer participatory experiments in eastern IGP, in the state of 
Bihar, India, revealed number of profitable rice based cropping systems where maize could be grown in 
winter. Some of these rotations are given in Table 2 (Kumar, 2003). Among these rotations, rice-potato-
onion-maize (green cobs) was found to be most profitable in south Bihar because of additional higher 
income from the green cobs. Similarly, rice-winter maize-potato gave highest net returns (USD 1011 ha-1) 
in North Bihar. In comparisons involving traditional sole crop and intercropping of maize and potato on 
raised beds (RWC, 2003), intercrops performed better than the sole crops mainly due to the reason they 
were sown on flat fields in improper crop geometry, a common problem in these areas. Pandey et al. 
(2001) obtained highest net returns of USD 1473 per hectare by growing maize (for green cobs)-radish-
onion crop rotation under irrigated conditions. The next best system was found to be maize (for green 
cobs)-rice-cabbage with a net profit of USD 719 per hectare.  

Maize is a most versatile crop for growing intercrops, because of the wide row spacing it needs, 
providing higher income to the farmers. It was found that soybean and groundnut make good intercrops 
with maize (Prakash et al., 1993). Growing of maize + groundnut in 2:2 row proportion by paired row 
planting gave highest combined intercrop yield when compared to any other intercropping tested. In an 
experiment conducted at Narendra Deva University of Agriculture and Technology, Faizabad, Uttar 
Pradesh, the potato + maize intercropping in 2:1 ratio gave higher net returns than when sown in 1:1 
proportion. Though the potato-maize sequence gave the highest net returns in this experiment, farmers 
could be benefited by intercropping which gives similar returns in the single season as an added 
advantage (Singh et al., 1998). The authors showed that the higher yields could be obtained when the 
maize was sown at earthing-up of potato which will reduce the competition for light and nutrients at the 
initial stages of potato.  

Farmers and researchers quantified the bed planting benefits in terms of savings of resources like 
irrigation water. In Bangladesh, bed planted maize out yielded the conventional crop by 1.03 tha-1 and 
saved 18% of water (Table 3 and 4, Khan, 2003). Not only this, replacing one hectare of rice, whose 
water requirement is 4,240 mm (Sharma et al., 2002) with maize, whose water requirement is 550-650 
mm (Violic, 2000), allows the saved water to be used to raise six hectares of maize or slightly more 
hectares of pulses. Bed planting further improves this efficiency, which only means this water can be used 
in increasing the cropping intensities, area and ultimately the food production. One might argue that many 
other coarse grain cereals use much less water than maize and they can also be grown if the objective is to 
save water. But maize is the only crop which has many uses and hence offers much better income security 
to farmers than the other coarse grain cereals.  

The quality protein maize, popularly called with its acronym QPM, enriches the nutritional quality of 
maize based food and feed preparations due to its high available lysine and tryptophan content and 
biological value, which is more than double that of normal maize (CIMMYT, 2001). The QPM cultivars 
Shaktiman 1 (three-way hybrid) and Shaktiman 2 (single cross hybrid) were grown in farmers fields with 
success and are having good demand due to high quality protein. Bed planting of QPM maize + pulse 
crops will provide complete nutritional security to farming communities and dependent farm animals.  

Rice fallows occupy nearly 4 mha in Indian-IGP alone and are potential areas for increasing the 
cropping intensity. The available conventional crop establishment techniques can seldom allow these 
areas to be cropped due to their high moisture content hindering the mechanical manipulation of soil. 
Improved subsurface drainage system seems to be a possibility to bring these lands into cultivation. A 
successful establishment of kharif rice on raised beds in these areas will open them to cropping in 
subsequent seasons. Growing winter maize on raised beds in subsequent season with appropriate intercrop 
will be a good proposition. 
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Availability of multi-crop zero-till-cum bed planter, a ’combine’ for the alternate practical and 
sustainable tillage practices, is a possibility for farmers to practice the intercropping with much ease. The 
split seed box attached with this machine facilitate simultaneous sowing of two or more crops in a single 
operation, and still maintains the respective seed rates. This machine can sow in both zero-till and bed 
planting situations. 

Maize sector in IGP in general and in India in particular is in transition and is expanding (Morris et 
al., 1998). Fuelled by changing food habits and increasing marketing opportunities, this is the time for 
further expansion and promoting maize further in rice-wheat rotation through above discussed crop 
diversification options. Some of the favorable indications towards this shift are appearing in Uttar Pradesh 
where the kharif maize is replacing the rice crop (Gupta, Personal Observation, 2003). 
 
Challenges Ahead 
 

Zero-till establishment of wheat after a successful kharif maize crop is expected to face problems 
related to seeding owing to the hard, undecomposed maize stubs and dry soil. The newly developed zero-
till drill fitted with double disk type pre-openers, can sow through the rice straw. This should be further 
tested for its utility in such conditions. In all probability, the draft energy requirement is going to be 
higher in the above conditions. To add to this, the relatively dry maize harvested field might even need a 
pre-sowing/post sowing irrigation for sowing and proper field emergence of subsequent crop. Agro-
techniques need to be standardized for proper establishment of zero-till maize for wider and easy 
adoption. 

Inclusion of maize in rice-wheat rotation will increase the demand for better maize germplasm which 
need to be met through policy changes for increased access to these germplasm. Measures are also 
required to make available good quality seed of appropriate varieties. Expansion of market and industrial 
process facilities must also commensurate with the increasing maize production. Farmers should benefit 
more by producing maize by getting good market price for their produce. 

 
Conclusion 
 

Inclusion of maize in rice-wheat growing areas is a useful proposition. Ongoing efforts with 
alternative crop establishment methods and cropping systems proved successful. With bed planting, the 
crop intensification and diversification is sure to change the way the crop is grown in these areas. 
Resource use efficiency can be improved and nutritional and income security can be achieved with little 
more efforts in solving some of the challenges mentioned in this paper. It needs a change in mind-set of 
farmers towards the way the crops are raised and it might call for radical changes which are possible 
through linking research and farmers in a harmonious way. 
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Table 1. Area (000’ ha) under maize based cropping systems in Indian Indo-Gangetic Plain states 
(Yadav and Rao, 2001). 
 

Area (000’ ha) Cropping system 
Uttar Pradesh  Punjab Haryana Bihar  Total area  

Maize-wheat 149.6 453.6 20.9 106 730.1 

Maize-mustard 155.8  - - - 155.8 

Maize-toria-wheat 130.8 - - - 130.8 

Maize-potato-wheat 91.8 37 - - 128.8 

Maize-maize 54 - - 61 115 

Maize-barley 20 - - - 20 

Maize-sugarcane - - - 15 15 

Maize-gram 7.1 - - - 7.1 

Maize-mustard-wheat 7 - - - 7 

Maize-lentil 4.5 - - - 4.5 

Maize-potato-sunflower - 2.8 - - 2.8 

Total area (000’ ha) 620.6 493.4 20.9 182  1316.9 

 
 
Table 2. Net returns (USD) from various cropping systems tested in farmer participatory research 
in the Eastern Gangetic Plains (Kumar, 2003). 
 

System tested Yields (tha-1) 

Crop 1 Crop 2 Crop 3 Crop 4 Crop 1 Crop 2 Crop 3 Crop 4 

System 
profit 
($/yr) 

Rice Potato Maize - 3.8 23.2 7.3 - 1161 

Rice Potato Wheat - 3.9 21.7 3.6 - 1281 

Rice Potato Onion - 4.7 22.0 17.3 - 815 

Rice Wheat Moong - 4.6 4.4 7.0 - 570 

Rice Wheat Urd - 4.4 4.0 5.0 - 447 

Rice Potato Onion Maize* 4.0 16.0 12.8 13.5 2685 

Rice Wheat - - 4.2 4.0 - - 366 
*, harvested for green cobs. 
 
 
Table 3. Advantage of growing maize on raised beds (Khan, 2003). 
 

Grain yield (tha-1) Crop establishment technique 
Wheat Maize 

Raised bed 2.90 a 9.84 a 

Flat bed 2.21 b 8.81 b 
In a column and row, means followed by a common letter did not differ significantly at 5% level. 

 - 212 -



Maize in the rice-wheat rotation 

 
Table 4. Water saved by raised bed irrigation system over the flat bed irrigation system of rabi 
crops under different tillage practices at Chuadanga, 2001-2002 (Khan, 2003). 
 

Crops Water applied in flat bed 
(mm) 

Water applied in raised 
bed (mm) 

% water saved over flat bed 
system 

Rabi maize 728 596 18 
Wheat 447 367 18 
Potato 364 299 18 
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Figure 1. Grain yield (tha-1) trend of winter maize with various planting dates in eastern  
Gangetic Plains (Prodan, 2001). 
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Abstract 
 

While there is an abundance of experimental results on increased productivity of intercrop systems, 
the interpretations are limited to the effect of increased crop diversity on reducing insect and disease 
attack, and increasing the efficiency of resource utilization. There is a dearth of information on how 
intercrops respond to varying levels of P availability leading to greater efficiency. The present experiment 
was conducted at the University of Hawaii to evaluate a maize/soybean intercrop system for periodic dry 
matter production, leaf P concentration and leaf properties. P uptake and its conversion efficiency were 
evaluated to determine whether the increased productivity of the mixture was only due to increased 
uptake of resources or efficient conversion to dry matter or grain yield by intercrop components under 
competition. Growth of intercrop maize was no different than the sole crop for their periodic dry matter, P 
concentration, and P uptake, but was profoundly affected by environment and P availability in the soil. 
The response of intercrop soybean to environment and P level was more complex and differed from that 
of the sole crop. Interactions between environment, P level, and the growth conditions of the companion 
maize determined the response of intercrop soybean. Soybean leaf tissue P concentration and P uptake 
was influenced by environment, P levels, and system (intercrop versus sole crop) and their interactions.  

The increased productivity of the intercrop combination was associated with increased extraction of 
soil phosphorus. In low-input subsistence agriculture, the accelerated P mining -- the faster removal of 
limited soil P -- may cause the intercrop systems to be less sustainable. There is no alternative to P 
fertilization in such systems for long-term sustainability. 
 
Introduction 
 

The differential ability of plant species, and even cultivars of the same species, to extract and utilize 
soil phosphorus is well documented. Plant species grown in solution culture required different P 
concentration for optimum growth (Asher and Loneragan 1967). Some species required 0.03 mg/L, while 
others required 25 times more (Fox 1981). When two crops are grown together as an intercrop, 
availability of P is affected by the overlapping of depletion zones around the roots of the same as well as 
different species. The competition for P by two species should also be dependent upon the combined 
demand for P and the amount of P in the soil solution which is the major factor controlling the flux of P to 
plant roots. Whether intercropping, with the greater demand or the expected faster depletion of the soil 
solution P, will result in a different uptake and efficiency of phosphorus at different P availability has not 
been investigated.  

Very little is known about P competition in intercrops especially maize/soybean intercrops. It is 
generally expected that P concentration in leaves of the sole crop and intercrop are the same at the 
beginning of the growth cycle and any difference in concentration at later stages can be attributed to 
interference. Also, the total P uptake and dry matter accumulation by an intercrop combination can be 
expected to be greater than that of the sole crop throughout the growth stages. Results of Chang and 
Shibles (1985) are conclusive in this regard for a maize/cowpea intercrop in a replacement series 
experiment.  
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Extensively cited data of Dalal (1974) indicated that total P uptake (6 and 16 weeks after planting) by 
sole crop maize was greater than a maize/pigeonpea intercrop. The intercrop pigeonpea P uptake was less 
than that of the sole crop at 6 and 16 weeks after planting, but at 24 weeks there was no difference 
between sole and intercrop P uptake. The soil P status remained unaffected 16 weeks after planting. 
Srinivasan and Ahlawat (1983) also recorded no difference in soil P status between sole crop pigeonpea 
and intercrop with green gram or sorghum. Wahua (1983) observed no difference between P uptake (up to 
50 DAP) of sole and intercrop maize; however, at higher fertility levels uptake by the sole crop was 
greater than intercrop and the reverse was true at lower fertility levels. The uptake by intercrop cowpea 
was much lower than the sole crop 40 days after planting. CIAT (1980) reported lower P concentration in 
leaves of intercropped cassava and cowpea compared to sole crops. Mason et al (1986) observed that 
intercropping cassava with cowpea reduced the P concentration in leaf, stem and storage roots of cassava 
at early growth stages (till 80 days after planting) but not after. Most of the experiments reviewed were 
conducted with adequate P fertilization, and none of them dealt with intercrop response to P across a 
range of P levels in different environments. 

Intercrop systems have been advocated to be more efficient in land use compared to sole crop 
systems, and therefore suitable and desirable in sustainable agriculture. It is unclear whether the increased 
efficiency is due to only more resource extraction or to more efficient conversion of resources to dry 
matter and marketable yield.  

The experiment under different environments were conducted with the following objectives: 
• To compare the growth in dry matter and grain yield maize and soybean in maize/soybean and 

maize/rice intercrops with sole crops under different environments. 
• To quantify the effect of interspecific competition on P uptake and conversion efficiency of 

intercrops compared to sole crops under different P availability. 
 
Materials and Methods 
 

Two sites in Hawaii, having contrasting soil and climatic conditions, were utilized to conduct an 
experiment in three environments. Permanent plots were utilized for the intercropping experiments, where 
ten target phosphorus concentration in soil solution have been established since 1971. The field trial at 
Wailua Experiment Station, Kauai, was planted on a highly weathered clayey, sesquic, isothermic, 
Anionic Acrudox. Two field trials were conducted during the summers of 1988 and 1989 at the 
University of Hawaii Poamoho Experiment Station on a silty clay of the Wahiawa series classified as 
clayey, kaolinitic, isohyperthermic, Rhodic Eutrustox. 

Main plots of ten target P levels (0.003, 0.006, 0.012, 0.025, 0.05, 0.1, 0.2, 0.4, 0.8, 1.6 mg P/L in soil 
solution) were laid out in an augmented block design (Federer 1956). The target P levels in soil solution 
were achieved using phosphorus sorption techniques (Fox and Kamprath 1970). Appropriate amounts of 
P fertilizer in each treatment were applied as triple superphosphate before the last tillage operation to 
achieve the targeted levels of P in soil solution. In Kauai the four middle P levels (0.025, 0.05, 0.1 and 0.2 
mg P/L) were replicated three times, the four extreme levels (0.003, 0.006, 0.8 and 1.6 mg P/L) occurred 
only once and the remaining two (0.012 and 0.4 mg P/L) were replicated twice. Each of 20 main plots 
(12.19 m by 9.14 m) contained each of the three sole crops (maize, rice and soybean) along with 
maize/rice and maize/soybean intercrops. In Poamoho, four P levels, 0.012, 0.025, 0.050 and 0.100 mg 
P/L, were replicated three times and the rest of the unreplicated treatments constituted the 18 main plots 
(15.24 m by 5.49 m). Each main plot in 1988 contained one of the sole crops (maize, rice or soybean) and 
the two intercrop patterns. In 1989, main plots contained the maize/soybean intercrop with both maize 
and soybean sole crops. Maize spacing was 0.90 m by 0.25 m for both sole crop and intercrop. Sole crop 
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rice was planted in a row spacing of 0.30 m at a seeding rate of 100 kg/ha. Two rows of rice were planted 
between two rows of maize in the maize/rice intercrop with a seeding rate of 66.6 kg/ha. Sole crop 
soybean was spaced at 0.45 m by 0.10 m. Intercrop soybean was spaced at 0.90 m by 0.10 m apart as 
alternate rows with maize so that it had half the population of sole crop soybean. Nitrogen from urea and 
potassium from potassium chloride were supplied at a rate of 150 kg/ha each before planting. Soybean 
was inoculated with rhizobium. A drip irrigation system supplied water uniformly at Poamoho, but the 
Kauai experiment was rainfed. Destructive plant samples were taken from each subplot (cropping system 
within a P level) at different growth stages to determine the growth of maize and soybean. Periodic leaf 
punch samples from four separate randomly selected plants within subplots of each crop were analyzed 
for P concentration using the Mo blue method (Murphy and Riley 1962). Final harvest P concentration of 
plant and grain samples along with observed values of the total dry matter and grain yield were utilized to 
calculate P uptake and efficiency. P uptake was calculated as the product of % P and total grain and dry 
matter. The P efficiency was calculated as grain or dry matter produced per unit of P uptake. 
 
Data Analysis 
 

Observations were adjusted to remove block effects, calculated using the replicated treatments. For 
maize and soybean an analysis of variance was performed on variables such as dry matter (g m-2), within 
each environment to establish differences in sole and intercrop system and their response to soil solution 
P. An analysis of variance was performed on leaf punch P concentration combined over three 
environments using SAS general linear model (GLM) procedure (SAS Institute 1986). A stepwise 
procedure was followed to establish effects of days after planting, environment, phosphorus level and 
system. Linear and quadratic effects of the natural logarithm of target soil solution P and their interactions 
with systems and environments were tested using appropriate error terms. Lack-of-fit of the linear and 
quadratic effect were also tested using appropriate error terms. The effects of days-after-planting and its 
interaction with phosphorus, system, and environment were also evaluated. P uptake was calculated as the 
product of P concentration in grain and grain yield plus the product of P concentration in stover and 
stover yield. Regression models (Table 1) for maize and soybean were developed which predicted P 
uptake in sole and intercropping in each environment. All subsequent analyses of P use efficiency and 
Land Equivalent Ratio based on P uptake were carried out using the predicted values. 
 
Results 
 
Dry matter accumulation by intercrops 

Treatment means for dry matter, P concentrations averaged across P levels, are presented in table 2 
(See appendices for analysis of variances and level of significance). Maize dry matter accumulation was 
affected by intercropping in Kauai and Poamoho 1988 but not in Poamoho 1989. Soybean dry matter 
accumulation was reduced due to intercropping in both the years at Poamoho. Periodic dry matter of 
maize was predominantly affected by days after planting and soil P levels in all three environments.  

Response of dry matter to P, ∂Y/∂P, was similar in sole crop and intercrop maize but was different for 
each date (log(P)*date interaction. The system by date interaction was real only in two environments 
(Kauai 1987 and Poamoho 1988). The response to P and its interactions with system and date was 
dependent on the growth conditions of component crops. In Poamoho 1989, maize growth was vigorous 
and overcame any interference by companion soybean, which resulted in a similar response to P in the 
sole crop and intercrop. Sole and intercrop maize accumulated the same amount of dry matter over time 
as well. In Kauai and Poamoho 1988, maize growth was relatively low, and the system by date interaction 
had a real effect. 
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There was a linear response of soybean to log(P) in both environments but the response was different 
in sole cropping and intercropping . The effect of competition on intercrop soybean by the companion 
maize crop was more evident at Poamoho during 1989 than during 1988, especially during the later 
growth stages at higher soil P levels. As growth progressed over time the benefit of additional soil P 
increased and the difference in sole crop and intercrop dry matter increased. Soybean dry matter response 
to P was similar in both environments at different growth stages. Dry matter accumulation by intercrop 
soybean was less than the sole crop throughout the growth stages of the crop.  
 
Leaf phosphorus concentration 

Environment, soil P, and days after planting were the important factors accounting for the differences 
in % leaf P concentration of maize and soybean (see appendices for level of significance) 
 
Maize leaf tissue P concentration 

Leaf P increased as soil P increased with a little or no response at higher concentrations. The response 
to soil P was dependent upon environment, being different not only in the two locations but also in the 
two seasons. Within environments analysis indicated a quadratic response only at Poamoho 1988. The P 
concentration in maize leaves sampled 27 days after planting until harvest generally decreased with time. 

There was no difference in leaf P between sole and intercrop maize. Lack of interactions with system 
suggested that influence of environments, days after planting and soil P were similar between sole and 
intercrop maize. However, environment by P levels, environment by days after planting and environments 
by P levels by date interactions had an effect on leaf P.  
 
Soybean leaf tissue P concentration 

Soybean leaf P concentration generally decreased with increase in plant growth in all environments. 
Soybean leaf P increased with an increase in soil P with a flat response at higher P levels However, the 
response was influenced by environment and days after planting . The leaf P of the intercrop soybean was 
similar to sole crop soybean across environments.  

Interpretation of the results of soybean leaf P concentration was complicated by the three factor 
interactions. Unlike maize, the interactions were more important than the main effects of P level and date 
in soybean. P concentration of intercrop soybean leaves was sensitive to environments, soil P levels, days 
after planting, and their interactions. However, the soil P, environment by log(P), and environment by 
date effects were more influential. 
 
Phosphorus uptake and efficiency 

Phosphorus uptake by maize increased with the increase in soil P levels, and the response was 
influenced by the environment. There was no difference in P uptake of sole and intercrop maize. For 
soybean, the P uptake increased with increasing soil P availability and the rate of increase was not same 
for sole and intercrop soybean. P uptake was not the same for sole and intercrop and was different in the 
two years at Poamoho. Based on significant effects regression models were developed which predicted 
the P uptake by maize and soybean under sole and intercropping (Table 1). 

Phosphorus uptake was no different in intercrop maize than sole crop maize. But intercrop soybean 
extracted less P than sole crop soybean. The total P uptake by maize and soybean (taken together) in the 
maize/soybean intercrop was higher than the sole crops maize (Table 3). Phosphorus uptake increased 
with the increasing soil P availability in maize and soybean irrespective of system and year (Table 4). 

LER based on P uptake, which measured performance and efficiency of land use by intercropping in 
extracting P from the soil, was higher than unity at each P level in 1988 and in 1989 (Table 6). On an 
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average intercropping system (maize plus soybean) extracted 56% more P in 1988 and 28% more in 1989 
compared to sole cropping. In other word 28 to 56% more land area under sole cropping would be 
required to extract same amount of P as in intercropping. LER value appeared to increase with increasing 
soil P. Although, the difference of LER, based on P uptake, was only 7 percent between lowest and 
highest P level.  

Phosphorus use efficiency, as measured by amount of grain or dry matter produced per unit of P 
uptake, for maize and soybean decreased with increases in soil P regardless of cropping system in 1988 
and in 1989 (Table 5and 6). Phosphorus use efficiency (grain yield or dry matter/P uptake) of intercrops 
(maize plus soybean) was greater than soybean but was less than maize. Greater reduction of P use 
efficiency in intercrop soybean was observed than in intercrop maize relative to their sole crops. P use 
efficiency was reduced by intercropping in both year. 
 
Conclusion 
 

Replacement series experiments with varying nutrient levels have compared periodic dry matter and 
nutrient uptake of sole crop maize with intercrop components (Dalal 1974, Chang and Shibles 1985). 
Taken together, the intercrop components often produced more dry matter and extracted more nutrients 
than the sole crops, although the individual components produced less. It is not known whether such a 
response prevails at the same population density of main crop in sole and intercropping under a gradient 
of nutrient availability in different environments. In replacement series, due to the difference in the 
population density of sole crops and the intercrop components, the comparison of sole and intercrop 
components included the effect of reduced density and interference by the other component. In my study 
with the maize population density being the same in the sole crop and intercrops, dry matter production 
and nutrient uptake by intercrop maize demonstrated the influence of the addition of the soybean crop. 
The intercrop soybean had a small effect on the productivity of intercrop maize across P levels but the 
component maize greatly affected intercrop soybean. The dry matter yield reduction of soybean due to 
intercropping was greatest in the higher soil P levels and in the high productivity environment of 
Poamoho 1989. The effect P, however, at the higher P level at Poamoho 1989, was confounded with the 
effect of reduced light to intercrop soybean because of shading by taller and more vigorous maize. At 
Poamoho 1988, however, the effect of maize on intercrop soybean was less severe because of the reduced 
growth of maize caused by factors other than soil P availability. 

Leaf P concentration was unaffected by the influence of a companion crop for both maize and 
soybean. This is probably due to fact that the effect of competition for soil P may not be reflected in leaf P 
concentration. Because of the small zone of depletion, competition for P is expected only when the roots 
of the companion crops intermingle. The differences in leaf P concentration in sole and intercrop at 
different growth stages was not associated with interspecific competition. Differences due to 
environmental factors, nutrient flux, and sink/source relationships were sufficiently large enough to mask 
any difference between sole and intercrops.  

Phosphorus use efficiency, as measured by the amount of grain yield or dry matter produced per unit 
P uptake, is the function of grain and stover yield and P concentration in grain and stover. The efficiency 
of P extraction, reflected by the same leaf, stover and grain P concentration and P uptake by sole and 
intercrop maize was not effected by intercropping. The efficiency with which P is utilized to produce 
yield was reduced by intercropping but P uptake showed no difference by sole and intercrop maize. 
However, the efficiency of P use decreased with increases in P availability in maize and soybean. The 
decrease in efficiency was correlated with increase in P uptake irrespective of system. P uptake by 
intercrops taken together was greater than sole maize in both years at Poamoho. Whereas, P uptake by 
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sole crop soybean was more than intercrops only in 1988 but not in 1989. The P use efficiencies of 
intercrops (maize plus soybean) were lower than maize but higher than soybean.  

The whole idea of intercropping systems being more sustainable is questionable. The intercrop 
systems are relatively more productive under a wide range of P availability and environmental conditions. 
The system is more productive but it also extracts more resources, such as phosphorus, from the soil. At 
higher P levels demand, as well as P uptake, increased with the increase in the availability. Thus, 
interspecific competition may be severe. In soybean, the inter- and intraspecific competition was further 
affected by population density difference in sole and intercrop, effect of light, and three-factor 
interactions (environment by P level by system). At lower P levels, because of higher P use efficiency, 
there could be greater degree of niche differentiation resulting in relatively more extraction of soil P in 
relation to availability. If this is true, intercropping systems very commonly practiced in low productivity 
environments in so-called low-input sustainable agriculture, will be less sustainable. 
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Table 1. Regression model parameters for predicted P uptake of maize and soybean across P levels, 
systems and environments. Effects were determined by hypothesis test . Lack of fit was no larger 
than the appropriate experimental errors except for maize environment by log(P) interaction 
(P<0.05). 
 

Crops Effects Regression Coefficients

 
 

Maize 

Intercept 
Environment (E) 

Log(P) 
Log(P)*Log(P) 

Environment*Log(P) 
Environment*Log(P)*Log(P) 

45.60 
25.57 
13.78 
1.61 
13.64 
3.38 

 
 

Soybean 

Intercept 
Environment 

Log(P) 
Log(P)*Log(P) 

Environment*Log(P) 
System 

Log(P)*system 

32.24 
-10.61 
6.68 
0.50 
-1.92 
-11.32 
-1.44 

 
 
Table 2. Treatment means for dry matter (DM), percent P in leaf punch, of maize and soybean at 
different growth stages in three environments averaged over P levels. See analysis variance 
(appendices) for level of significance. 
 

Days 
after 

Dry matter (gm2) P in leaf punch(%) Dry matter 
(gm2) 

P in leaf punch (%) 

Planting Maize M+R M+S Maize M+R M+S Soybean Intercrop Soybean Intercrop 
Kauli 1987 

25 45 44         

50 401 302  0.03 0.28      

90 659 553  0.32 0.31      

Harvest 1111 930  0.18 0.17      

Poamoho 1988 

27 25 26 25 0.29 0.35 0.37 63 29 0.34 0.27 
50 248 215 207 0.25 0.27 0.27 345 118 0.49 0.41 
77 635 733 644 0.19 0.21 0.22 856 326 0.28 0.31 

Harvest 1141 913 948 0.22 0.23 0.24 739 326 0.49 0.39 
Poamoho 1989 

27 52  46 0.38  0.36 17 8 0.50 0.52 
50 481  434 0.31  0.31 156 43 0.34 0.36 
70 1094  987 0.32  0.32 360 61 0.34 0.34 

Harvest 2385  2347 0.29  0.26 571 118 0.23 0.22 
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Table 3. Sample means for phosphorus uptake (Kg/ha) as affected by year, P levels (mg/L) and 
intercropping at Poamoho. 
 

P levels Sole Maize Intercrop Maize SoleSoybean Intercrop Soybean Maize +  
     soybean 

Poamoho 1988 
0.003 4.38 3.14  6.49 9.63 

0.006    6.98 - 

0.012 7.42 8.81 19.05 12.12 20.93 

0.025 5.15 8.07 19.73 13.40 21.47 

0.05 10.78 13.58 42.17 14.15 27.73 

0.1 17.25 16.18 15.16 17.71 33.89 

0.2  5.41 25.93 25.92 31.33 

0.4 27.10 18.29  20.95 39.24 

0.8  19.90  31.36 51.20 

1.6  15.81 66.06 39.36 55.27 

Mean 12.01 11.91 31.35 16.81 29.30 

Poamoho 1989 
0.003   10.11 5.86  

0.006 26.05 30.81 14.90 5.58 36.39 

0.012 24.29 24.56 16.16 4.28 28.84 

0.025 26.96 30.75 16.26 4.21 34.96 

0.05 28.01 25.91 23.35 4.54 30.45 

0.1 29.43 32.82 24.43 3.77 36.59 

0.2 58.18 45.12 28.99 7.28 52.40 

0.4 35.88 46.84 18.13 8.13 54.97 

0.8 44.56 49.20 29.87 8.92 58.12 

1.6 113.00  38.16 8.15  

Mean 35.52 32.13 21.45 5.24 37.16 
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Table 4. P uptake maize and soybean across P levels for different systems as predicted by 
regression analysis. The parameters in the regression models were based on real effects determined 
by analysis of variance (P<0.05). (LERp was calculated based on predicted P uptake assuming 
PLERp of maize= 1). 
 
 Soybean Maize Maize + Soybean LERp 
P levels 
(mg/L) Sole  Intercrop 
 (P uptake, kg/ha) 

Poamoho 1988 

0.003 32.0 16.6 8.4 25.0 1.52 
0.006 34.3 18.1 11.0 29.0 1.53 
0.012 36.7 19.6 13.2 32.8 1.53 
0.025 39.4 21.3 15.3 36.6 1.54 
0.05 41.9 23.0 16.9 39.9 1.55 
0.1 44.6 24.9 18.1 43.0 1.56 
0.2 47.4 26.8 19.1 45.8 1.56 
0.4 50.3 28.8 19.7 48.5 1.57 
0.8 53.2 30.8 20.0 50.8 1.58 
1.6 56.2 33.0 20.0 53.0 1.59 
Mean 43.6 24.3 16.2 40.4 1.56 

Poamoho 1989 
0.003 20.5 5.1 33.8 38.8 1.25 
0.006 21.6 5.4 34.9 40.2 1.25 
0.012 22.9 5.7 36.9 42.7 1.25 
0.025 24.3 6.3 40.0 46.3 1.26 
0.05 25.7 6.8 43.9 50.8 1.27 
0.1 27.2 7.5 48.7 56.2 1.27 
0.2 28.9 8.2 54.4 62.7 1.28 
0.4 30.6 9.1 61.0 70.1 1.30 
0.8 32.3 10.0 68.6 78.5 1.31 
1.6 34.2 11.0 77.0 88.0 1.32 
Mean 26.8 7.5 49.9 57.4 1.28 
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Table 5. P use efficiency (grain yield / P) level for different systems at two years at Poamoho. 
Predicted P uptake and grain yield from the regression analysis (Appendix 9) were used for the 
calculation of P use efficiency. The parameters in the regression models were based on real effects 
determined by analysis of varience (P,0.05). 
 
 Soy bean Maize 
P Levels Sole Intercrop Sole Intercrop Maize +Soybean 
(mg/L) (kg grain yield/kg P uptake) 

Poamoho 1988 

0.003 67.9 59.4 333.3 298.9 139.9 
0.006 65.7 54.5 262.6 236.2 123.2 
0.012 63.6 50.0 224.0 202.1 111.3 
0.025 61.5 45.8 199.8 180.8 102.1 
0.05 59.6 42.3 185.7 168.5 95.6 
0.1 57.8 39.0 177.2 161.2 90.5 
0.2 56.1 36.2 172.6 157.4 86.6 
0.4 54.5 33.5 171.2 156.5 83.5 
0.8 53.0 31.2 172.6 158.1 81.1 
1.6 51.6 29.0 176.7 162.2 79.3 
Mean 59.1 42.1 207.6 188.2 99.3 

Poamoho 1989 
0.003 160.3 85.3 229.7 221.1 203.4 
0.006 155.5 80.0 224.6 216.3 198.1 
0.012 150.5 74.2 214.4 206.6 188.7 
0.025 145.2 67.7 199.8 192.5 175.7 
0.05 140.3 61.6 183.9 177.3 161.8 
0.1 135.4 55.8 167.4 161.5 147.4 
0.2 130.6 50.3 151.4 146.1 133.5 
0.4 126.0 45.3 136.3 131.6 120.4 
0.8 121.5 40.8 122.6 118.3 108.5 
1.6 117.1 36.7 110.2 106.4 97.7 
Men 138.2 59.8 174.0 167.8 153.5 
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Table 6. P use efficiency based on total plant dry matter across P level for different systems at two 
years at Poamoho. Predicted P uptake and dry matter by the regression models were used for the 
calculation of P use efficiency. The parameters in the regression models were based on real 
determined by analysis of variance (P,0.05). 
 
 Soybean Maize 

P Levels Sole  Intercrop Sole Intercrop Maize+Soybean 

(mg/L) (kg dry matter/kg P uptake) 

Poamoho 1988 

0.003 246.0 197.8 1336.2 1169.3 524.4 
0.006 234.8 182.8 1047.1 919.3 461.3 
0.012 224.6 169.2 888.7 782.7 416.5 
0.025 214.5 156.3 788.4 969.5 381.7 
0.5 205.8 145.3 729.5 646.2 356.9 
0.1 197.6 135.4 692.8 615.3 337.7 
0.2 190.0 126.3 672.0 598.4 322.7 
0.4 182.9 118.1 663.8 592.6 311.0 
1.8 176.3 110.7 666.7 596.5 301.8 
1.6 170.1 103.9 680.2 610.0 294.7 
Mean 204.3 144.6 816.5 722.7 370 

Poamoho 1989 
0.003 302.2 172.5 733.2 691.6 623.8 
0.006 294.7 166.1 717.0 676.7 608.6 
0.012 286.8 157.9 684.6 646.5 580.7 
0.025 278.2 147.9 637.8 602.8 541.4 
0.05 270.0 138.0 587.2 555.3 499.2 
0.1 261.8 128.0 534.7 506.0 455.7 
0.2 253.7 118.3 483.5 457.7 413.2 
0.4 245.7 109.2 435.4 412.5 373.3 
0.8 237.9 100.6 391.5 371.1 336.7 
0.6 230.3 92.8 352.1 333.9 303.7 
Mean 266.1 133.1 555.7 525.4 473.6 
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Appendix 1 a. Combined analysis of variance of maize dry matter yield (kg/ha) across three 
environments. 
 
Source of Variation  df SS/10000 MSS F Ratio 
Corrected Total 117 559720.0 4783.9 
Environment (Env) 2 
Kauai Vs Poamoho (KVP) 1 88147.9 88147.9 27.6 ** 
Poamoho88 Vs Poamoho89 (PVP) 1 383155.6 383155.6 120.1 ** 
Replication (Env) 6 19144.0 3190.7 
 Phosphorus Level 9 28573.2 3174.8 5.0 
Log(P) 1 22402.1 22402.1 35.4 ** 
Log(P)*Log(P) 1 62.2 62.2  0.1 
Lack of fit 7 6108.9 872.7 1.4 
Environment*P Level 18 16075.5  893.1 1.4 
KVP*Log(P) 1 2466.5 2466.5 3.9 
PVP*Log(P) 1 204.6 204.6 0.3 
KVP*Log (P)*Log(P) 1 158.3 158.3 0.3 
PVP*Log (P)*Log(P) 1 4302.2 4302.2 6.8 
Lack of fit 14 8943.9 638.9 1.0 
Rep(Env*P Level) 14 8857.0 632.6 1.6 
Sole Vs Intercrop (SVI) 1 4858.6 4858.6 12.5 ** 
Between Intercrops (INVIN) 1 684.9 684.9 1.8 
KVP*SVI 1 2.5 2.5 0.0 
PVP*SVI 1 1149.7 1149.7 2.9 
P Level*System 18 3827.8 212.7 0.5 
Log(P)*SVI 1 31.1 31.1 0.1 
Log(P)*INVIN 1 5.7 5.7 0.0 
Log(P)*Log(P)*SVI 1 223.0 223.0 0.6 
Log(P)*Log(P)*INVIN 1 56.9 56.9 0.1 
Lack of fit 14 3511.1 250.8 0.6 
Env*P Level*System 14 9662.1 690.1 1.8 
Error 38  14816.7 389.9 
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Appendix 1b. Combined analysis of variance of soybean dry matter yield (kg/ha) across two season 
at Poamoho. 
 
 
Source of variation df SS/10000 MSS F-ratio 

Corrected Total 59 41301.4 

Environment 1 13549.8 13549.8 9.7 ** 

Replication (Env) 4 5565.6 1391.4 

Phosphorus Level 9 2982.4 331.4 1.3 

Log(P) 1 1728.9 1728.9 6.5 ** 

Log(P)*Log(P) 1 6.1 6.1 0.0 

Lack of fit 7 1247.5 178.2 0.7 

Environment*P Level 9 2151.5 239.1 0.9 

Env*Log(P) 1 17.7 17.7 0.1 

Env*Log(P)*Log(P) 1 202.2 202.2 0.8 

Lack of fit 7 1931.5 275.9 1.0 

Rep(Env*P Level) 8 2114.2 264.3 

System 1 14061.6 14061.6 216.3 ** 

Environment*System 1 2547.4 2547.4 39.2 ** 

P Level*System 9 1868.8 207.6 3.2 

Log(P)*System 1 971.9 971.9 14.9 ** 

Log(P)*Log(P)*System 1 0.5 0.5 0.0 

Lack of fit 7 896.5 128.1 2.0 

Env*P Level*System 5 1222.2 244.4 3.8 

Env*Log(P)*System 1 179.0 179.0 2.8 

Lack of fit 4 1043.2 260.8 4.0 

Error 16  1040.3 65.0 
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Appendix 2a. Combined analysis of variance of maize leaf punch (% P) across different days after 
planting and across three environments. 

 
Sources of variation df  SS*1000 MSS F-ratio 
Corrected Total 429 3836.8 
Environment (Env) 2 275.7 137.8 159.0 
Kauai Vs Poamoho (KVP) 1 59.2 59.2  68.3 
Poamoho88 Vs Poamoho89 (PVP) 1 216.4 216.4 249.6 
Replication (Env) 6 
Phosphorus Level 9 698.2 77.6 89.5 ** 
Log(P) 1 666.4 666.4 768.5 ** 
Log(P)*Log(P) 1 7.4 7.4 8.5 ** 
Lack of fit 7 24.4 3.5 4.0 
Environment*P Level 18 321.3 17.8 20.6 ** 
KVP*Log(P) 1 133.2 133.2 153.6 ** 
PVP*Log(P) 1 115.9 115.9 133.6 ** 
KVP*Log (P)*Log (P) 1 4.3 4.3 4.9 * 
PVP*Log (P)*Log (P)1 8.6  8.6 9.9 ** 
KVP*Log (P)*Log (P)*Log (P) 1 1.1 1.1 1.3 
PVP*Log (P)*Log (P)*Log (P) 1 0.0 0.0 0.0 
Lack of fit 14 58.3 4.2 4.8 * 
Rep (Environment*P Level) 14 12.1 0.9 
System (SYS) 2 6.2 3.1 1.4 
Sole Vs Intercrop (SVI)        1 2.5 2.5 1.1 
Between Intercrops (INVIN) 1 2.9 2.9 1.3 
Environment*System 2 12.7 6.4 2.8 
KVP*SVI 1 1.1 1.1 0.5 
PVP*SVI 1 14.2 14.2 6.3 * 
P Level*System 18 38.5 2.1 0.9 
Log (P)*SVI 1 0.3 0.3 0.1 
Log (P)*INVIN 1 1.8 1.8 0.8 
Log (P)*Log (P)*SVI 1 2.0 2.0 0.9 
Log (P)*Log (P)*INVIN 1 3.4 3.4 1.5 
Lack of fit 14 31.1 2.2 1.0  
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Appendix 2a. (cont'd) 
 

Sources of variation df  SS*1000 MSS F-ratio 
Environment*P Level*System 14 30.1 2.2 1.0 

Rep (Environment*P Level*SYS) 14 31.7 2.3 

Date 3 63.8 254.6 21.0  

*Date (Linear) 1 697.9 97.9 57.6 ** 

Date*Date 1 3.4 3.4 0.3 

Lack of fit 1 62.5 62.5 5.2 

Replication*Date 3 36.3 12.1 

Environment*Date 5 335.1 67.0 41.3 ** 

KVP*Date 1 48.4 48.4 29.9 

PVP*Date 1 17.6 17.6 10.9 

Lack of fit 3 269.0 89.7 55.3 

P Level*Date 27 339.1 12.6 7.7 ** 

Log(P)*Date (Linear) 1 128.5 128.5 79.2 ** 

Log(P)*Log(P)*Date 1 0.9 0.9 0.6 

Log(P)*Date*Date 1 160.8 160.8 99.2 ** 

Lack of fit 24 48.8 2.0  1.3 

System*Date 6 2.2 0.4  0.2  

Environment*P Level*Date 45 504.5 11.2 6.9 ** 

KVP*P Level*Date 1 4.2 4.2 2.6 

PVP*P Level*Date 1 307.5 307.5 189.6 ** 

Lack of fit 43 192.8 4.5  2.8 

Environment*System*Date 5 5.9 1.2  0.7 

P Level*System*Date 54 140.7 2.6  1.6 

Environ.*P Level*System*Date   32 29.5 0.9  0.6 

Error 56  253.0 1.6 
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Appendix 2b. Combined analysis of variance of soybean leaf punch (% P) at different days after 
planting across two season at Poamoho. 
 

Sources of variation df  SS*1000 MSS F ratio 

Corrected Total 237 
Environments (Env) 1 0.3 0.3 0.1 
Replication (Env) 4 
Phosphorus Level 9 924.7 102.7 28.8 ** 
Log(P) 1 722.4 722.4 202.3 ** 
Log(P)*Log(P) 1 141.4 141.4 39.6 ** 
Lack of fit 7 61.0 8.7 2.4 
Environment*P Level 9 302.6 33.6 9.4 ** 
Environment*Log(P) 1 275.1 275.1 77.1 ** 
Lack of fit 8 27.5 3.4 1.0 
Rep(Env*P Level) 8 28.5 3.6 
System (SYS) 1 0.6 0.6 0.3 
Environment*System 1 14.6 14.6 6.4 
P Level*System 9 14.7 1.6 0.7 
Log(P)*System 1 0.0 0.0 0.0 
Lack of fit 8 14.6 1.8 0.8 
Environ.* P Level*System 5 18.1 3.6 1.6 
Rep (Env*P Level*System) 9 20.5 2.3 
Date 3 552.6 184.2 12.7 * 
Date (Linear) 1 525.6 525.6 36.1 ** 
Date*Date 1 7.8 7.8  0.5 
Lack of fit 19.2 19.2 1.3 
Replication*Date 3 43.7 14.6 
Environment*Date 3 1276.0 425.3 281.7 ** 
Environ*Date (Linear) 1 868.2 868.2 575.0 ** 
Environ*Date*Date 1 20.9 20.9 13.8 ** 
Lack of fit 1 387.0 387.0   256.3 ** 
P Level*Date 27 381.9 127.3   84.3 ** 
Log(P)*Date (Linear) 1 123.2 123.2   81.6 ** 
Log(P)*Log(P)*Date 1 45.1 45.1 29.9 ** 
Log(P)*Date*Date 1 59.2 59.2 39.2 ** 
Lack of fit 24 154.4 6.4 4.3 ** 
System*Date 3 16.0 5.3 3.5 * 
System*Date (Linear) 1 6.2 6.2 4.1 * 
Lack of fit 2 9.8 4.9 3.2 * 
Environ*P Level*Date 27 235.3 8.7 5.8 ** 
Environ*System*Date 3 16.3 5.4 3.6 * 
P Level*System*Date 27 112.3 4.2 2.8 ** 
Environ* P *system*date 14 34.4 2.5 1.6 
Error 80  120.9 1.5 
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Appendix 3. Combined analysis of variance of P uptake at Poamoho during 1988 and 1989. 
 

 Source of variation df SS  MSS   F ratio  

  (a) Soybean 

Corrected Total       58  
  Environment         1    765.4  765.4  27.5** 
  Phosphorus Level      9    2809.8    312.2     11.2** 
  Log(P)             1   2192.2    2192.2     78.9** 
  Log(P)*Log(P)        1    164.8    164.8      5.9** 
  Lack of fit          7    452.8     64.7      2.3 
  Environment*P Level    9    704.1     78.2      2.8 
  Environment*Log(P)     1    534.7    534.7     19.2** 
  Lack of fit          8    169.4     21.2     0.8 
  Rep(Env*P Level)       8    222.2     27.8 
  System             1   2557.7    2557.7     175.2** 
  Environment*System     1    62.8      62.8      4.3 
  P Level*System       9     538.5     59.8      4.1 
  Log(P)* System        1    315.9    315.9     21.6** 
  Lack of fit          8    222.6     27.8      1.9  
  Env*P Level*System     5    274.6     54.9      3.8 
  Error             15    219.3     14.6 

(b) Maize 

  Corrected Total       72  
  Environment          1   9341.3    9341.3    241.4 **  
  Phosphorus Level      9    5734.6    637.2     16.5 ** 
  Log(P)             1   4115.7    4115.7    106.3 ** 
  Log(P)*Log(P)         1    910.3    910.3     23.5 ** 
  Lack of fit           7    708.6    101.2     2.6 
  Environment*P Level    7    3690.9    527.3     13.6 ** 
  Environment*Log(P)     1    935.7    935.7     24.2 ** 
  Envi.*Log(P)*Log(P) 1   1115.5    1115.5     28.7 ** 
  Lack of fit           5   1639.7    327.9     8.5 * 
  Rep(Env*P Level)      8     309.3     38.7 
  System             2    49.5      24.9     1.4 
  Environment*System 1    26.0      26.0     1.5 
  P Level*System        16    531.0     33.2     1.9 
  Env*P Level*System     4    108.4     27.1     1.5 
  Error             24    428.2     17.8 
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Abstract 
 

Soil fertility has been identified as the most important constraint for increasing maize production in 
the hills of Nepal. Farmyard manure is the primary means of providing external nutrients to the soil. 
Fertilizer is becoming a critical input for increased maize production. A survey was conducted to 
determine factors affecting the use of fertilizers in the hills of Nepal. Maize farms were found to be 
largely subsistence. Of the two districts Dolakha was better developed than Dailekh in terms of infra 
structure and educational level. All farmers used farmyard manure. Most farmers in Dolakha and 58% in 
Dailekh used urea. Rates were far less than recommended. No P containing fertilizers were used. Of the 
variables included in a probit analysis, Khet area, household labor, years since improved varieties first 
cultivated, literacy, district (Dolakha), and nearness to market positively influenced fertilizer use, while 
livestock number negatively influenced its use. Income from crops, contact with extension personnel, 
hired labor, caste and household head working on the farm did not significantly influence fertilizer use. 
These data demonstrate the influence of general development on the adoption of fertilizer. They also 
indicate that there is scope to improve its adoption even within the lesser developed areas of the country. 

 
Introduction 

 
Nepal is among the poorest counties in the world and the majority of the Nepalese are dependant on 

agriculture for their livelihood. The country can be broadly divided into three parallel ecological belts 
running east to west- the terai in the south, the midhills in the middle and highhills in the northern part of 
the country. The hills together account for 77% of the total land and almost 50% of population in the 
country. More than three-fourths of maize production in the country takes place in the hills. Low soil 
fertility is the single most important abiotic constraint to maize production in the hills (Paudyal et al., 
2001). 

Traditionally soil fertility was maintained through the application of farmyard manure. Manure was 
largely produced from weeds, crop residue and fodder trees that were fed to tethered animals. Currently 
farm yard manure is still the primary source of nutrients for maize fields, though the use of fertilizers is 
growing in importance. Since farmers apply all of the manure that they have available on their farms, it is 
the increased use of fertilizer that is likely to enable increases in maize production in the future. The 
Agricultural Perspective Plan (APP) has identified chemical fertilizer as major contributing factor for 
accelerating agricultural growth and has considered it as one of the priority inputs. Fertilizer application 
per unit area in Nepal is among the lowest. Fertilizer use in maize cultivation is lower than in other crops 
for two reasons. First, most of the maize is produced in the hills where transportation of fertilizer is 
costly. Second, most of the farmers there are subsistent farmers who often do not have cash required to 
buy expensive fertilizer. 

The objective of this study was to determine the importance of various socioeconomic and geographic 
features on the utilization of fertilizer on maize in two districts in Nepal. 
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Materials and Methods 
 

Data were collected in the spring of 2000 from interviews of 206 randomly selected households in 
four villages of Dolakha and Dailekh districts of Nepal. The questionnaire developed for this survey 
focused on gathering socio-economic, input-output and farming system related information. 

 
Analytical Model 

The logic model was used to analyze factors influencing the farmers’ decision to adopt fertilizer as it 
allows for the inclusion of both continuous and qualitative data in the equation. The empirical model used 
in this study is specified as: 

 
(ADOPT) = α0 + α1 (BAREA) + α2 (KARE) + α3 (PSIZE) + α4 (HHLAB) +  α5 (GINCO) + α6 (LIVES) 

+ α7 (OPVYR) + α8 (LITHH) +  α9 (DDIST) + α10 (CONEX) + α11 (HIRED) + α12 
(NEARM)+ α13 (HHWOF) +  α14 (CASTE) + ε. 

Where 
αis  = parameters 
ADOPT  = Adoption of fertilizer (dummy, 1 if used fertilizer in the past) 
BAREA  = Bari (upland) area ha 
KAREA = Khet (lowland) area ha 
PSIZE   = Average size of plot (ha/plot) 
HHLAB = Labor (economically active members) available at household 
GINCO = Income from sales of foodgrain in ‘000 Rs 
LIVES  = Number of livestock unit. 
OPVYR = Years since Improved OPV maize was adopted first 
LITHH  = Literacy of household head (dummy, 1 if literate) 
DDIST  = Dolakha district (dummy, 1 if Dolakha district) 
CONEX  = Contact with extension (dummy, 1 if met with persons from DADO in last one     

year) 
HIRED  = Hired labor for maize cultivation (dummy, 1 if hired) 
NEARM  = Nearness to the market (dummy, 1 if the farm is <= 5 km from market) 
HHWOF  = Head of household working in the farm (dummy, 1 if no off-farm job) 
CASTE  = caste (dummy, 1 if Brahman/Chhetri) 

 
The model was estimated using the maximum likelihood method. The effect of changes in one of the 

variables on the probability of belonging to a group (adopting) was estimated following Maddala (1983).  
 
Results and Discussion 
 

Farms size, by global standards, is small in Nepal. In the two study districts, the average farm size 
was less than 1 ha, with farms in Dailekh being slightly larger than those in Dolakha (Table 1). Maize 
area in both districts was around a third of a ha. The household size was larger in Dailekh. Dailekh lies in 
the Far Western Region of Nepal and due to the distance from the politically and economically important 
regions of the country has not developed as rapidly as Dolakha. Literacy rates are lower and distance to a 
market farther in Dailekh when compared to Dolakha (Table 1).  

Use of technology was generally very low in both districts (Table 2). Farmyard manure, however, 
was universally used and at relatively high rates. Fertilizer, primarily urea, was used in more farms in 
Dolakha than in Dailekh but a rates less than recommended (Pandey, 2000). Less than half the farmers in 
Dolakha and only 19% in Dailekh used improved varieties (Table 2). The rate of adoption of IOPVs was 

 - 232 -



Soil fertility in the hills of Nepal 

 
significantly less than the rate of adoption of fertilizer. These results are somewhat surprising given the 
relatively higher cost of fertilizer compared to seed and the additional difficulty of transporting bulky 
fertilizer.  

The logit model used to determine factors affecting the adoption of fertilizer was significant at 1% 
level of significance based on likelihood ratio (Table 3). Goodness of fit, which is generally measured by 
Pseudo R2 in such model, was 0.43. The result shows that the farmers in Dolakha (eastern hills) have 
high probability of using fertilizer than in Dailekh (western hills). The other variables that contribute in 
the adoption of fertilizer are access to the market, literacy of head of the household, number of years one 
is cultivating improved OPVs, number of economically active (labor force) members in the household 
and size of Khet land (rice field). Number of livestock holding (availability of manure) has negative 
impact on adoption of fertilizer as manure is a good substitute of fertilizer in the hills. Income from sales 
of crops and contact with extension people contribute adoption of fertilizer positively but the coefficients 
associated with those variables failed to be significant (Table 3). Hiring of labor for maize was not a 
significant determinant of fertilizer adoption suggesting that having sufficient resources to hire labor does 
not necessarily mean that those resources would also be used to purchase fertilizer.  

In terms of marginal effects on the adoption of fertilizer district has largest positive effect followed by 
nearness of market, area of khet land and literacy of head of household. These factors, except Khet area, 
are associated with the general development of an area. The construction of roads for example (Dolakha 
has a more extensive road system than Dailekh in this study) would obviously have a significant impact 
on the nearness of markets and in many cases the availability of schools and teachers.  

The number of laborers available per household and experience in cultivation of improved maize are 
the other variables that positively influence the adoption of fertilizer. These two variables have equal 
marginal effect on probability of adoption. 

 
Conclusion 
 

Farmers in Nepal still rely heavily on traditional techniques for cultivating maize. Fertilizer use is 
becoming important in areas that have an infrastructure to support its delivery. Support for infrastructure 
development, particularly roads would have a positive effect on the utilization of fertilizers as would 
support for education. Aside these factors, over which the traditional agricultural research and delivery 
systems have little or no control, the it appears that improving the delivery of information on production 
practices of maize (varieties as well as fertilizer practices) could have a significant impact on the 
expansion of the use of fertilizer as well as improved varieties. Including a fertilizer component to the 
expanding varietal testing and demonstration program of the Hill Maize Research project in Nepal could 
likely have a big impact on the use of fertilizers within the area where the work is being conducted.  
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Table 1. Selected features of farm households in Dolakha and Dailekh districts of Nepal, 2000. 
 

 Dolakha Dailekh 

Farm size (ha)* 0.68 0.98 
Maize area (ha) 0.30 0.37 
Bari area (ha)* 0.29 0.51 
Household size (no.)* 5.9 7.6 
Age of Ho usehold head 

(yrs) 
47 47 

Literacy rate HH (%) 45 22 
Income from  gr ain sal es 

(NRs)** 
1426 735 

Maize sold (kg)** 4.0 13.4 
Distance to input m arket 

(km)* 
5.1 13.7 

Contact with extension 
(%) 

18 10 

 
*, ** Indicates a significant t-test for  District at t he 1% and 5% level s, res pectively. The t-test was 
performed only on quantitative variables. 

 

 

Table 2. Level of adoption of yield enhancing maize technologies in Dolakha and Dailekh districts 
in Nepal, 2000. 

 
Treatments Dolakha Dailekh 

Use of FYM (%) 100 100 

Rate of FYM (kg ha-1) 7,435 7,645 

Use of fertilizer (%)** 98 58 

Rate of N fertilizer (kg ha-1)** 37 17 

Rate of P fertilizer (kg ha-1) 1 <1 

Use of IOPVs (% of farmers)** 44 19 

Maize ar ea grown to IOPVs  

(%)** 

38 25 

 
*, ** indicate that there was a significant t-test for District at the 5% and 1% levels, respectively. 
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Table 3. Maximum likelihood estimates of Logit function for adoption of fertilizers in the hills of 
Nepal. 
 

Variables 

Coefficie

nt 

Standard 

error Marginal effect

Constant  0.59 1.11 0.03 

Bari area ha -1.03 0.77 -0.05 

Khet area ha* 1.53 0.90 0.08 

Plot size ha/plot -3.37 2.88 -0.17 

Household labor (No.)* 0.36 0.19 0.02 

Income from crops Rs '000 0.13 0.13 0.01 

Livestock holding (No)*** -0.55 0.19 -0.03 

Years since OPV cultivated first** 0.30 0.15 0.02 

Literacy of household head (dummy)** 1.36 0.58 0.07 

Dolakha District (dummy) *** 3.28 0.82 0.17 

Contacted extension personnel (dummy) 1.53 1.27 0.08 

Hired labor (Dummy) 0.61 0.58 0.03 

Near the market (Dummy)*** 2.04 0.84 0.10 

Household head works in the farm  

(dummy) -0.49 0.92 -0.03 

Caste (dummy) -0.43 0.49 -0.02 

Log likelihood function (unrestricted)   -62.76 

Log likelihood function (restricted)   -109.4 

Likelihood ratio for chi-square***   93.27 

Goodness of fit (pseudo-R2)   0.43 

Cases correctly predicted   87% 

Number of observations   206 

 
***, ** and * indicate significant at 1, 5 and 10%, respectivel. 
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Abstract 

 
Maize has considerable potential for increasing the total food supply without seriously affecting the 

production of other crops. It has been found that the crop can fit in the existing cropping pattern in 
Bangladesh. A number of studies were undertaken at central, regional, and sub-stations of BARI as well 
as farmers’ fields to determine appropriate management practices for growing maize as both a sole crop 
and in combination with other crops. This paper focuses on experiments conducted at different locations 
in the country. Encouraging results from Maize + Groundnut, Maize + Mungbean/Blackgram, Maize+ 
Radish, Hybrid Maize + Soybean/Groundnut, Tomato + Maize, Potato+ Maize, Maize+ Carrot/Bush bean 
etc, were obtained. Equivalent yield and monetary benefits were found to be higher in all of the 
intercropping combinations. On the On-Farm Research Division, BARI designed and tested several maize 
based farmer alternative cropping patterns at different Agro-ecological zones with farmer participation. 
Of those, five cropping patterns were found promising and were recommended for cultivation, namely 
Maize-T.Aman-Potato, Maize-Mungbean-Mustard, Maize-Fallow-Wheat, Maize-T.Aman-Wheat, and 
Mungbean-T.Aman-Maize. 
 
Introduction 
 

Maize is an important crop in many tropical countries and almost all countries in Asia, including 
China, Thailand, the Philippines, Vietnam, and Indonesia. However, in almost all Asian countries the 
average yield of the maize crop is not high. Maize is the third most important cereal crop in Bangladesh 
because it has the higher yield potentiality among the cereals. Increases in maize production will have to 
come from hybrid maize. The use of hybrid seeds is a very effective way of increasing production and 
minimizing the cost of production. Hybrid maize has 50-300% higher yield than open pollinated varieties 
like composites and synthetics. Day by day farmer’s attitudes towards hybrid maize are changing and 
awareness is growing among traders, growers, NGO’s, and policy makers.  

In Bangladesh there is a need to diversify crop-based systems. Currently rice and wheat are the only 
two crops used in rotation with each other. Maize will definitely help to diversify the current system and 
will serve as a valuable addition and also a preferred choice. Maize has several other benefits; it can be 
grown as fodder, grain for food and feed, roasted and boiled crops, baby corn, sweet corn, and popcorn. It 
creates greater flexibility because it fits in various intensive cropping systems where sometimes more than 
two crops are taken during the year. Maize can play a dominant role, along with other important cereals, 
in meeting future needs of growing population. 

Sensible cultivation practices that will yield maximum benefit must also be developed to realize the 
yield potential of the new varieties. With so many different factors affecting grain yield in maize at the 
farmer’s field such as variety, soil fertility, fertilizer application practices, control of pests and diseases, 
and others, very careful analysis of the situation must be done so that factor that will contribute the most 
towards raising yield. This must be the object of research and extension work by the government. 
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Experimental Findings (Based on station and farmers field trial): 
 
Sowing time 

Sowing time is the most important factor in the development and growth of crop species. Very often 
the sowing of maize in the winter season gets delayed due to late harvest of preceding crops like rice. A 
study was undertaken to investigate the effect of sowing date on the yield of different hybrid maize at 
RARS Jamalpur. The experiment was conducted during the period from October 2001 to April 2002. The 
soil of the experimental site belongs to the Old Brahmaputra flood Plain (AEZ-9) and the texture of the 
soil was silty loam with a pH value of 6.5. The treatments included in the experiment were from four 
varieties: BARI hybrid maize-1, CMS-933072, Pioneer, and Pacific-11, on four sowing dates: Oct. 30, 
Nov.15, Nov. 30, and Dec. 15. Fertilizer was applied@ 250-120-120-40-5 N-P205-K20-S and Zn kg/ha, 
respectively. 

The results showed that length of cob, grains/cob, 100-grain weight, grain yield, and stover yield were 
significantly influenced by variety. Grains/cob showed identical statistics between V2, V3 & V4 , but V1 
showed lower grain weight (Table 1). The variety CMS933072 revealed higher grain weight but on par to 
Pacific 11. There was higher grain yield obtained from variety CMS933072 but it was statistically 
identical to variety Pacific 11. BARI hybrid maize-1 revealed the lowest grain yield among the varieties. 
But in the case of straw yield V3 & V2 were statically identical. Plant height, yield, and yield attributes 
were significantly influenced by sowing date except grain/cob, which was not varied (Table 1). October 
sowing revealed a higher number of gains/cob and 100-grain weight, which reflected high grain yield. 
There was a trend to decrease yield with the advancement of dates. Stover yield was not influenced by 
different dates of sowing. Interaction between variety and sowing date was influenced by 100-grain 
weight and grain and straw yield (Table 2). Grain yield showed higher in V2 D2 but statically identical to 
V4D1, V4D2, and V2D1. It revealed that sowing October 30 to November 15 gave higher yield in hybrid 
variety CMS933-72, followed by variety Pacific 11. 

 
Varietal performance at farmers’ field and On-station 

The experiment was conducted at MLT site Jhenaidah, Jessore during rabi 2001-2002. The 
experiment was laid out in RCB design with 5 replications. The unit plot was 4.5 x 5m with 75x50 cm 
spacing (1 plant/hill). The varieties CMS9330722, BMS9902, BHM-1, and Pacific –11 were used. The 
seeds were sown on 25 November, 2001. Fertilizer dose 250-120-120-40-5kg N P2O5K20 and Zn were 
applied. The results showed that days to maturity, plant height, ear height, length of cob, grains/cob, 100-
grain weight, and grain yield were significantly influenced by different varieties (Table 3). The hybrid 
line BHS9902 took longest time whereas Pacific 11 took the shortest duration. Plant height was 
statistically at par except BHM-1, which showed lower plant height. Significantly highest length of cob 
was obtained from hybrid line CMS933072, whereas other varieties were statistically identical. 
Grains/cob showed higher in CMS933072 but significantly no difference with other varieties except 
BHM-1, which produced lower number of grains. The hybrid line CMS933072 and Pacific 11 showed 
similar grain weight higher than the other two varieties. Significantly highest grain yield was obtained 
from hybrid line CMS 933072. Other hybrid varieties/lines were statistically identical and significantly 
lower than CMS933072. The hybrid line CMS933072 showed higher grain yield due to higher grain/cob, 
grain weight, and length of cob. So, it showed that hybrid line CMS933072 could be grown in the Jessore 
region for higher yield. 

On-station experiments were conducted at ARS, Rangpur during 2001-2002. The result showed that 
days to maturity, plant height, plants/m2, grains/cob, 100 seed weight, and grain yield was significantly 
influenced by different hybrid varieties. Hybrid variety Pacific 11 showed highest duration whereas 
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BMS9902 showed the shortest (Table 4). Grains/cob was not significantly influenced by the different 
variety. The hybrid variety CMS933072 and Pacific 11 showed similar seed weight, and the lowest was 
from BMS9902. Significantly highest plant height was recorded from variety CMS933072. Pacific 11 
revealed higher grain yield but statistically at par to CMS933072, but BARI hybrid maize-1 showed 
lower grain yield at par to BMS9902. The results from on-station showed that Pacific-11 or hybrid line 
CMS933072 could be grown at Rangpur region for higher yield. 

 
Fertilizer dose for hybrid maize as sole crop 

An experiment was conducted at ARS, Rangpur, to find out the responses of hybrid maize to 
NPKSZnB with variety Pacific 11. The grain yield was highest when fertilizers were applied at the rate of 
250 kg N, 120 kg P205 120 kg K20 40 kg S, 5 kg Zn, and 2 kg B/ha), which showed optimum production 
of hybrid maize with a yield target of 10.55-10.77t/ha in Non-Calcarious Dark Grey flood plain soil of 
Tista Meander Flood plain (AEZ 3) soils (Table 5). 

 
Performance of maize cultivation for fodder and grain purposes  

The experiment was conducted at farmers’ fields of MLT site, Sunamganj, Sylhet during rabi season 
of 1999- 2001 to know the potential grain maize (var. Barnali) for grain and fodder purposes. Fertilizer 
doses were 120-80-60-20 N-P205-K20-S kg/ha. The treatments were maize as T1 = grain, T2 = Maize as 
fodder, T3 = Maize as grain + fodder (thinned 2 plants/hill at 60 DAE, and T4=T3 + removal of lower 
leaves (beneath the cob) at silking stage. From the results it was observed that thinning as 2 plant/hill at 
60 DAE (T3) produced reasonable fodder yields without sacrificing yield of maize (Table 7). The same 
treatment gave the highest gross margin and BCR (Table 8). 

 
Intercropping  
 
Intercropping maize with soybean 

This experiment was conducted at ARS, Rangpur during 1999-2000. There were four treatments 
comprised of two planting systems and four fertilizer levels (T1 =  Maize normal row+2 rows of soybean 
with 250-120-120-40-5-1-10 kg, T2 =Maize normal row + 2 rows of soybean with 200-80-80-20-5-1-10 
kg, T3 =Maize paired row + 4 rows of soybean with 250-120-120-40-5-1-10 kg and T4 =Maize paired row 
+ 4 rows of soybean with 200-80-80-20-5-1-10 kg N-P205-K20-S-Zn-B- Mg/ha, respectively). Seeds were 
sown on 14 December, 1999. Maize in normal row was planted at 75 x 25 cm spacing and paired row 
system was 37.5 cm/150 cm/37.5 cm. Soybean was planted 2 or 4 rows between maize rows at 30 cm row 
spacing. The hybrid maize (var. Pacific II) and soybean (var. Sohag) were used.  

The seed and grain yield of soybean and maize and their bio-mass have been presented in Table 9. It 
is evident from the table that either the seed, grain, or bio-mass yield was not significantly influenced by 
different treatments. The fertilizer doses or planting arrangements also failed to influence the seed and 
grain yield of soybean and maize. However, it was observed that with the increase of fertilizer doses the 
seed or grain yield increased but the increase was not significant. Maximum seed yield (0.79 t/ha) was 
recorded with soybean in T3 (Maize paired row + 4 rows of soybean with 250-120-120-40-5-1-10 kg N-
P205-K20-S-Zn-B Mg/ha). Highest grain yield (8.51 t/ha) of maize was recorded with T1 (Maize normal 
row + 2 rows of soybean with 250-120-120-40-5-1-10 kg N-P205-K20-S-Zn-B-Mg/ha). Maize equivalent 
yield was also not influenced by the treatments significantly but was higher from treatment T1. 

The cost-benefit analysis of intercropping soybean with maize is presented in Table 10. It is evident 
from the table the highest gross return was recorded from treatment T1 and was closely followed by T2. 
Highest gross margin and B:C ratio was recorded with T2 and was followed by T1. It is revealed that 
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treatment T2 i.e., maize normal row (75x25cm) + 2 rows soybean with 200-80-80-5-1-10 kg N-P205-K20-
S-Zn-B-Mg/ha was found profitable. 
 
Intercropping Maize with Carrot and Frenchbean 

Performance of carrot and frenchbean under intercropping systems with maize (var. BARI hybrid –1) 
at different planting systems (normal and paired row systems) were studied to find a suitable intercrop 
combination. Maize gave higher grain yield when grown with frenchbean than that of carrot. The highest 
maize yield (6.57 t/ha) was recorded in maize paired row+3 rows of frenchbean due to its higher 
grain/cob and higher grain weight (Table 11). The yield of carrot and frenchbean was greatly influenced 
by their population density and planting systems. The highest carrot yield (6.93 t/ha) was obtained from 
maize normal row+2 rows of carrot while the frenchbean highest yield (5.07 t/ha) was obtained from 
maize paired row+4 rows of frenchbean (Table 12). The cost benefit analysis showed that 4 rows of 
frenchbean or carrot with maize paired row planting system (37.5 cm/ 150 cm/ 37.5 cm) may be feasible 
for higher economic return (Table 13). 
 
Maize –vegetable intercropping at different planting geometry  

An experiment was conducted in winter season at Hathzari to find out the response of composite 
maize (var. Barnali) in intercropping with radish, followed by yard long bean in uniform (75x25cm), and 
paired row planting (37.5cm/150cm/37.5cm) system. The highest maize equivalent yield, gross return, 
and net return were recorded from uniform row maize+radish, followed by yard long bean. But a higher 
benefit cost ratio (7.87) was obtained from uniform row of maize intercropped with one row of radish 
(Table 14). 
 
Cropping Pattern 

 
Experiments were conducted at ARS,OFRD, BARI, Rangpur from 1988-99 to 2000–01 to find out 

responses to fertilizer dose on hybrid maize (Var. Pacific 60) and residual effect of P&K on T. Aman rice 
for developing a profitable fertilizer recommendation for the cropping pattern, Maize (hybrid)-T. Aman 
rice (Var. BR11). The result showed that there was no significant difference between the fertilizer dose 
for high yield and medium yield goal in maize (Table 15). On the basis of three year findings it may be 
concluded that 175-37-100-30 - 3.5-1 kg N-P-K-S-Zn-B for hybrid maize and 90-0-0 kg NPK kg/ha for 
T. Aman rice is found profitable (Table 15) and recommended for AEZ 3 of Rangpur region. 

From the above discussion the following conclusion could be made: 
 

1. Sowing October 30 to November 15 gave higher yield in hybrid variety CMS933072 followed by 
Pacific-11. 

2. On-station and on farm results showed that hybrid variety Pacific-11 performed better at research 
station but CMS933072 at farmers field. 

3. The fertilizer dose 250-120-120-40-5-2 N-P205-K20-S-Zn-B kg/ha showed higher & reasonable good 
yield in maize hybrid variety (Pacific-11). 

4. Thining 2 plant/hill at 60 days after emergence (DAE) produced reasonably higher fodder yields 
without reducing the grain yield of maize.  

5. Maize hybrid Pacific-11 could be grown with soybean in normal rows (75 cm x 25 cm) with fertilizer 
dose 200-80-80-20-5, N-P205-K20-S-Zn kg/ha for higher economic return. 

6. Maize variety BARI hybrid-1 could be grown in maize paired row (37.5 cm/ 150 cm/ 37.5cm) with 4 
rows of frenchbean or carrot for higher economic return. 
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7. Maize variety Barnali (composite) could be grown in normal rows (75 cm x 25 cm) with 1 row of 
radish for higher economic return. 

8. Hybrid maize (Pacific-11) could be grown with fertilizer dose 175-37-100-30-3.5-1 N-P205-K20-S-
Zn-B kg/ha) and only 90 kg N for T. Aman rice is found profitable in hybrid Maize- Rice (T. aman) 
cropping pattern. 
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Table 1. Yield and yield components of hybrid maize as influenced by different sowing dates 
(Jamalpur, 2001-2002). 
 

Treatment Plant ht. 
(cm) 

Cob 
length 
(cm) 

Days to 
maturity 

Grains 
/cob 
(No) 

100-grain 
wt.(g) 

Grain 
yield 
(t/ha) 

Stover 
yield 
(t/ha) 

A. Variety (s) 
V1

V2

V3

V4

237.6 
236.1 
240.1 
236.5 

17.4b 
19.2a 
17.1b 
17.0b 

140 
140 
144 
141 

432b 
530a 
478ab 
464ab 

33.2b 
37.7a 
33.7b 
36.1ab 

6.44c 
8.33a 
7.48b 
8.28a 

6.22c 
7.91a 
8.16a 
7.44b 

CV(%) 2.44 6.22 - 9.46 2.21 5.60 2.89 
B. Sowing date (s) 

D1

D2

D3

D4

240.3a 
238.0ab 
238.4ab 
2.33.5b 

17.9ab 
18.7a 
17.3b 
16.9b 

138 
144 
145 
137 

498 
477 
470 
459 

36.8a 
35.1b 
34.6b 
34.2b 

8.44a 
7.99b 
7.32a 
6.78d 

7.30 
7.47 
7.23 
7.75 

CV(%) 2.00 6.30 -- 9.86 2.76 4.77 7.22 
Note : V1 = BARI hybrid maize-1, V2=CMS 933072, V3=Pioneer, V4=Pacific-11 
D1=Oct. 30, D2=Nov. 15, D3=Nov. 30, D4=Dec. 15 
 
 
Table 2. Interaction effect of variety and sowing dates on the yield and yield contributing 
characters of hybrid maize (Jamalpur, 2001-02). 
 

Sowing date Variety 
D1 D2 D3 D4

100-grain weight (g) 

V1

V2

V3

V4

35.2c-f 
39.7a 
35.2c-f 
36.96cd 

33.6e-g 
37.9ab 
33.8e-g 
35.3c-e 

33.1h 
35.1c-f 
32.9gh 
37.3bc 

31.0e-h 
38.1ab 
33.0f-h 
34.8d-g 

Grain yield (t/ha) 

V1

V2

V3

V4

8.07b-d 
8.77ab 
7.83c-e 
9.09a 

6.22f 
9.31a 

7.68c-e 
8.77ab 

6.00f 
8.05b-d 
7.14d 
8.10bc 

5.48f 
7.21e 
7.26de 
7.18e 

Stover yield (t/ha) 

V1

V2

V3

V4

6.18ef 
5.40f 
6.10ef 
7.21c-e 

7.49b-d 
8.75a 

7.22c-e 
8.70a-d 

8.26a-c 
8.69ab 
7.74a-d 
7.83a-d 

7.25c-e 
7.03de 
7.85a-d 
7.64a-d 

Source : Biswas et al. (2002) 
 

- 241 - 



Maize in Bangladesh 

Table 3. Yield and yield components as influenced by hybrid maize varieties (MLT site Jhenaidah, 
Jessore during 2001-2002). 
 

Varieties Days to 
maturity 

Plant 
height 
(cm) 

Ear 
height 
(cm) 

Length of 
cob 
(cm) 

No.of 
grains/ 
cob 

100 grain  
wt.(g) 

Grain 
yield 
(t/ha) 

CMS933072   148b     237.32a  118.60a   16.36a    477a     35.58a    9.61a 
BHS9902     151a     220.6a   100.60b   14.50b    454ab     33.36b    8.47b 
BHM-1       141d     181.36b  105.64ab  14.44b    439b      33.92b    8.52b  
Pacific-1      144c      209.32ab  96.76c   14.46b    466a      34.98a    8.53b 
F-test         **        **       **        **      **         **      **  
 
 
Table 4. Days to maturity, yield & yield attributes of different hybrid maize (ARS, Rangpur, 2001-
2002). 
 
Variety Days to 

maturity 
Plant 
height 
(cm) 

Plants/m2 Grain/cob 100- seed 
weight (g) 

Grain 
yield (t/ha) 

BARI hybrid maize-1 155b 183.2c 5.09b 405 37.3c 8.11c 
CMS933072 154b 222.9a 5.13b 503 41.9a 9.37ab 
BMS9902 148c 198.8b 5.31a 529 31.3d 8.60bc 
Pacific 11 161a 187.7c 5.29a 422 40.0a 9.65a 
CV(%) 0.8 3.3 2.4 4.9 3.6 8.8 
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Table 5. Effect of different fertilizer treatment on yield of hybrid maize (Rangpur). 
 

Treatments 

 N P205 K20 S Zn B 

Grain yield 

(t/ha) 

T1 0 0 0 0 0 0 1.71g 

T2 0 120 0 40 0 2 3.04f 

T3 100 120 120 40 5 2 7.97cd 

T4 150 120 120 40 5 2 8.70bc 

T5 200 120 120 40 5 2 9.57b 

T6 250 120 120 40 5 2 10.66a 

T7 300 120 120 40 5 2 1097a 

T8 25 0 120 40 5 2 7.48e 

T9 250 90 120 40 5 2 9.06cd 

T10 250 150 120 40 5 2 9.64b 

T11 250 120 0 40 5 2 7.85e 

T12 250 120 90 40 5 2 9.02cd 

T13 250 120 150 40 5 2 9.71b 

T14 250 120 120 0 5 2 8.91cd 

T15 250 120 120 40 0 2 9.11cd 

T16 250 120 120 40 5 2 9.03cd 

Source : Sarker et al. (1998). 
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Table 6. Single effect of NPKSZn and B on the grain yield of hybrid maize. 
 

Treatment Grain yield (t/ha) Increase over control (%) 
a) N added (kg/ha) 
 0 

100 
150 
200 
250 
300 

3.04 
7.97 
8.70 
9.57 
10.66 
10.97 

- 
165 
189 
218 
255 
266 

b) P205 added (kg/ha) 
 0 

90 
120 
50 

7.48 
9.06 
10.66 
9.64 

- 
21 
43 
29 

c) K20 added (kg/ha) 
 0 

90 
120 
50 

7.85 
9.20 
10.66 
9.71 

- 
15 
35 
23 

d) S added (kg/ha) 
 0 

40 
8.91 
10.66 

- 
20 

e)  
 0 

5 
9.11 
10.66 

- 
12 

f) B added (kg/ha) 
 0 

2 
9.03 
10.66 

- 
18 

  

 
Table 7. Grain and fodder yield of maize (cv. Barnali) cultivation for fodder & grain purpose 
during 1999-2000 to 2000-2001. 
 

Grain yield (t/ha) Fodder yield (t/ha) Treatments 
1999-2000 2000-2001 Average 1999-2000 2000-2001 Average 

T1 5.12 5.19 5.16 - - - 
T2 - - - 16.69 17.04 16.87 
T3 4.98 5.01 5.00 12.38 12.09 12.23 
T4 4.81 4.87 4.84 13.82 13.16 13.49 

LSD (.05) NS 0.20 - 0.74 0.73 - 
T1= Maiz e a s grain, T 2= Maize as fodder, T 3=T1+fodder (thi nned 2 plant s/hill at 60 DAE), 

T4=T3+removed of lower leaves (beneath the cob) at silking stage. 
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Table 8. Cost & return analyses of maize (Cv. Barnali) cultivation for fodder & grain purpose. 
 
Treatment Gross return 

($/ha) 
Total variable 

cost ($/ha) 
Gross margin 

($/ha) 
BCR 

T1 556 157 398 3.54 
T2 160 60 100 2.67 
T3 654 176 478 3.71 
T4 649 185 50 3.50 

 

 
Table 9. Yield of soybean and maize under fertilizer management in hybrid maize with soybean 
intercropping system at OFRD, ARS Rangpur during rabi, 1999-2000. 
 

Soybean yield (t/ha) Maize yield (t/ha) Treatment 
Seed Bio-mass Grain Stover 

T1
T2
T3
T4

0.71 
0.70 
0.79 
0.75 

1.01 
1.08 
1.31 
1.17 

8.51 
8.33 
8.07 
7.08 

12.4 
12.2 
12.4 
12.0 

CV(%) 12.2 12.6 9.4 9.5 
 
T1=Maize normal row (75x25cm)+2 rows soybean with 250-120-120-40-5-1-10 N-P205-K20-S-Zn-B-Mo 
T2=Maize normal row (75x25cm)+2 rows soybean with 200-80-80-20-5-1-10 N-P205-K20-S-Zn-B-Mo 
T3=Maize paired row (37.5/150/37.5cm)+4 rows soybean with 250-120-120-40-5-1-10 N-P205-K20-S-Zn-B-Mo 
T4=Maize paired row (37.5/150/37.5cm)+4 rows soybean with 200-80-80-20-5-1-10 N-P205-K20-S-Zn-B-Mo 
 

 
Table 10. Maize equivalent yield and cost benefit analysis of hybrid maize and soybean 
intercropping system at ARS Rangpur during rabi 1999-2000. 
 

Treatment Maize 
equivalent 
yield (t/ha) 

Gross return 
($/ha) 

TVC ($/ha) Gross Margin 
($/ha) 

BCR 

T1
T2
T3
T4

9.53 
9.37 
9.17 
8.17 

1257 
1236 
1214 
1089 

384 
308 
385 
338 

872 
898 
829 
752 

3.27 
3.66 
3.16 
3.22 

 
Source : OFRD, BARI, 2001-02 
1$ = 58/- 
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Table 11. Yield and yield component of maize in intercropping with carrot and frenchbean (Source 
: Faroque et al., 2002). 
 
Treatments Plant 

height 
(cm) 

No. of 
cobs/plant 

No. of 
grains/cob 

1000-
grain 

weight (g) 

Grain 
yield 
(t/ha) 

Stover 
yield 
(t/ha) 

T1 172.73ns 1.00ns 348b-d* 304c** 5.48d* 6.93ns 
T2 174.93 1.02 342d 324ab 5.78cd 7.35 
T3 160.40 1.04 344cd 314bc 5.89b-d 7.35 
T4 173.27 1.00 386ab 319bc 5.86b-d 7.75 
T5 173.47 1.01 390a 336a 6.57a 8.23 
T6 170.00 1.02 384a-c 327ab 6.50ab 8.31 
T7 176.00 1.02 374a-d 318bc 6.28a-c 8.04 
T8 167.40 1.01 377a 325ab 6.09a-d 7.90 
CV(%) 5.00 2.60 5.90 2.70 5.50 13.70 
 
*, ** and Ns indicate significant at 5% level, 1% level and not significant, respectively. 
 
 
Table 12. Yield and yield component of carrot and French bean in intercropping with Maize. 
 

Carrot French bean Treatment 
Root 

length 
(cm) 

Root 
diameter 

(cm) 

Root 
yield 

(g/plant) 

Yield 
(t/ha) 

Pod 
length 
(cm) 

No. of 
pods/ 
plant 

Green pod 
yield 

(g/plant) 

Green 
pod 
yield 
(t/ha) 

T1 9.02ns 2.7ns 61.67ns 4.84c** - - - - 
T2 9.73 2.83 61.67 5.85b - - - - 
T3 9.07 2.57 55.33 3.40d - - - - 
T4 9.73 2.50 54.33 6.93a - - - - 
T5 - - - - 11.10ns 13.00a* 71.92ab** 3.61c** 
T6 - - - - 10.52 12.20a 83.63a 5.07a 
T7 - - - - 11.12 11.67ab 66.31b 4.16bc 
T8 - - - - 10.90 10.00b 52.10c 4.55ab 
CV(%) 7.70 5.10 6.60 4.7 4.50 8.20 8.60 6.50 
 

*, ** and Ns indicate significant at 5% level, 1% level and not significant, respectively. 
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Table 13. Cost-benefit analysis of maize+carrot/frenchbean intercropping systems. 
 

Yield (t/ha) Treatments 
Maize Carrot French 

bean 

MEY 
(t/ha) 

Gross 
return 
($/ha) 

Total 
cost 

($/ha) 

Net 
return 
($/ha) 

Benefit 
cost 
ratio 

T1 5.48 4.84 - 11.01 1305 445 860 2.93 
T2 5.78 5.85 - 12.47 1568 454 1114 3.45 
T3 5.89 3.40 - 9.78 1243 460 783 2.70 
T4 5.86 6.93 - 13.78 1230 502 728 3.45 
T5 6.57 - 3.61 11.73 1362 438 924 3.11 
T6 6.50 - 5.07 13.74 1401 478 929 3.50 
T7 6.28 - 4.16 12.22 1401 448 953 3.12 
T8 6.09 - 4.55 12.59 1431 478 953 3.00 
 

MEY = Maize Equivalent Yield     
T1 = Maize paired row+3 rows (40%) of Carrot  
T2 = Maize paired row+4 rows (53%) of Carrot  
T3= Maize paired row+1 row (33%) of Carrot  
T4= Maize paired row+2 rows (66%) of Carrot  

T5= Maize paired row+3 rows (40%) of French bean 
T6= Maize paired row+4 rows (53%) of French bean 
T7= Maize paired row+1 row (33%) of French bean 
T8= Maize paired row+2 rows (66%) of French bean 

 

 
Table 14. Grain/tuber yield (t/ha) & economic analysis of maize-vegetable  intercropping (Hathzari, 
1992-94). 
 

Grain yield (t/ha) Treatment 

Maize Radish Yard 

long 

bean 

Maize 

equivalent 

yield (t/ha) 

Gross 

return 

($/ha) 

Cost of 

cultivation 

($/ha) 

Net 

return 

($/ha) 

Benefit 

cost 

ratio 

T1 6.43 - - 6.43 1879 288 1609 6.52 

T2 - 41.45 - 12.98 3462 500 2962 6.92 

T3 - - 9.0 9.00 2400 600 1800 4.00 

T4 5.15 24.80 - 12.80 3453 439 3014 7.87 

T5 4.93 19.36 - 10.98 2928 450 2478 6.51 

T6 5.10 23.32 1.90 14.10 3757 539 3219 6.97 

T7 5.07 18.56 1.73 12.62 3362 547 2815 6.15 

LSD(0.05) 0.50 3.91 0.23 - - - - - 

 
Source : Saha et al. (1992-94) 
T1,T2,T3 = Sole maize, radish & yard long bean 
T4 = Maize UR (100%)+Radish (8o%) 
T5= MPR + (50%)/Radish (8o%) 
T6 = T4+YLB (50%)+ Radish (8o%)  
T7 = T5+YLB (50%)+ Radish (8o%) 
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Table 15. Effect of fertilizer does on the yield of hybrid maize during winter season 1998-2001 
(Pacific -60). 
 

Grain yield (t/ha) Stover yield (t/ha) Fertilizer 
dose 98-99 99-00 2000-01 Average 98-99 99-00 2000-01 Average 

 
HYG 9.82 9.25 9.18 9.42 12.14 11.92 12.02 12.04 
MYG 8.78 8.61 8.69 8.69 11.11 11.33 11.39 11.48 
LSD(.05) NS NS NS NS NS NS NS NS 
CV(%) 10.04 13.33 9.88 10.68 4.26 8.68 16.88 9.44 
 
HYG    : 250-53-140-40-5- 2 kg NPKSZNB/ha 
MYG   : 175-37-100-30-3.5-1 kg.   
 
 
Table 16. Cost benefit analysis of maize (hybrid) T. Aman rice (BR 11) cropping pattern as 
influenced by different dose of fertilizer (average 1999-2001). 

 

 
Fertilizer for Maize 
 

Fert. for 
T.Aman 

rice 

Grain 
yield of 
T.aman 

rice (t/ha) 

Gross 
margin 
($/ha) 

Total 
Variable 

cost 
($/ha) 

Gross 
return 
($/ha) 

Benefit 
cost 
ratio 

T1 3.47 1605 542 1063 2.96 
T2 3.27 1.588 535 1053 2.97 
T3 3.32 1596 528 1062 3.02 
T4 3.30 15925 520 1072 3.02 
T5 3.26 1586 509 1077 3.12 

High yield goal 
(250-53-14-40 
5-2 NPKSZnB/ha 
 

T6 2.66 1504 503 1001 2.99 
T1 3.45 1525 483 1042 3.16 
T2 3.38 1509 476 1033 3.17 
T3 3.36 1515 470 1045 3.23 

T4 3.35 1512 461 1051 3.28 
T5 3.31 1506 454 1052 3.32 

Medium high yield 
goal 
(175-3-7-100-30-3.5-1 
NPKSZnB kg/ha) 

T6 2.72 1424 444 980 320 
 
NS= Not significant 
T1= 90-22-33, T2=90-17-25                          1 $ = Tk. 58/-           
T3 =90-11-17, T4=90-6-8 
T5= 90-0-0,   T6 =45-0-0 NPK kg/ha 
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Abstract 

 
A three years field experiment consisting of six cropping treatments applied during both seasons was 

conducted during 1997-98 to 1999-2000 to study the effect of nitrogen and legume intercropping with 
maize for sustainability of maize-wheat cropping systems. These treatments included: viz; sole maize 
(Zea mays L.) at 60 cm rows, sole maize with FYM@10 tons/ha, maize intercropped with blackgram 
(Phaseolus mungo L.) or soybean (Glycine max ( L) merr.) in paired rows (30/90 cm) in 2:2 row ratio, 
normal planted maize(60 cm) intercropped in 1:1 row ratio with pigeon pea (Cajanus cajan (L.) Millsp.) 
or blackgram under rainfed condition followed by irrigated wheat during rabi season with three N 
levels(40,100&160 kg N/ha). Intercropping treatments was not significantly influenced by grain yield and 
yield attributing characters of maize while grain yield and yield attributing characters of subsequent wheat 
crop increased significantly under FYM or intercropping treatments over respective check. Wheat yield 
significantly increased up to 160 kg N/ha. However, there was no significant increase in yield of maize 
beyond 100 kg N/ha. The maximum maize equivalent yield of rotation (75.65 q/ha) was found in 2:2 
maize-soybean row ratio with the highest net return of (Rs. 23,670/ha) and B:C ratio (1.99). Sole maize-
wheat rotation showed a decline in soil organic carbon by 3.84%, while black gram and soybean 
intercropping with maize in paired rows (2:2 row ratio) followed by wheat increased contents of per cent 
organic carbon in soil as 0.65 and 0.67, respectively, compared to initial values of 0.52 per cent. Plots 
treated with intercrops/FYM during the rainy season sustained the wheat yield while the check plot 
showed a decline in wheat yield by 9.12% at the time of completion of study. Nitrogen balance under 
different intercropping treatments was calculated. The highest buildup of soil N i.e.132 kg N/ha was 
computed under maize-soybean intercropping in paired rows in 2:2 row ratios(30/90 cm) followed by 
wheat. Contribution of intercrops to fix atmospheric nitrogen during three years of experimentation was 
computed by formulae given by Lyon & Bizzell (1934) for intercropping treatments which varied from 
109 to 172 kg N/ha. Soybean intercropping with maize in paired rows in 2:2 row ratios contributed 
maximum atmospheric nitrogen in the soil and sustained the production level of maize-wheat cropping 
system. 

 
Introduction 
 

Maize-wheat is one of the most important rotations in India and reported to be a soil exhaustive 
cropping system requiring a high quantity of fertilizers, particularly nitrogenous fertilizers. The ever-
increasing cost of nitrogen fertilizer is one of the problems becoming a serious concern for small and 
marginal cultivator in tribal belt of Southern Rajasthan of India. Legumes, which fix atmospheric nitrogen 
as well as meet their own N requirement, serve as a viable via media for soil enrichment. The quantity of 
N fixed by Rhizobium-Legume symbiotic association varies from 20-300 kg/ha (Ardeshna et al., 1993). 
To make the Maize-Wheat system more sustainable, association of kharif legumes with maize not only 
helps in utilization of nitrogen being fixed by legumes in the current growing season, but also helps in 
residual buildup of soil (Sharma and Choubey, 1991). On the other hand, these crops add to the 
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subsistence of small and marginal farmers’ .Keeping this in view, the present experiment was conducted 
to study the effect of nitrogen and different legume intercropping with maize for sustainability of maize-
wheat cropping systems. 

 
Materials and Methods 
 

A field experiment comprising treatments was conducted at fixed site during three consecutive years 
of 1997-98 to 1999-2000. Treatments included: viz. sole maize (60cm) grown with FYM @ 10 t/ha, 
maize intercropped with blackgram/soybean in paired rows(30/90 cm) in 2:2 row ratio, normal planted 
maize (60 cm) intercropped in 1:1 row ratio with pigeon pea/blackgram with pure stand of maize as 
checked under rainfed condition followed by wheat during rabi season with three nitrogen 
levels(40,100&160 kg N/ha), applied to maize as well as to wheat. The soil at the experimental site was 
clay loam in texture, alkaline in reaction (pH 7.8), and had 0.52% organic carbon,1248 kg/ha total N & 
28.4 kg/ha Olsen’s P at the time of initiation of study. Maize cv. ‘Navjot’, soybean cv. ‘PK-472’, 
blackgram cv. ‘T-9’, pigeonpea cv ‘ICPL-87’ and wheat cv. ‘Raj-3077’ were used in the study. Intercrops 
received a recommended dose of fertilizers on area equivalent basis and seed was inoculated with 
Rhizobium culture. Area occupied by the intercrops in either planting pattern was fifty per cent. 

Maize and intercrop were sown simultaneously during the first week of July in each of the three 
years. Intercropping treatments were randomly allocated to main plots and N levels to subplots to evaluate 
treatments in split plot design. Nitrogen as per treatment and a uniform dose of P2O5 @40 kg/ha to all the 
treatment were applied through urea and SSP, respectively. One third N along with full dose of 
Phosphorus was applied as basal while remaining nitrogen was equally top dressed at knee high and 
tesseling stages. During rabi season wheat crop was sown during the last week of November in each of 
the three years. 

Yield and yield attributes of maize and wheat crops were recorded. Intercrops yield was recorded and 
maize equivalent yield and net monetary returns of sequence were computed on the basis of sale prices 
prevailing at the completion of the study. Soil samples were analyzed for available and total nitrogen as 
per standard procedures (Jackson, 1967). At maturity, seed and stover/straw samples were analyzed for 
total N to determine the N uptake. After completion of three sequences, soil samples were analyzed for 
total N to calculate N-fixation and N balance. Contribution of atmospheric nitrogen through legumes was 
computed by monitoring the changes in total nitrogen as well as that removed by the crop sequences 
(Lyon & Bizzel, 1934) by using the equation: 

 
NF=NR-NA+N/number of leguminous crops 
 
Where NF=Nitrogen fixed by legume crop (kg/ha), N=Change in total N +addition depletion of N in 

soil (kg/ha), NR=Total N removed by sequence (kg/ha), NA=Total N applied through fertilizer or manure 
(kg/ha).Field data recorded were analyzed using the technique of analysis of variance. 

 
Results and Discussion 
 
Growth and yield parameters 

Various inter-cropping treatments did not vary significantly the growth parameters of maze, namely 
plant height and drymater accumulation at 90 DAS (gm/plant). However, these parameters did vary 
significantly with successive increase in nitrogen levels from 40-160 kg N/ha. Mean data for plant height 
(Table-1) reveals that plant height increased by 9.67 and 14.88% at 100 and 160 kg N/ha respectively, 
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measured under lowest level of nitrogen (40 kg N/ha). During all the three years, drymeter produced at 90 
DAS was maximum at 160 kg N/ha but remained at par with that accumulated at the preceding level of 
100 kg N/ha. Mean data for drymater accumulation at 90 DAS indicated that drymeter increased by 14.08 
and 17.12% at 100 and 160 kg N /ha, respectively over the least drymeter of 97.97 gm/plant obtained 
under 40 kg N/ha (Table-1). 

Intercropping treatments applied during rainy season brought out significant variation in ear-bearing 
tillers/m in succeeding wheat crop. Ear-bearing tillers/m row length obtained in the plot treated either 
with FYM or intercrops were significantly superior to that obtained under check plots during respective 
years (Table-2). Mean data for ear-bearing tillers calculated for three years indicated that maximum ear-
bearing tillers of 84.56 per m/row length were counted in the treatment when the crop was raised in the 
plot where maize+soybean intercropping was completed, resulting in increase tillers by 3.48%, compared 
to the check plot (81.71 /m row). During all the three years, increasing levels of nitrogen significantly 
increased the ear-bearing tillers up to 100 kg N/ha. Mean data for ear-bearing tiller (Table-2) revealed that 
they increased by 3.74 and 4.82% at 100 and 160 N/ha, respectively, over the least tillers (81.28/m row) 
counted at 40 kg nitrogen level. Shelling % of maize remained unaffected due to different intercropping 
treatments in all the three years (Table1). However, the shelling % of maize significantly improved with 
increasing levels of nitrogen during all three years of the study. Mean data for shelling % (Table1) 
revealed that shelling % was improved by 2.24 and 2.80 at 100 and 160 kg N/ha, respectively, over that 
calculated under 40 kg nitrogen level (71.20). Different intercropping treatments applied in rainy season 
brought out significant variation in ear length (cm) and number of grain/ear in wheat during the third year 
of experimentation. 

The ear length and number of grains/ear gradually reduced from 6.68 to 6.36 cm and 44.77 to 38.62, 
respectively ,during initial and final years of study in the check plot where sole maize during rainy season 
was raised. While in the case of intercropping treatments, ear length and numbers of grains under 
different intercropping treatments were significantly superior over check plot but were at par during the 
third year of study. Increasing level of nitrogen significantly increased the ear length and number of 
grains/ear up to 100kg N/ha. On mean basis, ear length increased by 30.66 and 32.16% at 100 and 160 kg 
N/ha, respectively, over that measured (6.0 cm) under initial level of nitrogen. Similarly, number of 
grains/ear were increased by 7.51 and 8.79% at 100 and 160 kg N /ha, compared with those counted 
(39.81) at initial nitrogen level. 
 
Yield and economic analysis 

Maize yield was not significantly affected by different intercropping treatments except for 1998-99, 
where pigeon pea intercropping in contrast to pure stand of maize reduced the maize yield significantly. 
However, the grain yield of subsequent wheat crop was significantly increased due to different 
intercropping treatments applied to maize. During the first year of study, wheat yields obtained under the 
plots treated with FYM (39.35 q/ha) or intercropped with blackgram in 2:2 row ratios (38.64 q/ha) 
produced significantly superior yield compared to check plot (36.82 q/ha). During the following years, the 
check plot showed a gradual decline in wheat yield by 4.61 and 9.12 percent, respectively, during 1998-
99 and 1999-2000. During these years, wheat yields obtained under the plots either treated with FYM or 
intercrops were significantly higher over that of yield obtained under respective check plots. This increase 
in wheat yield might be attributed to nitrogen benefit to soil due to blackgram and soybean intercropping 
(Venugopal and Shivashankar, 1991, Shivay et al. 1999). Wheat yield significantly increased up to 160 
kg N/ha. However, there was no significant increase in yield of maize beyond 100 kg N /ha. Different 
intercropping treatments brought out significant variation in mean maize equivalent yield of the rotation 
(Table-3). The highest maize equivalent yield of 75.65 q/ha was calculated in paired planted maize (30/90 
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cm) intercropped with soybean in 2:2 row ratios followed by wheat. This was significantly superior to the 
rest of the intercropping treatments, which was higher by 20.32 per cent over that calculated under the 
check plot (62.87 q/ha). Maize equivalent yield significantly increased with increasing level of nitrogen 
up to 160 kg N/ha (78.10 q/ha ) however, the B:C ratio declined beyond the level of 100 kg N / ha .Net 
returns and B:C ratio analysis indicated that the highest maize equivalent yield (75.65 q/ha) with the 
maximum net returns of Rs. 23,670 / ha having a B:C ratio of 1.99 was calculated when maize in paired 
rows was intercropped with soybean in 2:2 row ratios, followed by wheat. Blackgram intercropping in a 
similar fashion was the next best treatment (Rs. 22,496 /ha) in sustaining productivity of wheat as 
compared to the check (Rs.19,675 /ha ). These results are in conformity with the findings of Shah et al., 
1991 and Das and Mathur 1980. 

 
Nutrient studies 

Organic corbon contents varied with different inter-cropping treatments (Table-3). After completion 
of the study the check plot, having pure maize-wheat rotation, showed a decline in soil organic corbon of 
3.84%, while blackgram and soybean inter-cropping with maize in paired rows in 2:2 row ratio followed 
by wheat analyzed increased content of organic corbon in soil as 0.65 and 0.67%, respectively, compared 
to initial values of 0.52%. Total nitrogen content of soil also increased with increasing level of nitrogen 
(Table-4) in all the intercropping treatments. The highest total nitrogen (1380 kg/ha) was computed under 
maize+soybean (paired rows in 2:2 row ratios (30/90cm)) wheat treatment with net positive N balance of 
132 kg/ha under 160 kg N/ha level. This increase in N availability might be due to the decaying of 
nodules of legumes. Similar findings were reported by Singh and Awasthi, (1982) and Singh and Bajpai, 
(1991). It is evident from the data pertaining to net nitrogen balance (Table-4) that inter-cropping with 
soybean/blackgram even at lowest N level (i.e. 40 kg N/ha) had a positive net soil nitrogen balance which 
indicates that legume intercrops sustain the maize-wheat production even at low level of nitrogen 
application. 

Contribution of atm ospheric N fixation  was co mputed b y different legum e intercrops durin g three 
years of experim entation, which varied from 111.6 7 to 170.6 7 kg/ha (Table-5). So ybean intercropping 
with maize in paired row s in 2:2 r ow ratios followed by wheat contributed to about  170.67 kg N/ha i n 
three y ears of study . Quantity  of nitrogen fixed by legum es serves as an in put f or subse quent crops  
depending upon the quantum  fixed. Th ese results are in confir mation with Aardesna et al. (1993), wh o 
reported sy mbiotic nitro gen fixation r anging fr om 20-3 00 k g N/ha b y Rhi zobium-legume sy mbiotic 
association. Thus, intercropping with these l egume crops during the rainy  season produced highest yields 
and maintained soil health. 

 
Conclusion 

 
Maize in p aired rows (30/ 90 cm) with soybean in 2:2 row followed by  wheat gives the highest net 

return of Rs23,670/ha having a B:C ratio of 1.99 and increased co ntents of organic carbon in soil as 0.67 
percent co mpared to init ial values of 0.52  per cent. Nitrogen  balance und er different intercroppin g 
treatments was worked o ut .The high est buildup o f soil N (i.e.132 kg N/ha ) was obtained under this 
intercropping treatment. Contribution of intercrops to fix atm ospheric nitrogen during t hree y ears o f 
experimentation was co mputed, which  varied fro m 109 to 17 2 kg/ha. This treatment contributed the  
highest atmospheric nitrogen in the soil. 

Thus, soybean intercropping with maize in paired rows in 2:2 row ratios followed by wheat was 
found to be the most sustainable for sub-humid southern zone of Rajasthan, India. 
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Table 1. Growth and yield attributing characters of maize as affected by legume intercropping and N levels. 
 

Growth and yield attributes 
Plant height(cm) Drymatter at 90DAS(gm/plant) Shelling % 

Treatments 

97-98       98-99 99-2k mean 97-98   98-99 99-2k mean 97-98 98-99 99-2k mean
Intercropping treatments 

T1:Solemaize(60cm)– 
   wheat (Check) 

140.89            

            

            

            

            

            

        

            
          
           

           

172.47 169.46 160.94 90.04 100.74 112.76 101.18 71.10 72.49 72.34 71.98

T2:Solemaize(60cm) 
with FYM @10t/ha-wheat 

142.56 172.89 171.56 162.34 92.92 117.51 119.18 109.87 71.91 73.24 72.92 72.69

T3: maize+blackgram 
(paired rows in 2:2 row 
ratio(30/90cm)-wheat 

141.56 173.93 171.00 162.16 92.19 116.66 118.47 109.10 71.71 72.93 72.76 72.47

T4:  maize+soybean 
(paired rows in 2:2 row 
ratio(30/90cm)-wheat 

142.73 173.18 171.56 162.49 92.88 116.67 118.36 109.30 71.91 73.12 72.86 72.63

T5: maize+pigeonpea-
(Alternate rows in1:1 row 
ratio(30/30cm)-wheat 

141.04 173.47 170.78 161.76 92.94 116.07 117.42 108.81 71.88 72.69 72.43 72.33

T6: maize+blackgram -
(Alternate rows in1:1 row 
ratio (30/30cm) –wheat 

 

142.16 173.20 170.78 162.05 91.70 114.54 115.94 107.39 71.79 72.64 72.48 72.30

CD(P=0.05) NS NS  NS - NS NS NS - NS NS NS -
Nitrogen levels(kg/ha.) 

40 129.66 160.29 159.17 149.71 85.20 103.51 105.21 97.97 70.76 71.59 71.24 71.20
100 145.06 175.19 172.28 164.18 94.46 119.62 121.24 111.77 72.03 73.37 73.01 72.80
160 150.76 184.09 181.11 171.99

 
96.67 122.96 124.61 114.75 72.36 73.59 73.65 73.20

CD(P=0.05) 1.44 1.09 1.41 - 1.63 4.11 3.70 - 0.72 0.73 0.46 -
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Table 2. Growth and yield attributing characters of wheat as affected by legume intercropping and N levels. 
 

Growth and yield attributes 
Ear bearing tillers/m row Ear length (cm) Number of grains/ear 

Treatments 

97-98            98-99 99-2k mean 97-98 98-99 99-2k mean 97-98 98-99 99-2k mean
Intercropping treatments 
T1:Solemaize(60cm)– 
   wheat (Check) 

83.21            

            

            

            

            

            

             

       
       
       

            

81.69 80.23 81.71 6.68 6.57 6.36 6.54 40.77 39.71 38.62 39.70

T2:Solemaize(60cm) 
   with FYM    @ 10t/ha -
wheat 

84.64 83.76 83.84 84.08 7.61 7.63 7.60 7.61 43.27 43.04 43.20 43.17

T3: maize+blackgram 
   (paired rows in 2:2 row 
ratio(30/90cm)-wheat 

84.61 84.00 83.44 84.02 7.33 7.41 7.32 7.35 42.44 42.10 42.07 42.20

T4:  maize+soybean 
   (paired rows in 2:2 row 
ratio(30/90cm)-wheat 

85.37 84.89 83.43 84.56 7.49 7.44 7.43 7.45 42.69 42.69 43.22 42.87

T5: maize+pigeonpea- 
(Alternate rows in1:1 row 
ratio(30/30cm)-wheat 

84.17 83.69 83.61 83.82 7.35 7.34 7.23 7.31 42.03 42.03 41.82 41.96

T6: maize+blackgram -
(Alternate rows in1:1 row 
ratio (30/30cm)-wheat 

83.42 83.23 83.51 83.39 7.31 7.26 7.22 7.26 42.30 42.28 42.38 42.32

CD(P=0.05) 0.86 1.57 1.19 - 0.34 NS 0.33 - NS NS 2.19 -
Nitrogen levels(kg/ha.) 

40 81.36 81.51 80.97 81.28 6.01 6.04 5.95 6.00 39.97 39.91 39.56 39.81
100 84.92 84.12 83.91 84.32 7.89 7.87 7.76 7.84 43.08 42.78 42.54 42.80
160 86.43 85.01 84.17 85.20 7.99 7.92 7.87 7.93 43.70 43.24 42.99 43.31

CD(P=0.05) 0.61 1.11 0.84 - 0.23 0.56 0.23 - 2.06 1.62 1.55 -
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Table 3. Grain yield and net monetary returns and soil organic carbon of maize-wheat cropping system as affected by legume 
intercropping and N levels (1997-98 to 1999-2000). 
 

Grain yield(q/ha.) 
Maize and Intercrops Wheat 

Treatments 

97-98        98-99 99-2k mean 97-98 98-99 99-2k mean

Mean 
Maize 

eq.yield 
(q/ha.) 

Net returns 
(Rs/ha.)mea

n 

B:C 
ratio 

% OC 

Intercropping treatments  
T1:Solemaize(60cm)– 
   wheat (Check) 

10.06            

            

       

       

       

       

       

        

        

        

          

16.62 16.43 14.37 36.82 35.12 33.46 35.13 62.87 19675 1.98 0.50

T2:Solemaize(60cm) 
 With FYM    @10t/ha wheat 

11.20 17.82 18.32 15.78 39.35 39.19 40.40 39.64 70.70 21569 1.86 0.66

T3:maize+blackgram 
(paired rows in 2:2 row 
ratio(30/90cm)-wheat 

10.56 
(1.83)* 

16.72 
(1.86) 

17.09 
(2.54) 

14.79 
(2.07) 

38.64 37.00 36.91 37.51 71.42 22496 2.02 0.65

T4:  maize+soybean 
(paired rows in 2:2 row 
ratio(30/90cm)-wheat 

10.36 
(3.82) 

15.37 
(6.14) 

15.49 
(6.04) 

13.74 
(5.33) 

36.95 38.06 37.29 37.43 75.65 23670 1.99 0.67

T5:maize+pigeonpea-
(Alternate rows in1:1 row 
ratio(30/30cm)-wheat 

9.83 
(2.24) 

12.72 
(2.71) 

14.51 
(2.31) 

12.35 
(2.42) 

37.45 37.28 36.73 37.15 70.13 21984 1.98 0.49

T6: maize+blackgram -
(Alternate rows in1:1 row 
ratio(30/30cm)-wheat 

10.64 
(1.69) 

15.62 
(1.62) 

16.41 
(2.12) 

14.22 
(1.81) 

38.38 37.28 36.21 37.29 70.02 21799 1.96 0.56

CD(P=0.05) NS 0.91 NS - 1.62 1.86 1.85 - 2.38 - - -
Nitrogen levels(kg/ha.)  
40 7.13 13.20 

(2.07) 
13.13 
(2.92) (2.93) 

11.15 
(2.64) 

27.25 34.19 31.04 30.82 58.25 18241 1.80 0.57

100 11.41 17.48 
(2.48) 

16.89 
(3.00) (3.34) 

15.26 
(2.94) 

41.78 
 

37.82 38.84 39.48 74.05 25179 2.26 0.59

160 12.78 18.45 
(2.63) 

17.42 
(3.33) (3.50) 

16.21 
(3.15) 

44.78 39.97 40.62 41.79 78.10 26265 2.15 0.60

CD(P=0.05) 0.99 1.35 1.24 - 1.14 1.32 1.23 - 1.69 - - 0.52**

*Figures in parentheses indicate yield of intercrops, **Initial value. 
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Table 4. Balance sheet of total nitrogen in maize + intercrops-wheat cropping system (kg/ha). 
 

Treatments Levels Mean N 
removed 
by crops 

Soil N at 
initiation + 
(N added-N 
removed) 

Estimated 
N after 

cropping 
(3 years) 

Net soil N 
balance 
(kg/ha) 

T1:Maize-wheat 
(Check) 
 

N40 
N100 
N160 

 

163 
 

248 
 

290 

1045 
 

1100 
 

1178 

1185 
 

1276 
 

1317 

-63 
 

+28 
 

+69 
T2: Maize with FYM 
@10t/ha-wheat 
 

N40 
N100 
N160

173 
 

285 
 

344 

1085 
 

1093 
 

1154 

1198 
 

1265 
 

1335 

-50 
 

+17 
 

+87 
T3:Maize+blackgram 
(paired rows in 2:2 row 
ratio(30/90cm)-wheat 
 

N40 
N100 
N160 

 

203 
 

294 
 

328 

1040 
 

1069 
 

1155 

1260 
 

1298 
 

1367 

+12 
 

+50 
 

+119 
T4: Maize+soybean 
(paired rows in 2:2 row 
ratio(30/90cm)-wheat 
 

N40 
N100 
N160

226 
 

280 
 

325 

1017 
 

1023 
 

1098 

1285 
 

1310 
 

1380 

+37 
 

+62 
 

+132 
T5:Maize+pigeonpea- 
(Alternate rows in1:1 
row ratio(30/30cm)-
wheat 

N40 
N100 
N160

208 
 

286 
 

336 

1035 
 

1077 
 

1147 

1210 
 

1285 
 

1365 

-38 
 

+37 
 

+117 
T6:Maize+blackgram -
(Alternate rows in1:1 
row ratio(30/30cm)-
wheat 

N40 
N100 
N160

210 
 

298 
 

335 

1033 
 

1065 
 

1148 

1230 
 

1287 
 

1337 

-18 
 

+39 
 

+89 
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Table 5: Contribution of different legumes on fixation of atmospheric Nitrogen* under different 
intercropping treatments (kg/ha). 
 

Intercropping treatments Total N 
applied 

Total N 
removed 

Built up of s oil 
N 

Atmospheric N 
fixed 

Maize-wheat (Check) 1800 2103 34 --- 
Maize+blackgram (paired rows in 
2:2 row ratio(30/90cm)-wheat 

1845 2475 181 128.0 

Maize+soybean (paired rows in 2:2 
row ratio(30/90cm)-wheat 

1860 2553 231 170.67 

Maize+pigeonpea- 
(Alternate rows in1:1 row 
ratio(30/30cm)-wheat 

1860 2490 118 111.67 

Maize+blackgram -(Alternate rows 
in1:1 row ratio(30/30cm)-wheat 

1845 2529 110 122.33 

* Computed from soil and plant analysis data of three year 
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Figure 1. Effect of intercropping treatments on yield and yield attributes of maize. 
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Figure 2. Effect of intercropping treatments on yield and yield attributes of wheat. 
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Figure 3. Grain yield of maize, intercrops, wheat and maize equivalent yield as 
influenced by intercropping and nitrogen levels. 

- 259 - 



Ameta and Sharma 

 
 
  

0

10

20

30

40

50

T1 T2 T3 T4 T5 T6
Intercropping treatments

w
he

at
yi

el
d(

q/
ha

)

97-98 98-99 99-2k 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Residual effects on Wheat yield during three consecutive years as influenced 
by intercropping treatments. 
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Abstract 

 
Decreased soil fertility, unbalanced use of organic and inorganic fertilizers, low adoption and 

adaptation of recommended dose of chemical fertilizers and less awareness of the application of fertilizers 
and management of soil fertility were the major problems in the mid hills of Nepal. A study on fertilizer 
management was carried out at mid altitude outreach research sites namely, Fakchamara and Belhara of 
Terhathum and Dhankuta districts respectively. The experiments were conducted in 2000 and 2001. The 
overall objective of these experiments was to identify the essential plant nutrients limiting maize yield 
and to determine the appropriate time of urea (nitrogen) application to achieve maximum maize 
production. Two trials were carried out. These were limiting plant nutrients on maize under maize/millet 
system and synchronizing nitrogen availability by split application on maize in the year 2000 and 2001. 
Two year’s results indicated that nitrogen was the most crucial and essential nutrients among the major 
plant nutrients for better maize production. The application of agri-lime (5 t/ha) in acidic soils showed 
encouraging effect on grain yield of maize, both years, in both sites, there was significant (P<0.01) effect 
of treatments. Combined analysis of variance over locations and its interaction with locations showed a 
non-significant (P<0.01) effect on grain yield of maize. Results obtained from synchronizing nitrogen 
availability by split application on maize showed a significant (P<0.01) effect of split application of 
nitrogen on grain yield of maize at both Fakchamara and Belhara sites. Application of 60 N kg/ha split 
into three parts and applied each as basal, knee high and silking stages of maize was promising and 
economically beneficial for the farmers.  
 
Introduction 
 

Maize (Zea mays L.) is the most important cereal in the hills of Nepal. It is grown in an area of 
791,370 ha with a production of 1,331,060 tones (CBS, 1997). Of the total maize production, about 80 
percent is grown in the hills. In the eastern hills, maize is grown from low to high (300-2500 m) altitude 
(Tiwari et al., 1996). The total area and production in the eastern hills are 161,350 ha and 247,770 tones, 
respectively, with a productivity of 1,560 kg/ha (CBS, 1997). It proves that the productivity of maize in 
the eastern hills is lower than the national average (1,682 kg/ha). Maize in mid hills is mostly grown in a 
maize/millet, maize+soybean and maize-toria cropping systems. Maize/millet relay is a predominant 
cropping pattern at mid elevation (1100-1700 m) of the eastern hills. Maize/millet cropping pattern covers 
about 67% of total bari land (170,346 ha) in the mid altitude of the eastern hills (Chand and Thapa, 
1992). Since maize is a crop grown under a wide range of agro-climatic condition, the main problems 
associated with its production are varied. The researchable problems and constraints that were identified 
and prioritized based on the available information. (i) Low production and productivity of maize in the 
eastern hills (ii) decreased soil fertility (iii) unbalanced use of organic and inorganic fertilizers (iv) 
inefficient use of fertilizers (v) unavailability of fertilizers (vi) lack of knowledge of farmers on the 
application and management of soil fertility and (vii) low adoption and adaptation of recommended doses 
of fertilizers. All these factors attributed to low yield in maize crop. The low yield realized by the farmers 
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may be partly attributed to low soil nitrogen fertility, inadequate use of fertilizers due to high cost and 
lack of knowledge of the farmers and management practices (Katuwal, 2000). Nitrogen is the most 
limiting globally not only in Nepal. Generally, it is lost through identification, leaching and runoff. 
Nitrogen is the nutrient most likely to be in short supply of maize growth (Ebelhar et al., 1987). Compost 
alone and only chemical fertilizers are not economically sustainable for maize production. Residual effect 
of compost has a pronounced effect on succeeding finger millet yield in maize/millet system (Poudel and 
Tiwari, 2001). The availability of compost is decreasing and farmers are facing difficulties in using 
sufficient amount of compost during these days. At the same time, farmers are started to use chemical 
fertilizers to obtain higher yields in the area where it is available. Use of balance dose (recommended 
dose) is rare and most of them are using nitrogen fertilizers (mostly urea, about 20-30 N kg/ha) as top 
dressing during earthing up as well in maize. This report covers the results of synchronization of nitrogen 
fertilizer and limiting plant nutrients in maize crop conducted at the outreach research sites in the year 
2000 and 2001. Meteorological data during maize growing period are presented in Appendix for the 
reference. One of the primary purposes of the ARS, Pakhribas is to avail and recommend new technology 
to the farmers. Though low yield of maize in mid hills is a major problem farmers are not able to capture 
the potential yield from the improved maize genotypes. One of the major constraints that widen the yield 
gap in maize is the limitation of essential nutrients. Farmers are not using sufficiently balanced dose of 
plant nutrients due to technical know how, high cost of fertilizers as well as transportation and not 
available in time. Considering the situation, a limiting plant nutrient trial in maize was carried out at 
Belhara (1400 m) and Fakchamara (1400-1500 m) outreach research (OR) sites of Dhankuta and 
Terhathum districts respectively. The objective of the experiment was to identify the most crucial yield 
limiting essential nutrients in maize production in the research command areas of ARS, Pakhribas. 

 
Materials and Methods 
 

A set of trial consisting of six entries (Table 1) (combination of plant nutrients) was conducted at 
Belhara and Fakchamara OR sites in 2000 and 2001. The trial was executed in a RCB design and 
replicated three times in each site. Sowing was done during April in both years. The gross plot size was 9 
m2 and harvested from 4.5 m2 area. Maize variety Manakamana 1 was used and sown 2 seeds/hill in a 75 
cm row and 25 cm plant to plant distance respectively. At later stage, one plant was thinned to one 
plant/hill. Chemical fertilizer and FYM were applied according to the treatments (Table 1). A composite 
soil sample was taken before sowing the seeds and analyzed for pH. Soil pH was ranged from 5.90 to 6.05 
among the farmers' fields (replications). Based on analysis, the soil of the trial area was slightly acidic. 
Therefore, the treatment number six was included in the experiment to see the effect of agriculture lime. 
Weeding and other intercultural operations were done according to the farmer's time and method. Bench 
mark soil characteristics at the trial sits was: 

 
Sites pH OC (%) N (%) P (ppm) K (ppm) 
Belhara 5.55 1.05 0.17 14.98 115.19 
Fakchamara 5.07 0.68 0.13 13.86 87.27 

Observations such as plant stand, silking, maturity, plant height, number of ears, diseases/pests, 
stover and grain yields were taken. Statistical analysis was done on grain yield and other yield 
components and agronomic traits. 
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Results and Discussion 
 

Combined analysis of variance over locations and its interaction with locations showed a non-
significant (P<0.05) effect on grain and stover yields, maturity and plant height whereas the effect of 
treatments on grain yield was significant (P<0.01) and number of ears and stover yield was found 
significant (P<0.05). The highest grain yields (5435 and 5243 kg/ha) were released by the application of 
100:100:100 NP2O5K2O kg/ha + 10 t/ha FYM followed by 100:100:100 NP2O5K2O kg/ha + 10 t/ha FYM 
+ 5 t/ha Lime (Table 1). These were statistically at par. The low yield producer (3548 kg/ha) was 
0:100:100 NP2O5K2O kg/ha + 10 t/ha FYM. This indicates that nitrogen is the most limiting one among 
the plant nutrients for maize crop. There was no difference among the treatments in maturity and plant 
height, which might be due to the use of Manakamana-1 in both years and locations. 

Similarly, the stover yield and number of ears showed a significant effect (P<0.05) among the 
treatments. The highest stover produced form the same higher grain yields producers. Number of ears and 
barren plants were directly correlated in the production of grain yield. The number of ears harvested were 
more (21 and 20 per 4.5 m2 area) from 100:100:100 NP2O5K2O kg/ha + 10 t/ha FYM and 100:100:100 
NP2O5K2O kg/ha + 10 t/ha FYM + 5 t/ha Lime respectively. Barren plants in each treatment was recorded 
relatively more and higher number of barren plants (4) was observed in 0:100:100 NP2O5K2O kg/ha + 10 
t/ha FYM treatment 

Most of the other parameters measured during cropping period showed non-significant (P<0.05) 
effect on the treatments. Sparsely the turcicum leaf blight was observed and recorded. In the early stages 
of crop, there was a problem of field weevil and the infestation was ranged from 4 to 22 plants among the 
treatments. Damaged ears, attack of borer and lodged plants due to wind were also recorded (Appendices 
3 and 4).  

There was no difference between the years in Belhara and Fakchamara in grain yield production. 
However, yield was higher at Belhara (Figure 1), even though the effect of treatments (trend of yield 
production) between two sites was similar. This might be due to the better soil with higher level of 
nutrients available in the soil at Belhara research site.  
 
Conclusion 
 

Application of 10 0:100:100 NP 2O5K2O kg/ha + 10 t/ha FYM and owed by 5 t/ha agri-li me in the 
acidic soil sh owed a significant effect. As it was exploratory type of experime nt conducted in different 
OR sites for two years resulted that ni trogen is the most limiting one among the plant nutrients for better 
yield of maize crop. 
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Table 1. Effect of plant nutrients on maize grain yield (kg/ha) and yield attributes in the outreach 
research sites. 
 
Treatment Grain 

yield 
(kg/ha) 

# Ears 
(4.5 
m2) 

# Barren 
plants 

(4.5 m2) 

Stover 
yield 

(kg/ha) 

Maturity 
(DAS) 

Plant 
height 
(cm) 

100:100:100 NP 2O5k2O 
kg/ha+10t/ha FYM 

5435 21 2 10.0 119 260 

0:100:100 NP 2O5k2O 
kg/ha+10t/ha FYM 

3548 18 4 7.5 121 258 

100:0:100 NP 2O5k2O 
kg/ha+10t/ha FYM 

3901 19 3 8.4 121 237 

100:100:0 NP 2O5k2O 
kg/ha+10t/ha FYM 

4122 19 3 9.2 121 240 

100:100:100 NP 2O5k2O 
kg/ha+0t/ha FYM 

4488 19 2 9.2 120 247 

100:100:100 NP 2O5k2O 
kg/ha+10 t/ ha FYM + 5t/ha 
lime 

5243 20 2 9.5 121 264 

F-test: 
Trt. 
Trt. x Loc. 
CV% 
LSD: 
Trt. 
Trt. x Loc. 
Mean 

 
** 
NS 
19.6 

 
798 

- 
4663 

 
* 

NS 
12.5 

 
9.0 
- 

19 

  
* 

NS 
18.4 

 
3.6 
- 

9.0 

 
NS 
NS 
1.3 

 
- 
- 

121 

 
Ns 
NS 
7.4 

 
- 
- 

251 
 

 - 265 -  



Katuwal 

Table 2. Effect of split application of nitrogen on maize grain yield (kg/ha) and yield attributes in 
the outreach research sites. 

 
Treatment Grain 

yield 
(kg/ha) 

# Ears 
(4.5 
m2) 

# Barren 
plants 

(4.5 m2) 

Stover 
yield 

(kg/ha) 

Maturity 
(DAS) 

Plant 
height 
(cm) 

60 kg N/ha basal 5876 22 1 13.3 119 252 
30 kg N/ha each basal  and knee  
high stage 

5762 23 1 13.8 119 242 

30 kg N/ha  each basal  and 
silking stage 

5425 23 1 12.1 119 244 

30 kg N/ha each at knee  high 
and silking stage 

5380 23 1 12.6 120 226 

20 kg N/ha  each basal, knee 
high and silking stage 

6055 23 1 12.9 119 248 

60 kg N/ha at earthing up 5380 23 1 12.1 119 247 
0 kg N/ha 4303 23 1 11.3 120 241 
F-test: 
Trt. 
Trt. x Loc. 
CV% 
LSD: 
Trt. 
Trt. x Loc. 
Mean 

 
** 
NS 
14.1 

 
721 

- 
5454 

 
NS 
NS 
8.4 

 
- 
- 

23 

  
NS 
NS 
20.3 

 
- 
- 

12.6 

 
NS 
NS 
1.1 

 
- 
- 

119 

 
Ns 
NS 
12.1 

 
- 
- 

243 
 

Table 3. Partial budget analysis. 
 
Treatment* 7 1 2 3 4 6 5 

Grain yield (kg/ha) 4303 5876 5762 5425 5380 5380 6055 

Adjusted (10%) yield (kg/ha) 3872 5288 5186 4883 4842 4842 5450 

Gross field benefit (Rs/ha) 23802 33377 33187 33234 31862 30710 35076 

Cost of nitrogen (Rs/ha) 0 2080 2080 2080 2080 2080 2080 

Cost of N application (Rs/ha) 0 1058 1058 1058 1058 529 1587 

Total cost that vary (Rs/ha) 0 3138 3138 3138 3138 2609 3667 

Net benefit (Rs/ha) 23802 30239 30049 30096 28724 28101 31409 

MRR (%) 205 (D) (D) (D) (D) 221 

Note : Please see Table 2 for treatments detail Letter given in parenthesis is dominated treatments. 
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Figure 1. Performance of plant nutrients on maize over locations. 
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Figure 2. Performance of split application of nitrogen on maize over locations. 
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Appendix 1. Results of synchronization of nitrogen fertilizer in maize crop at the outreach research 
site Fakchamara, 2001. 
 
Treatment 50 % 

silking 
(DAS) 

Plant 
harvested 

(ha) 

H. 
turcicum 
(1-5) scale 

% field 
weevil 

% plant 
attacked 
by borer 

Grain 
yield 

(kg/ha) 
60 kg N/ha basal 78 49630 2 4 2 5311 
30 kg N/ha each basal and knee high stage 79 47407 2 2 3 5323 
30 kg N/ha each basal and silking stage 78 50370 3 4 0 5396 
30 kg N/ha ea ch at knee high a nd silking 
stage 

79 47407 2 4 0 5468 

20 kg N/ha each basal, knee high and 
silking stage 

77 51852 3 2 0 5457 

60 kg N/ha at earthing up 77 51852 3 1 0 4928 
0 kg N/ha 78 51111 2 3 2 3977 
F- test:  NS NS - - - * 
CV% 0.9 5.7 - - - 9.1 
SE ± - - - - - 267 
Mean 78 49947 - - - 5123 
 
Appendix 2. Results of synchronization of nitrogen fertilizer in maize crop at the outreach research 
site Belhara, 2001. 
 

Treatment 50% 
Silking 
(DAS) 

Plants 
harvested 

(ha) 

H. 
turcicum 

(1-5) 
scale 

% 
field 

weevil 

% plant 
damaged 

by 
termites 

% 
lodging 

% ear 
damaged 
by rats 

% 
damaged 

ears 

Grain 
yield 

(kg/ha) 

60 kg N/ha basal 74 47407 3 13 4 11 0 0 7175 
30 k g N/ha ea ch 
basal an d kn ee 
high stage 

74 50370 3 9 2 3 5 0 7092 

30 k g N/ha ea ch 
basal and si lking 
stage 

77 51852 2 17 2 3 0 0 7038 

30 k g N/ha ea ch 
at kn ee high an d 
silking stage  

78 50370 2 4 4 0 5 1 6452 

20 k g N/ha ea ch 
basal, k nee hi gh 
and silking stage 

78 46667 3 7 0 5 0 0 7664 

60 kg N/ ha at 
earthing up 

78 48148 2 9 2 3 0 6 6559 

0 kg N/ha 78 48148 3 11 2 8 0 0 4977 
F- test:  NS NS - - - - - - * 
CV% 2.8 6.3 - - - - -  11.6 
SE ± - - - - - - - - 448 
Mean 76 48996 - - - - - - 6701 
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Appendix 3. Results of limiting plant nutrients in maize crop at the outreach research site 
Fakchamara, 2001. 
 
Treatment 50% 

Silking 
(DAS) 

Plant 
harvested 

(ha) 

H. turcicum 
(1-5) scale 

% Field 
Weevil 

% Plant 
damaged 
by borer 

% 
Damaged 

ears 

Grain 
yield 

(kg/ha) 
100:100:100 NP2O5k2O 
kg/ha+10t/ha FYM 

79 48889 3 7 4 5 5404 

0:100:100 N P2O5k2O 
kg/ha+10t/ha FYM 

79 42963 2 4 4 2 4367 

100:0:100 N P2O5k2O 
kg/ha+10t/ha FYM 

79 43704 2 7 2 0 4475 

100:100:0 N P2O5k2O 
kg/ha+10t/ha FYM 

79 40000 3 8 2 0 4700 

100:100:100 NP2O5k2O 
kg/ha+0t/ha FYM 

79 44444 3 8 3 0 4888 

100:100:100 NP2O5k2O 
kg/ha+10t/ha FYM  + 
5t/ha lime 

78 47407 2 10 1 0 6106 

F-test NS * - - - - NS 
CV% 1.5 5.9 - - - - 20.7 
SE ± - 1512 - - - - - 
Mean 79 44569 - - - - 4990 

 
Appendix 4. Results of limiting plant nutrients in maize crop at the outreach research site Belhara, 
2001. 
 
Treatment 50% 

Silking 
(DAS) 

Plant 
harvested 

(ha) 

H. 
turcicum 
(1-5) scale 

% 
Field 

weevil 

% 
Lodging 
(wind) 

% 
Damaged 

ears 

Grain 
yield 

(kg/ha) 
100:100:100 NP 2O5k2O 
kg/ha+10t/ha FYM 

78 50370 1 15 23 4 7828 

0:100:100 NP 2O5k2O 
kg/ha+10t/ha FYM 

79 49630 1 15 8 0 5952 

100:0:100 NP 2O5k2O 
kg/ha+10t/ha FYM 

80 47408 2 9 21 0 5767 

100:100:0 NP 2O5k2O 
kg/ha+10t/ha FYM 

79 51852 2 15 15 0 6078 

100:100:100 NP 2O5k2O 
kg/ha+0t/ha FYM 

80 48889 1 22 5 1 7044 

100:100:100 NP 2O5k2O 
kg/ha+10t/ha FYM  +  
5t/ha lime 

80 48889 2 15 11 0 7429 

F- test NS NS - - - - NS 
CV% 1.7 4.8 - - - - 15.1 
SE ± - - - - - - - 
Mean 79 49507 - - - - 6683 
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Agriculture Research Station, Dailekh, Bheri Zone, Nepal. 
 

Abstract 
 

Maize is the most important food crop in mid hills of mid and far western Nepal. These regions fall 
under low rainfall zones where maize is grown under rain-fed environment. Most of the farmers in these 
regions do not apply chemical fertilizer for maize. Lower application of chemical fertilizer and pre-
monsoon soil erosion lead to declining soil fertility. One of the potential areas in managing soil fertility 
decline is to identify appropriate intercropping and their combinations that fit for intercropping with 
maize under rain-fed bariland condition of mid hills in mid and far western Nepal. An experiment on 
maize-based inter-cropping was conducted at Agriculture Research Station (ARS), Dailekh during 
summer 2000 and 2001. Five leguminous crop viz. Soybean, black gram, groundnut, cowpea and bean 
were intercropped with improved and local maize varieties. Each maize variety was grown as a sole to 
compare between intercropping and sole-cropping. The experiment was laid out on factorial RCB-design 
with three replications. Grain yield of maize did not differ significantly while intercropped with different 
legumes. Maize variety showed a significant difference in yield when intercropped with different legumes 
(improved maize 4986-kg/ha and local maize 4086-kg/ha). The highest cost-benefit ratio was found with 
improved maize and soybean intercropping (2.24) followed by improved maize and black gram (2.11). 
All combinations of intercropping gave more economic return than sole maize. 
 
Introduction 
 

For the first time in our history of agriculture we are running short of productive land to expand our 
agriculture. When farmland is limited, increasing productivity per unit land is the only feasible options for 
producing adequate food and fiber for the growing population. The productivity of agriculture, as a 
whole, has increased following the introduction of green revolution due to extension of fertilizer 
responsive high yielding varieties increased use of fertilizer and availability of irrigation water. The 
sustainability of such high energy demanding system is being questioned in the country like ours where 
input application is minimal and infrastructure is at rudimentary stage. Nutrient management is the major 
factor for sustainable agriculture. One thing is very clear that to harvest good yield from the modern 
agriculture our soils must be supplied with adequate plant nutrients either from inorganic, organic or both 
source. Every harvest takes away large amounts of nutrients from the soil causing nutrient depletion. 
Every tone of grain produced, 60-80kg per ha or some times even more than 100 kg/ha nutrient is taken 
up from the soil. Use of compost has been declined as a result of declining forest resources. To ensure the 
food security in the future, the productivity of maize-wheat system as a whole must be increased in these 
food deficit regions.  

Maize is the most important food crop in mid hills of mid and far western Nepal. These regions fall 
under low rainfall zones where maize is grown under rain-fed environment. Most of the farmers in these 
regions do not apply chemical fertilizer for maize. Lower application of chemical fertilizer and pre-
monsoon soil erosion lead to declining soil fertility. One of the potential areas in managing soil fertility 
decline is to identify appropriate intercropping and their combinations that fits for intercropping with 
maize under rain-fed bariland condition of mid hills in mid and far western Nepal. With these 
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backgrounds, we have conducted the experiment on maize based intercropping with different legumes. 
The objective of the study was to identify the legume crop that fits best in the maize legume intercropping 
system. 
 
Materials and Methods 
 

The experiment on maize based intercropping was conducted at Agriculture Research Station (ARS) 
Dailekh during summer 2000 and 2001. Five leguminous crop viz. soybean, black gram, groundnut, 
cowpea and beans were intercropped with improved and local maize varieties. Each maize variety was 
grown as a sole to compare the performance of intercropping and sole cropping. Experiment was laid out 
on factorial RCB design with three replications each year. A plot size of 4.5 x 3 m2 was maintained and 
six rows of maize and five rows of legumes were planted in a plot. The plot was fertilized with 80:60:40 
kg NPK and 5 tons of farmyard manure/ha were applied. Planting was done on 22nd and 24th of May 2000 
and 2001, respectively. Data were analyzed by using 2-factors experiment analysis of MSTAT. 
 
Results and Discussion 
 

Grain yield of maize did not differ significantly while intercropped with different legumes. Maize 
variety that is improved and local showed a significant difference in yield when intercropped with 
different legumes. Average grain yield of improved maize, manakamana-1, was 4986 kg/ha and local 
maize, Dailekh local, was 4086 kg/ha respectively. The maximum gross economic return was obtained 
from the combinations between improved maize and soybean followed by improved maize and black 
gram. The highest cost benefit ratio was found with improved maize and soybean intercropping (2.24) 
followed by improved maize and black gram (2.11). All combinations of intercropping gave more 
economic return than sole maize. A detail of research results is given in Table-1. 
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Table 1. Yield and gross return form different combinations of legumes with maize under mid hill 
environment at Agriculture Research Station Dailekh (1355 masl). 
 
S.No. Treatment Average 

of maize 
yield 
kg/ha 

Average of 
intercrop 

yield kg/haa

Average of 
income 
from 

intercrops 
/ha (NC.)a

Average of 
income from 
intercropping 

/ha (NC) 

Cost 
benefit 
ratioa

1 Improved Maize (sole) 4986 0 0 37395.00 1.48 
2 Local Maize (sole) 4068 0 0 30510.00 1.39 
3 Improved maize + Soybean 5647 1313.00 24947.00 65050.00 2.24 
4 Improved maize + cowpea 4053 2125.00 19125.00 49523.00 1.70 
5 Improved maize + black gram 5342 731.00 23392.00 63457.00 2.11 
6 Improved maize + ground nut 4858 954.00 20988.00 57423.00 1.97 
7 Improved maize + four season bean 4730 846.00 9306.00 44781.00 1.56 
8 Local Maize + soybean 4414 1223.00 23237.00 56342.00 1.94 
9 Local Maize + cowpea 3706 1848.00 16632.00 44427.00 1.52 

10 Local Maize + black gram 4020 673.00 21536.00 51686.00 1.71 
11 Local Maize + ground nut 3139 909.00 19998.00 43541.00 1.54 
12 Local Maize + four season bean 5170 893.00 9823.00 48598.00 1.69 

 CV%  17.65 - - 16.07 - 
 P- value ns - - <0.001 - 
 LSD0.05 1544.00 - - 16413.00 - 

 a means Statistically not analyzed. 
Farm gate price of Soy bean, Cowpea, black gram , groundnut and four-season bean is equal t o 19, 9, 32, 
22 and 11, respectively. 
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Abstract 

 
An experiment on synchronizing of nitrogen requirement in maize (Zea mays) /millet (Eleusine 

coracana Geartn) relay-cropping system was carried out in the Hill Crop Research Program (HCRP), 
Kabre, (1740 masl), Dolakha during the summer season of 2000 and 2001 to identify the optimum time of 
nitrogen application for higher yield of both crops in mid hill condition of Nepal. In addition to 10 ton 
compost, chemical fertilizer was applied @60:30:30 NPK kg/ha in all treatments. Compost was 
incorporated in the soil at the time of land preparation and all phosphorus and potash was applied at the 
time of maize planting. Splitting of nitrogen and time of its application was done to make eight different 
treatments and nitrogen was applied accordingly. The experiment was conducted in a RCB design with 
four replications in  6.0 m2 plots. The highest maize grain yield (5951 kg/ha) was produced by the 
treatment T2 followed by (5680 kg/ha) with the treatment T8. The lowest maize grain yield (4327 kg/ha) 
was obtained by T1. Likewise, the highest finger millet grain yield (977 kg/ha) was produced by T6 
followed by (906 kg/ha) with the treatment T2. The lowest millet grain yield (715 kg/ha) was obtained in 
the treatment T1. 

 
Introduction 
 

Maize (Zea mays) and finger millet (Eleusine coracana Geartn) are the first and third important staple 
food crops grown under diverse cropping pattern and environments in the mid hills (1000-2000 masl) of 
Nepal. Maize /finger millet relay cropping system is predominant in the upland (bari land) of the mid 
hills. The area under maize and millet are 824525 ha and 2,59888 ha respectively. About 28% of the total 
maize area in Nepal is relayed/inter cropped with finger millet (Palikhe, 2000). The productivity of maize 
and millet are 1.79 t/ha and 1.08 t/ha respectively (2000/2001 CBS). The yield of maize is quite low as 
compared to other Asian countries, due to lack of high yielding varieties, unavailability of improved seed 
and inadequate supply of plant nutrients. There are other biotic and abiotic factors as well affecting the 
crop yield in the hills (Priyadarsi et al., 2000).  

Compost and farmyard manure (FYM) are the major sources of plant nutrient in the hills. However, 
the consumption of chemical fertilizers is also increasing steadily. The application of FYM is in declining 
trend due to decreasing forest resources and increasing labor cost. Nevertheless, farmers are developing 
habit of applying urea in the form of top dressing on maize at the time of earthing up maize plant. Now 
the main concern from farmers point of view is how much nitrogenous (urea) fertilizer should apply and 
what is the right time to apply so that a maximum yield can be obtained. Since the cost of chemical 
fertilizers is increasing and at the same time it is very important to improve the efficiency of applied 
nitrogenous fertilizers. Since nitrogenous fertilizers are subjected to loss through leaching, volatilization 
and de-nitrification. A large number of farmers will be benefited if we could provide information on right 
time and amount of urea fertilizer application. This will also save the expensive fertilizers and reduce the 
detrimental effect on soil environment. The objective of the study was to find out the right time and 
splitting of nitrogen dose in maize on maize/millet cropping system. 
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Materials and Methods 
 

The experiment was conducted under maize/millet relay system at Hill Crops Research Program, 
Kabre, Dolakha. The location is situated at 270 8" N and 860 3"E. The altitude is 1740 masl. The soil of the 
trial plot was slight acidic having pH 5.5. The texture was sandy loam with lower level of organic matter 
(OM) and total nitrogen (N), level of phosphorus (P2O5) and potash (K2O) were found to be low, medium 
and high respectively. The experimental plot size was 6.0 m2 (i.e. 4 rows of 2 meter long). Thirty-five 
days old fingermillet seedlings were transplanted in each plot when maize was at silking stage. Rampur 
composite and Kabre kodo-1 were the maize and millet variety respectively used in this study. Net 
harvest area was 3.0 m2 in maize and 6.0 m2 in finger millet. As usual farmers production practices, 
10t/ha compost was incorporated in the soil uniformly throughout the experimental field. Besides 
compost, commercial fertilizer was applied @ 60:30:30 N:P2O5:K2 O kg/ha. The sources of fertilizer were 
di-ammonium phosphate (18%N and 46% P2O5 ), Urea (46% N), Triple super phosphate (48% P2O5) and 
Murate of potash (60% K2O). All phosphorus and potash was applied at the time of maize planting. 
Nitrogen application was split as per treatment given below. The experiment was conducted in a 
randomized complete block design (RCBD) with four replications and the yield and other yield 
components data were analyzed using MSTATC statistical package for treatments comparison. Rainfall 
and temperature data were recorded during the time of experiment given in Figure 1. 
 
Details of the treatment  

T1  100% basal  
T2 50% basal + 50% at knee high stage 
T3 33% basal + 33% knee high stage + 34% tasseling stage 
T4 50% knee high stage + 50% tasseling stage 
T5 50% knee high stage + 50% millet transplanting stage. 
T6 33% knee high stage + 33% tasseling stage +34% millet transplanting stage. 
T7 33% knee high stage+33% millet transplanting stag +34% 40 days after millet transplanting. 
T8 100% at knee high stage (Farmers usual practice) 
 

Maize and millet planting and harvesting time 
First year (2000) 

Maize sowing date:   17 April, 2000 
Maize harvesting date:  23 August, 2000 
Millet transplanting date:  5 July, 2000  
Millet harvesting date:  9 November, 2000 
Competition period between maize and millet = 50 days 

Second year (2001) 
Maize sowing date:   19 April, 2001 
Maize harvesting date:  27 August, 2001 
Millet transplanting date:  5 July, 2001 
Millet harvesting date:  12 November, 2001 
Competition period between maize and millet = 53 days 
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Results and Discussion 
 

The plant height of maize and finger millet were found non significant (Table: 1). The mean maize 
plant was found tallest (238 cm) when 100 percent nitrogen was applied at knee high stage (T8) and 
followed by the treatment T2 (235 cm). The shortest plant height (231 cm) was recorded in the treatment 
T1 where 100 percent nitrogen was applied as a basal dose. Plant height is most important in finger millet 
than maize since straw is used as animal feeds in the hills. The finger millet tallest plants (59 cm) was 
found at 33% knee high stage + 33% millet transplanting stage +34% 40 days after millet transplanting 
(T7) followed by T6 and T3 respectively (Table 1). The shortest plant height was found (51 cm) at 100% 
based dose. The silking days was earlier T1 (76 days) and T3 (76 days) than other treatments as well as 
tasseling days was earlier T1 (72 days) than others. There was no significant role in both using of nitrogen 
application. 

The grain yield of maize was significantly different between the treatments (Table: 1). The mean 
grain of two year was found highest (5951 kg/ha) when 50% nitrogen at planting time and 50% nitrogen 
at knee high stage was applied followed by 100% nitrogen applied at knee high stage (5680 kg/ha). 
Sherchan (1989) also reported more grain yield when 50% of the total nitrogen was applied at knee-high 
stage of maize. Maize yield was lowest (4327 kg /ha) at 100% basal dose but remained similar to T7. 
Maize yield was observed in decreasing trend from the first year to second year could be due to on set of 
pre monsoon rain and rainfall distribution. However, a pre-sowing irrigation was given to facilitate 
germination in the first year, which was due to late onset of pre monsoon rain. 

The effect of the treatment on the grain yield of finger millet was non significant. However, a highly 
significant difference on millet yield was observed between the years. Moreover, the yield was decreased 
about 50% in the second year (2001), which could be attributed to slightly long competition period 
between maize and millet in the second year. Two year mean data revealed that, the highest mean yield 
(977 kg/ha) was obtain from T6 followed by (906 kg/ha) 50% nitrogen at knee high stage +50% Nitrogen 
at that split application of nitrogen have a positive effect on millet yield the lowest grain yield was found 
(715 kg/ha) at T1. However, the highest total grain yield (Maize +Millet) was obtained when nitrogen 
was applied 50% nitrogen as basal and 50% nitrogen at knee high stage followed by 100% nitrogen at 
knee high stage. 

The straw yield of finger millet was also non-significant (Table: 1). However, the mean highest yield 
was (1983 kg/ha) at T7 followed by (1917 kg/ha) at T5. Application of nitrogen at millet transplanting 
has caused considerable high yield of straw in first year but it was not consistent in the second year, 
which could be attributed to slightly long competition period between maize and millet in the second 
year. 
 
Conclusion 
 

Two years (2000-2001) data indicated that the response of maize was higher where nitrogen was split 
at 50% basal dose and 50% knee high stage but inconsistent was observed in millet yield Nevertheless 
millet yield data reveals that nitrogen top dressing to maize at millet transplanting could increase millet 
yield considerably.  
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Figure 1. Rainfall, maximum and minimum air temperature recorded in 2000 and 2001. 
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Figure 2. Two year (2000 and 2001) mean grain yield of maize and millet. 
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Table 1. Average yield and other character of maize and millet in maize millet relay system at 
HCRP, Dolakha (1740masl), Nepal during 2000-2001. 
 

Treatments Silking 
days 

Tasseling 
days 

Plant 
height 

cm 

Maize 
grain 
yield 
kg/ha 

Finger 
millet 
plant 
ht.cm 

Funger 
millet 
straw 
Yield 
kg/ha 

Finger 
millet 
grain 
Yield 
kg/ha 

T1 76 72 231 4327 51 1383 715 
T2 77 74 235 5951 55 1787 887 
T 3 76 73 227 5226 57 1671 817 
T 4 77 74 230 5329 55 1917 855 
T 5 77 74 221 5242 55 1771 906 
T 6 77 74 229 4656 57 1921 977 
T 7 78 75 226 4405 59 1983 861 
T 8 77 73 238 5680 54 1654 827 

Grand 
mean 

77 73 230 5102 55 1761 855 

Significance   
Year 

 
** 

 
NS 

 
** 

 
NS 

 
** 

 
NS 

 
** 

Treatment * ** NS ** NS NS NS 
Treatment X 
Year 

** ** NS NS NS NS NS 

CV% 1.81 2.4 8.02 13.93 10.16 27.89 26.47 
LSD at 0.05 1.98 2.49 26.21 1010.11 7.94 698.05 321.66 
 

Note: NS = Non significant, * = Significant, ** = highly significant
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Table 2. Yield and other characters of maize in maize millet relay system at HCRP, Dolakha (1740masl), Nepal during 2000-2001. 
 

Treatment Silking 
(days) 

Tasseling 
(days) 

Plant height 
(cm) 

Maize Yield 
(kg/ha) 

T.N. 

     2000 2001 2000 2001 2000 2001 2000 2001

T1 100 % basal 76 75 70 73 229 233 4868 3785 
T2 50% basal + 50% at knee high stage 77 76 74 74 211 260 6288 5614 
T3 1/3 basal+ 1/3knee high + 1/3 

tasseling stage 
77        75 73 73 213 240 5239 5213

T4 50% knee high stage + 50% at 
tasseling  

79        75 75 72 220 240 5387 5271

T5 50% knee high stage+ 50% millet 
transplanting stage  

79        75 74 73 209 232 5245 5239

T6 1/3 knee high+1/3tasseling+1/3 millet 
transplanting stage 

80        75 76 73 209 249 5075 4236

T7 1/3 knee high+1/3 MTP stage+1/3 40 
days after MTP stage 

81        76 77 73 205 246 3941 4869

T8 100 % at knee high stage 81 75 74 72 234 242 5885 5475 
Grand mean 78        75 74 73 216 243 5241 4963
Significance       ** ns ** ns ns ns * * 
C.V.% 2.25     1.83 2.69 2.05 7.1 8.93 14.1

6 
17.3 

LSD at 5%       2.43 2.02 2.92 2.19 24.2 31.8 1091
.2 

1262.
48 

  * MTP = Millet transplanting stage 
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Table 3. Yield and other characters of millet in maize millet relay system at HCRP, Dolakha (1740masl), Nepal during 2000-2001. 
 

FM plant 
height cm 

FM grain yield 
( kg/ha) 

FM straw yield 
(kg/ha) 

T.N.  

   

Treatment

2000 2001 2000 2001 2000 2001
T1 100 % basal 60 42 896 535 1433 1334 
T2 50% basal + 50% at knee high stage 62 48 1205 549 1908 1667 
T3 1/3 basal+ 1/3knee high + 1/3 tasseling 

stage 
69     45 1024 611 1675 1667 

T4  knee high stage + 50% at tasseling  61 49 976 735 1983 1850 50%
T5 50% knee high stage+ 50% millet 

transplanting stage  
62 47 1183 630 1667 1675 

T6 1/3 knee high+1/3tasseling+1/3 millet 
transplanting stage 

69 46 1289 655 2309 1533 

T7 1/3 knee high+1/3 MTP stage+1/3 40 days 
after M TP stage 

71 48 1074 649 2333 1633 

T8 100 % at knee high stage 63 45 1084 571 1600 1709 
Grand mean 64 46 1091 618 1888 1633 
Significance  ns ns ns ns ns Ns 
C.V.% 10.29 9.48 24.52 28.39 25.0 4 31.1 5 
LSD at 0.05 9.75 6.44 393.4 257.96 695 748.18 
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Appendix I. Weather Information recorded at HCRP, Dolakha during1999/2000. 
 

S.N. Month Maximum 
Temp.(0C) 

Minimum 
Temp.(0C) 

Rainfall 
(mm) 

R. H. (%) 

1 January  18 5 1.9 79 

2 February  22 9 0 75 

3 March 24.5 10 3.0 62 

4 April 29 15 1.4 72 

5 May  26 16 210.7 89 

6 June 25 18 228.8 89 

7 July  25 18.5 610.9 98 

8 August 25 18 468.2 97 

9 Septem ber 23 15 643.3 89 

10 October 24 10 168.8 86 

11 Novem ber 22 12 0 80 
12 December 17 9.5 0 85 

Total Rainfall  2337 mm.  

 
Appendix II. Weather Information recorded at HCRP, Dolakha during 2000/2001. 
 

Temperature S.N. Month 1999 
Maximum Temp.(0C) M inimum 

Temp.(0C) 

Rainfall 
(mm) 

R.H 

1 January  17.0 4.5 1.5 85 
2 February  17.0 4.6 1.9 86 
3 March 22.0 8.5 46.7 74 
4 April 25.5 13.5 106.8 76 
5 May  25.5 14.5 250.3 89 
6 June 25.0 13.5 543.7 96 
7 July  25.5 16.5 726.6 98 
8 August 24.0 16.0 567 96 
9 Septem ber 22.5 15.5 281.9 89 

10 October 24.0 13.5 40.7 89 
11 Novem ber 20.5 9.4 0 85 
12 December 17.5 5.0 1.5 88 

Total Rainfall.  2568.6mm  
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Abstract 
 

Upland hill soil of Nepal are light-textured shallow in depth and acidic in nature with low 
productivity. The objectives of the study were (i) to mange the marginal maize production system with 
the use of organic manure and inorganic fertilizers, (ii) to synchronize nitrogen requirement through 
organic and inorganic sources, (iii) to identify limitation of nitrogen, phosphorus and potassium nutrients 
in different agro-climatic conditions and (iv) to select acid soil tolerant maize germplasms for the acidic 
areas. Field experiments were conducted in a randomized complete clock design with 3 to 4 replications. 
Application of 120 kg N/ha through organic manure or combination of 60 kg N/ha through organic plus 
60:30:20 kg N:P2O5:K2O/ha through organic sources produced 1.68 to 1.71 t maize grain/ha. Organic 
manure alone or combination of organic and inorganic fertilizers produced better yield of relayed finger-
millet grain (0.57-0.69 t/ha) in maize than inorganic fertilizers alone (0.36-0.44 t/ha). FYM (20 t/ha) was 
applied at planting, 30 kg N at knee-high, 30 kg N/ha at silking, or 10t FYM at planting and 3 splits of 
N/ha (20 kg at planting, 20 kg at knee high and 20 kg at silking) or 10 FYM and 60 kg N/ha at knee high 
stage gave similar yields of maize grain (5.00-5.32 t/ha) which synchronized N demand of maize in high 
carbon, total N and available P but low exchangeable K soil. 100 kg N, 100 kg N+100kg P2O5 /ha plus 5t 
lime/ha gave significantly high yield as compared to farmers' practice or only 100 kg N/ha. Out of 28 
genotypes in acid soil V-Yellow set, 10 genotypes (57%) produced similar maize grain yields (5.83-7.99 
t/ha) while out of 20 genotypes in acid soil VI-Yellow set, 5 genotypes produced 5.00-6.99 t maize 
grain/ha during 2000. During 2001, in acid soil x white set, 3 germplasms gave 7.00-9.00 maize grain t/ha 
indicating that these above genotypes could tolerate acidic soil conditions. It can be concluded that upland 
maize soils of western hills need different management practices to enhance soil fertility and crop 
productivity. 

 
Introduction 

 
Maize is the principal staple food of over 55% of the hills people of Nepal. Of the total area of maize 

(819010 hectares) in Nepal, 23.0% (187349 ha) occurs in the western hills (SINA, 2000). In the hills and 
mountains of Nepal, maize is grown on level as well as sloping terraces rain-fed mono-crop or mixed with 
legumes or relayed with finger-millet. Traditionally, farmers have been applying organic manures such as 
farm yard manure (FYM) compost and leaf litters to sustain their maize production and to maintain soil 
fertility (Tripathi, 1999). Continuous soil mining through high yielding varieties, intensive cropping and 
inadequate and imbalance fertilizers have further contributed to the decline of soil fertility and crop 
productivity in Nepal (Pandey 2000). Soil acidification is one of the major contributing factors to 
declining soil fertility in the hills of Nepal. (Turton et at., 1996). Shah and Shreier (1991) reported that 
there is a particular concern about increasing acidification of soil. However, the effects of acidification 
are reduced by large amounts of organic matter which increases buffering capacity of the soil (Kiff, et al., 
1995). A number of studies carried out in Nepal to develop agriculture strategy plan have emphasized that 
the soil fertility management is one of the key issues and priority area of research and development (APP, 
1995) 
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It is necessary to manage acid upland soil of Nepal for sustaining or increasing crop productivity and 
maintaining soil fertility. Therefore, the objectives of the study were (I) to manage the marginal maize 
production system with the use of organic manure and inorganic fertilizers, (ii) to synchronize nitrogen 
requirement through organic and inorganic sources, (iii) to identify limitation of nitrogen, phosphorus and 
potassium nutrients in different agro-climatic conditions, and (iv) to select acid soil tolerant maize 
germplasms for the acidic areas. 

 
Materials and Methods 
 
Maize-based system 

The experiment was conducted in the marginal rainfed upland (bariland) of Agriculture Research 
Station, Lumle (1660 m asl). Before starting the experiment in the summer of 1997, wheat crop was 
grown in the experimental field in winter of 1996 without applying any manure or fertilizer in order to 
create soil homogeneity. The field trial was started in 1997 and continued upto 2000 with maize and 
millet was relayed. Millet was grown on the residual nutrients applied to maize. Maize was sown on the 
last week of march each year and millet was transplanted 10 to 11 weeks later after maize slowing. Maize 
and millet were harvested in second week of September and last week of November respectively. Bean 
was grown as mixed cropped with maize and was sown during second week of April (when maize started 
germinating). Bean was harvested as fresh vegetable in the first week of August. Similarly, pea was 
relayed with millet and was sown in the first week of November. It was harvested during the second to 
third week of March. Incorporation of bean and pea residues were done in the last week of August and 
March respectively in treatments of plus residues only. The above experiment was carried out in the same 
plots and terminated after four years (2000). The site of the experiment was changed from marginal 
rainfed upland to medium fertility rainfed upland during 2001 and all the treatments and planting was 
followed similar to that of marginal rainfed upland. 

The experiment was designed in a randomized complete block with three replications. There were ten 
different treatments comprising organic and inorganic nutrients. At the beginning of the experiment, 
composite soil samples to a depth of 25cm were collected from all three replications during 1997 and 
2001 both from marginal and medium rainfed uplands (Table 1). Soil of marginal upland was very 
strongly acidic (pH4.42), total N was low (0.18%), available P was medium (5.61 ppm), exchangeable K 
was low (0.15me/100g) and organic carbon was medium (2.22%) but soil of medium fertility has medium 
acidity (pH 6.00), total N was medium (0.37%), available P was very high (337 ppm), exchangeable K 
was medium (0.3 me/100g) and organic carbon was medium (3.78%). Every-year, the farm yard manure 
was analysed before applying in different treatments. Nitrogen content in FYM was 1.63% (on dry basis) 
which was applied in the marginal land from 1997 to 2000. However, N, P and K contents in the FYM 
applied in medium fertility soil in 2000 were 2.67%, 1.37% and 1.73% respectively on dry basis. The 
gross experimental plot size for maize was 9m2 (3m63m) and net harvested area was 4.5m2 (3mX1.5m) in 
infertile marginal upland trial and 12m2 (4m63m) and 6.0m2 (4m61.5m) as in medium fertility trial of 
2001. During maize harvest, maize plant population and grain yields were adjusted in per hectare basis. 
The moisture content of maize and finger-millet grains were adjusted at 12% moisture.  

Analysis of variance on grain of maize and finger-millet were performed by MSTAC and treatment 
differences were compared by least significant differences (LSD). 

 
Synchronizing N-requirement with organic and inorganic fertilizer 

The field experiment was conducted in a randomized complete block design with three replications in 
farmers' field of Lumle during 2000 and ARS, Lumle center during 2001. There were fourteen treatments 
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with 5 and 10t manure/ha, and 10 and 20t manure/ha during 2000 and 2001 respectively. The gross plot 
size was 13.5m2 (4.5 x 3.0m) and net harvested area was 6.75m2 (3 x 2.25m) during 2000. Similarly the 
gross plot size was 9m2 (3 x 3m) and net harvested area was 4.5m2 (3m x 1.5m) during 2001. Maize 
planting was done in the third week of April and finger-millet crop was relayed with maize in the residual 
plant nutrients applied in maize crop in the third week of June in both the years. Composite soil samples 
were taken in order to know the bench mark status of soil. Mean soil pH, organic carbon, total N, 
available P and exchangeable. K in the bench mark soil sample of 2000 were 4.8 (very strongly acidic), 
3.29%. (high), 0.32% (medium), 17.1 ppm (medium) and 0.07 me/100g (very low). Maize was planted in 
the third week of April and harvested in first week of September, while fingermillet was transplanted in 
third week of June and harvested in the third week of November during 2000 but fingermillet crop of 
2001 could not be harvested because the whole crop was destroyed by the monkeys. Before applying 
manure, samples were taken and analysis was done for total N,P and K, which were 2.65%, 1.42% and 
1.62% respectively. Maize and fingermillet crops were managed by following all the recommended 
practices. Farm yard manure, P and K fertilizers were applied at planting as indicated in treatment details. 
Post-harvested soil samples were taken from individual plots to find out the nutrient status in soil. The 
data were analysed by MSTATC. 

 
N, P and K limiting on maize 

Nitrogen, P and K limiting field trials on maize were carried out during 2000 at Bhakimli (high hill, 
Myagdi), Deurali (mid hill, Palpa), Pakuwa (low hill, Parbat) and Chambas (river basin, Tanahun). 
During 2001, field experiments were carried out at Bhakimli, Deurali and Chambas sites. There were 5 
treatments in 2000 and six (one additional) treatments in 2001 in a randomized complete block design 
with 4 replicatious. The gross and net plot harvested was the same i.e. 13.5m2 (4.5m63.0m) in both the 
years. The bench mark soil characteristics of 2000 and 2001 in different sites are indicated in Table 2. 

Maize was planted at Bhakimli, Deurali, Pakuwa and Chambas in the fourth week of March, April in 
two sites and first week of May and harvested in the fourth week in three sites and second week in one site 
respectively. All P and K fertilizer and half of N was applied at planting and remaining and N was top 
dressed in two splits, one at knee high stage and another one at earthing up stage of maize. All the other 
operations were performed regularly. The data was analyzed by MSTATC. 

 

Selection of acid soil tolerant germplasm of maize 

Two sets of maize germplasm (acid soil V-yellow and acid soil VI-yellow) were received from south 
American Regional maize program during 2000 and another two sets (acid soil-yellow and acid soil-
white) from the same program during 2001. The field experiments were carried out at Chambas Tar in 
both the years. The plot size was 5.625m2 (2.5m x 2.25m) for both acid soil V-yellow and acid soil VI-
yellow in 2000 but 7.5m2 (5m x 1.5m) for acid soil-yellow and acid soil-white in 2001. There were 28 
entries for acid soil-V and 20 entries for acid soil VI with four replications planted in spilt plot design 
during 2000 while there were 12 entries for acid soil-yellow and 20 entries for acid soil-white with four 
replications during 2001. Bench mark soil characteristics of the two farmers field of chambas Tar are 
presented in Table 3. All four sets of trials were planted in the last week of April and harvested in the mid 
August in both the years (2000 and 2001). Manure was applied at the rat of 10 t/ha and chemical 
fertilizers were applied at 90:30: 30 kg N:P:K/ha. All the other operations were performed as 
recommended. The maize grain yield data analysis was performed by MSTATC. 
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Results and Discussion 
 

Maize-based system 
In low fertile and marginal rainfed uplands of excessive rainfall area (Lumle ) even high dose of 

chemical fertilizers alone gave very poor yields of maize and fingermillet. Application of 120 kg N/ha 
through organic sources or combination of 60 kg N/ha through organic + 60:30:20 kg/ha through 
inorganic sources produced 1.71 ton maize grain/ha (Table 4). Organic sources alone or combination of 
organic and inorganic sources produced better yield of relayed fingermillet (0.57 – 0.69 t/ha) in maize 
than inorganic fertilizers alone (0.36 – 0.44 t/ha). In medium fertility condition application of 120:60:40: 
kg N: P2o5: K2o/ha or 60 kg N/ha through FYM could give more than 6t maize grain/ha. 

 
Synchronizing N requirement 

During 2000, maize grain yield differed significantly but finger millet grain yield did not differ 
significantly among treatments. Application of 5 ton FYM plus 60 kg N at planting or 30 kg N at planting 
and 30 kg N at knee high stage or 10 ton FYM plus 30 kg N at knee high and 30 kg N at silking or 60 kg at 
knee high stage produced significantly low yields as compared to other treatment (Table 5). The results 
showed that 5 ton FYM at planting plus 60 kg N/ha at earthing up or 10 ton FYM at planting plus 3 splits of 
N (20 kg at planting, 20 kg at knee high and 20 kg at silking) gave similar yields of maize grain (5.29 – 5.32 
t/ha). 

During 2001, out of 14 treatments 8 treatments gave more than 4.50t maize grain/ha. Maize grain yield in 
the treatments of 10t FYM+60kg N/ha as top dressing at silking stage gave only 3.39t/ha and all the other 
treatment gave significantly high yield irrespective of organic and inorganic sources as well as different 
application dates (Table 5). 

 
N, P, K limiting 

Maize yield data of 2000 at Deurali and Pakuwa representing mid and low hills respectively were not 
representative and excluded in this report. Significant response of 100 kg N, 100 kg N + 100 kg P, 100 kg N 
+ 100kg P + 100kg K /ha was not observed when compared with farmers’ practice (Table 6). However, 
above dose of NPK plus 5 ton lime/ha gave significantly high yield as compared to farmers’ practice and 100 
kg N/ha at both sites during 2000. Yield trends were similar in both locations during 2000. During 2001, 
treatment difference was not observed at Bhakimli site but farmers practice gave significantly low yield as 
compared to other treatments at Deurali and Chambas sites (Table 6). 
 
Selection of Acid Soil Tolerant Germplasms 
 
Acid soil V-yellow 

Out of 28 genotypes, 16 genotypes (57%) produced 5.83 to 7.99 ton grain/ha which were at par but were 
significantly higher yielder than rest of the 12 genotypes (Figure 1). These ten genotypes (CLA 43 X 
(LASP2 X LASP3), CLA 28 X CLA 29, CLA 9 X CLA 10, CLA 15 X CLA 30, CLA 12 X CLA 13, 
CLA 37 X CLA 35, CLA 37 X CLA 40, CLA 41 X (LASP2 X LASP3), CLA 34 X CLA 35 and CLA 44 
X (LASP2 X LASP3) are the top yielder and could tolerate acid soil condition. 

 
Acid soil Vi-yellow 

Out of 20 genotypes of maize, 11 genotypes (55%) which produced 4.67 to 6.97 ton grain/ha were at par 
but gave significantly higher yield as compared to rest of the genotypes including local check (Rampur 
composite) in the acidic soil of Chambas Tar (Figure 2). The ten genotypes Sikauni, Cimcali 97 B Achap 1A 
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SA4, Cimcali 97 BSA 4-2, Cimcali 97 BSA 4-1, Cimcali 97 B BSCMV 1A, Cimcali 97 B Hmaydis 1A 
SA9, Cimcali 96 SA4, Cimcali 97 ASA 3-2, Cimcali 97 B Hmaydis 1A SA4 and Cimcali 97 BSA 3-1, 
could tolerate acid soil condition:  

 
Acid soil -Yellow 

Genotypes differed significantly in the acid soil of Chambas Tar. Except Cimcali 99B SA4A, all the 
other germplasms gave similar yields showing that these genotypes could tolerate acid soil of the 
Chambas Tar (Figure 3). 
 
Acid soil -White 

Among 20 genotypes, CLA 185 6CLA194 gave the highest maize grain yield of 9.15 t/ha followed 
by Cimcali 99BSA7N1 (7.65 t/ha) and Cimcali 99SCMVSA7N (7.33t/ha) (Figure 4). Majority of the 
genotypes could tolerate acidic soils of the Western hill of Nepal. 

Four years data indicated that chemical fertilizers alone have detrimental effect on the grain yields of 
maize and finger millet in the infertile rainfed uplands and excessive rainfall areas of western hills. It is 
essential to apply organic or combination of organic and inorganic fertilizers for harvesting good yields of 
maize and finger millet under such condition. Application of 5 ton FYM at planting and 60 kg N/ha as top 
dressing at earthling up of maize or 20t FYM at planting plus 30 kg N at knee high plus 30 kg N at silking 
or 10t FYM at planting plus 3 splits of N (20 kg at planting, 20 kg at knee high and 20 kg at silking) could 
produce more than 5 ton maize grain/ha in the fertile soil of Lumle area. Application of 5 ton lime/ha 
before 2 weeks planting with 100 kg N, 100 kg P2O5 and 100 kg K2O/ha could produce significantly high 
yield of maize as compared to farmers' practice or 100 kg N/ha alone. Among 28 acid Soil V-yellow 
genotypes of maize, 12 were identified as acid soil tolerant producing more than 6.0 t grain/ha.Out of 20 
acid soil VI-yellow genotypes of maize, 5 genotypes, (Sikauni, Cimcali 97B Achap 1ASA4, Cimcali 97 
BSA4-2, Cimcali 97B BSCMV1A and Cimcali 97B, Hmaydis 1A SA9 could tolerate acid soil condition 
and produced 5.0 to 6.97 t grain/ha. Except one germplasm, all the other 11 germplasms of maize in acid 
soil X yellow set gave high yields indicating acid soil tolerant. Among 20 genotypes in acid soil x white 
set of maize, cla 185x cla 194, cimcali 99bsa 7n1 and cimcali 99scmvsa7n gave more than 7 t maize grain 
/ha showing most tolerant acid soil germplasms. 
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Table 1. Bench mark soil characteristics of infertile soil in 1997 and medium fertile soil in 20001 at 
Lumle Center. 
 
Soil fertility 

type 
pH Total N (%) Available P 

(ppm) 
Exchangeable 

(me 400g)  
Organic 

Infertile soil 4.42 0.18 5.61 0.15 2.22 
Medium 
fertile soil 

6.00 0.37 337 0.30 3.78 

 
 
Table 2. Bench mark soil characteristic at Chambas (Tanahun) and Bhakimli (Myagdi) during 
2000 and at Chambas, Bhakimli and Deurali (Palpa) during 2001. 
 

2000 2001 Soil Characteristics 
Chambas Bhaki mli Chambas Bhakiml

i 
Deurali 

1. pH 5.5 4.7 5.5 6.2 6.2 
2. Total N (%) 0.04 0.09 0.13 0.15 0.13 
3. Available P (Pm) 8.40 43.05 20.0 71.0 51.0 
4. Exchangable K (me/100g) 0.11 0.06 88.0 481 165 
5. organic Carbon 0.50 1.56 0.64 1.61 0.42 

 
 

Table 3. Bench mark soil characteristics planted with maize in acid soil V-yellow and acid Vi-yellow 
were genotypes. 

 
Soil Characteristics Acid soil V-yellow Acid soil VI-yellow 
1. pH 4.7 4.7 
2. Total N (%) 0.04 0.07 
3. Available P (ppm) 4.38 3.36 
4. Exchangeable K 0.09 0.12 
5. Organic Carbon (%) 0.66 0.98 
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Table 4. Treatment combinations and maize and fingermillet grain yields in infertile and maize in 
fertile soils. 
 

Maize grain  (t/ha)  
Treatment combinations Pooled of 

Maize Grain  (t/ha) 
in infertile soil of 4 

years 

Pooled 
finger-millet 

grain (t/ha) of 4 
years in infertile 

soil 

Maize 
grain (t/ha) 

in fertile soil

1. Maize / fingermillet – fallow minus 
residue (FYM equivalent to 60 kg 
N/ha) 

1.14 0.60 4.24 

2. Maize / fingermillet – fallow minus 
residue (FYM equivalent to 120 kg 
N/ha) 

1.71 0.66 4.12 

3. Maize / fingermillet – fallow minus 
residue (60:30:20 kg N:P2O5:K2O/ha) 

0.37 0.36 5.56 

4. Maize / fingermillet – fallow minus 
residue (120:60:40 kg N:P2O5:K2O/ha) 

0.24 0.44 6.69 

5. Maize / fingermillet – pea minus 
residue (FYM equivalent to 60 kg 
N/ha) 

0.95 0.57 6.01 

6. Maize / fingermillet – pea plus residue 
(FYM equivalent to 60 kg N/ha) 

1.07 0.64 5.15 

7. Maize / bean – fingermillet minus 
residue (FYM equivalent to 60 kg 
N/ha) 

0.97 0.56 5.17 

8. Maize / bean – fingermillet plus 
residue (FYM equivalent to 60 kg 
N/ha) 

1.03 0.69 4.62 

9. Maize / fingermillet – fallow minus 
residue (FYM equivalent to 30 kg 
N/ha + 30:15:10 kg N:P2O5:K2O/ha) 

0.66 0.50 3.45 

10. Maize / fingermillet – fallow minus 
residue (FYM equivalent to 60 kg 
N/ha + 60:30:20 kg N:P2O5:K2O/ha) 

1.68 0.59 5.32 

Mean 
F probability 
L.S.D. 

0.981 
<0.001 
0.500 

0.56 
0.005 
0.170 

5.03 
0.21 
2.33 
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Table 5. Treatment combinations and maize and fingermillet grain yields in N synchrony 
experiment at Lumle during summer 2000. 
 

Treatment combinations 

Maize 
grain 
(t/ha) 
in 
2000 

Finger-
millet 
grain 
(t/ha) in 
2000 

 Maize 
grain 
t/ha in 
2001 

1. 5 /10 t FYM/ha + All N (60 kg/ha) at planting 
2. 5 /10 t FYM/ha + 50% (30 kg/ha) at planting and 50% (30 kg 
N/ha) at knee high stage of maize 
3. 5 /10 t FYM/ha + 50% (30 kg/ha) at planting and 50% (30 kg 
N/ha) at silking stage of maize 
4. 5/10 t FYM/ha + 50% (30 kg/ha) at knee high and 50% (30 kg 
N/ha) at silking stage of maize 
5. 5 /10 t FYM/ha 1/3N (20 kg/ha) at planting, 1/3N (20 kg N/ha) at 
knee high and 1/3N (20 kg N/ha) at silking stage of maize 
6. 5/10 t FYM/ha + All N (60 kg/ha) at knee high 
7. 5/10 t FYM/ha + All N (60 kg/ha) at earthing-up 
8. 10/20 t FYM/ha + All N (60 kg/ha) at planting 
9.  10/20 t FYM/ha + 50% (30 kg/ha) at planting and 50% (30 kg 
N/ha) at knee high stage of maize 
10. 10/20 t FYM/ha + 50% (30 kg/ha) at planting and 50% (30 kg 
N/ha) at silking stage of maize 
11. 10/20 t FYM/ha + 50% (30 kg/ha) at knee high and 50% (30 kg 
N/ha) at silking stage of maize 
12. 10/20 t FYM/ha 1/3N (20 kg/ha) at planting, 1/3N (20 kg N/ha) at 
knee high and 1/3N (20 kg N/ha) at silking stage of maize 
13. 10/20 t FYM/ha + All N (60 kg/ha) at knee high 
14. 10/20 t FYM/ha + All N (60 kg/ha) at earthing-up 

2.54 
 
2.44 
 
4.57 
 
4.16 
 
4.29 
3.66 
5.29 
3.33 
 
4.23 
 
3.93 
 
3.20 
 
5.32 
3.18 
4.90 

1.23 
 
1.02 
 
1.34 
 
1.22 
 
1.06 
1.19 
1.30 
0.95 
 
1.40 
 
1.47 
 
1.26 
 
1.39 
1.23 
1.20 

4.52 
 
4.58 
 
4.52 
 
4.30 
 
4.73 
5.00 
4.53 
3.39 
 
4.35 
 
4.30 
 
5.30 
 
4.57 
4.89 
4.43 

Mean 
F probability 
L.S.D. 

3.92 
0.08 
1.97 

1.23 
0.51 
0.44 

4.53 
0.79 
1.56 

 
Note: 5 t FYM/ha and 10 t FYM/ha were used in 2000 and 10 t FYN/ha and 20 t FYM/ha were 
used in 2001. 
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Table 6. Grain yield of maize (t/ha) at two agro-ecological sites Bhakimle, Myagdi representing 
high hill and Chambas, Tahanun repesenting river-basin, Tar land during 2000 and Bhakimli, 
Deurali (Palpa, mid hill) and Chambas during 2001. 

 

Maize grain yield (t/ha) 
2000 2001 

Treatment  

Bhakimli Chambas Bhakhaml
i 

Deaurali Chamba
s 

1. Farmers' practice 
2. 100 kg N/ha 
3. 100 kg N + 100 kg P2O5/ha 
4. 100 kg N+ 100 kg K2O/ha 
5. 100 kg N + 100 kg P2O5 + kg K2O 
6. 100 kg N + 100 kg P2O5 + 100 kg 
K2O + 5 t lime/ha 

2.46 
3.13 
3.55 

- 
3.93 

 
5.28 

2.15 
3.13 
3.92 

- 
4.15 

 
5.22 

3.54 
3.99 
4.02 
4.19 
4.14 

 
4.22 

2.63 
3.78 
4.01 
3.94 
3.96 

 
4.73 

2.95 
4.83 
6.53 
5.29 
5.41 

 
5.74 

Mean  
F probability 
L.S.D. 

3.67 
0.08 
1.99 

3.71 
0.003 
1.32 

4.02 
0.75 
1.04 

3.84 
0.08 
1.24 

5.12 
0.01 
1.73 
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Figure 1. Maize grain yield (t/ha) of Acid soil V-Yellow obtained from South 
American Regional Maize Program – 2000A at Chambas (Tanahun) Tar land 
(ancient river basin) during Summer 2000. 
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Figure 2. Maize grain yield (t/ha) of Acid soil VI – Yellow obtained from South American 
Regional Maize Program 2000A at Chambas (Tanahun) Tar land (ancient river basin) 
during Summer 2000. 
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Figure 3. Grain yield of maize in the acid soil of Chambas (Acid Soil yellow) obtain from 
South American Regional Maize Program at Chambas (Tanahun) Tar land (ancient river 
basin) during Summer 2001). 
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Figure 4. Grain yield of maize in the acid soil of Chambas (Acid soil White) obtain from 
SouthAmerican Regional Maize Program at Chambas (Tanahun) Tar land (ancient river 
basin) during Summer 2001. 
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Abstract 
 

The potential of conservation tillage systems to improve corn yields while reducing production costs 
and conserving soil and water resources was tested through on-farm trials in two sites, namely: San Jose, 
Mindoro Occidental and Calabanga, Camarines Sur. A total of 9 farmer-partners cooperated in the 
conduct of the trial. Treatments include conventional tillage, minimum tillage, zero tillage and farmer’s 
tillage practices, which are tested in factorial with variety or fertilizer. Results in Mindoro reveal that 
variation in grain yield is mainly due to tillage practices. Moreover, conservation tillage practices i.e., 
zero and minimum tillage, resulted to the higher grain yield of about 5.29 t ha-1 in Mindoro. In the case of 
Camarines Sur, yield was not significantly affected by any of the treatments combinations applied (tillage 
x variety). Zero tillage obtained higher grain yield (2.88 t ha-1) followed closely by minimum tillage with 
2.79 t ha-1. From these trials it is evident that conservation tillage management generally resulted to 
higher grain yield compared with the farmer’s tillage practice. Conservation tillage practice is thus a 
viable option for corn production. Benefits obtained in adopting conservation tillage will be further 
realized in terms of economic returns, where highest net benefit is obtained due to lower production costs. 
In addition, when the soil surface is left undisturbed, soil moisture is conserved at a time when dry 
periods are a problem. 

 
Introduction 
 

Land preparation is one of the major farm operations which require considerable labor or capital 
resource that farmers are willing to invest in. Tillage operations are performed to create a suitable soil 
condition for seeding and further establishment of the crop. Conventional tillage systems consist of a 
series of plowing, harrowing and disking to produce a fine seedbed and provide an environment free of 
weeds. Depending on the intensity, it is also known that this operation is a cause of soil erosion especially 
in sloping lands, soil structure destruction and soil water loss (via evaporation and runoff). Further, 
intensive tillage systems result to a decrease in soil organic matter and biodiversity (Biamah et al., 2000). 
Tillage practices contribute greatly to the total labor cost in any crop production system resulting to lower 
economic returns (Labios et al., 1999). Hence, conservation tillage practices, such as zero and minimum 
tillage, may be introduced to offset the production cost and other constraints associated with land 
preparation. Reduced or conservation tillage systems are gaining more attention in recent years with the 
rising concern over natural resource degradation. 

Conservation tillage is the practice of limiting the intensity and frequency of tillage operation while 
retaining plant residues in situ. It also decreased the time and power required for crop establishment with 
reduction in or complete elimination of the number of tillage applied (Triplett, 1976). Further, when the soil 
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surface is left undisturbed, soil moisture is conserved at a time when dry periods are a problem. In sloping 
upland areas, soil loss is minimized if not totally eliminated. 

Zero or no tillage is the practice of sowing crops directly into the residue of the previous crop without 
cultivation while stubble are retained and weeds are controlled with herbicide (Peet, 2001). Minimum 
tillage means either reducing the number of tillage operations or selecting tillage equipment that 
maintains a higher percentage of the previous crop residue on the soil surface (Vesseth et al., 2001).  

On-farm research (OFR), a key concept in the Farming Systems Research and Development 
(FSR&D) approach, permits the development and evaluation of technologies under the actual farm 
environment where it will be used (Labios et al, 1997, 1998, 2000). The usefulness of the OFR 
methodology as a tool not only for research but also for effective technology transfer has been tested in a 
series of OFR projects since 1991 in 13 sites and 11 provinces in the country. In recent OFR efforts in 
these villages in Mindoro Occidental, amd Camarines Sur provinces, corn-based cost-reducing and 
sustainable farming systems technologies are being adopted and at the same time made available for 
farmers to view. The potential of conservation tillage technology to improve corn yields while reducing 
production costs and conserving soil and water resources was made through on-farm trials. 

For this study, the “Tipid Saka” Technology of Monsanto Phils. is adopted for on-farm testing to 
evaluate its performance versus conventional tillage and the farmers’ own tillage practice where they 
grow yellow corn after rice in Mindoro Occidental and yellow corn under coconut in Camarines Sur. This 
technology has been tested and proven to produce favorable results to rice, corn, and vegetable crops in 
many parts of the country. The tillage trial aims to develop location-specific and ecologically sound 
management practices and technology options for sustained corn-based productivity. Specifically, it aims 
to evaluate the effect of various tillage practices on the growth and yield of corn. 

 
Materials and Methods 
 

Guided by the philosophy of participatory development and using the FSR & D approach, a 
Participatory Rural Appraisal (PRA) was conducted in the project areas. On the basis of the information 
that were gathered, research plans were discussed, analyzed, and formalized together with the farmers and 
the collaborating research and extension personnel in the areas. An in-depth characterization and 
assessment of the sites were conducted afterwards. Selection of agronomic farmer-partners was based on 
the set guidelines/criteria in the conduct of OFR.  

Some of the issues and problems in the area identified through the PRA are (1) efficiency in water use 
and management, considering that they depend on supplemental irrigation from ground and surface water 
sources, particularly in Mindoro Occidental, (2) weed problem before planting and during corn growth, 
particularly in Camarines Sur, and (3) availability of tractors or farm equipments particularly during land 
preparation. 

On-farm trials were conducted in the municipalities of San Jose, Mindoro Occidental, and Calabanga, 
Camarines Sur. Three experiments (i.e. tillage x fertilizer trial and tillage x variety trial), were conducted 
independently in the two sites.  

The experiments were set up in farmer-partners’ fields, which serve as replication. Samples and data 
were taken from two to four crop cuts per replication plot. One crop cut consists of 2 rows of corn x 5-
meter long. Each farmer allotted 1000 m

2
 per tillage trial plot. All data were analyzed using SAS 

software. 
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Tillage x fertilizer trial 
On-farm trials conducted in Brgys. Mangarin and Mabini, San Jose, Mindoro Occidental tested zero 

tillage and conventional tillage against farmers’ tillage practice for yellow corn (var C 818) in 
combination with different fertilizers levels. 

In zero tillage, rice stubbles and newly grown weeds are evenly sprayed with POWERTM herbicide at 
the rate of 6 – 8 li ha-1. Planting was done a day after herbicide application in the traditional method using 
a pointed wood called “bugsok” (Figure 1). If the soil is hard, the field is flooded two to three days before 
spraying herbicide. For farmers’ tillage, one to two plowing and one harrowing are made to prepare the 
land. Seeds are planted at a rate of one seed per hill (70 cm x 20 cm spacing) also using the “bugsok” 
method of planting. In conventional tillage, land is thoroughly prepared with two passes of tractor-drawn 
plow and two times harrowing using a hand tractor or animal-drawn harrow. Seeds are planted using 
“farmalite” (manual corn seed planter) at a rate of one seed per hill, with 70 x 20 cm spacing (Figure 2). 

The two fertilizer levels used in combination with the three tillage practices were: F1 - 600 kg ha-1 
ammosul and F2 - 300 kg ha-1 ammosul + 1 kg ha-1 BIO-N. First fertilizer application of ammosul was 
done 15-20 DAP at 300 kg ha-1 for F1 and 150 kg ha for F2. Second application was at 45 DAP using the 
same amount of ammosul.  

BIO-N is a microbial-based fertilizer for rice and corn. It is mainly composed of microorganisms that 
can convert the nitrogen from the air into ammonia, and replaces up to 75 percent of the total amount of 
nitrogen requirement of rice and corn. 

 
Tillage x variety trial 

The on-farm tillage x variety trial was done in the municipality of Barangay Sibao, Calabanga, 
Camarines Sur. Five farmer-partners were involved in the trial. Tillage management were tested in 
combination with different corn hybrid varieties. Conservation tillage, minimum tillage, and farmer’s 
tillage were the three-tillage practices tested. Varieties include IPB 929, Pioneer 3013 and Cargill 818 
applied with 300 kg ha –1. Organic Fertilizer + 200 kg ha –1 Complete + 100 kg ha-1 Ammophos + 150 kg 
ha-1 Urea + 250 kg ha-1 lime. 

Similar to the other trials, with zero tillage six to eight liters POWERTM herbicide was applied 
followed by one light pass of furrow (slit) a day after herbicide application. A 70 cm x 20 cm planting 
distance at one seed per hill was also adopted. On the other hand, in the case of minimum tillage one 
plowing and harrowing was done followed by application of four liters per hectare of POWERTM 
herbicide10 to 14 days before planting. Likewise, furrowing was done one day after herbicide application 
to facilitate planting of corn seeds. A 70 cm x 20 cm planting distance (one seed per hill) was used. For 
farmer’s tillage land preparation starts with two plowing and two harrowing followed by furrowing, 
hilling up or cultivation and row weeding. 

 
Results and Discussion 
 
Mindoro Occidental 

The analysis of variance (ANOVA) for grain yield obtained by four farmer-partners in testing the 
performance of Cargill 818 under three tillage practices and two levels of fertilizer is presented in Table 
1. The table reveals that variation in grain yield was due to the tillage practices employed and not to the 
levels of fertilizer or the interaction between the two treatments. 

Mean grain yield under tillage practices (Table 2) show that the use of zero tillage produced the 
highest grain yield of about 5.20 t ha-1 followed by the conventional tillage with 5.17 t ha-1. Farmer’s 
tillage practice on the other hand ranks last with only 4.08 t ha-1. 

- 298 - 



Labios et al. 

Figures 3 and 4 showed that zero tillage resulted to the highest gross return when used with both 
fertilizer levels. Likewise, it also incurred the lowest production costs, thus higher net benefits. On the 
other hand, conventional tillage gave the second best gross returns when also applied with both fertilizer 
levels but entailed higher costs for land preparation and for other labor inputs, hence posting smaller net 
returns. Added benefits are, however, obtained with zero tillage in terms of reduced losses in soil 
moisture with the undisturbed soil surface. This is especially relevant in the study site in as much as water 
becomes a serious constraint during the dry season.  

Figures 5a-5d shows the corn stand at various growth stages and field operations under Conservaton 
Tillage technology in San Jose, Mindoro Occidental. 

 
Camarines Sur 

Table 3 shows the ANOVA of grain yield under tillage by variety trial obtained in Brgy. Sibao, 
Calabanga, Camarines Sur. It can be observed that no significant effect was observed on the main effects 
of tillage and variety. Similarly interaction between tillage and variety shows no significant effect on 
grain yield. 

Although tillage practices do not significantly affect yield, Table 4 shows that the highest grain yield 
was obtained from zero tillage practice with 2.88 t ha-1 followed closely by minimum tillage with 2.78 t 
ha-1. Farmer’s tillage practice, likewise, ranks last with only 2.73 t ha-1.  

Summary of cost and return reveals that benefits obtained in adopting zero tillage is further realized 
in terms of economic returns. From the graphs presented in Figure 6, it was evident that the highest net 
income was obtained from zero tillage, which is mainly due to the reduced labor cost brought about by 
land preparation. 

 
Other project considerations 

After just one cropping season of on-farm research (dry season of 1999 –2000) in San Jose, these 
alternative technologies are spreading to other villages in San Jose and to the municipalities of Sablayan 
and Sta. Cruz during the dry season of 2000-2001, with support from the local government unit (LGU) at 
the municipal and provincial levels. The area for corn production in the province is almost double that of 
the previous year and the number of corn farmers have increased significantly during the same period. 
More traders and feed millers are now becoming more active in the San Jose area. This has been made 
possible through collaborative efforts among the provincial and municipal LGUs of Mindoro Occidental, 
the Southern Tagalog Integrated Agricultural Research Center (DA-STIARC), MONSANTO Philippines, 
Inc., and the UPLB on-farm research group. 

The same trend happened in Sibao where the LGU expanded the technology to other barangays with a 
collaborative efforts among the provincial and municipal LGUS of Camarines Sur, the Bicol Integrated 
Agricultural Research Center (BIARC), MONSANTO Philipines, Inc., and the UPLB on-farm research 
group. 

 
Conclusion 
 

In the case of Mindoro Occidental, the highest yield of yellow corn (var C818) was obtained using 
zero tillage compared to conventional and farmers’ tillage practices. This resulted to higher net returns 
mainly due to lower production cost. Reducing the rate of fertilizer application to half of the 
recommended rate plus application of 1 kg ha-1 BIO-N combined with zero tillage contributed to the 
increase in net income of the farmers compared to other treatments.  
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Corn production after rice offers opportunities for increasing the productivity and income of farmers. 
However, high cost during land preparation reduce the net benefits for the farmers. Zero tillage provides 
farmers higher returns as it minimizes the cost of labor and other farm inputs during land preparation. 
Zero tillage technology, therefore, is a viable option for corn production after rice in Mindoro Occidental. 

In the case of Camarine Sur, high yield can be obtained using conservation tillage practices compared 
with farmer’s tillage practice. Between the two conservation tillage practices tested, highest net return 
mainly due to lower production costs was achieved with zero tillage than with minimum tillage in 
Camarines Sur. On the other hand, no significant variation was observed on the performance of the 
recommended varieties applied with different tillage management.  

Conservation tillage technology therefore, offers opportunities for increasing the productivity and 
income of farmers. This practice, combined with appropriate management, will also increase farm 
stability and sustainability. 
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Table 1. ANOVA for grain yield of Cargill 818 in a Tillage x Fertilizer Trial in San Jose Occidental 
Mindoro (DS 1999-2000). 

 

Sources of 
Variation 

DF Sum of 
Squares 

Mean Square F Value P>F 

Reps 3 2.253 0.751   
Tillage 2 7.105 3.552 15.05 0.005** 
Error (a) 6 1.417 0.236   
Fertilizer 1 0.075 0.075 0.13 0.726 
Fertilizer*Tillage 2 0.455 0.227 0.39 0.684 
Error (b) 9 5.194 0.577   
Total 23 16.499    
cv(a)=10.02, cv(b) =15.67 
** highly significant 
 
Table 2. Yield comparison of the different tillage management in a Tillage x Fertilizer trial in San 
Jose, Occidental Mindoro (DS 1999-2000). 

 
Tillage Management Mean Yield* 

Zero 5.2908a 
Conventional 5.1717a 

Farmer’s Practice 4.0800b 
*Means having the same letter are not significantly different. 
 
Table 3. ANOVA for grain yield in a Tillage x Variety trial in Calabanga, Camarines Sur (DS 2000-
2001). 
 
Sources of Variation DF Sum of 

Squares 
Mean 

Square 
F Value P>F 

Reps 4 14.888 3.547   
Tillage 2 0.168 0.084 0.24 0.789 
Error (a) 8 2.769 0.346   
Variety  2 0.216 0.108 0.30 0.746 
Variety*Tillage 4 0.602 0.150 0.41 0.796 
Error (b) 24 8.720 0.363   
Total  26.664    
cv(a)= 9.81, cv (b)=13.85 

Table 4. Yield comparison of the different tillage management in a Tillage x Variety trial in 
Calabanga, Camarines Sur (DS 2000-2001). 
 

Tillage Management Mean Yield 

Zero 2.875a 

Minimum 2.790a 
Farmer’s Practice 2.726a 
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Figure 1. Farmers planting corn using the “bugsok” method in San Jose, 
Mindoro Occidental. 

Figure 2. Conventional tillage plot, planting using “farmalite” in San Jose, 
Mindoro Occidental. 



Tillage practices in corn 

- 304 - 

34196

21866

12330

33336

26023

7313

28058

23077

4981

0

5000

10000

15000

20000

25000

30000

35000

Zero Conventional Farmer's

Tillage Practices

Gross
Returns

Total
Production
Costs

Net Income

 

 

 
 

 

 

 

 

 

 

 

 

 

 

36179

23406

12774

35435

27629

7805

26209
24294

1915

0

5000

10000

15000

20000

25000

30000

35000

40000

Zero Conventional Farmer's
Tillage Management Practices

Gross
Returns

Total
Production
Costs

Net Income

Figure 3. Net income (PhP) of C818 using different tillage management 
practices applied with 600 kg ha-1 mmosul, Mindoro Occidental 2000 DS 

Figure 4. Net income (PhP) of C818 using different tillage management practices 
applied with 300 kg ha-1 ammosul + 1 kg ha-1 Bio-N, Mindoro Occidental, 2000 DS. 
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Figure 5a. Status of the field at planting. Figure 5b. Corn stand at about three weeks 
after planting.  

1.1.1.1. . 

Figure 5c. Corn stand at late vegetative stage. Figure 5d. Corn stand before harvest.  
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Figure 6. Net income (PhP) of the different tillage management practices under 
Tillage x Variety Trial in Calabanga, Camarines Sur (DS 2000-2001). 
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Abstract 

 
Maize is one of the dry land crops grown in a rice-based cropping system. However, its productivity 

has been often limited by major management constraints focusing on cultivars and cultural management. 
A series of field studies have been conducted since 1998 to study the productivity of maize grown after 
rice. It was found that maize grown after rice showed more income and profit as compared to the second 
rice. The best planting time for maize after rice was from November to December. After harvesting rice 
the land was plowed, harrowed and fertilized with 50-62.5-0 kg of N-P2O5-K2O ha-1. Hybrid seeds mainly 
from single cross hybrids were planted with 0.75 x 0.20 m spacing with 1 plant hill-1 (66,666 plants ha-1). 
Three weeks after planting, urea (46-0-0) at the rate of 156 kg ha-1 was applied as a top-dressing fertilizer. 
To increase maize production in the paddy field, it was necessary to provide adequate water as applied by 
furrow-irrigation for its growth. The results also show that the yields of maize under recommended 
practices were generally greater than those of the farmers’ ones. It is rather obvious that maize after rice 
may be one of the alternatives cropping systems for rice farmers to intensify cropping on their lands 
during a dry season in Thailand. 

 
Introduction 
 

In the area where irrigation water is available during a dry season, after the main rice is harvested, it 
is soon possible to plant upland crops. The attendant factors with the post-rice environment are 
waterlogging and cool temperature at early vegetative stage, drought and high temperature at reproductive 
stage, poor soil granulation and soil compaction including short photoperiod (Boonpradub et al., 1998; 
Lantican, 1982). Thus, the desirable characters of upland crops for the post-rice are drought tolerance, 
waterlogging tolerance, early to medium maturity, photoperiod insensitive, early and rapid seedling 
development, tolerance to low and high temperature (Navarro, 1986). Some of the crops that are suited to 
this condition are soybean, mungbean (Gomez and Gomez, 1983) and maize (Lantin, 1986).  

The most popular cropping systems in Thailand are cereal – legume, i.e. rice – soybean, rice – peanut 
and rice – mungbean. Two-crop systems involving legumes are common in irrigated areas and the rice-
rice-rice system is becoming widespread because of the promotion of non-photoperiod-sensitive varieties 
of rice. However, the second rice in this pattern is often limited by the pests damage particularly brown 
planthopper. Hence, a new cropping system being promoted in Thailand is rice – maize. Maize as an 
important food and feed could be considered a more suited crop to replace the second rice. There is 
probably due to less water consumption than the second rice, break the population dynamics of the pest 
particularly brown planthopper, high yield and grain quality, high price and economic return including 
increase the amount of maize produced to cover the domestic demand (Boonpradub et al. 1998 ; Granados 
et al., 1994). Maize grown in dry season has been successfully cultivated in several countries throughout 
the Asian region, including India (Singh, 1986), Philippines (Gassity and Hermenegildo, 1990) and 
Vietnam (Tinh et al., 1992). 
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The objectives of this study were as follows:  
1) to compare the productivity of maize and second rice in farmers’ field,  
2) to study constraints to maize grown after rice, 
3) to evaluate yield potential of maize genotypes grown after rice,   
4) to determine the effect of planting date, plant density and fertilizer on growth and yield of maize 

grown in paddy fields. 
 

Materials and Methods 
 

A series of field studies were conducted for four years (1998 – 2002) on paddy soil at the farm of 
Phitsanulok Field Crops Experiment Station (PSL FCES) and farmers’ field of Phitsanulok, Phitsanulok, 
Thailand (16ο 47' N latitude, 100ο 16 E' longitude) during dry season (December to April). The soil 
textures; namely loam, sandy loam and clay loam, at 0.20 m depth had a pH of about 5.5 – 6.0, organic 
matter about 1.5 – 2.0 % and most of the available nutrients were within normal range. 

 
Experiments 
 
Productivity of maize grown after rice as compared to second rice  

A field study was conducted at farmers’ field of Phitsanulok during dry season (October 2001 – April 
2002). Maize cv. Cargill 949 and rice cv. Suphanburi 1 were compared. Each plot was composed of 0.8 
ha. Data collection in both plots was yield, production costs in terms of labor cost and material costs.  
  
Problems and constraints to maize grown after rice 

Data was collected from 100 participating farmers in Phitsanulok by using questionnaires during a 
dry season from October 2001 to April 2002. Data was analyzed by using SPSS program. Statistical 
procedure was used in percentage. 
  
Yield trial of maize grown after rice  

A field experiment was conducted during the dry season of 1998 and 1999 at PSL FCES. A 
randomized complete block design with 4 replications was used. Twenty-one maize genotypes consisted 
of 16 commercial maize hybrids from a private sector and 5 genotypes (3 maize hybrid and 2 open-
pollinated varieties) from a public sector were evaluated. Data was analyzed by using IRRISTAT version 
3-93 and using DMRT for mean comparison. 
 
Response of maize grown after rice to planting date 

The field experiment was conducted at PSL FCES in 1999. A randomized complete block design with 
4 replications was used. A newly single cross hybrid of Thai Department of Agriculture (NS 72) was 
grown under different planting dates; starting from early November to mid February. Data was analyzed 
the same as in experiment 3. 
 
On-farm test of plant density for maize grown after rice 

An on-farm trial was conducted at the various farmers’ field during the dry season of 1998/1999. 
Maize cv. NS 72 was planted under two plant densities , i.e. 53,333 (0.75 x 0.25 m spacing with 1 plant 
hill-1) and 66,666 (0.75 x 0.20 m spacing with 1 plant hill-1) plants ha-1. The Student t-test was used to 
perform statistical test for on-farm trial. Marginal rate of return (MRR) was used to compare economic 
return in both treatments (CIMMYT, 1988). 
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On-farm test of nitrogen fertilization for maize grown after rice 

A study consisted of two experiments was conducted at PSL FCES followed by an on-farm test 
during the dry season of 1998/1999. A split plot in RCB design with four replications was used in the first 
experiment. Maize cv. NS 72 was planted under different nitrogen fertilizers in terms of timing and its 
amounts of application. The following experiment was conducted at the various farmers’ field and was 
separatedinto two plots namely 50 kg N ha-1 applied as a top-dressing fertilizer (30 days after planting) 
and 120 kg N ha-1 splitted into basal and top-dressing fertilizers. In the first experiment, data was 
analyzed the same as in experimental 3. The Student t-test and marginal rate of return (MRR) was also 
used to compare in the second experiment.  

 
Results and Discussion 
 
Maize after rice as compared to the second rice 

Maize and second rice grown well during a dry season due to adequate water consumption and 
fertilizer application. As displayed in Table 1, the costs of production in maize and second rice were 
found to be similar i.e. 13,125 baht      ha-1 for maize and 13,750 baht ha-1 for rice, respectively. 
Benchaphun et al. (2001) reported that more than 80 % of the costs in maize production was variable 
costs, 50 % being labor costs and 30 % was material costs. In addition, labor costs were composed of 
mostly land preparation and harvesting costs. In terms of material costs, the largest item was fertilizer cost 
and seed costs. However, maize produced 18 % of kernel yield greater than those of the second rice. 
Maize also gave 36 % of incomes and 141 % of profits better than the second rice. 

 
Limits to productivity 

Crop yields were generally lower in intercrops. Since most crops, particularly maize, were developed 
as monocrops, there was a need to develop variety and management techniques to increase the 
productivity of maize in rice-based cropping system. From the experience of the authors, the experiment 
station yield for maize grown under post-rice condition was 10 ton ha-1, researcher’ s yield in farmers’ 
fields was 7.5 ton ha-1, and farmers’ yield was only 5 ton ha-1. Pandey (1986) suggested that the gap 
between experiment station yield and researchers' yield in farmers’ fields was caused by environment and 
soil factors, and the gap between researchers' and farmers’ yields was due to technical resources and 
social factors.  

The reasons for yield differences between potential and farmers’ average yield levels could be 
summarized as follows:  

  
1. lack of suitable maize varieties for post-rice condition; 
2. seeds not readily available to farmers during dry season; 
3. poor stand, causing lack of quality seeds; 
4. delay planting time due to delay the staple crop ;  
5. poor water drainage resulting from poor soil management, causing heavy-soils textured ;  
6. poor water distribution resulting from poor water management, causing water logging and 

moisture stress; 
7. poor N fertilizer management resulting from amounts and timing of application. 
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Cultivars 
Kernel yields in all twenty-one maize genotypes when grown under irrigated conditions were 

significantly different (Table 2). Pioneer 3012, Cargill 727 and Pacific 700 provided an average of 15 to 
26 % increase in kernel yields over NS 72 (check). This was probably due to greater kernels per ear as 
compared to other genotypes. Boonpradub and Senthong (2001) also evaluated the thirty-one maize 
genotypes including hybrid and open-pollinated varieties under different moisture regimes using a line 
source sprinkler irrigation system. They found that Pioneer 3012 showed significantly the highest kernel 
yield under well-watered condition.  

 
Planting time 

When maize grown under post-rice condition, planting time significantly showed different in kernel 
yield as shown in Table 3. Results found that mid-November to mid- December was found best for 
planting this crop in post-rice condition. There was probably due to maize obtaining better kernel number 
and kernel weight. To delay planting of maize thereafter, its yield was generally low. The reduction was 
24 and 36 % when grown in January and February, respectively. Yield loss due to delay planting was 
high temperature during flowering date (data not shown). Furthermore, ear number was not affected by 
planting time. 

 
Plant density 

The results as shown in Table 4 indicated that maize grown under plant density at 66,666 plants ha-1 

gave significantly 18% higher kernel yield than those at 53,333 plants ha-1 resulting in more ear number 
per ha. However, plant height and yield components; namely ear width, ear length and kernel weight, 
were not affected by plant density. Boonpradub et al. (1998) had been studied on maize grown after rice 
under different plant densities found that mean yield increased consistently with increase in plant density 
from 53,333 plants ha-1 to 80,000 plants ha-1

 
Fertilization 

The nitrogen fertilizer was needed to be applied in order to increase maize yield when grown under 
post-rice condition as shown in Table 5. The kernel yield of maize with 187.5 kg N ha-1 application was 
not significantly superior to that of 125 kg N ha-1 . However, it was significantly different when compared 
with 62.5 kg ha-1 as a results of higher kernel number. A greater reduction in kernel number as affected by 
nitrogen stress was probably due to delayed silking resulting in an increase in the length of the anthesis - 
silking interval (ASI) as the results of nitrogen deficiencies (Girardin et al., 1987). The application of 
nitrogen fertilizer as a basal fertilizer followed by a top-dressing fertilizer at 1 month should be 
recommended. Similar result was also displayed when its trial was done under farmers’ fields (Table 6). 
The recommended N fertilizer showed higher kernel yield and better economic return as compared to 
farmers’ practices.  

 
Conclusion 
 

It can be concluded that maize has become a newly upland crop for growing under the post-rice 
condition in Thailand. This is probably due to its providing better income and profit for the farmers as 
compared to the second rice. In addition, it is helpful to reduce water consumption during dry season and 
break the population dynamic of pest. However, besides major on soil and environmental constraints, the 
suitable maize cultivars, appropriate cultural practices and more seed available also need to be further 
developed.  
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From the results, it can be recommended that maize should be grown under uniformity area and well-
drained soils namely loam, sandy loam and clay loam. The planting time of maize in post-rice condition 
varies from year to year depending on the time of rice harvesting, however from November to December 
is found the best. After harvesting rice, the conventional tillage should be practiced and fertilized with 50-
62.5–0 of N-P2O5-K2O kg ha-1. Single cross hybrids are planted with 0.75 X 0.20 meter spacing with 1 
plant hill-1 (66,666 plants ha-1). Three weeks after planting, urea at 156 kg/ha is applied and then hilling 
up the plants. Furrow method throughout the growing season, which is depended on the soil and weather 
conditions. 

To increase maize productivity in paddy field, there is a need to plan the cropping systems pattern 
including good agricultural practices. It should be also cooperate among maize growers to manage the 
marketing and production inputs in order to increase gross return and reduce production costs. Moreover, 
the cooperation between the maize grower and the public section and the private section is needed to 
increase maize production in this area. 

 
Future work 

 
1. Improvement of maize genotypes for post-rice condition should be done if productivity of maize 

grown after rice is to be improved. 
 2. High production costs particularly labors and inputs for maize grown after rice could be solved if 

the rice-maize system is further continued. 
3. On-farm trial of package for maize production should be further done at the given areas.  
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Table 1. Yield, production costs, income and profit for maize and second rice in farmers' fields of 
Phitsanulok in 2002. 

 

Item Maize Second rice 
Production cost (baht ha-1) 13,1 25 13,750 
Grain yield (kg ha-1) 5,73 8 4,875 
Price (baht kg-1)* 4.50 3.90 
Income (baht ha-1) 25,8 21 19,012 
Profit (baht ha-1) 12,6 96 5,262 

* Price at Farmers’ field of Phitsanulok in April 2002. 
  Remarks: 1 US$ = 42 Baht (April 2002)  

 
 
Table 2. Kernel yield at 15% MC and yield components of 21 maize cultivars grown after rice at 
PSL FCES in 1998-1999. 
 

Maize cultivar Kernel yield  
(kg ha-1) 

Kernel number 
ear-1

100 kernel weight 
(g) 

Total ears ha-1

Pioneer 3012 8,281 a 582 a  28.7 c-h  54,556 b  
Cargill 727 7,931 ab  546 ab  29.0 c-g 54,438 b 
Pacific 700 7,563 abc 505 ab 30.7 a-d 53,888 b 
CP-DK 888 7,469 bc  451 efg 27.5 e-h 71,219 a 
Cargill 919 7,438 bc 550 ab 27.6 e-h 53,888 b 
Pioneer 3013 7,394 bcd 531 abc 30.1 a-e  53,888 b  
Cargill 922 7,238 b-e 512 bcd 31.4 abc 53,444 b 
G 5449 7,138 b-f 506 b-e 28.2 d-h 59,219 b 
Pacific 300 7,069 c-g 513 bcd 29.8 a-f 53,331 b 
G 5445 6,938 c-h 446 hi 32.4 a 54,994 b 
Cargill 7118 6,925 c-h 536 abc 27.4 fgh 53,888 b 
Cargill 717 6,844 c-h 545 ab  27.1 fgh 55,331 b 
Cargill 7140 6,775 c-h 496 b-e 26.5 h   53,663 b 
NS1 6,700 c-h 466 d-g 29.5 b-f 61,363 b 
NS72 6,556 d-h 502 b-e 26.7 gh 54,556 b 
SW1 6,494 e-h 459 d-g 29.3 c-g 54,438 b 
SW 3601 6,356 f-I 460 d-g 28.7 c-h 54,438 b 
G 5431  6,244 ghi 417 g  32.1 ab 54,219 b 
Pacific 328  6,194 hi 481 c-f 27.9 e-h 52,556 b 
CP 222  5,594 hi 431 fg  28.7 c-h 53,888 b 
NST 89101 5,369 j 422 g  26.2 h 56,106 b 
CV (%)  5.2 5.0 3.9 5.7 
Values in a column followed by the same letter are not significantly different by using DMRT(at p<0.05).  
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Table 3. Kernel yield at 15% MC and yield components of maize cv. NSX 9210 grown after rice 
under different planting dates at PSL FCES in 1998/1999. 

 

Planting date  Kernel yield 
 (kg ha-1) 

Kernel no. ear-1 100 kernel 
weight (g) 

Ear no.ha-1

Nov.1,1998 4,864 ab 456.5 b 25.9 a 53,333 a 
Nov.15,1998 5,279 a 479.3 a  24.2 b 53,333 a 
Dec.1,1998 5,176 a 472.6 a 23.6 b 53,333 a 
Dec.15,1998 5,174 a 470.8 a 22.2 bc 53,106 a 
Jan.1,1999 4,197 bc 455.3 b  23.8 b 51,112 a 

Jan.15,1999 4,316 bc 449.0 b 21.3 c 53,333 a 
Feb.1,1999 4,228 bc 446.6 b 21.2 c 53,333 a 

Feb.15,1999 3,823 c 428.5 c 21.6 c 53,887 a 
CV (%) 10.3 7.1 3.7 4.4 

Values in a column followed by the same letter are not significantly different by using DMRT(at p<0.05). 
 

Table 4. Kernel yield at 15% MC and some agronomic characters of maize cultivars grown after 
rice under different plant density at Farmer fields of Phitsanulok in 1998/1999. 
 

Treatment 

Kernel 
yield  

(kg ha-1) 

Ear 
width 
(cm) 

Ear 
length 
(cm) 

100 
kernel 
weight 
(g) 

Ear number 
ha-1

 

Plant height 
(cm) 

Plant density       
-8,533 pl./rai 5,000  4.6  17.4   27.0   52,675  242.5  
-10,666 pl./rai 5,887  4.6  17.3   29.0   61,556 237.3  

t-test * Ns ns ns * ns 
ns, * Non-significant and significant at the 0.05 levels of probability, respectively. 
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Table 5. Kernel yield at 15% MC, yield components and plant height of maize cv. Cargill 727 
grown after rice under nitrogen fertilizer application at PSL FCES in 1998/1999. 
 

Treatment 
Kernel 
yield  

(kg ha-1) 

Kernel 
no. ear-1

100 kernel 
weight(g) 

Ear no. 
ha-1

Plant 
height 
(cm) 

Nitrogen rate      
- 10 kg/rai 3,549 b 420.7 b 25.7 a 50,550 a 168.8 b 
- 20 kg/rai 4,296 a 504.1 a 26.1 a 50,550 a 173.9 a 
- 30 kg/rai 4,827 a 524.7 a 27.7 a 49,937 a 178.3 a 

CV(a) (%) 9.3 11.3 13.1 3.8 3.9 
Application method       
- Basal 3,361 b 490.4 b 25.7 a 47,112 b 166.4 b 
- 20 days 3,779 b  439.2 ab 25.8 a  48,550 ab  172.9 ab 
- Basal+30 days 4,629a 473.0 a 26.8 a 51,387 a 175.4 a 
- 20+40 days 4,682 a 503.9 a 27.1 a 52,162 a 174.7 a 
- Basal+20+40 days 4,670 a 509.2 a 26.8 a 52,500 a 178.9 a 

CV (b) (%) 11.3 8.7 8.5 5.9 5.3 
Values in a column followed by the same letter are not significantly different by using DMRT (at 
p<0.05). 
 
 
Table 6. Kernel yield at 15% MC, some agronomic characters and MRR of maize cv. Cargill 727 
grown after rice under different fertilizer application at farmer fields of Phitsanulok in 1998/1999. 
 

Fertilizer rate  
Kernel 
yield 

(kg ha-1) 

Plant 
height 
(cm) 

Ear width 
(cm) 

Ear 
length 
(cm) 

100 kernel 
weight 
(cm) 

MRR 
(%) 

- Farmer rate 1/ 2,544  171.6  3.8  14.2  24.5  - 
- Recommened rate 2/ 4,992  190.2  4.0  15.8  24.7  701 

t-test * * * * ns  
1/  50-62.5-0 kg ha-1 of N , P2O5 ; K2O    2/ 120-62.5-0 kg ha-1 of N , P2O5 ; K2O 
ns, * Non-significant and significant at the 0.05 levels of probability, respectively. 
Remarks: Maize price at the field in May 1999= 4.50 Baht/kg 
D = Net benefit reduced but partial budget increased. 
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Abstract 
 

‘On-farm’ seed priming (soaking seeds in water before sowing) has been shown to lead to earlier 
germination and establishment, and increased yields, in a wide range of crops in many tropical and sub-
tropical environments. We conducted on-station and on-farm Randomised Block Design trials (1998-
2001) and farmer-participatory trials (1999-2001) to assess the effects of priming on maize yields in the 
Northwest Frontier Province of Pakistan. Priming for 16-18 h was found to be the optimum time for 
priming in Pakistan and gave statistically significant benefits in 11 out of 14 trials, in a range of 
environments over four years, with yield increases from 17 to 76%. Differences in the remaining three 
trials were not statistically significant. Farmers trials gave yield increases, using primed seed, of 40% (11 
farmers) in 1999, 57% (15 farmers) in 2000 and 20% (6 farmers) in 2001. There was no adverse effect of 
priming and the technique is recommended as a key technology - a low-cost, low-risk intervention to 
make a significant impact on maize production in a wide range of environments. 
 
Introduction 
 

Poor crop establishment is a major problem in many areas of the world, particularly for subsistence 
farmers in rainfed- and poorly irrigated environments. A simple, low-cost, low-risk technology – ‘on-
farm’ seed priming (OFSP) – has been shown to be effective in improving stand establishment and crop 
vigour in a range of crops, countries and agro-environments. Subsistence farmers in western India and 
south-eastern Zimbabwe used quantitative and qualitative assessment of the effects of OFSP on the 
performance of rainfed upland rice, maize and chickpea (Harris et al., 1999; Harris et al., 2001a). The 
beneficial effects of priming on crop establishment, development and yield in those studies have led to the 
technology being tested in other crops and other countries, e.g. wheat in India, Nepal and Pakistan (Harris 
et al., 2001b) and chickpea in Bangladesh (Musa et al., 2001).  

This paper summarises the evidence that priming maize seeds with water before sowing can improve 
maize yield. Data are presented from researcher-managed on-station and on-farm trials and farmer-
managed participatory trials in the NorthWest Frontier Province of Pakistan. 
 
Materials and Methods 
 
Study area 

The Northwest Frontier Province (NWFP) has a total geographical area of 10.1 million hectares, with 
diverse climatic, ecological and geomorphologic features. Due to relief and climate constraints, only two 
million hectares of NWFP is cultivated, out of which 40% is irrigated by canals, with the remaining area 
dependent upon rainfall. The NWFP Agricultural University Research Station is in the Peshawar Valley, 
which is mainly canal irrigated, and occupies the central portion of the Province. It has a semiarid to sub-
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humid, sub-tropical continental climate, with fine textured alluvial soils and mean annual precipitation of 
350 mm. Nowshera District is to the east of Peshawar, with soils derived from river alluvium parent 
materials. The land is moderately saline and the only source of irrigation is saline tubewell water. Rainfall 
is 550 mm per annum. Mardan District is north east of Peshawar, with a similar soil environment to 
Nowshera but slightly more rainfall (600 mm).  
 
Randomised Block Trials On-Station and On-Farm  
 

Details of on-station and on-farm trials are given in Table 1. All trials were Randomised Block 
Designs and results were analysed using standard ANOVA techniques.  
 
Farmer-managed participatory (FAMPAR) trials  

Simple, paired-plot trials were implemented by farmers in the villages described below. For each trial, 
farmers were given 10 kg seed of cv Azam and asked to soak 5kg in water for 16 hours, dry the surface of 
the seed to allow easy handling, then sow using a hollow tube (pora) to deliver seed into the furrow 
behind a bullock-drawn plough. Five kg of soaked seed was sown into 0.1ha, next to a 0.1 ha plot sown 
with non-primed seed on the same day. Yields were assessed by researchers who harvested three samples 
per plot, each consisting of two rows, two metres long. 
 
Gundheri village, Nowshera district (4 farmers, 1999; 7 farmers, 2000)  

It is representative of a salt-affected area of almost 60,000 ha to the east of Peshawar which is 
underlain by a confined saline aquifer. The water table fluctuates with rainfall and overflows from the 
nearby Kabul river, but is usually below 2m. Annual rainfall is nearly 550 mm, of which 40% occurs in 
each of the summer and the winter, and 10% in each of the spring and autumn. The average daily 
temperature in winter is 13° C, and in summer 32°C. The climate of the area is classified as semiarid sub-
tropical continental lowland (305 m a.s.l.). The soils are stratified, comparatively coarse textured in the 
subsoil and fine at the surface. The parent material has been deposited by the Kabul river. There is no 
canal water available for irrigation, and saline tubewell water is relied upon for crop production.  

 
Kass Kili village, Mardan District (7 farmers, 1999) 

It has soils that have been deposited by river alluvium, are moderately calcareous with pH 7.5 to 8.2. 
Field salinity ranges from 2.5 to 6.5 dSm-1. Annual rainfall is nearly 500 mm, and canal water is available 
for irrigation. 

 
Sheikh Kili village Peshawar District (8 farmers, 2000)  

It has soils that have been deposited by river alluvium, are moderately calcareous with pH 7.5 to 8.0. 
Field salinity ranges from 2.5 to 5.0 dSm-1. Annual rainfall is 450-500 mm, and canal water is available 
for irrigation.  
 
Ahmadwala village, Karak District (6 farmers, 2001)  

It is 180 km south of Peshawar. Soil of the area is coarse textured (loamy sand to sandy loam), 
formed from weathered sandstone rocks in the surrounding hills. Annul rainfall is 320 mm with summer 
temperatures rising up to 46oC. There is no source of irrigation other than limited amounts of saline 
tubewell water. 
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Results 
 

RBD trials 
Yields were significantly higher from crops in which seeds had been primed in water for 16 or 18 

hours in 11 of the trials (Table 1). In the remaining three trials there was no significant difference due to 
priming. Priming was effective during four different years and over a wide range of production 
environments (non-primed yields ranged from 1.1 t ha-1 to 6.3 t ha-1), including both rainfed and irrigated 
conditions and on salt-affected soils. All five maize genotypes that were tested responded positively to 
priming. Where priming was effective (i.e., in 11 trials), the extra grain produced varied from around 0.3 t 
ha-1 to about 1.4 t ha-1 and represented increases ranging from 17% to 76%. In the three remaining trials, 
priming had no negative effects on yield. 

In the two trials that investigated the effect of duration of priming (Table 1), grain yield was 
proportional to priming time between 0 and 16 hours (Tables 2 and 3) but declined after priming for 20 
hours (Table 3). This confirmed that, for Pakistan conditions, the best duration for soaking maize seeds 
was 16 hours. 

  
FAMPAR trials 

Primed crops outyielded non-prim ed crops in all 32 trials (Fi g. 1). Yield increases due to 
priming were 40% in 1999, 57% in 2000 and 20% in 2001, with an overall mean of 40%.  
 
Discussion 
 

‘On-farm’ seed priming was effective in raising maize grain yields of a range of varieties grown in 
diverse production environments and years in Pakistan. These findings agree with earlier results for maize 
from India and Zimbabwe (Harris et al., 1999; 2001a; 2002) and for other important tropical and sub-
tropical crops, e.g. chickpea in India and Bangladesh (Harris et al., 1999; Musa et al., 1999; 2001), wheat 
in India, Nepal and Pakistan (Harris et al., 2001b) and upland rice in India (Harris et al., 2000). 

For maize, the optimum duration for priming appears to be 16-18 hours. Farmers growing trials in 
Zimbabwe soaked seed for only 12 hours, for practical reasons, and increased yields by an average of 
14% over two years (Harris et al., 2002). However, earlier research indicated that a longer period of 
soaking would be more effective. Harris et al. (1999) determined that the safe limit for priming maize – 
the maximum length of time for which seeds can be soaked and which, if exceeded, could lead to seed or 
seedling damage – was 24 hours. Farmers in India reduced the priming time for maize to 12 hours, largely 
for practical purposes, and still gained from the practice (Harris et al., 1999; 2001a). The data from 
Pakistan presented here (Tables 1-3 and Figs. 1 and 2) strongly suggest that 16-18 hours should be the 
recommended priming time for maize. Recent in vitro work has shown that, for at least some cultivars of 
maize, priming for 18 hours followed by drying for about two hours (rather than simply surface-drying) 
gives an enhanced germination response, presumably as a result of more aerobic conditions in the seed 
(Lawrence Clark, Silsoe Research Institute, UK, pers. comm.). 

On the evidence presented here, priming maize works most of the time and for most varieties. Harris 
et al. (2002) reported a positive germination response to priming for 17 out of 18 maize varieties tested. 
The time taken for 50% of seeds to germinate without priming ranged from less than 40 hours to more 
than 70 hours. For the varieties that responded positively to priming, the treatment reduced the range of 
germination times to between 20 and 40 hours. Final germination of all seed lots was not significantly 
affected by priming. 

 

 - 318 -  



Harris et al. 

In Pakistan, priming gave statistically significant grain yield increases in 11 (79%) of the trials. In the 
remaining 3 (21%) trials, priming was associated with a large, but non-significant, yield increase and two 
other instances where small positive yield differences were not significant. Priming was either better than 
not priming or was the same: it was never worse. This is a pattern encountered in other crops (see, for 
instance, Musa et al., 2001 for chickpea and Harris et al., 2001b for wheat) and, since priming is very low 
cost, it should be very attractive for farmers to prime their seed as a form of insurance.  

In the participatory, on-farm, trials all of the paired plot comparisons gave positive results: priming 
increased yield in all 32 trials (Figs. 1 and 2). In these FAMPAR trials series, the average response is due 
to priming whereas the result of individual trials may be affected by other, unknown, factors. If farmers 
only viewed their own plots this might be a problem from the point of view of dissemination and 
promotion, but our approach emphasises group evaluation of trials so that farmers can achieve a 
consensus view of the technology. This is important and is a factor in the rapid and sustained uptake of 
seed priming after exposure during participatory exercises such as those described here. 

Benefits due to priming extend beyond immediate yield increases in some circumstances. Harris et al. 
(2001a) listed farming-system-related effects of priming that were identified by farmers in India. Musa et 
al. (2001) concluded that seed priming in Bangladesh was the path-breaking technology that allowed 
chickpea to be grown profitably as a second crop after rice as an alternative to leaving the land fallow. 
There is a great deal of evidence that seed priming is an attractive ‘key’ technology – low cost and low 
risk – that is easily adopted by farmers.  
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Table 1. Trials on seed priming in maize in North West Frontier Province, Pakistan, 1998-2001.  

 
Year Site Variety Soaking 

time (h) 
No. 
of 
block
s 

Yield 
(Not 
Prime
d) 

% 
increas
e 

Sig. 

1998 Res. Station 
Peshawar 

Dehquan 0, 16 4 2210 6 ns 

1998 Res. Station 
Peshawar 

Dehquan, Sarhad 
White 

0, 16 3 4223 32 * 

1998 Res. Station 
Peshawar 

Sarhad White 0, 16 4 3150 7 ns 

1998 Farm er Field 
Mardan 

Azam 0, 16 4 5844 17 * 

1998 Farm er Field 
Mardan 

Azam 0, 16 4 6288 23 * 

1999 Res. Station 
Peshawar 

Azam 0, 18 4 3562 20 * 

1999 Res. Station 
Peshawar 

Local, Azam 0, 18 3 1808 48 * 

1999
a

Farmer Field 
Nowshera 

Azam 0, 16 4 1075 46 ns 

1999
a

Farmer Field 
Nowshera 

Azam 0, 16 4 1117 29 ** 

1999 Glasshouse 
Peshawar 

Azam 0, 18 4 3360 18 ** 

2000 Farm er Field 
Sheikh Kali 

Kisan-90 0, 18 4 2900 47 ** 

2001 Res. Station 
Peshawar 

Azam 0, 16 3 2801 17 * 

        
2000
b

Res. Station 
Peshawar 

Kisan-90 0, 8, 12, 
16 

4 2584 76 *** 

2000
b

Res. Station 
Peshawar 

Kisan-90 0, 12, 16, 
20 

6 1875 65 *** 

a Notes: airrigated using saline tubewell water. 
bincrease calculated as mean of all priming durations tested.  
*P>0.05, **P>0.01, ***P>0.001, ns not significant. 
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Table 2. Effect of priming duration on grain yield of maize cv.Kisan-90 in Pakistan, 2000. Least 
significant difference = 520 kg ha-1. Values followed by the same letter do not differ at P>0.05. 

 
Priming duration (hours) Grain yield (kg ha-1) 

0 2584a 
8 3555 b 

12 4083 b 
16 6042c 

 
 

Table 3. Effect of priming duration on grain yield of maize cv.Kisan-90 in Pakistan, 2000. Least 
significant difference = 300 kg ha-1. Values followed by the same letter do not differ at P>0.05. 

 
Priming duration (hours) Grain yield (kg ha-1) 

0 1875a 
12 2542 b 
16 3649 d 
20 3104c 

 
 
 

 
 
Figure 1. Yield of maize in 32 farmers’ paired-plot trials in NWFP, Pakistan. Data were pooled 
from 1999 (11 farmers), 2000 (15 farmers) and 2001 (6 farmers) and are ordered by the yield of the 
non-primed plot (light bars) in each trial. Overall mean yield (non-primed) = 1.23 t ha-1; overall 
mean yield (primed) = 1.71 t ha-1 . 
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Figure 2. The percent yield advantage due to priming of each of 32 paired-plot trials in farmers’ 
fields in the 1999, 2000 and 2001 seasons combined. Each trial consisted of two plots, both sown 
with seed of maize cv. Azam, with primed seed used in one of the plots and non-primed seed used in 
the other. Yield advantage in each year was 40% (1999), 57% (2000) and 20% (2001) with an 
overall mean of 39%. 
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Abstract 
 

Insects attack maize throughout the cropping cycle and during storage, resulting in as little as 10% up 
to complete crop loss. To address this problem, the International Maize and Wheat Improvement Center 
(CIMMYT) has developed methodologies to facilitate breeding for host plant resistance (HPR) to the 
major insect pests attacking maize. The major field pests targeted for Asia include the spotted stem borer 
(Chilo partellus (Swinhoe)) and the pink stem borer (Sesamia inferens Walker). In collaboration with 
entomologists and breeders in India, Thailand and the Philippines, 15 tropical lines have been identified 
with a moderate level of resistance to the above stem borers while having good regional adaptation and 
agronomic performance. There was no correlation between downy mildew resistance and stem borer 
resistance. Tropical maize germplasm developed by CIMMYT programs in Asia and Mexico have been 
screened for their susceptibility to storage pests, using the maize weevil (MW), Sitophilus zeamais 
(Motsch.) and the larger grain borer, Prostephanus truncatus Horn. Several lines and hybrids have been 
identified with moderate levels of resistance to the MW, with several lines being identified from the 
Asian program. In addition to characterizing advanced lines and hybrids, CIMMYT has also developed 
source populations for storage pest resistance using intra-population improvement. This paper will also 
present CIMMYT’s breeding strategy for developing HPR in maize and our current understanding of the 
biochemical basis for both stem borer and storage pest resistance. 

  
In Asia, maize is an important food crop for the poorest fraction of society who does not have the 

resources to apply pesticides during crop development nor in grain storage to prevent losses to insect 
pests. There is a genuine need by resource poor farmers for maize germplasm with moderate levels of 
resistance to insect pests that reduce both yield potential and grain quality. Host plant resistance has been 
demonstrated in both field and storage pests for maize and is considered the cornerstone of an integrated 
pest management program (Ortega et al., 1980). Over the past two decades, CIMMYT and its research 
partners around the world have worked towards developing screening techniques and breeding protocols 
that have enabled the development and release of insect resistant maize germplasm (Mihm, 1984).  

Stem borer damage to maize posses a significant constraint on regional maize production by 
damaging the vascular tissue of the plant and providing a portal of entry for stalk and ear rots. Yield 
losses due to field pests is variable but ranges from 10% in China (Darong et al., 1998) to crop failure 
under outbreak conditions. The major stem borer species in Asia for which screening protocols have been 
developed and used in a breeding program include the Asian corn borer, Ostrinia furnicalis, the spotted 
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stem-borer, Chilo partellus, and the pink stem borer, Sesamia inferens (Mihm, 1984). Following the 
development of mass-rearing procedures and a mechanical dispenser called the “bazooka” in the mid-
1970’s, HPR research for maize made significant progress through the combined efforts of entomologists 
and breeders.  

With the development of lines with elevated levels of stem borer resistance, research on the genetic 
and biochemical basis of resistance was possible. Using molecular markers, quantitative trait loci for stem 
borer resistance were localized and linked markers that were used to move resistant alleles from IR lines 
into elite lines (Willcox et al., 2002). The biochemical basis of stem borer resistance in tropical maize has 
also been identified to include increased thickness and toughness of the epidermal cell wall and associated 
increases in the level of fiber content and cell wall cross-linking agents such as DiFA that fortify the cell 
wall and impede feeding by neonate larvae (Bergvinson et al., 1997). This more complete understanding 
of HPR has enabled IR lines to be developed with increased agronomic performance. 

Another group of destructive insects are those found in maize stores. Losses in tropical and 
subtropical agroecologies are the most severe, with losses in excess of 15% occurring during on-farm 
storage by subsistence farmers. Using grain weight loss equations generated from a range of storage 
environments in Mexico, a geographical information system (GIS) can be used to estimate losses in Asia. 
The example in Fig. 1 shows grain weight losses for the month of July, with losses ranging from 1.5 to 
4% weight loss or 15-30% kernel damage. The use of insect resistant varieties has been proposed in the 
past (Dobie, 1977) as part of an integrated pest management strategy to reduce losses and improve grain 
quality.  

Several ize varieties, including local landraces, have been characterized as sources of resistance to 
MW (Dobie, 1977; Arnason et al., 1994) with some sources of resistance being incorporated into elite 
maize lines (Bergvinson, 2001). In maize, the mechanisms of kernel resistance to MW have been 
investigated in relation to biochemical and physical characteristics (Arnason et al.,1994). The pericarp of 
MW resistant maize has high concentrations of simple phenolics, namely hydroxycinnamic acids 
(Arnason et al., 1997). Several reports have established that these phenolic acids are ester-linked to cell 
wall polysaccharides, as well as phenolic dimers, such as DiFA (Ishii, 1997). Recent evidence has 
demonstrated that MW resistant genotypes have higher concentrations of total DiFAs (Arnason et al., 
1994, 1997). Cross-linking of polysaccharides by DiFAs is considered particularly important in 
fortification of the pericarp cell wall. 

This pap reports on insect resistant germplasm developed by CIMMYT and its research partners. 
Based on our current understanding regarding the biochemical basis for resistance, we will also discuss 
which resistance mechanisms should be utilized to ensure the incorporation of stable resistance and high 
yield potential into local germplasm enhancement programs. 
 
Materials and Methods 
 
Mass rearing of insects 

CIMMYT’s Entomology Unit is equipped with a mass-rearing facility for large-scale production of 
lepidopteran and coleopteran pests of maize. The principal field pests are the sugar cane borer (Diatraea 
saccharalis Fabricius), Southwestern corn borer (D. grandiosella Dyar), Fall armyworm (Spodoptera 
frugiperda), corn ear worm (Helicoverpa zea (Boddie)). Insects are produced on artificial diets that have 
been optimized for insect development (Mihm, 1989a). Production is coordinated with field planting 
dates to synchronize egg production with maize development to enable infestations at the 6-leaf stage of 
crop development or at anthesis in the case of second-generation borer and corn earworm infestations.  
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Coleopteran pests that are mass-reared at CIMMYT include the larger grain borer (Prostephanus 
truncatus (Horn)), maize weevil (Sitophilus zeamais Motschulsky), grainery weevil (S. granaries L.), 
lesser grain borer (Rhizopertha dominica (Fabricius)) and Angoumois moth (Sitotroga cerealella 
(Olivier)). The larger grain borer and maize weevil are reared on floury maize while the lesser grain borer 
and grainery weevil are reared on bread wheat. All insects are reared in temperature-controlled chambers 
at 25ºC and 70-80% rh. 
 
Infestations and evaluating germplasm 

Germplasm is screened against field pests by transporting neonate larvae from the laboratory to the 
field using coolers to maintain the eggs or larvae at the appropriate temperature to ensure larval 
emergence at the time of arriving to the field site. Larvae are mixed with corncob grits (20 mesh) to 
facilitate their application into the whorl of the plant using a mechanical dispenser called the “bazooka” 
(Mihm, 1989b). Plants are infested with 30-60 neonate larvae (depending on level of resistance and 
inbreeding). Three weeks after infestation, plants are scored using a 9-point scale based on the quality and 
quantity of leaf feeding damage (Mihm, 1989b). Resistant (CML 67) and susceptible (CML 131, Ki3) 
checks are planted at a rate of 1:40 in nurseries to monitor infestations and compare entries with resistant 
checks. 

Collaboration with the Indian Agricultural Research Institute (IARI) has enabled the characterization 
of CIMMYT’s IR lines against the Asian corn borer (C. partellus) and pink stem borer (S. calamistis). 
Infestations are made using egg masses that have matured to the “blackhead” stage of development. Egg 
masses are applied when plants reach the 4-leaf stage of development and rated for damage two to three 
weeks after infestation. 

Germplasm screening for storage pest resistance requires a 30 g grain sample from clean, untreated 
seed obtained from a recent harvest, preferably coming from the same location and cycle. Samples are 
equilibrated at 27ºC and 70% rh for 2 to 3 weeks to adjust grain moisture content to 13.5% prior to 
infestation. Prior to infestation, grain is accurately weighed to facilitate weight loss measurements. Thirty 
adult insects are placed in the sample and then incubated at 27ºC and 70% rh for 60 days for all pests 
except for S. zeamais that is incubated for 90 days. After incubation, samples are passed through mesh 
screens (No. 10, No. 16) to separate kernels, progeny and flour fractions, with each fraction being 
weighed. Grain weight loss and number of progeny are the principle traits considered in selecting resistant 
genotypes. Three replicates are used.  

Natural infestations are used to characterize resistance for maize stored as an ear or the husk on. Open 
pollinated F2 ears collected from hybrid and OPV trials would be the same type of grain being stored by 
farmers following harvest, making it both a relevant and practical screen protocol. After yield trials have 
been harvested, 6 ears are collected from each entry and placed in two nylon bags (3 ears each) and 
labeled. Samples are stored under a dry structure at CIMMYT’s tropical station located in Puebla, Mexico. 
Samples are blocked within endogamy (lines/OPV/hybrids) and form of storage (shelled, ear, husk on) 
with the position of each sample in the structure being recorded to account for position effects. After three 
months, ears are visually evaluated on a 0-10 scale based on percent kernel damage (e.g. 3=30% damage). 
 
Germplasm development 

The Entomology Unit uses a two-pronged approach to germplasm development. The first is to 
characterize germplasm coming from the main breeding programs, included CIMMYT’s prebreeding 
program, to identify genotypes that are moderately tolerant as well as to eliminate the most susceptible 
fraction so as to shift the population mean towards increased tolerance to field and storage pests (Figure 2).  
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CIMMYT uses S3 intra-population improvement to develop source populations for stem borer, 
armyworm and weevil resistance. The best lines (S3) are recombined to form the next cycle of selection 
and are also passed on to CIMMYT’s Lowland Tropical and Subtropical breeding programs for test-cross 
evaluations to determine heterotic pattern as well as CIMMYT Regional Offices to screen for adaptation 
in the region. Germplasm reported herein for stem borer resistance was developed from CIMMYT’s 
lowland tropical insect resistant population (P390) known as MIRT (Multiple Insect Resistant Tropical). 
Lines (S3) developed under artificial infestation were sent to CIMMYT’s Asian office to screen for 
downy mildew (Peronosclerospora maydis (Racib.)) using spreader rows consisting of susceptible lines 
to enhance the rate of inoculation. Foliar leaf damage is recorded on a 5-point scale with 5 being 
completely colonized. Lines with acceptable level of downy mildew resistance were sent to collaborators 
at IARI for screening against C. partellus and S. calamistis in New Delhi and Hyderabad, respectively. 

For the results report on storage pest resistance we used germplasm collected from a demonstration 
plot planted under normal agronomic practices (56,000 plants ha-1, 150 Kg N ha-1 over two application 
dates). Four-row plots were planted in 5-m rows, with the two central rows being sampled for screening 
to reduce pollen contamination from neighboring entries. The demonstration contained germplasm from 
all of CIMMYT’s regional offices as well as important commercial hybrids commonly used as checks. 
The demonstration contained 174 hybrids, 115 lines, 122 OPVs, 37 pools, 82 populations representing the 
major maize agroecologies 
 
Statistical analysis 

Data were subjected to analysis of variance using the statistical software Statistix v.8 (Analytical 
Software, Tallahassee, FL) and differences among means were compared by the Least Significant 
Difference test at P < 0.05. 
 
Results and Discussion 
 
Stem borer resistance 

Several stem borer resistant lines derived from CIMMYT’s tropical IR population, MIRT, also 
showed good levels of leaf feeding resistance to C. partellus and S. calamistis (Table 1). There was no 
significant correlation between downy mildew resistance and stem borer resistance. Although the 
relationship between C. partellus and S. calamistis resistance was not significant (P=0.26) it was negative, 
suggesting that each stem borer species should be used to verify resistance to local stem borer species. 
The best yellow IR line that provided resistance to both borer species was P390C4Y F36-B-2-2-B that 
also was resistant to downy mildew. The best white line to serve as a future source of resistance was 
P390C4W F132-B-2-B-B, which was slightly more susceptible to downy mildew than the yellow lines. In 
general, the lines developed for stem borer attack at the time of anthesis, called “second-generation” stem 
borer attack, were more susceptible; with the best sources of resistance with regional adaptation being the 
yellow line P391 C2Y F147-2-2-4-1-B and the white line P391 C2W F3-1-1-2-1-B. CIMMYT now has 
advanced lines available from cycle 5 and 6 of P390 for researchers to screen and incorporate into local 
breeding programs. Future emphasis for IR lines will be to improve root quality that has traditionally been 
a weakness in this germplasm. 

The biochemical basis for stem borer resistance has been characterized by CIMMYT’s Entomology 
Unit to consist of two major components. The first involves reduced leaf nitrogen content (below 2.3% N) 
in which neonate larvae are not provided with an adequate level of nitrogen to complete development 
(Bergvinson et al., 1997). This can be achieved through poor soil fertility where farmers can not afford to 
apply nitrogen or genetically with some lines containing low leaf nitrogen despite high nitrogen 
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application rates, as is the case for CIMMYT’s resistant check, CML 67. However, this resistance 
mechanism is not desirable as low leaf nitrogen content means that the leaf does not contain adequate 
levels of chlorophyll and will subsequently have a lower yield. For this reason, CIMMYT has focused its 
HPR efforts on the second mechanism, which involves increased epidermal cell wall toughness in the leaf. 
Epidermal cell wall toughness is composed of at least two components, increased cell wall thickness and 
elevated levels of biochemical factors such as fiber and phenolic dimmers that cross link the 
hemicellulose of the cell wall (Bergvinson et al., 1994). Fortification of the cell wall with these 
biochemical factors restricts larval access to the mesophyll layer, with most larvae dying due to 
desiccation as feeding cannot be established. By exploiting this resistance mechanism, CIMMYT has 
been able to develop hybrids with moderate levels of insect resistance and high yield potential.  
 
Storage pest resistance 

The CIMMYT hybrids, lines and populations, which showed the lowest levels of susceptibility to S. 
zeamais and P. truncatus, are reported in Tables 2-4. One general observations from this study was that 
gravimetric methods for grain weight loss correlated well (r=0.85, P<0.0001) with kernel damage and 
number of adults that emerged from infested grain. This observation was important as it means that grain 
weight loss can replace the more tedious practice of separating damaged and healthy grains to establish 
percent damage. The correlation between S. zeamais and P. truncatus damage was low (r= 0.3, P=0.0001), 
which means that future evaluations should include both these species as CIMMYT looks to develop 
germplasm with broad-based resistance mechanisms to meet the diverse range of storage pests found in 
tropical agroecologies.  

Hybrids from all regional CIMMYT offices were included in the screening, with the hybrids 
developed by the CIMMYT Asia office generally having the lowest level of susceptibility to storage pests 
(Table 2). The most resistant fraction of hybrids included: CA03128 x CA14709, CML-297 x CL-02410, 
CA00334 x CA00302, CA03116 x CA00102, and CA00310 x CL02836. Given the significant maternal 
effect on storage pest resistance, the female lines in these hybrid combinations are likely contributing 
most to resistance (Derera et al. 2001). Several quality protein maize hybrids were also included in the 
study and were generally found to be more susceptible to storage pests (data not shown). The practice 
now used by CIMMYT to store maize from hybrid yield trials has proven to be a cost-effective way of 
evaluating a large number of entries for their ability to resist damage by storage pests. By evaluating F2 
seed, this is relevant to the farmers’ situation in which he stores hybrid production for consumption and/or 
seed recycling.  

The most resistant elite lines from the 115 lines evaluated included: CML-447, CML-343, CA00312, 
CL-FAWW11, (CML-273x176)-89-2-1-1, CA049Y04, CML-327, and CL-RCW01 (Table 3). There were 
three lines identified that also have a moderate level of stem borer resistance, namely CL-FAWW11, 
MBR-Et(W) C1 F139-2-1-B-2B*6 and CL-SCBY01. These lines should be considered for hybrid 
formation to improve yield stability and storability for tropical maize growing areas of Asia. 

Population improvement has not historically included storage pest screening during the selection 
process, with most of the CIMMYT populations showing and increased susceptibility over cycles of 
selection (data not shown). From the 122 populations evaluated, the most of the less susceptible ones 
came from the CIMMYT Asian program which included: Pop 345-late yellow DMR, Pop145-early 
yellow DMR, Pop147-early yellow DMR, Pop102-early white DMR, Pop351-late yellow DMR heterotic 
group A, and Pop100-early white DMR. Stem borer resistant populations also performed well, with the 
following being among the least susceptible: MBR/MDR C3 white, Pop 390 C4 white, and Pop 390 C4 
yellow. It was from these last two populations that the stem borer resistant lines tested in India were 
developed. In the future CIMMYT will work towards combining resistance to both field and storage pests 
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within its population improvement program. CIMMYT is currently developing source populations for 
storage pests resistance, one of which is Pop 84 that is being developed for increased kernel hardness, a 
trait that appears to be important in providing resistance to several storage pests. Based on divergent 
selection studies for MW resistance (Dhilawayo and Pixley, 2003), population improvement for storage 
pest resistance is feasible and should be considered an important component in population improvement 
for those regions were storage pests are a constraint to food security, especially in tropical areas were high 
temperature and humidity favor storage pest establishment.  

The biochemical basis for storage pest resistance appears to involve components in the pericarp, with 
simple phenolics being highly correlated with MW resistance (Arnason et al., 1994). Resistant genotypes 
tend to have a harder kernel texture, which may have implications on food processing or quality. The best 
correlations between biochemical factors and MW resistance are the cell wall bound phenolic acids and 
DiFAs that cross-link the cell wall in the pericarp tissue (unpublished data). This resistance mechanism 
should not pose a problem for nutrition or human health, as they are components of fiber. Other 
biochemical components of the cell wall are also being explored; including the role of hydroxyproline 
rich proteins (called extensins) that are know to accumulate in the pericarp of maize (Fritz et al., 1991).  

Our research is now focused on furthering our understanding of the limitations of these biochemical 
resistance factors in maize, constructing molecular maps to identify quantitative trait loci, and large-scale 
screening of CIMMYT germplasm (maize and wheat) to identify new elite sources of resistance and 
eliminate germplasm that is extremely susceptible prior to line release.  
 
Conclusion 
 

Maize germplasm with improved resistance against field and storage pests is clearly in high demand 
by small-scale farmers in tropical counties. CIMMYT has made progress in meeting this demand by 
identifying and developing source germplasm and new screening methods to advance germplasm 
improvement for maize resistance to insect pests. With the development of source germplasm, the 
biochemical components of resistance have been identified and the ones most amenable for crop 
improvement are being exploited to meet two objectives: yield stability through IR maize and high yield 
potential.  

Graduate students, collaborating with CIMMYT, have confirmed the importance of additive, non-
additive, and maternal effects for storage pests resistance. This has assisted in developing storage pest 
tolerant hybrids, using the resistant line as the female parent in hybrid seed production. Several lines with 
resistance to stem borers and storage pests have been identified for use in Asia and should be considered 
for use as the female parent in hybrid production.  

In light of the proposed intensification of agriculture and global warming, the need for insect resistant 
germplasm has never been greater. As farmers move to using more inputs (fertilizer) the incidence and 
severity of losses associated with stem borers will be greater. Given the production challenges ahead, 
maintaining good quality grain in storage will become increasingly important at both the farmer level as 
well as a national level. Identifying germplasm with improved storage capabilities is already an important 
issue with farmers that will increase in importance as production constraints and risks of crop failure 
increase. The challenge is to now incorporate IR lines into breeding programs in order to provide farmers 
with stable, high-yielding maize varieties and hybrids.  
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Table 1. Tropical maize lines developed by CIMMYT with resistance to Chilo partellus and Sesamia 
inferens. 
 
Pedigree  Days to flowering Downy Chilo Sesamia 
 Male Female Mildew† partellus‡ inferens‡

Yellow IR Lines      
P390C4Y F3-B-1-1-B 61 63 1 6.6 4.3 
P390C4Y F28-B-1-1-B 59 60 3 5.3 6.0 
P390C4Y F28-B-1-3-B 57 59 3 6.9 6.3 
P390C4Y F36-B-1-1-B 59 60 2 6.9 4.6 
P390C4Y F36-B-2-2-B 57 59 2 5.0 3.7 
P390C4Y F86-B-3-1-B 64 64 3 8.8 3.3 
P390C4Y F101-B-2-2-B 61 62 4 5.3 7.2 
P390C4Y F101-B-2-1-B 63 64 4 6.3 5.6 
P390C4Y F110-B-1-1-B 58 60 4 4.3  
P390C4Y F150-B-1-2-B 61 62 4 7.3 6.4 
P390C4Y F150-B-3-1-B 57 59 3 6.3 4.4 
P390C4Y F166-B-1-1-B 59 61 3 6.6 5.2 
P391 C2Y F147-2-2-4-1-B 57 60 2 7.7 6.2 
      
White IR Lines      
P390C4W F132-B-2-B-B 58 60 3 6.6 5.4 
P391 C2W F3-1-1-2-1-B 62 63 3 7.7 3.2 
       
Susceptible Check (CM-300)   na 9 8 
CV    30 18 24 
LSD (0.05)   2.1 2.8 3.1 
† Downy mildew was scored using a 1 to 5 scale with 5 being highly susceptible. 
‡ Ratings for Chilo partellus and Sesamia inferens are based on a 1-9 scale with 9 being highly 
susceptible and resulting in “dead-heart”. Chilo partellus screening was conducted in New Delhi (Panwar 
et al. 2001) while Sesamia inferens was screened in Hyderabad, India (Sekhar et al., in press). 
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Table 2. Maize hybrids less susceptible to two storage pests, Sitophilus zeamais and Prostephanus 
truncatus, under artificial screening and natural attack under tropical conditions.  
 
  Sitophilus zeamais   Prostephanus truncatus Natural Selection 
Pedigree Flour Adults WtLoss   Flour Adults WtLoss Attack† Index‡

CA03128 x CA14709 0.32 69 10  2.31 78 10 18 0.60 
CML-297 x CL-02410 0.51 90 14  1.28 56 4 21 0.60 
CA00334 x CA00302 0.47 88 15  1.18 54 2 39 0.61 
CA03116 x CA00102 0.71 61 11  1.56 65 8 13 0.62 
CA00310 x CL02836 0.35 78 12  2.04 58 7 43 0.63 
 CL-03005 x CL-04935 0.44 70 11  1.96 59 8 42 0.63 
CA14524 x CA14707 0.57 93 15  0.95 56 3 70 0.71 
CL-02442 x CML-413 0.54 105 15  2.26 82 8 8 0.72 
CA00350 x CA00302 0.31 66 12  3.53 69 14 40 0.72 
CA00370 x CA34502 0.48 96 14  3.00 73 13 5 0.73 
CL-G1901 x CML-420 0.55 81 12  3.49 79 14 8 0.74 
CML-410 x CML-287 0.57 93 14  3.40 49 11 23 0.75 
CL-02162 x CML-274 0.58 77 11  3.17 61 13 37 0.75 
CML-247 x CML-254 0.52 83 13  2.43 60 11 57 0.77 
CML-311 x CML-321 0.24 65 11  3.13 76 13 91 0.78 
CML-323 x CML-329 0.49 56 12  2.61 76 10 95 0.80 
CML-264 x CML-269 0.57 129 18  2.27 60 11 19 0.80 
CL-FAWW11 x CML-343 0.54 87 15  3.81 67 17 19 0.82 
          
Mean 0.57 92 16  4.06 94 17 69 1.00 
CV 25 23 11  59 50 46 55  
LSD(0.05) 0.20 30 13   1.54 38 15 26   
† Percent kernel damage caused by natural attack during 4 months of storage in an open structure, Puebla, 
Mexico. 
‡ Selection index was based on the seven susceptibility parameters by summing the ratios between values 
and overall mean and divided by seven to generate an overall index value of 1.  
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Table 3. Maize lines less susceptible to two storage pests, Sitophilus zeamais and Prostephanus 
truncatus, under artificial screening and natural attack under tropical conditions. 
 
  Sitophilus zeamais   Prostephanus truncatus Natural Selection 

Pedigree Flour Adults WtLoss   Flour Adults WtLoss Attack† Index‡

CML-447  0.49 104 15  0.10 28 1 12 0.57 

CML-343  0.48 70 11  0.06 30 1 61 0.58 

CA00312  0.37 87 11  1.04 27 4 15 0.58 

CL-FAWW11  0.45 75 11  0.19 28 1 62 0.59 

(CML-273x176)-89-2-1-1 0.54 46 11  0.28 25 0 86 0.60 

CA049Y04  0.52 65 13  0.95 32 5 17 0.61 

CML-327  0.41 83 11  0.50 31 5 38 0.61 

CL-RCW01  0.50 93 12  0.77 31 3 18 0.61 

CL-SW002  0.49 97 14  0.01 19 1 80 0.65 

CML-448 0.31 68 9  1.46 32 7 85 0.73 

CA00392  0.49 77 11  1.53 41 6 53 0.76 

CML-423  0.94 72 15  0.24 33 2 67 0.77 

CA00314  0.40 85 11  1.00 31 5 99 0.78 

CL-02410  0.39 60 14  1.44 43 10  0.78 

MBR-Et(W) C1 F139-2-1-B-
2B*6 0.52 73 11  2.26 56 9 6 0.81 

CML-431  0.67 93 14  0.57 34 3 89 0.82 

CML-373  0.29 49 8  3.17 53 11 44 0.83 

CA14514  0.57 85 13  1.70 46 7 40 0.83 

CML-429  0.88 106 18  0.73 24 4 55 0.85 

CL-SCBY01  0.63 109 16  0.68 29 3 98 0.86 

CA03111  1.00 86 16  0.77 35 3 64 0.88 

          

Mean 0.61 93 14  2.58 50 11 68 1.00 

CV 31 28 16  59 50 46 53  

LSD(0.05) 0.26 37 18   2.26 34 27 28   
† Percent kernel damage caused by natural attack during 4 months of storage in an open structure, Puebla, 
Mexico. 
‡ Selection index was based on the seven susceptibility parameters by summing the ratios between values 
and overall mean and divided by seven to generate an overall index value of 1.  
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Table 4. Maize populations less susceptible to two storage pests, Sitophilus zeamais and 
Prostephanus truncatus, under artificial screening and natural attack under tropical conditions. 
 
  Sitophilus zeamais  Prostephanus truncatus Natural Selection 
Pedigree Flour Adults WtLoss  Flour Adults WtLoss Attack† Index‡

Pop345-late yellow DMR 0.39 68 10  0.65 25 1 30 0.47 
Pop45 am 0.63 84 13  0.37 37 1 34 0.62 
Pop84 c2 . 0.35 66 9  1.79 36 6 57 0.64 
Pop145-early yellow DMR 0.33 74 8  2.43 49 9 59 0.72 
POBLACION 30 C0 0.44 73 11  2.52 51 10 37 0.75 
Pop147-early yellow DMR 0.42 70 10  3.59 55 14 13 0.75 
MBR/MDR C3 bco  0.42 74 11  2.02 55 8 57 0.76 
Pop 30 C7 0.58 103 15  2.43 43 10 8 0.77 
P502 c0 0.46 62 12  2.50 39 10 60 0.77 
Pop 43 C9 0.45 76 11  3.03 54 12 32 0.78 
Pop 390 C4 white 0.43 79 12  3.33 52 13 34 0.82 
Pop.102-early white DMR 0.39 82 11  3.26 69 15 44 0.87 
Pop.351-late yellow DMR 
heterotic group A 0.50 94 13  3.25 53 12 45 0.89 
Pop.100-early white DMR 0.41 80 12  4.16 73 15 27 0.89 
Pop 390 C4 yellow 0.59 89 16  3.26 43 16 27 0.90 
Pop.352-late yellow DMR 
heterotic group B 0.51 83 12  4.64 77 17 30 0.98 
          

Mean 0.57 89 14  3.60 65 15 58 1.00 

CV 24 25 10  41 48 28 72  

LSD(0.05) 0.19 33 13  2.10 45 22 33   
† Percent kernel damage caused by natural attack during 4 months of storage in an open structure, Puebla, 
Mexico. 
‡ Selection index was based on the seven susceptibility parameters by summing the ratios between values 
and overall mean and divided by seven to generate an overall index value of 1.
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Figure 1. Distribution of maize storage losses (percent weight loss) for the month of July in Asia. Percent weight loss = 2.850 – 
0.207*(Tmax-Tmin) + 0.161*Mean temperature for July based on 15 year average weather data. Losses range from a high of 4% for 
western India to a low of 1.5% for China.
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Figure 2. The CIMMYT Maize Program's approach for developing insect resistant germplasm. Line evaluation trials (LETs) are an 
important tool to characterize lines across the program for yield stability under abiotic and biotic stresses. 
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Abstract 
 

Fusarium moniliforme is the most important ear rot pathogen worldwide, and is found in all maize 
growing environments served by CIMMYT. Breeding activities include the evaluation of resistance to F. 
moniliforme during the germplasm development process. At early stages of inbreeding, and during the 
characterization of derived lines, artificial inoculations are performed. Disease resistant sources are being 
used in the population improvement process, the formation of synthetics and line recycling. Quality 
protein maize (QPM) germplasm has also been evaluated, and possesses the same levels of resistance as 
normal endosperm germplasm. 
 
Introduction 
 

Fusarium moniliforme ear rot is the most frequently occurring ear rot worldwide, and is found in all 
environments where maize is grown. The pathogen, Fusarium moniliforme (syn. F. verticillioides) is 
often encountered in asymptomatic infection of the seed as well as severely affected ears with extensive 
mycelial development. Besides the direct effects of ear rot, the fungus produces potent mycotoxins known 
as fumonisins which cause mycotoxicoses in animals and humans consuming the affected grain. 
Fumonisins are responsible for equine leukoencephalomalacia in horses which causes a perforation of the 
brain tissue, while in swine porcine pulmonary edema develops from consuming infected grain. In 
humans, esophageal cancer is associated with the consumption of infected grain in areas of high 
occurrence of F. moniliforme ear rot in South Africa and China (Rheeder et al., 1992, Zhang et al., 1998) 
At present, no regulations have been set for tolerance levels of fumonisins entering international grain 
trade, but suggested levels are available. (FDA, 2001) 

Management practices that reduce plant stress especially during the period of flowering can reduce 
ear rot incidence. Bird and insect injury, as well as drought stress lead to increased ear rot incidence 
(Davis et al., 1989, Vigier et al., 1997, Sobek and Munkvold, 1999). Host resistance is the most effective 
form for controlling many diseases, and for F. moniliforme ear rot, resistance is inherited in a polygenic 
manner (Scott and King, 1984; Nankam and Pataky, 1996). In a molecular mapping study, QTLs were 
identified on eight chromosomes, and accounted for up to 44% of the phenotypic variance observed in the 
field in a tropical highland maize mapping population(Perez-B. et al., 2001). Low ear rot ratings were 
associated with low levels of fumonisins in a hybrid evaluation trial (Pascale et al., 1997). 

The purpose of this study was to identify sources of resistance to F. moniliforme ear rot in tropical 
lowland, mid-altitude/subtropical and highland tropical maize germplasm, and to further evaluate the best 
F. moniliforme ear rot resistant sources for resistance to other important ear rots. 
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Materials and Methods 
 

Line trials in the CIMMYT breeding programs are evaluated for the important diseases present in the 
ecologies for which the germplasm is developed. F. moniliforme ear rot resistance is included in the 
evaluation process. Trials are set up in an alpha lattice design with two repetitions. Artificial ear rot 
inoculations for Fusarium moniliforme ear rot are carried out at seven day post female flowering using the 
nailpunch/sponge technique and a spore suspension of 5.0 x 105 spores/ml (Drepper and Renfro, 1990). 
Ears are rated individually on a 1-6 scale where 1=0%, 2=1-10%, 3=11-25%,4=26-50%, 5=51-75% ad 
6=76-100% infection, and a weighted average is assigned for each plot on a range of 1-100%. The rating 
include both colonization out from the point of inoculation, as well as natural infection through the silk 
channel or associated with insect injury to the ear. Statistical analysis is performed on the weighted 
averages using SAS (Jeffers et al., 1995).  
 
Results 
 

The evaluation of inbred lines allows for the identification of sources of F. moniliforme ear rot 
resistance in a fixed or partially fixed product that can be evaluated in replicated trials over various 
seasons to verify the reaction. Promising lines have been identified in tropical lowland germplasm, both 
in normal and QPM genotypes (table 1), and in subtropical normal (table 2) and subtropical QPM 
germplasm (table 3). In the development of QPM germpalsm in CIMMYT’s breeding program, attention 
has been given to the incorporation of grain modifiers, where grain texture and ear rot resistance is similar 
to normal endosperm germplasm. The F moniliforme ear rot resistant sources identified in these trials are 
under further evaluations in replicated trials to determine which provide stable sources of resistance. In 
the future, fumonisin levels will be evaluated in our trials to determine if resistance to colonization is also 
conferring lower fumonisin levels in CIMMYT ear rot resistant sources. F. moniliforme ear rot resistant 
synthetics have been formed for early inbreds for the highland program for use in Mexico and the Andean 
region of South America, and more recently in elite line synthetics combining both sources of ear rot and 
turcicum leaf blight resistance. In the tropical lowlands, a late white biotic stress resistant synthetic has 
been formed by combining resistance to Fusarium moniliforme ear rot together with resistance to the corn 
stunt complex, stem borers and fall armyworm. New inbreds are being derived from these synthetics to be 
used in CIMMYT’s breeding programs. The best sources of F. moniliforme ear rot resistance identified in 
earlier evaluations, which include tropical lowland normal endosperm, QPM and insect resistant 
germplasm were evaluated for resistance to the production of aflatoxin by Aspergillus flavus in bioassays, 
and several entries had reduced aflatoxin levels in comparison with the susceptible check (table 4). These 
results need to be verified still under field conditions, and potentially combine resistance to the two most 
important ear rot diseases affecting maize production especially in the tropical and subtropical ecologies 

To add yield stability to maize production, resistance to several biotic and abiotic stresses need to 
combined in the same genotypes. At present CIMMYT is working on the identification of sources of 
resistance in elite germplasm, and to combine the best of these genotypes in products suitable for both the 
subsistence and commercial farmer.  
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Table 1. Evaluation of elite tropical late yellow inbred lines for resistance to Fusarium moniliforme 
ear rot. Agua Fria, Mexico 2001. 
 
 Weighted ear 
Pedigree rot rating1

(CML-172*CLQ-6601)-B-10-1-1 2.3 
[EV8766-SR]-5-1-B-5-1-BB 4.4 
[EV8766-SR]-5-1-B-1-1-BB-B 4.5 
CML172 5.9 
CL-03613=P36C9HC90-B-5-B*7 6.4 
CL-02440=(P24STE-5*24STE-17)-BBBB-###-B-3-B-1-B*4 6.6 
G25QC1(STE)-18-8-1-2-B*4-1-BB-4-3 6.7 
CL-G2617=G26C26H1-2-1-B-1-1-B*4-BB 6.8 
CL-03618=P36C9HC60-B-1-B*10 7.0 
CL-SCBY08=PSCB TUXc0#-5-5-1-1-2-1-B*4 7.0 
  
 CL-00392=SinAmTSRC2-86-2-1-B*8 80.8 
CL-RCY002=R. SCB GCA S4/P390 C2 FAW F68-1-1-1-B-2-B-1-B 99.0 
  
DERRC2 15-3-7-#2-1-#*4  (F.m. resistant check) 9.3 
  
Mean of 36 inbreds evaluated 29.4 
LSD (P=0.05) 24.0 
Standard Error 11.6 
1Weighted ear rot rating from two repetitions with 10 plants/rep. Adjusted 
means are presented from the analysis of the alpha lattice design.   
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Table 2. Evaluation of elite subtropical lines for resistance to Fusarium moniliforme ear rot. 
Tlaltizapan, Mexico 2001. 
 Weighted ear 

Pedigree rot rating1

90[SPMATC4/P500(SELY)]#-B-103-2-B-B-B 0.7 
Pob.402HG"B"c2F40-8-2-1-1-3-2-B-B-B-B 2.1 
Pob.401HG"A"c2F8-2-2-2-4-1-1-B-B-B-B 4.1 
90[SPMATC4/P500(SELY)]#-B-95-2-B-B-B 4.4 
POB.445-58-6-4-B-B-B 6.7 
P502c2-185-3-4-2-3-B-2-B-B 9.3 
SPMATYC6F55-1-1-4-1-2-B*4 9.3 
  
P502c1#-342-3-3-3-2-5-2-B-B-1-B-B 93.8 
POB.446-61-3-1-B-B-B 94.8 
  
DERRC2 15-3-7-#2-1-#*4  (F. m. resistant check) 5.5 
  
Mean of 130 inbreds evaluated 37.9 
LSD (P=0.05) 26.4 

Standard Error 13.3 
1Weighted ear rot rating from two repetitions with 10 plants/rep. Adjusted means are presented for analysis of the 
alpha lattice design. 
 
 
Table 3. Evaluation of QPM lines for resistance to Fusarium moniliforme ear rot. Tlaltizapan, 
Mexico 2001. 
 Weighted ear 
Pedigree rot rating1

CML 155  4.1 
6207Q(AMARILLO)-3-4-3-B-B 7.4 
(6304Q/6303Q)-B-6-1-2-3-B-B-B 8.6 
CML 156  9.4 
G32QMH30-2-2-B-2-B*5 13.6 
[89[G25Qc1(STE)18S5/Mo17 6 o2/o2 2-B-B]-B-4-4-2-6-6-B-B 19.3 
  
S91SIYQ-93-1-2-1 89.9 
G31Qc18MH#-3-1-4-1-1-5-1-B-2-B*5 92.7 
  
DERRC2 15-3-7-#2-1-#*4 (F.m. resistant check) 6.1 
  
Mean of 42 inbreds evaluated 43.2 
LSD (P=0.05) 31.0 
Standard Error 15.0 

1Weighted ear rot rating from two repetitions with 10 plants/rep. Adjusted means are presented for analysis of the 
alpha lattice design. 
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Table 4. Evaluation of CIMMYT inbred lines for inhibition in the production of aflatoxin B1 by 
Aspergillus flavus, 2001.1.

 
  Aflatoxin 
Pedigree conc. (ppb)2

  
MBR-ET WHITE F2-112-1-1-X-B-B-#-B-# 2779 a 
MBR-ET WHITE F2-113-2-1-X-B-B-# 1817 a 
(6304Q/6303Q)-xb-6-1-3-3-B-B-B 445 b 
6206Q-10-xb-3-2-B-B-B 370 b 
CML155 P62c3HC163-2-1-3#-1-1-1-1-B-1-B-B-#-B-B 291 b 
MBR-ET WHITE F2-96-1-2-X-B-B-#-B-# 285 b 
(CAFS113-2F1)X(CAFS82-1-4)-2-#2-3-2-1-### 217 bc 
MBR-ET WHITE F2-202-2-3-X-B-B-#-# 146 c 
  
DP  (susceptible check) 1703 a 
M182 (resistant check) 19 d 

1 Research carried out by R. Brown, USDA-ARS New Orleans USA. 
2 The trials were performed with ten replications including four seed each. An A. flavus spore suspension 
was applied and the seed was incubated for seven days at 31 C and 100% relative humidity. Aflatoxin 
analysis was performed using thin layer chromotography and quantified using a scanning densitometer. 
Values followed by the same letter are not significantly different by the least significant difference test 
(P=0.05). 
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Abstract 

 
Per plant kernel yield was investigated with 57 maize inbred lines popularized in southwest China 

under drought conditions that soil moisture was regulated to a little more than wilting coefficient with a 
plastic roof to prevent rainfall and drought tolerance coefficient was calculated for each line based on the 
relative difference of per plant seed yield between drought treatment and normally irrigated contrast. 
81565 was the most drought tolerant and the second rate was found with N87-1, R09, 9635, 9651, Nan21-
3, TF1 and 5003. 15 morphological, physiological and biochemical indexes about drought tolerance 
during seedling and grown up stages were investigated with 12 inbred lines of different drought tolerance 
identified from the 57 experiment inbred lines, drought tolerance coefficients of these indexes were 
calculated as above and multiple regression analysis was made with drought tolerance coefficient of per 
plant kernel yield. The results indicated that the product of drought tolerance coefficients of seedling 
emergence rate and biological yield could be used as an index for drought tolerance identification of 
inbred lines during seedling stage and drought tolerance identification during grown up period should 
depend on the coefficients of plant height, anthering and silking interval, leaf emergence speed and root 
weight. 
 
Introduction 
 

Drought is one of the main factors limiting maize production in China. In Southwest maize ecological 
region, one of the three major maize production regions of China, most of maize fields distribute on 
mountain and hill slopes with barren soil and rain-fed irrigation. Seasonal drought that often occurs 
during seedling emergence and milking stages makes significant loss of maize yield. Drought tolerant 
germplasm resources with different morphological, physiological and biochemical mechanisms have 
evolved and been domesticated under these ecological conditions (Fengling et al., 2001; Wanchen et al., 
2001; Xiuquan et al., 1997). 

In this ecological region, however, it is very difficult to identify drought tolerance of germplasm 
resources in maize breeding proceedings because the drought occurs seasonally and unstably. Different 
morphological, physiological and biochemical indexes, such as coleoptile length, water conservativity of 
leaf, relative electrical conductivity, water potential, proline content, have been investigated under 
drought conditions and employed together with their drought coefficients in drought identification of 
maize (Bangxi et al., 1989; Baoshi et al., 1996; Bolanos, 1993; Boyer, 1970; Caixia, 1998; Classen et al., 
1970; Du Plesiss, 1967; Edmeades, 1993; Fashui et al., 1999; Fischer et al., 1989; Jiahai et al., 1988; Jun 
et al., 1993; O’Regan et al., 1993; Wanchen et al., 2001; Xiuquan et al., 1997; Yingjie et al., 1992). 
These indexes, however, perform low correlation with drought tolerance since different resources (inbred 
lines) may have different mechanisms of drought tolerance. Synthetic coefficients of these indexes have 
been estimated with methods of weighting average in order to avoid deviation made by single index and 
increase their correlation with drought tolerance to some extent. But it is still difficult to investigate many 
morphological, physiological and biochemical indexes in breeding practice. In this study, drought 
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tolerance of maize inbred lines popularized in southwest China has been identified with the method of 
drought tolerance identification for seasonally and unstably drought region. 

 
Materials and Methods 
 

Most of the 57 experiment inbred lines (Table 2) have been popularizing all over or in southwest 
China and the others have been newly bred and recognized in recent years. 12 inbred lines with different 
drought tolerance, namely 81565, N87-1, R09, 9635, Huang C, R08, Ye178, C8605-2, 21-ES, 200B, 
Dan340 and 9526, were chosen out of the 57 experiment inbred lines and used for identification index 
research and multiple regression. 
 
Experiment design 

The lowest soil moisture (7.5 %) under which drought tolerant inbred lines could germinate and 
emerge was screened through pot experiment with control watering and used as the wilting coefficient of 
the sandy loam soil in the experiment field. High-quality seeds of the 57 experiment inbred lines were 
selected by germination test and sown in a plastic roof to prevent rainfall. Single row plots with row 
spacing 0.7m and hill spacing 0.3m were designed according to random block design with 6 replications. 
Irrigation amount was determined according to soil moisture assay every other day. The soil moisture of 
replication I, II and III was controlled to about 10%, a little higher than the wilting coefficient of drought 
tolerant inbred lines, and the soil moisture of replicatin 4, 5 and 6 was regulated to about 16%, the 
optimum moisture of the experiment sandy loam soil for maize growth, and used as non drought contrast.  
 
Identification of drought tolerance 

Seedling emergence was observed every day and emergence rate was calculated for each plot. 
Drought tolerance indexes for seedling stage were investigated when the seedlings had grown up to have 
5 leaf blades. 5 plants were sampled randomly from every plot (less than 5 from minor plots) and roots, 
and stems and leaf were weighed separately after scouring off and drying at 1050C for 1 h and 950C until 
constant weight. Average root weight and biomass per plant were calculated. The second blades was 
sampled from the other plants of every plot and cut into two parts along the principal veins after scouring 
off. One part was cut into small pieces and used to extract proline with 3% sulfosalicylic acid after 
weighing. Light absorbance was detected in spectrophotometer of model 751A with wavelength of 520nm 
after color development reaction with acidic ninhydrin and proline content of leaf was calculated 
according to regression equation of standard samples (Xianzheng, 1992). The other part was cut into 
pieces of 1 cm×1 cm and used to assay electric conductivity in conductivity detector of model DDB6200 
after weighing and extracting with equal deionized water for 24 h (Xianzheng, 1992; Baoshi et al., 1996). 

At 8:00 in the morning, the third, the fourth and the sixth blades of the same plant as above in contrast 
plots were cut down completely and weighed fresh weight after clearing with tissue. Dewatered weight of 
these blades were weighed after dewatering in dark incubator at 24� and 63% of relative humidity for 24 
h. Then, dry weight was weighed after drying at 1050C for 30 min and 950C until constant weight and 
water-holding capability was calculated as introduced by Xianzheng (1992) and Baoshi et al (1996). 

The seedlings were singled to one per hill after the investigation of drought tolerance indexes during 
seedling stage. Average rate of leaf emergence from the sixth leaf to anthering, anthering and silking 
interval (ASI), stem diameter of the internode under ear, plant height, branch number of tassel, ear leaf 
area (0.75×length×width), per ear kernel, 100 kernel weight, per plant kernel yield and root weight were 
investigated progressively. Ear leaf was sampled with pinhole plotter and proline content and electric 
conductivity were detected with the same method as seedling stage. Photosynthetic efficiency of ear leaf 
was detected with photosynthetic meter of LI-6200 on fine day during milking stage. 
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Estimation of drought tolerance coefficients and statistical analysis 
In order to avoid connatural difference of the indexes among the experiment inbred lines, the indexes 

significant in variance analysis were turned into drought tolerance coefficients according to the following 
formula:  

Observed value of drought treatment 
Drought tolerant coefficient = 

Observed value of contrast 
Under drought conditions, the content increase of proline that is water soluble raises osmoregulation 

ability of cell and drought tolerance of plant (Xianzheng, 1992). Therefore, the drought tolerance 
coefficient of proline content was calculated according to the following formula: 

Observed value of drought treatment – Observed 
value of contrast Drought tolerant coefficient = 
Observed value of contrast 

Drought increases anthering and silking interval and destroys selective permeability of cell membrane 
so as to make electrolyte seepage out of cell and raise electric conductivity of tissue drench (Baoshi, 1996; 
Xianzheng, 1992). Therefore, the increase of anthering and silking interval and electric conductivity 
revealed low drought tolerance of plant and their drought tolerant coefficients were calculated according 
to the following formular: 
 

Observed value of drought treatment –  
Observed value of contrast Drought tolerant coefficient = 1– 
Observed value of contrast 

Coefficient of leaf water-holding capability was calculated as follows (Bangxi et al., 1989; Classen et 
al., 1970; Xianzheng, 1992): 
 

Fresh weight – Dewatered weight 
Drought tolerant coefficient = 1– Fresh weight – Dry weight 
In order to compare relative importance among the different indexes to drought tolerance of per plant 

kernel yield, multiple regression analysis was made by the program of spss using drought tolerance 
coefficient of per plant kernel yield as dependent variable (y1) and separately using drought tolerance 
coefficients of seedling stage indexes and drought tolerance coefficients of grown up stage indexes (x). 
 
Results 
 
Variance analysis of drought tolerance indexes 

The result of variance analysis (Table 1) indicated that drought treatment performed 
greatly significant effect on all the 17 investigated indexes and the same level of innate difference was 
found among inbred lines. It was necessary, therefore, that the influence of this innate difference be 
avoided during drought analysis. Biomass and root weight at seedling stage and plant height, anthering 
and silking interval, leaf emergence speed, 100 kernel weight and per plant kernel weight at grown up 
stage performed different sensitivity to drought treatment among the inbred lines because reciprocal effect 
between drought treatment and inbred line was found greatly significant with these indexes. It was 
believed that high sensitivity belonged to non tolerant and low sensitivity belonged to tolerant inbred lines. 
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Drought tolerant coefficient of per plant kernel yield 
Drought tolerant coefficient of per plant kernel yield was synthetic performance of different 

mechanisms of drought tolerance and final aim of breeding drought tolerant inbred lines. Table 2 showed 
that the drought treatment of this study was applied to all the growth duration and so strict that decrease 
of per plant kernel yield was found with all the experiment inbred lines. 81565 performed the highest 
drought tolerance with coefficient of more than 0.8; N87-1, R09, 9635, 9651, Nan21-3, TF1 and 5003 
were identified to be upper middle tolerant with coefficients from 0.61 to 0.80; P3245-4, Ye52106, 3222, 
95283, SN3-2, S28, 9636, TF2, FS018-2, Zhongzi03, Sheng137, 963222, 18-599, 9601, SN3-1, 3411, HC, 
48-2, L37, 7884-7HT, R15, R08, TF3, Zhongzi01, 178, Zong31, Zi330, C8605-2, 7922, 286-4, CA192, 
Huangzaosi, 2199, 9528, 75-1 and Ye478 had middle tolerance with coefficients from 0.41 to 0.60; L30, 
Zhong451, 9603, 3237, L16, 9642, 9508, 9517-2 and S37 were classified into lower middle tolerance 
with coefficients from 0.21 to 0.40; 21-ES, 200B, Dan340 and 9526 were identified to be non tolerant 
with coefficients less than 0.20. 
 
Comparison of drought tolerant indexes during seedling stage 

Drought tolerant coefficients of investigated indexes were showed in table 3. It was found 
that different sequence of drought tolerance among experiment inbred lines could be made with 
different investigated indexes. Multiple regression analysis was made with drought tolerant 
coefficient of per plant kernel yield as dependent variable (y) and drought tolerant coefficients of 
6 indexes investigated during seedling stage as independent variables (x1, x2, x3, x4, x5, x6). The 
optimum regressive equation was as follows: y=0.0033+0.986x2

** (F=24.38**, R=0.842, 
R2=0.709) 

The contribution of biomass to per plant kernel yield reached greatly significant level and no 
significant effect was found with the other indexes. Per plant kernel yield, however, was calculated based 
on the plant number after final singling and the majority of the drought treatment influence on seedling 
emergence had not been included. As a result of this, the regression relationships between per plant kernel 
yield and seedling emergence rate were found non significant. 

It should be thought as a synthetic performance of drought tolerance during seedling stage that the 
seedlings emerged with a high rate and accumulated more biomass. Therefore, the product of drought 
tolerance coefficients of seedling emergence rate and biomass (x1×x2), i.e. drought tolerance coefficient of 
population biomass, should be used as a synthetic index for drought tolerance identification during 
seedling stage. This could be thought as a self evident truth in agronomy although it had already been 
partly proved by the evidences of the greatly significant difference of seedling emergence rate among the 
experiment inbred lines (F=89.4**), wide variation range of drought tolerance coefficients of seedling 
emergence rate (from 0.174 to 0.951) and greatly significant correlation coefficient (r=0.840**) between 
drought tolerance coefficient of per plant kernel yield (y) and the product of drought tolerance coefficients 
of seedling emergence rate and biomass (x1×x2). According to this synthetic index, drought tolerance of 
maize inbred lines during seedling stage could be classified as tolerant (x1×x2≥0.8), upper middle tolerant 
(0.8＞x1×x2≥0.6), middle tolerant (0.6＞x1×x2≥0.4), lower middle tolerant (0.4＞x1×x2≥0.2) and non 
tolerant (x1×x2＜0. 

 
Comparison of drought tolerant indexes during grown up stage 

Table 4 showed the drought tolerance coefficients of the indexes investigated during grown up stage. 
The optimum multiple regression equation with drought tolerance coefficient of per plant kernel yield as 
dependent variable (y) and drought tolerance coefficients of 9 indexes investigated during grown up stage 
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as independent variables (x7, x8, x9, x10, x11, x12, x13, x14, x15) was as follows: y 

=0.316+0.314x7
*+0.254x11

*+0.789x12
*+0.745x13

**+0.266x15
** (F=370.526**, R=0.999, R2=0.997) 

The effect of drought tolerance coefficients of plant height (x7), anthering and silking interval (x11), 
leaf emergence speed (x12), root weight (x13) and proline content (x15) on drought tolerance coefficient of 
per plant kernel yield (y) reached significant or greatly significant level. The possibility of this equation to 
forecast drought tolerance of inbred lines during grown up stage was more than 99.7%. 
 
The change of average drought tolerance coefficient of proline content of inbred lines with different 
drought tolerance along with leaf age 

The following figure showed the tendency of average drought tolerance coefficient of proline content 
of the inbred lines with different drought tolerance to change along with leaf age. At the beginning of 
drought treatment, both tolerant and non tolerant inbred lines maintained relatively high content of proline 
so that no significant regression relationships were found between the drought tolerance coefficients of 
proline content at five leaf stage and per plant kernel yield. Drought tolerant inbred lines maintained 
higher proline content throughout while the proline content of non drought tolerant inbred lines decreased 
gradually along with drought duration. Proline had high water solubility that was beneficial to drought 
tolerance. Therefore, significant regression relationships between the drought tolerance coefficients of 
proline content and per plant kernel yield were found only during grown up stage. 

 
Photosynthetic rate under drought conditions and its correlation with drought tolerance coefficient of 
per plant kernel yield 

Table 5 showed the photosynthetic rate of ear leaf of 3 tolerant and 3 non tolerant inbred lines during 
milking stage. Under drought conditions, higher photosynthetic rate was assayed with drought tolerant 
inbred lines than the non tolerant. The high correlation coefficient (r=0.900*) between photosynthetic rate 
and drought tolerance coefficient of per plant kernel yield indicated that the influence of drought to kernel 
yield was partially due to the decrease of photosynthetic rate. 
 
Discussion 
 

It has not been very clear about the mechanism of drought tolerance in maize and different inbred 
lines may have different mechanism. Correlation relationships between drought tolerance and 
physiological and biochemical indexes, such as electric conductivity, proline content, water holding 
capability of leaf, were reported by Baoshi et al (1996), Caixia et al (1998), Jun et al (1993), Junying et al 
(1990) and Singh(1972) and denied by Bangxi et al (1989), Harson (1979) and Yingjie et al (1992). In 
this study, the correlation relationships were non significant between drought tolerance coefficients of 
electric conductivity and water holding capability of leaf and drought tolerance coefficient of per plant 
kernel yield. It is difficult in practice to select drought tolerance according to the correlation relationships 
between the drought tolerance coefficients of proline content and per plant kernel yield because these 
relationships differ along with drought duration and plant development. If it is inconvenient to identify 
drought tolerance with the coefficient of per plant kernel yield in breeding practice, the product of the 
drought tolerance coefficients of seedling emergence rate and biomass under drought conditions could be 
used as an identification index during seedling stage and the drought tolerance during grown up stage 
could be estimated with the drought tolerance coefficients of plant height, anthering and silking interval, 
leaf emergence speed, root weight and proline content according to the above multiple regression 
equation. 

- 349 - 



Fengling et al. 

In this study, multiple regression analyses were conducted separately for seedling stage and grown up 
stage in order to avoid the residual freedom degree of regression less than 1, for the investigated indexes 
were more than the experiment inbred lines. 
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Table 1. Values and their significance of drought tolerance indexes. 

Index Drought Inbred line Drought × inbred 
line Block 

Seedling emergence rate 
(x1) 

65.1** 89.4** 0.9 1.3 

Biomass (x2) 127.3** 25.1** 9.4** 0.4 
Root weight (x3) 78.4** 12.9** 6.8** 1.0 
Electric conductivity (x4) 4.1** 9.3** 0.8 1.2 
Proline content (x5) 12.1** 10.4** 1.1 0.6 

Seedling stage 

Water conservation (x6) 9.1** 11.4** 0.5 0.7 
Plant height (x7) 107.6** 18.0** 6.1** 0.1 
Stem diameter (x8) 2587.1** 30.1** 0.7 4.7** 
Tassel branch number (x9) 8.4** 18.6** 0.3 0.4 
Ear leaf area (x10) 30.8** 4.3** 1.7 0.1 
Anthering and silking 
inteval (x11) 

272.3** 23.2** 2.3** 0.3 

Leaf emergence speed(x12) 40.2** 5.3** 6.7** 0.6 
Root weight(x13) 16.5** 5.0** 0.7 1.1 
Electric conductivity (x14) 10.3** 7.5** 1.1 1.3 
Proline content (x15) 22.1** 8.4** 1.0 0.6 
100 kernel weight (x16) 80.8** 11.9** 8.1** 0.1 

G
row

n up stage 

Per plant kernel yield (y) 2990.4** 40.0** 8.9** 0.7 
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Table 2. Per plant kernel yield (g) of 57 inbred lines and its drought tolerance coefficient. 
Inbred line Drought Contrast Coefficient Inbred line Drought Contrast Coefficient 
81565 105.8 131.2 0.810 R08 51.2 110.6 0.463 
N87-1 52.6 69.0 0.762 TF3 34.0 73.8 0.461 
R09 37.8 50.3 0.750   Zhongzi01 73.2 159.4 0.459 
9635 47.5 64.0 0.742 178 39.2 87.1 0.450 
9651 58.6 82.1 0.714 Zong31 25.7 57.2 0.449 
Nan21-3 39.9 59.0 0.676 Zi330 55.3 123.4 0.448 
TF1 76.3 120.6 0.633 C8605-2 68.1 152.8 0.446 
5003 41.8 67.5 0.619 7922 45.8 102.7 0.445 
P3245-5 47.5 80.5 0.590 286-4 47.6 107.8 0.442 
Ye52106 121.9 206.9 0.589 CA192 51.6 118.1 0.440 
3222 73.3 127.5 0.575 Huangzaosi 51.9 121.1 0.429 
95283 54.5 97.6 0.558 2199 40.8 96.8 0.421 
SN3-2 62.6 112.6 0.556 9528 62.7 150.4 0.417 
S28 70.5 128.6 0.548 75-1 35.3 85.9 0.411 
9636 32.2 59.4 0.542 Ye478 41.9 102.9 0.407 
TF2 71.1 131.5 0.541 L30 27.9 71.3 0.391 
FS018-2 43.1 79.9 0.539 Zhong451 28.9 79.9 0.362 
Zhongzi03 84.8 160.3 0.529 9603 30.9 89.6 0.345 
Sheng137 46.8 89.0 0.526 3237 26.7 80.4 0.332 
963222 46.5 89.7 0.518 L16 47.9 157.9 0.303 
18-599 54.1 105.3 0.514 9642 32.7 123.5 0.265 
9601 52.5 102.7 0.511 9508 29.9 131.9 0.227 
SN3-1 47.0 92.7 0.507 9517-2 24.3 116.0 0.209 
3411 61.7 121.9 0.506 S37 25.8 124.7 0.207 
HC 66.3 131.5 0.504 21-ES 18.7 96.1 0.195 
48-2 51.6 102.9 0.501 200B 3.8 49.6 0.069 
L37 36.2 73.3 0.494 Dan340 5.0 87.3 0.057 
7884-7HT 43.8 90.9 0.482 9526 4.4 91.4 0.048 
R15 50.2 104.6 0.480     
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Table 3. Drought tolerance coefficients during seedling stage. 

Inbred 
line 

Seedling 
emergence 
rate (x1) 

Biomass 
(x2) 

Root 
weight 
(x3) 

Electric 
conductivity 
(x4) 

Proline 
content 
(x5) 

Water-
holding 
capability 
(x6) 

Product 
of x1×x2

N87-1 0.951 0.701 0.750  0.475  0.053 0.566 0.641 
81565 0.890 0.691 0.742  0.579  0.209 0.624 0.615 
R09 0.900 0.694 0.755  0.552  0.582 0.500 0.625 
9635 0.875 0.690 0.718  0.905 -0.229 0.521 0.604 
178 0.333 0.379 0.484  0.016  0.307 0.430 0.160 
HC 0.174 0.146 0.640  0.505 -0.214 0.370 0.025 
R08 0.904 0.578 0.425  0.676  0.456 0.592 0.523 
C8605-2 0.733 0.675 1.160 -0.184  0.165 0.520 0.495 
21-ES 0.186 0.270 0.335  0.372 -0.335 0.413 0.050 
Dan340 0.175 0.211 0.412  0.217 -0.279 0.379 0.037 
200B 0.477 0.198 0.307  0.562 -0.237 0.486 0.035 
9526 0.214 0.098 0.353  1.015 -0.170 0.404 0.021 
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Table 4. Drought tolerance coefficients during grown up stage. 

Inbred 
line 

Plant 
height 

(x7) 

Stem 
diameter 

(x8) 

Number of 
tassel branch 

(x9) 

Ear leaf 
area 
(x10) 

Anthesis-silking 
interval (x11) 

N87-1 0.911 0.921 0.821 0.956 0.925 
81565 0.943 0.939 0.910 0.960 0.833 
R09 0.951 0.959 0.949 0.936 0.919 
9635 0.978 0.960 0.920 0.930 1.137 
178 0.781 0.888 0.960 0.760 0.730 
HC 0.883 0.909 0.942 0.897 0.719 
R08 0.715 0.856 0.891 0.777 0.600 

C8605-2 0.701 0.802 0.921 0.730 0.792 
21-ES 0.820 0.811 0.886 0.845 0.130 

Dan340 0.728 0.729 0.887 0.622 0.100 
200B 0.670 0.792 0.906 0.662 0.091 
9526 0.474 0.779 0.743 0.435 -.270 

Inbred 
line 

Leaf 
mergence 
rate (x12) 

Root 
weight 
(x13) 

Electric 
conductance 

(x14) 

Proline 
content 

(x15) 

Per plant kernel 
yield 
(y2) 

N87-1 0.919 0.878 0.961 -.032 0.762 
81565 0.943 0.861 0.691 0.318 0.810 
R09 0.918 0.849 0.948 0.075 0.752 
9635 0.940 0.824 0.861 -.187 0.742 
178 0.891 0.645 0.936 -.323 0.450 
HC 0.838 0.664 0.755 -.363 0.504 
R08 0.784 0.565 0.947 -.133 0.463 

C8605-2 0.943 0.654 0.853 -.047 0.446 
21-ES 0.838 0.392 0.753 -.245 0.195 

Dan340 0.863 0.349 1.015 -.326 0.057 
200B 0.849 0.396 0.483 -.279 0.069 
9526 0.846 0.451 0.144 -.094 0.048 

 
 
 

Table 5. Photosynthetic rate of inbred lines with different drought tolerance under 
drought condition. 
Inbred lines 81565 N87-1 R09 200B Dan340 9526 
Photosynthetic rate  
(µmol CO2/m2.s) 23.20 20.63 17.17 10.80 14.60 9.93 
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Figure 1. Change of average drought tolerance coefficient of proline content of 
inbred lines with different drought tolerance along with leaf age. 
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Abstract 

 
One of the main deterrents to high grain yield in maize is its susceptibility to several diseases. Banded 

leaf and Sheath blight (BLSB) caused by Rhizoctonia solani .(f. sp. sasakii) has become a serious threat to 
its cultivation in the north –western plains of India. The pathogen spreads from the basal sheath to the 
developing ear under favorable environmental conditions. The developing ear is completely damaged and 
dries up prematurely with caking of husk leaves. The main objective was to work out the inheritance of 
resistance to this biotic stress. Inheritance of resistance to BLSB was studied based on the analysis of 10 
crosses. Eight crosses were between 2 resistant (CM104 and CML1) and 4 susceptible inbred lines (Tarun 
⊗- 36-1-1-1-2-1-4, D741⊗- 1-1-1-10-4-4, Pop31 ⊗-21-1-2-4-1-1-5-1/13 # and Tarun ⊗- 252-1-2-2-1-2-
1). In addition, one resistant x resistant and one susceptible x susceptible cross was also studied. Parents, 
F1’s, F2’s,and backcrosses, were included in the present study. Final evaluation was undertaken under 
artificially created epiphytotic conditions. The F2 segregation pattern for BLSB reaction was15:1 in 
crosses involving CM104 as the resistant parent, and 13:3 in crosses involving CML1 as the resistant 
parent. The BC1 P1 segregation pattern exhibited a 3:1 ratio. The resistant x resistant and susceptible x 
susceptible crosses followed all: 0 and 0: all for resistance and susceptibility, respectively. The F2 

segregation analysis of eight susceptible x resistant crosses revealed that resistance was governed by two 
genes. The BLSB reaction in F2 and backcrosses involving CM104 and susceptible lines suggested that 
resistance in CM104 was controlled by duplicate dominant genes while crosses of CML1 showed 
dominance and recessive interaction. 
 
Introduction 
 

Maize ranks first in both production (604 mt.) and productivity (43.8 q/ha) in the world among the 
cereal crops (FAO, 2002). However, in India it is cultivated over 6.5 m ha with its production and 
productivity being 12.06mt and 18.41q/ha, respectively. Maize is used as food for human beings and feed 
for the animals. Although industrial usage of maize in developed countries is wide and diverse, it is also 
beginning to pick up in India. Despite very high yield potential of maize, one of the main deterrents to 
high grain yield is its sensitivity to several diseases. According to some records, as many as 65 pathogens 
infect maize. Banded leaf and sheath blight was earlier reported as a minor disease of maize (Payak and 
Renfro, 1966). The importance of the disease was only a curiosity in India until the1970’s when an 
epidemic occurred in warm and humid foot-hill areas in Himachal Pradesh (Thakur et. al.1973). However, 
in the subsequent two decades, it has become one of the major diseases in the hot humid foot-hill region 
in the Himalayas and the adjacent plains. The disease is caused by Rhizoctonia solani= ypochomus 
sasakii Thanatephorus cucumaris (Frank). The pathogen spreads from the basal sheath to the developing 
ear under favorable environmental conditions. The developing ear is completely damaged and dries up 
prematurely with caking of husk leaves. The disease can cause losses up to 23.0 – 40.0 %. However, cent 
per cent yield loss may result in extreme situations. There are different ways in which the losses caused 
by this disease could be reduced. One of these is stripping two lower leaves along with the leaf sheath. 
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This effectively checks further spread to upper leaves and stem. Chemical control is more expensive and 
less environment friendly. Therefore, the only alternative is to develop disease resistant genotypes. The 
success or failure of a disease resistance breeding program depends on the knowledge of the genetic 
behavior of disease reaction. With this overall aim in view, an experiment under artificial epiphytotic 
conditions was carried out in the field as well as in the laboratory to work out the inheritance of resistance 
to this disease. 
 
Materials and Methods 
 

The present research work was conducted at the Crop Research Centre (CRC), G. B. Pant University 
of Agriculture and Technology, Pantnagar, India. The F1’s were developed in the winter season (1999-
2000) at winter nursery centre, Amberpet , Hyderabad while F2’s and back crosses were developed during 
rainy season,2000 at Pantnagar. The final screening of test materials was done during rainy season, 2001.  

Parents and crosses : Four BLSB susceptible but agronomically good inbred lines viz. Tarun ⊗- 36-
1-1-1-2-1-4 , D741⊗- 1-1-1-10-4-4, Pop31 ⊗-21-1-2-4-1-1-5-1/13 # and Tarun ⊗- 252-1-2-2-1-2-1 and 
two inbred lines viz. CM104 (A.Theo-21-(B)-f-#-3-f-#-#) and CML1 (Pob 21C5HC57-1-2-B-#-#) having 
tolerance/resistance to BLSB were used in this study. 

All four susceptible inbred lines were crossed on to two tolerant/resistant lines to develop eight 
susceptible x resistant crosses. Further, two crosses, one, resistant x resistant and one, susceptable x 
susceptable were also developed. All 10 F1’s, thus developed, were selfed to obtain F2’s. The F1’s were 
also backcrossed to both parents (P1- susceptible, P2- resistant) to obtain BC1P1 and BC1P2, respectively. 

Pathogen isolate: Maize plants showing symptoms of banded leaf and sheath blight on leaves/ 
sheaths were thoroughly washed in tap water, rinsed in sterilized water and cut into small pieces of 5mm 
along with the lesion having half-healthy and half diseased tissue. These pieces were surface sterilized in 
aqueous mercuric chloride solution (0.1%) for one minute, washed in sterilized distilled water 3-4 times 
and transferred asceptically into peteri dishes seeded with PDA medium and incubated at 28±1º C. After 7 
days, fresh mycelial growth from the margin of developing colonies was transferred to PDA slants and 
incubated at 28±1º C. Rhizoctonia solani isolates were maintained by subculturing on PDA at an interval 
of one month and were stored in refrigerator (5º C). The purified cultures thus obtained were used in the 
study. 
 
Preparation of inoculum  

A pathogenic isolate of the fungus obtained from freshly diseased leaf / sheaths of maize was used 
throughout the investigation for preparation of large scale inoculum. Sorghum grains were soaked in 
water for 24 hrs after thorough washing in running tap water. The soaked 40g grains were filled in 250ml 
Erlenmeyer flask. After removing excess water, these flasks were plugged with non-absorbent cotton and 
aluminum foil tightly. Grain-filled flasks were then autoclaved twice at 15 psi for 30 minutes. The second 
sterilization was repeated after 24 hrs. of the first one. Each flask was shaken to remove formation of 
grain clots. This grain medium was used for inoculation with actively growing culture of Rhizoctonia 
solani in PDA plates. One or two discs we seeded in each flask and then the flasks were incubated at 
28±1º C for 7-10 days. During incubation, the grains in flasks were also shaken to provide uniform fungal 
growth on all grains. These grains were then used for artificial inoculation in field. 
 
Inoculation technique  

i) Inoculation in field – Field inoculations were carried out by inserting two sorghum grains 
between the leaf sheath and stem on lower third/fourth internode above the ground level just 
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before the onset of tassel emergence stage of the crop. The inoculation was repeated after 3 days 
of first inoculation to safeguard against the escapes.  

 
ii) Inoculation in laboratory – The leaves were collected from 30 day old plants in the afternoon 

for reasons given by Payak (1955). Leaf pieces were cut into suitable size (8.0 X 5.5 cm), washed 
in tap water and floated on 8 ml of 2 ppm Kinetin (6-furfuryl-amino-purine) solution in petri 
dishes. The leaf pieces were inoculated by placing single grain culture on the midrib of adaxial 
surface and incubated at 28±1º C for two days. 

 
Plant culture and screening procedure 

F1’s, F2’s and backcross were raised in the field along with their parental inbreds. Parental inbreds and 
F1’s were sown in 3 row plots while F2’s and backcrosses were sown in 12 and 6 row plots, respectively. 
F1’s, F2’s and backcrosses were also sown in plastic pots (15 cm dia.) along with their parents for testing 
in the laboratory. 
 
Observational procedure 

Observations were recorded on disease development 15 days after flowering and 48 hr. after 
inoculation in field and laboratory, respectively on the basis of the following rating scale . 
 (i)  Field rating scale ( Ahuja and Payak, 1983 ) : (Fig. 1) 
1.0 – No infection. 
2.0 – Infection upto lower four leaf sheaths and leaves, lesions many and always     
 coalescent. 
3.0 – disease on all sheaths except two internodes below the ear. 
4.0 – disease upto the internode bearing the ear shoot but shank not affected. 
5.0 – disease on the ear ; reduced ear dimensions ; wet rot and disorganization of ear ; kernel formation 
absent or rudimentary premature dead plants common. 
 
 
 
 
 
 
 
 
 
 
 
 
 

S
e
 
 

Genotypes with disease rating 1.0 to 4.0 were classified as resistant and >4.0 to 5.0 as susceptible. 
imple χ2 test as described by Snedecor & Cochran (1980) was used to test the goodness of fit of 
xpected segregation ratios.  

 Figure 1. Laboratory rating scale (Ahuja and Payak, 1981). Symptoms in 
the ear and stalk are shown in figures 2 and 3. 
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Results and Discussion 
 

Two sets of experiment were conducted in artificial epiphytic conditions aimed at screening for the 
disease reaction to banded leaf and sheath blight (BLSB). In one set, four crosses were involved, in which 
two were susceptible x resistant and one each resistant x resistant and susceptible x susceptible (Table 1). 
In this set, observations on 10-40 plants of each parental inbred and F1’s were recorded while number of 
plants observed in F2’s and backcrosses (segregating generations) varied from 150-300 and 150-250, 
respectively. It was done so to workout the segregation pattern of disease reaction. Genotypes with 
disease reaction 1.0 to 2.0 were designated as resistant, >2.0 to 4.0 as intermediate and >4.0 to 5.0 as 
susceptible (Ahuja and Payak, 1983 ). The observed frequency distribution did not fit in 1: 2 : 1 ratio and 
hence polygenic inheritance was not indicated. 

In view of this, rating scale was modified in which genotypes with disease reaction 1.0 to 4.0 were 
designated as resistant and >4.0 to 5.0 as susceptible. The modified rating scale gave a good fit to 
expected digenic ratios (15 : 1 and 13 : 1) in F2 for susceptible x resistant crosses (Table 1). Segregation 
pattern in the population of crosses between F1 and its parents was also studied. Wherever the F1 was 
backcrossed to its susceptible parent (P1), the observed segregation ratio was 3 resistant : 1 susceptible 
indicating resistance to BLSB as dominant.  

In resistant x resistant and susceptible x susceptible crosses, all the plants were resistsnt and 
susceptible, respectively. In F2 and BC1P1 generations, however, a few plants were not susceptible in 
susceptible x susceptible cross indicating role of modifier genes. 

In another experiment involving eight crosses (susceptible x resistant) were studied (Table 2). In this 
set, observations were recorded on parental inbreds (10-40 plants), F1’s (40-60 plants), F2’s (75-
150plants), BC1P1 (125-150 plants) and BC1P2 (50-100 plants). Nearly 80% of plants were killed after 
inoculation in each of the susceptible parent (P1) indicating virulence of BLSB isolate while 90-95% 
plants survived in the resistant parental lines. The F1’s between susceptible x resistant parents were 
resistant, thus, resistance to the BLSB was found completely dominant over susceptibility. Dominance of 
resistance was further confirmed by the segregation ratio in the backcrosses to the susceptible parent 
(BC1P1). Four crosses, involving all susceptible and one resistant parent (CM104), segregated in 15 
resistant : 1 susceptible plants in F2 and 3 resistant : 1 susceptible in BC1P1. Thus digenic dominant 
control of resistance to BLSB was indicated while in other four crosses involving all susceptible and one 
resistant parent (CML1), segregated into 13 resistant : 3 susceptible plants in F2 and 3 resistant : 1 
susceptible in BC1P1, respectively. These results also indicated the digenic dominant control of resistance 
to BLSB. 

In laboratory screening for disease reaction, leaf pieces of 15 plants of parental inbreds and F1’s , 50-
60 plants of F2’s and 30-40 plants of backcrosses were used. The eight susceptible x resistant crosses were 
studied in the laboratory (Table 3). In this experiment, all the eight F1’s exhibited resistant reaction. The 
F2’s of crosses between all susceptible and CM104, segregated in 15 : 1 and 3 : 1 in case of BC1P1 while 
crosses between all susceptible and CML1 exhibited 13 : 3 and 3 : 1 ratio in F2 and BC1P1, respectively. 
This further confirmed the results obtained from field screening. The segregation analysis of eight crosses 
involving susceptible x resistant parents revealed that resistance was governed by two genes. The BLSB 
reaction in F2 and backcross generations involving CM104 and susceptible lines suggested involvement 
of duplicate dominant genes while crosses with CML1 showed dominant recessive gene interaction. 
However, inbreds with higher degree of resistance are required to further confirm the results presented 
here. It may be mentioned here that the resistant/ tolerant inbreds included in this study were the ones 
available and by no stretch of imagination the ideal ones. 
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Table 1. Field reaction (in large size plots) of parents, F1’s, F2’s and their backcrosses to BLSB in Maize. 

BC1P1 = F1 × P1 ; BC1P2 = F1 × P2

Frequency distribution Total observed frequency 
Parents and crosses 

Generation 1       2 3 4 5 Resistant susceptible

Expected ratio χ2
value P value

Tarun⊗36 
D 741 
CM 104 
CML 1 
 

 -    
- 
4 
13 

- 
- 
2 
12 

- 
- 
1 
6 

5 
9 
- 
2 

16 
30 
- 
- 

5 
9 
7 
33 

16 
30 
- 
- 

CM 104 × CML 1 F1
F2
BC1P1
BC1P2

8 
74 
25 
20 

15 
67 
63 
112 

1 
20 
62 
42 

- 
13 
3 
1 

- 
- 
- 
- 

24 
174 
153 
175 

- 
- 
- 
- 

   

   Tarun⊗36 × D 741 
 

F1
F2
BC1P1
BC1P2

- 
- 
- 
- 

- 
- 
- 
- 

3 
5 
4 
2 

5 
16 
43 
71 

27 
308 
190 
148 

8 
21 
47 
73 

27 
308 
190 
148 

D 741 × CM 104 
 

F1
F2
BC1P1
BC1P2

13 
5 
4 
73 

8 
44 
70 
104 

5 
67 
70 
28 

1 
44 
35 
16 

- 
16 
62 
- 

27 
160 
147 
221 

- 
16 
62 
- 

 
15 : 1 
3 : 1 

 
1.714 
2.425 

 
0.20-0.10 
0.10-0.50 

D 741 × CML 1 F1
F2
BC1P1
BC1P2

2 
8 
21 
17 

3 
17 
63 
46 

- 
65 
44 
45 

- 
25 
23 
22 

- 
25 
34 
- 

5 
115 
151 
120 

- 
25 
34 
- 

 
13 : 3 
3 : 1 

 
0.073 
4.326 

 
0.90-0.70 
0.05-0.01 
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Table 2. Field reaction  of parents, F1’s, F2’s and their backcrosses to BLSB.  
BC1P1 = F1 × P1 ; BC1P2 = F1 × P2 

 

Total observed frequency Parents and crosses Generation Resistant Susceptible 
Expected  
ratio 

χ2
value P value

Tarun⊗36 
D 741 
Pop31⊗ 
Tarun⊗252 
CM 104 
CML 1 
 

 6 
8 
5 
8 
17 
38 

32 
36 
19 
29 
- 
4 

   

Tarun⊗36 × CM 104 
 

F1

F2

BC1P1

BC1P2

34 
125 
107 
42 

- 
11 
41 
- 

- 
15 : 1 
  3 : 1 
- 

- 
0.784 
0.576 
- 

- 
0.50-0.30 
0.50-0.30 
- 

D 741 × CM 104 F1

F2

BC1P1

BC1P2

49 
146 
106 
53 

- 
10 
30 
- 

- 
15 : 1 
  3 : 1 
- 

- 
0.006 
0.627 
- 

- 
0.95-0.90 
0.50-0.30 
- 

Pop31⊗ × CM 104 
 

F1

F2

BC1P1

BC1P2

59 
159 
90 
64 

1 
9 
27 
- 

- 
15 : 1 
  3 : 1 
- 

- 
0.228 
0.230 
- 

- 
0.70-0.50 
0.70-0.50 
- 

Tarun⊗252 × CM 104 
 

F1

F2

BC1P1

BC1P2

36 
118 
99 
53 

- 
12 
26 
- 

- 
15 : 1 
  3 : 1 
- 

- 
1.971 
1.176 
- 

- 
0.20-0.10 
0.20-0.10 
- 

Tarun⊗36 × CML 1 
 

F1

F2

BC1P1

BC1P2

63 
131 
98 
96 

- 
45 
29 
- 

- 
13 : 3 
  3 : 1 
- 

- 
5.370 
0.317 
- 

- 
0.05-0.01 
0.70-0.50 
- 

D 741 × CML 1 F1

F2

BC1P1

BC1P2

58 
119 
102 
55 

- 
31 
32 
- 

- 
13 : 3 
  3 : 1 
- 

- 
0.360 
0.089 
- 

- 
0.70-0.50 
0.90-0.70 
- 

Pop31⊗ × CM L 1 
 

F1

F2

BC1P1

BC1P2

59 
167 
108 
78 

2 
55 
30 
- 

- 
13 : 3 
  3 : 1 
- 

- 
5.289 
0.782 
- 

- 
0.05-0.01 
0.50-0.30 
- 

Tarun⊗252 × CML 1 
 

F1

F2

BC1P1

BC1P2

43 
64 
112 
84 

- 
9 
35 
- 

- 
13 : 3 
  3 : 1 
- 

- 
1.975 
0.111 
- 

- 
0.20-0.10 
0.90-0.70 
- 
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Table 3. Laboratory reaction  of parents, F1’s, F2’s and their backcrosses to BLSB in maize. 
BC1P1 = F1 × P1 ; BC1P2 = F1 × P2

Total observed frequency Parents and crosses Generation Resistant Susceptible 
Expected  
ratio 

χ2
value P value

Tarun⊗36 
D 741 
Pop31⊗ 
Tarun⊗252 
CM 104 
CML 1 
 

 3 
3 
2 
2 
14 
18 

11 
9 
9 
13 
- 
- 

   

Tarun⊗36 × CM 104 
 

F1

F2

BC1P1

BC1P2

13 
59 
28 
24 

- 
5 
8 
- 

- 
15 : 1 
  3 : 1 
- 

- 
0.266 
0.148 
- 

- 
0.70-0.50 
0.90-0.70 
- 

D 741 × CM 104 F1

F2

BC1P1

BC1P2

16 
56 
26 
25 

- 
5 
10 
- 

- 
15 : 1 
  3 : 1 
- 

- 
0.394 
0.148 
- 

- 
0.70-0.50 
0.90-0.70 
- 

Pop31⊗ × CM 104 
 

F1

F2

BC1P1

BC1P2

14 
34 
28 
31 

- 
2 
10 
- 

- 
15 : 1 
  3 : 1 
- 

- 
0.029 
0.035 
- 

- 
0.90-0.70 
0.90-0.70 
- 

Tarun⊗252 × CM 
104 
 

F1

F2

BC1P1

BC1P2

13 
50 
34 
30 

- 
4 
8 
- 

- 
15 : 1 
  3 : 1 
- 

- 
0.123 
0.793 
- 

- 
0.90-0.70 
0.50-0.30 
- 

Tarun⊗36 × CML 1 
 

F1

F2

BC1P1

BC1P2

10 
40 
28 
35 

- 
6 
10 
- 

- 
13 : 3 
  3 : 1 
- 

- 
0.983 
0.035 
- 

- 
0.50-0.30 
0.90-0.70 
- 

D 741 × CML 1 F1

F2

BC1P1

BC1P2

14 
44 
28 
33 

- 
7 
8 
- 

- 
13 : 3 
  3 : 1 
- 

- 
0.845 
0.148 
- 

- 
0.50-0.30 
0.90-0.70 
- 

Pop31⊗ × CM L 1 
 

F1

F2

BC1P1

BC1P2

12 
30 
33 
31 

- 
4 
9 
- 

- 
13 : 3 
  3 : 1 
- 

- 
1.088 
0.285 
- 

- 
0.30-0.20 
0.70-0.50 
- 

Tarun⊗252 × CML 1 
 

F1

F2

BC1P1

BC1P2

13 
40 
26 
33 

- 
8 
10 
1 

- 
13 : 3 
  3 : 1 
- 

- 
0.136 
0.148 
- 

- 
0.90-0.70 
0.90-0.70 
- 
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Figure 2. BLSB symptom in the ear and stalk in field. 
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Figure 3. BLSB symptoms in the leaf in field. 
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Abstract 

 
Rajasthan downy mildew of maize incited by Peronosclerospora heteropogoni is a unique example of 

ontogenic predisposition of a crop to a pathogen from wild grass host. Since its first record on maize in 
1968, several outbreaks have been reported during 1973-80 and losses of up to 60 per cent have been 
recorded. The pathogen can infect maize, teosinte, Heteropogon melanocarpus, and H. contortus. The 
latter seems to be the natural reservoir of the pathogen. Some extent of variability has been observed 
among populations of P. heteropogoni. Young maize seedlings, 3-4 days after germination, are most 
susceptible to RDM. The mycelium has been observed in seeds collected from systemically infected 
plants, but the studies on seed transmission suggest that seed transmission may not be of much 
significance. The most conducive condition for disease development are temperatures 22.9 to 28.6° C and 
RH > 85.0 per cent. Management strategies for RDM include early sowing with onset of monsoon to 
avoid inoculum from P. heteropogoni, use of systemic fungicide metalaxyl as seed treatment @ 4 g/kg or 
spray 0.1 per cent, and use of host plant resistance. Future research thrusts on pathogenic variability, 
search for other collateral hosts, inheritance of resistance, use of genotype mixture in hot spot areas, and 
evaluation of botanicals for eco-friendly management of RDM are suggested. 
 
Introduction 
 

Rajasthan downy mildew incited by Peronosclerospora heteropogoni Siradhana, Dange, Rathore, & 
Singh was first reported from northern India in 1968 at Regional Research Station, Vallabh Nagar, 
Udaipur in Rajasthan. It is different from other downy mildews as it does not infect sorghum, but infects 
an annual wild grass, Heteropogon contortus (Table 1). The disease has so far been observed in 11 
districts of the state (Rathore, 1983), and is considered a major yield constraint in the state. Several 
outbreaks of RDM have been recorded in major maize growing districts of Rajasthan (Udaipur, 
Rajsamand & Bhilwara) during 1973 to 1980 (Anon., 1973-1980) Recent surveys revealed the natural 
incidence of Rajasthan downy mildew (RDW) to the extent of 60 per cent on local land races in Udaipur 
district (Anon., 2001). 

 
Economic Importance 
 

Being systemic in nature, maize downy mildews result in substantial yield losses. Rajasthan downy 
mildew also causes heavy yield losses under conditions favouring infection. Infection may occur at early 
stage (2-3 leaf) of crop growth. Following infection, the disease spreads quickly and infects large number 
of plants. Most of early infected plants usually die within a month. On some systemically infected plants 
rudimentory cobs may be formed, but these can not be harvested for grain purpose at all, and therefore 
result in the complete yield loss. 
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In a study using susceptible cultivar Ganga-5, 12.3 per cent infection could be generated with inoculum 

load of 1.5 x 103 conidia ml-1 which resulted in 10.2 per cent loss over the protected check (Table-2). The 
disease severity increased with increase in inoculum density upto 3 x 104 conidia ml-1 that resulted in 88.7 
per cent infection and 81.5 per cent reduction in grain yield (Rathore and Siradhana, 1987a). 
 
Symptoms on Maize & Heteropogon grass 

Symptoms of RDM on maize appear systemically in early seedling stage (2-3 leaves) under field 
conditions. On inoculated maize seedlings symptoms appear after 6-8 days of inoculation under favourable 
conditions. The typical symptoms are "half diseased leaf" which are characterised by the pale appearance of 
bases of second & third diseased leaves of the seedling. On infected leaves, yellow stripes at the base also 
extends upto upper green portion (Fig.1). Two or three lower leaves of inoculated seedling may be free 
from systemic infection, while the upper two leaves become systemically infected chlorotic. Severely 
infected plants give yellowish appearance even from a distance. Most of the infected plants die at about 
knee-high stage. Under humid conditions whitish fluffy growth due to abundant fructification of the fungus 
can be observed on the lower and upper leaf surfaces (Fig.2). In some cases leaves tend to become yellow in 
colour, errect and closer in position on the stem. No oospore formation by P. heteropogoni has been 
observed on any maize genotype screened during past 30 years. 

Systemically infected maize plants generally do not form cob. In some cases when cobs are formed, 
these are small, poorly filled and even if tassel appear, there is no pollen formation in anthers. Infected 
plants have week and thin stems and poor root growth, but no excessive tillering or malformation of any 
part has been observed. In some cases, under unfavourable conditions, only localized, chlorotic lessions 
may be formed on leaves. 

On Heteropogon contortus Beauv. an annual wild grass, formation of chlorotic stripes is observed on 
the 2-3 lower leaves. After 4-5 days all leaves become chlorotic. In later stages infected leaves become 
necrotic and oospore are formed in mesophyll tissues, which results in shredding of the leaves (Figs. 2 & 4). 
 
The pathogen 

Condiophores of P. heteropogoni are determinate, macronemous with swollen base, dichotomously 
branched, measuring, 81.6 – 142.8 x 14.3- 25.5 µm with an average of 101.8 x 20.1 µm. Conidia are 
globose, hyaline, thin walled and are 14.3 – 22.4 x 14.3 – 20.4 (17.7 x 16.2) µm. Oospores are spherical 
with persistant oogonial wall, and measure 24.5 – 26.7 (29.0) µm. Conidia are nocturnally formed on both 
H. contortus and maize (Dange et al., 1973) and germinate instantly through germ tube. 
 
Disease cycle 

P. heteropogoni produces abundant conidia and oospores on leaves of H. contortus which act as a 
collateral host, but produces only condia on maize leaves (Siradhana et al., 1976). It appears that maize is 
ontogenically predisposed to Heteropogon DM, and only young seedlings are highly susceptible to this 
pathogen (Siradhana et al., 1978). 

H. contortus is an annual grass, it grows during rainy season and forms seeds in late rainy season. 
Following this the aerial parts get dried, and underground stumps remain in soil, which germinate again 
with onset of rains. The roots of H. contortus harbour abundant mycelium and oospores of the pathogen and 
give rise to diseased seedling (Rathore and Siradhana, 1988a). Oospores formed on this grass are thus the 
primary source of inoculum which first infect the grass and then maize at 2-3 leaves stage. Systemically 
infected leaves of grass and maize produce abundant conidia in between 2.30 – 3.0 AM. on both the 
surfaces. 
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The conidia are the main source of secondary spread of the disease within and among fields. Under 
favourable environment infected leaves continue to produce conidia until they become necrotic or 
senesce. Young plants, particularly 3-4 days after germination, are most susceptible (Table-3). 
Thereafter the susceptibility decreases. Plants that were inoculated after 25 days of growth did not 
develop infection (Rathore and Siradhana, 1988c). Oosperes are produced in infected leaves of 
Heteropogon only late in kharif season (Sept.–Oct., Fig. 4). Oospores remain in the soil along with 
infected leaf and root residues and cause primary infection in the following years. 
 
Host range 

In order to study host range of RDM pathogen, 35 host species were tested under controlled 
conditions. Pot-grown plants (10-days old) were inoculated by whorl and spray inoculations (3 x 104 
conidia ml-1) followed by incubation in moist chamber (RH > 85%). The pathogen was found to infect 
and could sporulate only on four hosts viz. Zea mays (Maize), Euchlaena mexicana (Teosinte), 
Heteropogon contortus (Spear grass) and H. melanocarpus (Farm grass, Table-4). Abundant oospores 
were formed on leaves of H. contortus, and some were also observed in side roots of this grass in late 
kharif season. Recently, a perennial grass H. melanocarpus (Farm grass) growing abundantly on farmer's 
field, has been reported as a new collateral host of P. heteropogoni from Udaipur centre (Rathore et al., 
2001). Interestingly, the isolate from H. melanocarpus was severely pathogenic to maize, but it neither 
caused shredding of leaves nor produced oospores in leaves of maize or of farm grass. 
 
Host – pathogen interaction 

Conidia of P. heteropogoni germinate by germ tube within one and half hr after its formation. The 
germ tube elongates, reaches the nearest stoma, forms appressorium and subsequently a substomatal 
vesicle. Infection hyphae are produced from the substomatal vesicle and in few cases directly from 
appressorium and penetrate through stomata. The hyphae then thicken, branch, spread inter-cellularly 
and initiate peg like haustoria in mesophyll and epidermal cells and well developed palm like haustoria 
in mesophyll tissues. Systemic symptoms appear on maize seedlings in 8-10 days following inoculation 
(Rathore and Siradhana, 1988b). 
 
Seed transmission 

Seed transmission of P. heteropogoni in maize from systemically infected plants of susceptible 
cultivar Ganga-5 was studied. The seeds were collected at two stages – soft dough stage cobs at 39.2 per 
cent moisture content (85-days old plants) and stored in paper bags at room temperature (20-22ºC); and 
at maturity stage (105-days old plants). Undehydrated seeds were sown at seven different time intervals 
viz. immediately after harvest, 1, 2, 5, 10, 20 and 40 days after harvest. Fresh but dried dehydrated seeds 
collected 20 days later (105-days old plants) were sown just after harvest. The plants were examined 
upto 30 days after sowing. Five seeds from each sample were examined for histopathological studies. 
The presence of P. heteropogoni mycelium in seed was also studied using the method given by Morton 
(1961). 

The highest number of systemically infected seedlings (13.5%) developed from fresh seeds at 39.2% 
moisture content. The systemically infected seedlings were 4.7% in the seeds sown after 20 days of 
harvest. Seeds sown 40 days after harvest, and mature seeds sown immediately after harvest did not 
develop any infection (Rathore et al., 1987). This suggests that with depletion of moisture the percentage 
of systemically infected seedlings also decreased. Chang and Chen (1969) also reported similar results 
on seed transmission of P. sacchari and found no disease with seeds having moisture content below 20 
per cent. 
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In histopathological studies of seeds and embryo the fungus was observed in the aleurone layer and at 
the lower side of the scutellum, but not in embryo. Observations on whole seeds also confirmed the 
presence of thickned and branched coenocytic mycelium in the extra-embryonic region of undehydrated 
seeds. 

The results show that no infected plants developed when the moisture content of seeds was below 
23%, though mycelium was observed in seeds stored for 40 days which had 17.6% moisture content. 
However, no downy mildew infection occurred on seedlings grown from these seeds (Table-5). It is likely 
that when the moisture content of the seeds dropped below 22%, the mycelium totally or partially lost its 
viability. In the latter case, the mycelium may have required more time to become activated when seed 
was sown and by this time the seed germinated, the mycelium was left behind the growing point. This 
then may probably have resulted in disease free seedlings even when mycellium was present inside the 
seeds (Rathore et al., 1987). These studies suggest that seed-borne mycelium of P. heteropogoni does not 
play a significant role in disease transmission, because maize seed is normally harvested at approximately 
15 per cent seed moisture content. It is then usually stored until the following season and the hot, dry 
summer rules out any significant transmission of the fungus through the seed. 
 
Epidemiology 

Various experiments were conducted to find out effects of susceptible age of maize seedlings, 
conidial concentration and development of P. heteropogoni on maize and its conidial germination in 
relation to temperature, relative humidity and rainfall. 

Maize plants of different stages of growth viz. just germinated, 1, 2, 3, 4, 5, 7, 10, 15, 20, 25 and 30 
days were subjected to whorl-inoculation with spore suspension and observations for disease severity 
were recorded 30 days after inoculations. 

Young plants inoculated 3 and 4 days after germination developed 91.42% and 89.28% systemic 
infection, respectively (Rathore and Siradhana, 1988). The susceptibility declined and none of the plant 
inoculated 25 days after sowing developed any infection. Similar results were observed earlier by Sun et 
al. (1966) that one-month-old plant of maize were highly resistant to infection by P. sacchari. 

Number of conidia in a given inoculum determine the extent of disease likely to occur. Maize plants 
were inoculated with one drop of different concentrations of conidia, viz. 1,00,000, 50,000, 25,000, 
12,500, 6,260, 3125, 1562 and 781 ml-1. Direct correlation between inoculum density and per cent 
infection was observed. The data suggested that the inoculum density of 6000 conidia ml-1 may induce 
about 80 per cent disease incidence (Rathore, 1983; Rathore and Siradhana, 1987b). 

To study the effect of ambient environmental conditions on development of P. heteropogoni, weekly 
planting of maize cultivar Ganga-5 from July to October was done. Maximum infection occurred from 1st 
week of August (tem. max. 27.9 – 29.3ºC, min. 21.6 – 24.3º; RH max. 84.7 – 96.7%, min. 73.7 – 83.8%) 
and rainfall 38.3 – 114.2 mm. Positive infection was obtained at range of maximum temperature 25.98- 
37.72ºC, minimum temperature 15.68 – 25.60ºC; maximum RH 62.0 – 91.57%, minimum RH 23.42 – 
85.85 per cent and rainfall 0.4 – 114.2 mm (Rathore, 1983). Earlier Siradhana et al. (1978) also found 
highest P. heteropogoni infection with temp. range 23.5 – 30.1ºC, rainfall being 154.4 mm and RH of 
87.3 per cent. Conidial germination occurred between 10ºC to 35ºC, maximum at 25ºC, and no 
germination occurred at 40ºC. 
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Disease Management Strategies 
 
Cultural practices 

Cultural methods are aimed at manipulating the environment to the advantage of the host and 
disadvantage to the pathogen. Studies on cultural practices for control of downy mildews are rare, but in 
case of RDM very effective recommendations have been made. 

A maize crop sown early in the season generally has less downy mildew then that sown late in the 
season. The recommendation is based on disease escape principle. Maize plants develop resistance, 
probably mechanical, at the later stages of its growth. After 25-days, infection of downy mildew does not 
cause much damage to the plant. In case of Rajasthan downy mildew it was observed that almost no 
disease occurred when maize was sown with the onset of monsoon or pre-monsoon rains (Siradhana et 
al., 1978). The most susceptible growth stage was 3rd day after germination (Rathore and Siradhana 
1988c). In the package and practices communicated by State Agricultural Department of Rajasthan, the 
farmers are advised to do an early sowing with onset of monsoon and to keep the plant population slightly 
higher, so, that any infected plant, if observed, could be rogued out, there by maintaining the optimum 
plant population (66,000 plants/ha). 
 
Chemical control 

Different systemic and non systemic fungicides for management of RDM of maize was tested by 
different methods. In slide-germination test, the fungicides Ridomil (methyl D, L-N-(2, 6-dimethyl 
phenyl)- N- (2' methoxy acetyl)-alaninate 25 WP and Bayleton 1-(4-chlorophenoxy)-3, 3-dimethyl-1-1 
(1-H-1, 2, 4-triazole-l-yl) –2- butanone completely inhibited conidial germination at 50 and 100 ppm. Of 
the 21 Fungicides evaluated as seed treatment, only Ridomil 25 WP @ 2g/kg was effective, followed by 
Demosan @ 2 g/kg seed. Other fungicides like Bayleton and Thiobandazole also reduced downy mildew 
infection, but to lesser extent. Ridomil 25 WP and Apron 35 SD have also been tested by others for 
management of downy mildews in maize (Exconde and Molina, 1978; Chang 1978; Siradhana et al., 
1979) and have been strongly recommended for control of Rajasthan downy mildew also. Spray-
application of Ridomil 25 WP (0.1%) prior to inoculation also resulted in highest protection against the 
disease. 
 
Host Plant Resistance (HPR) 

Host plant resistance offers one of the best means of managing Rajasthan downy mildew disease. 
With a view to locate the source of field resistance against P. heteropogoni for use in breeding 
programme, systematic efforts were initiated with the establishment of AICRP centre at Udaipur. 
 
Screening methodology 

An effective whorl-inoculation technique for creating artificial epiphytotic of RDM has been 
developed at Udaipur. P. heteropogoni is nocturnal, and most of the conidia germinate in situ at about 
3:00 AM abundant conidia are usually observed on infected leaves. In this method, conidia are removed 
from leaves at approximately 3:00 AM and suspended in water by gently brushing the leaves. The 
suspension is adjusted to 2.5 – 3.0 x 104 conidia ml-1. Two to three drops of this inoculum are put in the 
whorl of each seedling for 3 consecutive days between 4:00 – 6.00 AM. During 1973 as high as 91.4% 
systemic infection in 'EH-10' was obtained by this technique. Whorl inoculation technique (Siradhana et 
al., 1976) is very useful for evaluating large number of gramplasm under field conditions, as small 
amount of inoculum is required for whorl inoculations as compared to spraying. It is also better than 
detached pieces methods used by other workers (Exconde, 1970; Jones, 1970; Kenneth and Sahor 1973; 
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and Safeeulla and Thirumalachar, 1955) as from infected detached leaves conidia can be harvested only 
once while in whorl inoculation method as many as 10 conidial flushes can be harvested from same plant 
on different days. The whorl-inoculation technique is simple to use as no special equipment is required. 
Also the plants do not have to be covered after inoculation as the conidial suspension will remain alive in 
the whorl for hours even during dry spell. 

With the standardization of conidial inoculation techniques more than 4500 germplasm lines have 
been evaluated against Rajasthan downy mildew (P. heteropogoni). Recently, eleven genotypes viz. AH-
742, AH-772, AH-776, F-720, F-733, ICI-701, KH-510, PAC-9747, PMZ-707, PRO-312 and SSF-9374 
have been found highly resistant (0 per cent infection). Prabhat, a released variety and Malan a local land 
race were also found to moderately resistant to resistant (Rathore and Jain, 2000). 

 
AMBIONET research work on Rajasthan Downy Mildew in maize 

With an objective to study molecular characterization of different downy mildew pathogens, a 
research program has been initiated under the Asian Maize Biotechnology Network (AMBIONET) 
programme in collaboration with Division of Genetics Maize Genetics Unit, LBS Centre for 
Biotechnology, Indian Agriculture Research Institute, New Delhi. The programme has five collaborators 
from Asia viz. India (New Delhi, Udaipur & Mandya), Indonesia, China, Philippine & Thialand. The 
initial attempts have been to evaluate maize inbred lines against downy mildews and study inheritance of 
resistance. 
 
Responses of India maize inbred lines to Downy Mildews (RDM and SDM) 

The study included identification of stable sources of resistance to RDM. In this, inbred lines AMB 
103 (NEI 9008), AMB 109 (Derivative of AMATLCOHS 115), AMB 110 (Derivative of 
AMATLOCOHS 233), AMB 112 (Derivative of P345C3S3B-46) and AMB 119 (Derivative of IPB 
9204) from CIMMYT-ARMP and NAI 116, MAI 101, MAI 105, MAI 110 and MAI 114 and CM 124 
from Indian maize program were identified resistant to RDM, but CMLs (from CIMMYT, Mexico) 
showed severe susceptibility. 

A large number of inbreds resistant to RDM infection at Udaipur, Rajasthan showed differential 
responses to SDM infection at Mandya, Karnataka indicating distinct differences in virulence of both the 
pathogens (Sudha et al., 2001; Yen et al., 2001). It was concluded that the RDM pathogen probably has 
lower virulence in comparison with the sorghum downy mildew. 
 
Inheritance of RDM resistance 

Analysis of F2 and BC progenies clearly indicated that a few genes could have major influence over 
RDM resistance. The striking feature of the data from the F1, F2 and BC progenies evaluated at Udaipur 
was the pronounced trend towards the resistant parent in phenotypic responses against RDM. The average 
infection for each cross was much lower than the mean infection of the two parents. In contrast to the 
results from SDM analysis, the study clearly indicated that although RDM resistance is polygenic in 
nature, it is certainly less complex in comparison to that of SDM. 
 
Future Strategies 
 

• Study existence of physiological specialization in population(s) of P. heteropogoni in relation to 
isolates recovered from H. contortus (reproducing sexually as well as asexually only) and H. 
melanocarpus (reproducing asexually only). 

• Search for other potential reservoirs/ collateral hosts of the pathogens in different areas. 
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• Standardize methods to characterize biological/physiological form of the pathogen(s), between 
and within populations. 

• Study genetic relatedness of the isolates of RDM pathogen, through molecular analysis. 
• Study inheritence of resistance to different pathogen in agronomically superior varieties for 

effective development and deployment of R genes. 
• Study posibilities of using variety mixtures for management of disease. 
• Develop eco-friendly methods (botanicals) for disease control. 
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Table 1. Important Downy Mildews of maize. 
 

Infection S.No. Downy mildew/ 
Fungus Hosts 

Systemic Local 
Resting 
Spore 

1. Sorghum DM 
(P. sorghi) 

Maize, Sorghum spp., 
Andropogon. Euchlaena, 
Panicum trypheron. 
 

+ + ++ 

2. Rajasthan DM 
(P. heteropogoni) 

Maize, Heteropogon 
contortus, H. 
melanocarpus, (New 
record), Euchlaena 
maxicana. 
 

+ + ++ 

3. Philippine DM 
(P. philippinensis) 

Maize, Saccharum, Avena, 
Euchlaena, Sorghum, 
Tripsacum, Miscanthus.  
 

+ - + 

4. Sugarcane DM 
(P. sacchari) 

Maize, Saccharum, spp., 
Andropogon spp., 
Bothriochlod, Euchlaena, 
Miscanthus, 
Schizachyrium sp., 
Sorghum sp. Tripsacum. 
 

+ - + 

5. Java DM 
(P. maydis) 

Maize, Euchlaena, 
Tripsacum. 
 

+ - - 

6. Leaf splitting DM 
(P. miscanthi) 

Maize, Miscanthus, 
Sachharum. 
 

+ - ++ 

7. Spontaneum DM 
(P. spontanea) 

Maize, Saccharum spp., 
Euchlaena, Miscanthus, 
Sorghum, Iseilema. 
 

+ - + 
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Table 2. Losses caused by Rajasthan Downy Mildew (P. heteropogoni) under artificial inoculations.a

 
Inoculum density 
(conidia/ml) 

Infection 
(%) 

Mean grain yield per 
plot (g)b

Loss in grain yield 
(%) 

30000 88.7 830 81.5 

15000 76.0 1554 64.4 

7500 67.3 2238 50.0 

3750 43.6 2962 33.9 

2500 30.1 3479 22.0 

1250 17.5 3867 13.0 

675 12.3 4005 10.7 

Control 0 4485 0 

LSD (P=0.05)  91.60  
a. Average of two experiments. 
b. Average of three replications. 
 
 
Table 3. Effect of age of maize (Zea mays) hybrid Ganga-5 on subsceptibility of P. heteropogoni. 
 

Age of plant at the time of inoculation *Total 
plants 

Infected 
plants 

Per cent 
infection 

Inoculation at the time of just after germination 34 15 44.11 

Inoculation of 1st day after germination 36 18 50.00 

Inoculation of 2nd day after germination 33 24 72.72 

Inoculation of 3rd day after germination 35 32 91.42 

Inoculation of 4th day after germination 28 25 89.28 

Inoculation of 5th day after germination 30 25 83.33 

Inoculation of 7th day after germination 35 20 57.14 

Inoculation of 10th day after germination 28 11 39.28 

Inoculation of 15th day after germination 33 5 15.15 

Inoculation of 20th day after germination 32 1 3.12 

Inoculation of 25th day after germination 27 0 0.00 

Inoculation of 30th day after germination 30 0 0.00 

Control (no inoculation) 35 0 0.00 

*Total of three replications. 
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Table 4. Host range of P. heteropogoni under inoculations in greenhouse. 
 
Sr. 
No. 

Host Common name Symptoms 
produced 

Oospore 
formation 

1. Zea mays L. Maize + - 
2. Sorghum bicolor (L.) Moench. Sorghum - - 
3. Sorghum helepense (L.) Pers. Johnson grass - - 
4. Sorghum sudanensis (Piper) Stapf. Sundan grass - - 
5. Pennisetum typhoides (Burm.) Stapf. and 

Hubb. 
Pearl millet - - 

6. P. polystachuum Schult.  - - 
7. Triticum aestivum L. Wheat - - 
8. Hordeum vulgare L. Barley - - 
9. Avena sativa L. Oats - - 
10. Triticale  - - 
11. Saccharum officinarum L. Sugarcane - - 
12. Saccharum spontaneum L. Shattercane - - 
13. Oryza sativa L. Rice - - 
14. Euchlaena mexicana Schrad. Teosinte + - 
15. Setaria italica (L.) Beauv. Italian millet - - 
16. Elusine coracana (L.) Gaertn. Finger millet - - 
17. E. indica (L.) Gaertn.  - - 
18. Echinochloa crusqalli var. frumentacea (Rozb.) 

Wright 
Sawan - - 

19. Panicum miliaceum L. Proso millet - - 
20. P. miliare Lamk Small millet - - 
21. P. antidotale L.  - - 
22. Paspalum scrobiculatum L. Kodo millet - - 
23. P. notatum Fluegge.  - - 
24. Dicanthium annulatum (Forssk.) Stapf.  - - 
25. Cenchrus setigerus Vahl. Buffel grass - - 
26. C. ciliaris L. Bird wood grass - - 
27. Heteropogon contortus Beauv. Spear grass + ++ 
28. Heteropogon melanocarpus (Ell.) Benth. (a 

new host record) 
Farm grass + - 

29. Digitaria microbachne (Presl.) Henr.  - - 
30. D. decumbens Stent.  - - 
31. Sporobolus indicus L.B. Br.  - - 
32. Cynodon dactylon (L.) Pers.  - - 
33. Cyperus rotundus L.  - - 
34. C. difformis L.  - - 
35.  Cunna indica L.  - - 

+ infected; - not infected; ++ oospores formed in leaves and roots. 
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Table 5. Seed transmission of P. heteropogoni through un-dehydrated and dehydrated seeds. 
 

Sr. 
No. 

Number of days 
sown after harvest 

Per cent 
moisture 
content 

Number 
of seeds 
sown 

* Number of 
seeds 
germinated 

Number of 
systemicall
y infected 
plants 
 

Per cent 
infection 

1. Immediately after harvest 
 

39.2 30 22 3 13.6 

2. 1 day after harvest 
 

38.0` 30 23 3 13.0 

3. 2 days after harvest 
 

31.5 30 22 2 9.0 

4. 5 days after harvest 
 

27.1 30 18 1 5.5 

5. 10 days after harvest 
 

24.4 30 20 1 5.0 

6. 20 days after harvest 
 

22.3 30 21 1 4.7 

7. 40 days after harvest 
 

17.6 30 15 0 0.0 

8. Mature seeds sown 
immediately after harvest 
 

16.8 30 25 0 0.0 

 Total 
(un-dehydrated seeds) 
 

  141 11 7.8 

 Total (dehydrated seeds) 
 

  25 0 0.0 

 LSD (P= 0.05) 
 

    25.707 

*Total of three applications. 
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Abstract 
 

Banded leaf and sheath blight of maize caused by Hypochonus sasakii is one of the most widespread 
and destructive diseases of maize due to its wide host range and adaptability in Southeast Asian countries. 
The disease manifests on leaves, leaf sheaths, stalks lesions or rind spotting resulting in stem breakage, 
clumping and cracking of styles and ear rot, etc., resulting in cent per cent yield loss and lodging in severe 
conditions 

Pantnagar is one of the hot spots for this disease and studies have been carried out at this location for 
the last 25 years on epidemiology, pathogen variability, and disease management using chemicals, 
cultural practices, and bio-control agents (including evaluation of maize genotype for resistance sources). 

Studies carried out with respect to chemicals only (Tilt (Propocanozole)) showed some effectiveness. 
Cultural practices do not fit in normal recommended technology of maize production. Use of bio-control 
agents opens up a new era for management. But in this case use of T. harzianum, a common bio-agent, 
exhibited a synergistic effect on ear rot development. Some newer bio-agents are in the experimental 
stage. Another new chemical, Divident 3 WS (Diphenoconazole), is being also tested. Few inbred 
lines/genotypes have also been identified which are under confirmation for use in a resistant breeding 
program. A set of experiments is also in execution for use of integrated approaches to manage the banded 
leaf and sheath blight. 
 
Introduction 
 

Maize (Zea mays L.) is the third most important cereal crop in the world agricultural economy as food 
for humans and feed for livestock. The total area under maize cultivation in the world is about 127.38 
m.ha with a total production of 470.5 m tones and an average yield of 3694 kg/ha. 

About 112 diseases of maize have been reported so far from different parts of the world. Of 
these, 65 are known to occur in India. The major diseases in different agro-climatic regions are: 
seed rots and seedling blight, leaf spots and blights, downy mildews, stalk rots, banded leaf & 
sheath blight, and smuts & rots, leading to about 15-20 percent yield losses annually. 

Pantnagar is the hot- spot for a number of diseases. At present it has been the main center for 
maize pathology research for 3 major diseases among which Banded leaf and sheath blight 
(BLSB) is the most important. This diseases is known under many names, viz., sclerotial disease, 
banded sheath rot, banded sclerotial disease, sharp eye spot., oriental leaf and blight, Rhizoctonia 
ear rot, leaf & sheath blight, sheath blight, sheath rot and corn sheath blight. 

The disease is caused by Rhizoctonia solanni = Hypochonus sasakii (Thanatephorus cucumeris 
(Frank) Donk). It is one of the most widespread, destructive, and versatile pathogens. It is found in most 
parts of the world and is capable of attacking a wide range of host plants, including maize-causing seed 
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decay, damping-off, stem canker, root rot, aerial blight, and seed/ cob decay. It is the combination of its 
competitive saprophytic ability and high pathogenic potential that makes H. sasakii a persistent and 
destructive plant pathogen (Saxena, 1997). 
 
Economic Losses 
 

The disease was earlier reported as a minor disease on maize (Payak and Renfro 1966). The 
importance of the disease was only realized in early 1970s when an epidemic occurred in warm and 
humid foot hill areas in the Mandi district of Himachal Pradesh (Thakur et al., 1973). The disease results 
in the direct loss exhibiting premature death, stalk breakage, and ear rot. Losses to the extent of 11-40 per 
cent were reported while evaluating 10 different varieties of maize (Table 1). 

Losses in grain yield showed a high positive correlation with premature death of plants and disease 
index that caused drastic reduction in grain yield to the tune of 97 per cent (Butchaih, 1977). A direct 
correlation with other yield parameters was exhibited in a yield loss of 5 to 97.4 per cent (Table-2) at 
disease score levels ranging from 3.0 to 5.0 (Lal et.al, 1980; Liang et.al 1997). 
 
Host Range 
 

The pathogen has wide host range and infects plant belonging to over 32 families in 188 genera. H. 
sasakii infects by artificial inoculations a number of crop plants belonging to families Graminae, 
Papilionacae and Solanaceae : Paspalum scrobiculatum, Pannisetum purpureem, Setaria italica, Panicum 
miliaceum, Coix lachryma –jobi, Echnochola fromentacea, Pennisetum americanum, Zea maxicana Zea 
mays, Oryza sativa, Saccharum officinarum Sorghum bicolor, Arachis hypogea, Glycine max, Pisum 
sativum, Vigna radiata and Lycopersicum esculentum. Rice and maize isolates are, however, 
indistinguishable on the basis of cross inoculation tests, host range, virulence, number of nuclei per 
hyphal cell, and other morphological characters including pathogenicity. Comparison studies of rice 
maize, sugarcane and sorghum isolates revealed that maize and rice are similar than those isolates of 
sugarcane and sorghum (Saxena, 1997). 
 
Symptoms 
 

The symptoms of the Banded leaf & sheath blight are observed on all aerial parts of the maize plant 
except tassel. The disease manifests itself on leaf, leaf sheaths, stalks and ears as leaf & sheath blight, 
stalk lesions or rind spotting and stalk breakage, clumping and cracking of styles (silk fibre), horse-shoe 
shaped lesions with banding of caryopses, ear rots, etc. Under natural conditions, disease appears at pre- 
flowering stage on 30 to 40 day-old plants but infection can also occur on young plants which may 
subsequently result in severe blighting and death of apical region of growing plants. 
 
On leaves  

Under natural conditions, dropping blades especially the distal halves of leaves proximate to soil 
surface are affected (Ahuja, 1976). Infection spreads from leaf shealths to the basal portion of leaves. 
Lesions appear as in irregular patches, similar in colour but larger in size and spread more rapidly than on 
leaf sheath, covering greater areas with alternating dark bands (Fig.1). 
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On leaf sheaths 
The symptoms are more common on sheaths than on leaves. The disease appears on basal leaf sheaths 

as water soaked, straw colored, irregular to roundish spots on both the surfaces. A short of wave pattern 
of disease advancement can be seen not only on leaves but also on sheaths and husk leaves. In early 
stages marginal chlorosis and rotting of laminae proceed inwardly. Later as the infection becomes older 
numerous sclerotial bodies are also seen (Saxena, 1997). (Fig.2). 
 
On stalk 

The pathogen also causes elongated dark brown to black spots of lesions on the rind of the stalk under 
the affected sheaths. These spots coalesce together extending the lesions and covering almost an internode. 
Individual lesion range in size from 2-10 x 3-15 mm to those which cover the whole internodes. Some 
times these lesions are transformed into cankers and a few girdle near the nodes. Under artificial 
inoculation entire rind is some times affected, the stalk thereby weakened and breaks easily. (Fig.3). 
 
On ears 

The disease observed first of all, on basal part of the outermost husk leaves forwarding to sheath from 
which the ear emerge. The same types of lesions are found on ear but the bands are fairly prominent, 
giving a blackened appearance. The affected ears become brown and numerous sclerotia are observed on 
husks, lightly attached to the cob. Whitish mycelium and sclerotia are also seen frequently on silks 
between and on kernel rows and glumes. (Fig.4). 

The grain showed light greyish to dark brown discoloration, drastically reduced in size and wrinkled, 
and under severe conditions, the grain became chuffy and light in weight (Saxena, 1997). (Fig.5). 
 
Inoculum Preparation 
 

A pathogenic isolate of R. solani obtained from fresh diseased leaf sheath of maize was used 
throughout the investigations. For preparation of large scale inoculum, sorghum grains were soaked in 
water for 24 hours and after thorough washing in running tap water, the soaked grains 40-g were filled in 
250 ml Erlenmeyer flask after removing excess water. These flasks were tightly plugged with non-
absorbent cotton and aluminum foil. Grain filled flasks were then autoclaved twice at 151b psi for 30 
minutes. The second sterilization was repeated after 24 h of first one. Each flask was shaken to remove 
formation of grain clots. This grain medium was used for inoculation with actively growing culture of R. 
solani in PDA plates. One or two discs were seeded in each flask and then the flasks were incubated at 
28+ 1 0C for 7-10 days. During incubation, the grains in flasks were also shaken to provide uniform 
fungal growth on all grains. These grains were then used for artificial inoculation in field experiments 
wherever required. ( Lal and Butchaiah, 1978; Ahuja and Payak 1978). 
 
Artificial Inoculation Technique 
 

Field inoculations were carried out by inserting two sorghum grains between the leaf sheath and stem 
on lower third/fourth internode above the ground level just before the tassel emergence stage of the crop. 
The inoculations were repeated after 3 days of first inoculation to safeguard the plants against the escapes. 
Observations on the BLSB disease were recorded two weeks after flowering following 1-5 disease scale 
where 1.0 = No infection; 2.0= Partial infection upto lower four leaf sheaths and leaves; 3.0 = Heavy 
infection upto lower four leaf sheath and leaves, partial on upper leaf sheaths below the ear placement, no 
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cob infection, 4.0 = Heavy infection on all leaf sheaths and leaves below the ear placement partial 
infection on cobs, 5.0 = very little or no grain formation, grain become chuffy or cob may be rotten.  
 

Studies on Disease Management 
 
Materials, Methods, and Results 
 
Chemical control 

The experiment was planned using 18 fungicides in three replications following randomized block 
design. The plot size was kept 5 x 3 m2 with 4 rows at 75 cm apart. All the plants were artificially 
inoculated at 40th and 50th day of planting followed by foliar sprays of fungicides after 3 days of 
inoculation. The observation on disease severity, 1000-grain weight, grain yield per ha and cobs/plant 
were recorded and analyzed statistically. Only thiobendazole was found most effective followed by Duter 
& Vitavax in reducing the disease severity and resulting in higher grain yield (Table.3) while in following 
year only 10 fungicides were included based on the performance in previous year testing. Of these vitavax 
(carboxin), TPTH (Triphenyl tin hydroxide) and thiobendazole were found to be most effective (Table.4). 

 
During last few years, some newer chemicals which are claimed to be effective against sheath blight 

disease were also tested under different sets of experiments. The chemicals viz., Propaconazole, 0.1% 
(Tilt) & carbendazin, 0.05% (Savistin or Bavistin) were tried following different methodology.Both the 
chemicals were applied as foliar sprays at 30, 40 and 50th day of planting alone or in combinations of 
application. The experiments were planted in three replications following Randomized Block Design. The 
plot size was 7.5 m2 with 2 rows of 75 cm apart. Artificial inoculations were carried out after 40th day of 
planting and repeated after 2 days of first one. The chemicals were applied as per treatment and the data 
on disease severity and yield parameters were recorded and analyzed statistically. The result indicated 
that the effectiveness of Propaconazole was markedly observed when the chemical was applied at initial 
stages at 30th or 40th day of planting and the second spray at 10 days after first.(Table.5). Foliar sprays of 
Carbendazim showed the ineffectiveness against BLSB as well as on the yield parameters (Table.6). 

Visualizing the efforts on chemical control (which were not so effective from a practical application 
point of view), the other approaches for disease management were also included in the studies. 
 
Biological control 

Bio-control agents Trichoderma harzianum, Gliocladium virens, Pseudomonas sp. were tried alone or 
in combination with propaconazole and carbendazim along with a cultural control treatment with 
common check. All the methodology was the same as discussed in previous experiments. 

None of the treatment effectively reduced the disease but foliar sprays of T. harzianum + Tilt 
followed by T. harzianum sprays, Saivistin + Tilt + T. harzianum, Savistin + Tilt and Savistin alone could 
exhibit some reduction in disease levels. Cultural practice, removal of lower leaves alone was not be so 
effective and would not be practicable to the farmers. (Table.7). While evaluating the biocontrol bacteria 
against R. solani, the fluorescent Pseudomonas could not reduce the BLSB (Table.8). 

Subsequently in nature, it had been observed that the pathogen H. sasakii, when infects cob shank and 
husk, the T. harzianum also parasiteizes the fungus (Sharma and Saxena, 2001). Sharma and Saxeana 
2000. The mycoparasiteism by Trichodioma leads to a synergistic action in increasing the cob rot and 
grain infection. To find out the synergistic action of both the fungi, an experiment was planned following 
randomized block design and three replication in field under artificial inoculation of the organism alone 
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or in combinations which indicated that the present of R. solani followed by the infection of Trichoderma 
was more harmful that is what happening in nature also. 
 
Disease resistance 

Different genotypes received from various sources since 1975 were evaluated under All India 
Coordinated Research Project on Maize at Pantnagar using artificial inoculation techniques. Following 
genotypes are grouped as resistant/moderately resistant. 

CM-103, CM-104, CM-105, CM-211,CM-117,CM-118-1, CM-118-2, CM-200,CM-201, CM-202, 
CM-205, CM-300, CM-500, CM-600, Eto 182, Aust 25, P217, P 407, CML- 267, Antigua Gr.II, JML-32, 
JML-306, JML-403, VL-43, CM 107 x CM 108, RN6Ht1 A x GE 440, (Butchaiah 1997, Barua, 1979, 
Singh 1998).  
 
Discussion 
 

To sustain the yield potential of high yielding varieties under intensified agriculture, use of chemicals 
is a necessity to have a second line of defence. Effectiveness on the applications of propaconazole, 
caubendazine has been reported by Sihna (1992), Saxena 1996. In last decade efforts are being made to 
use chemicals alone or in Combination with bio pesticides. In the present in vertigation none of the bio-
agent could significantly reduce the BLSB. Pandey (1992), Sharma and Saxena (2002), Singh (1998) 
could manage the disease with same success while combining the chemicals and bio-agent application 
Host resistance coupled with desired agronomic trait have been hailed as ideal tool to combat-diseases. 
Some of the lines, composites, single crosses have been found to exhibit resistant/moderately resistant 
reaction which are in accordance to those of Kaisar and Choudhury (1986), Vimla et.al, (1988), Lee et.al 
(1989), Sharma & Saxena (2001). 
  
Conclusion 
 

Based on the studies none of the disease management approaches are effective against BLSB. The 
best way is to have screening of genotypes across the regions, which are environmentally common and 
improve the genotype for use in resistance breeding programme. However, more efforts are needed to 
find out effective bio pesticides alone or in combination of chemicals i.e. Divident 3 WS 
(Difenoconazole), simple to apply for which the exercise is being in progress at Pantnagar. 
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Table 1. Estimation of yield losses in ten maize cultivars due to banded leaf & sheath blight.  
 
Cultivar Disease severity (%) Loss (%) cobs/plant Loss (%) in 

1000-Grain 
weight 

Yield loss 
(%) 

Ganga-2 74.9 22.2 23.0 26.7 
Ganga-5 69.7 21.8 19.7 23.9 
Hi-starch 73.8 22.2 23.5 26.3 
VL-54 70.1 21.9 19.9 26.4 
Vijay 83.4 24.4 27.9 28.7 
Tarun 84.0 25.1 28.1 28.7 
Ageti-76 81.8 23.1 25.2 27.9 
Navin 73.0 22.2 21.6 25.9 
KT-41 71.4 21.9 20.4 25.7 
D-745 87.3 26.8 32.9 31.7 
C.D.at 5% 2.2 2.2 2.3 1.6 

The disease severity as well as Per cent loss was calculated following McKiney (1923). 
 
 
 
 
Table 2. Estimation of yield losses at different disease severity levels of banded leaf & sheath blight 
of maize. 
 
Disease severity No. of cobs/plants Grain yield (g)/ 

plant 
Yield loss (%) 

1.0 1.35 112 0.0 
2.0 1.30 111 1.2 
3.0 1.20 107 5.5 
4.0 1.05 097 17.2 
5.0 0.55 028 97.5 

r= -0.71 at 5% 
Disease severity 1.0 indicate plant free from disease and 5.0 maximum disease. 
Data based on the average from 10 plants. 
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Table 3. Influence of fungicides on disease severity of banded leaf & sheath blight and yield parameter (Cv Hi-starch). 
 
Treatments Concentration Disease severity (1-

5) (a.i) % 
Grain Yield 
(kg/ha) 

1000 grain 
weight (g) 

Number of 
cobs per plant 

Check      4.9 940 117 0.39
BAS 3050 F 0.1 4.0 1788 179 0.95 
BAS 3192       

      

      

0.1 3.9 2280 179 0.93
Bavistin 50 W 0.05 3.9 1743 181 0.88 
Benlate 50 W 0.05 3.9 2000 186 0.95 
Brestan 60 W 0.025 4.1 1890 178 0.93 
Brestanol 50 W 0.025 4.1 1857 175 0.98 
Calixin 75 EC 0.05 3.8 1659 178 0.92 
Demonsan 65 W 0.1 3.9 2065 157 0.96 
Derosal 0.1 4.1 1605 170 0.96
Difolatan 50 W 0.15 3.8 1592 181 0.90 
Dikar 80 W 0.3 3.9 1499 184 1.05 
Mancozeb 0.3 3.9 2100 182 0.92
Duter 20 W 0.05 3.1 2661 190 1.19 
PCNB 75 W 0.1 4.2 1861 175 0.93 
TBZ 60 W 50 ppm 2.4 3362 246 1.15 
TCMTB 30 L 0.05 4.0 2105 177 0.98 
Thirum di-sulphide 0.25 4.1 2216 186 0.92 
Vitavax (Carboxin) 0.1 3.2 2490 185 1.02 
C.D. (1%)  0.30 773 35.0 0.66 
1- Artificial inoculations were done after 40th and 50th day of planting. 
2- Foliar sprays were applied 3 days after inoculation. 
3- Observations are based on 3 replications. 
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Table 4. Influence of fungicides on disease severity of banded leaf & sheath blight and yield parameter (Composite variety D-745). 
 
Treatments Concentration Disease severity 

(a.i) % (1-5) 
Grain Yield (kg/ha) 1000 grain 

weight (g) 
Average Number of 
cobs/plant 

Check     4.9 966 128 0.53
Carbendazim 50WP 0.05 3.9 1852 183 0.96 
Benomyl 50WP 0.05 3.9 2140 185 1.00 
Bordeaux mixture 4:4:50 4.1 1866 174 0.90 
Chloroneb 65 WP 0.1 3.9 2166 178 0.95 
Mancozeb 75 WP 0.3 4.1 2200 183 0.94 
Captafol 80 WP 0.15 3.8 1750 179 0.93 
TPTH 20WP 0.05 3.3 2766 191 1.12 
Thiram di-sulphide 75 WP 0.25 4.4 2233 183 0.93 
Thiabendazole 60 WP  50 ppm 3.3 3000 208 1.14 
Carboxin 75WP 0.1 3.3 2520 188 1.02 
C.D. (5%) - 0.24 118.03 4.0 0.0765 
1- Artificial inoculations were done after 40th and 50th day of planting. 
2- Foliar sprays were applied 3 days after inoculation. 
3- Observations are based on 3 replications. 
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Table 5. Effect of Foliar Sprays of Tilt (Propaconazole) on banded leaf Sheath blight. 
 

Treatment Av. Disease Rating (1-5 
scale) 

Av. Yield 
(kg/ha) 

1000 grain 
weight (gm) 

Spraying of Tilt @ 0.1%  
 Ist* IInd* Ist IInd Ist IInd 
30 days 2.8 3.3 2130 2871 220 186 
40 days 3.5 3.5 4260 2840 210 189 
50 days 3.5 3.5 3066 2901 218 185 
30+40 days 3.2 3.2 3066 2901 180 190 
30+50 3.7 3.1 4260 2992 180 200 
40+50 days 2.8 2.8 3330 3415 196 198 
30+40+50 days 3.0 2.6 3330 4049 203 223 
Check 3.8 4.0 2266 2296 186 185 
C.D. 5% 0.48 0.53 NS 649 NS 11.6 
NS = Non Significant 
Crop season 
 
Table 6. Effect of Bavistin (Carbendazim) on banded leaf & Sheath blight based on two crop 
season. 
 
Treatment Av. Disease Rating (1-5 

scale) 
Av. Yield 
(kg/ha) 

1000 grain weight 
(gm) 

Spraying of Bavistin @ 0.05%  
 Ist* IInd* Ist IInd Ist IInd 
30 days 3.7 3.4 2533 2840 182 182 
40 days 3.3 3.3 3333 3022 180 190 
50 days 3.5 3.3 3466 2719 170 200 
30+40 days 3.2 3.2 3333 3233 150 204 
30+50 3.2 3.1 3200 2871 163 190 
40+50 days 3.3 3.3 3333 2810 155 203 
30+40+50 days 3.2 2.5 3600 3566 180 213 
Check 3.2 3.8 2800 2417 177 171 
C.D. 5% NS 0.7 NS 622 NS 10 
NS = Non Significant 
* Crop season 
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Table 7. Effect of foliar applications of chemicals and biocontrol agents on banded leaf & 
Sheath blight (Cv. Navin). 
 

Treatment Disease Rating 
(1-5 scale) 

Av. Yield 
(kg/ha) 

1000 grain 
weight (gm) 

Trichoderma harzianum  3.3 2871 185 
Pseudomonas flourescence 3.2 2840 188 

Gliocladium virens  3.5 2901 184 
Tilt alone 3.2 2901 189 
Bavistin alone 3.1 2992 200 
Tilt + Bavistin  2.8 3415 198 
Check 2.6 4049 223 
CD at 1% 0.5 650 12 
 
 
 
Table 8. Integrated Management of banded leaf and sheath blight of maize based on two crop 
seasons (Cv. Navin). 
 

Treatment Av. Disease Rating (1-5 
scale) 

Av. Yield 
(kg/ha) 

1000 grain 
weight (gm) 

Crop season Ist* IInd* Ist IInd Ist IInd 
T. harzianum 3.0 3.3 4533 2599 193 185 
Bavistin alone 3.3 3.0 4133 3173 197 189 
Tilt alone 3.3 3.0 4133 3082 186 195 
T. harzianum + Bavistin  3.3 3.1 3466 2810 197 195 
T. harzianum + Tilt 2.7 3.1 5200 3143 187 196 
Bavisin + Tilt 3.1 2.8 4533 3143 187 197 
Bavistin +  
T. harzianum + Tilt 

3.0 2.8 3866 3203 163 198 

Removal of lower leaves 3.5 3.6 4533 2808 160 174 
Check 3.7 3.8 3733 2538 187 179 
C.D. 5% NS 0.7 NS 562 NS 8.6 
NS = Non Significant 
* Crop season 
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Abstract 
 

The present investigation incorporates results obtained on the three important aspects of management 
of the disease Banded leaf and sheath blight of maize caused by Rhizoctonia solani f.sp. sasakii. Even 
though efforts to locate resistant genes have led to rather frustrating outcomes, in this study it has been 
possible to identify at least 13 germplasms possessing some resistance (tolerance) to this disease. 
Adoption of chemical fungicides also gave encouraging results with two chemicals, namely Rhizolex and 
Thiophenate-M, giving significant practical control of this disease. Regarding biocontrol of the disease, it 
could be observed that isolate of Pseudomonas fluorescens from maize rhizosphere was most antagonistic 
to R. solani f.sp. sasakii, showing highest inhibition zone and the least number of sclerotia produced. 
Similarly, biocontrol agent Trichoderma harzianum also gave encouraging results in vitro. Isolates T. 
harzianum obtained from Pantnagar, Dharwad, and Delhi gave more than 60 per cent inhibition of the 
pathogen in vitro. Use of P. fluorescens as biocontrol option appears to be exciting as seed treatment and 
soil application of the bacterium not only reduced the disease to more than 50 per cent but also resulted in 
consequent increase in grain yield. In vitro evaluation of fungicides indicated that Bavistin, Rhizolex, and 
Thiophenate M gave almost absolute inhibition of R. solani growth. It is envisaged that under field 
conditions also these fungicides would be potent enough to give high level of disease control. 
  
Introduction 
 

Banded leaf and sheath blight (BLSB) incited by Rhizoctonia solani f.sp. sasakii Exner, was first 
recorded on maize in Sri Lanka (Bertus, 1927). During the last two decades or so the disease has 
continued its devastating advance, causing epidemic outbreaks in maize growing countries like Bhutan, 
China, India, Indonesia, Nepal, the Philippines, and Vietnam, as well as in several countries in Africa and 
Latin America. Considerable efforts were directed to understand not only the etiology and epidemiology 
of the disease but also to identify host resistance, genetic nature of resistance, and exploitation of 
resistance sources for the development of elite cultivars. 

In spite of the advent of knowledge on these aspects, BLSB has still remained an Achille's heel for 
maize scientists all over the world. Very little progress has been achieved in the development of resistant 
or tolerant cultivars. One of the biggest handicaps has been the failure to locate naturally existing resistant 
gene sources in known maize varietal or racial complexes. Hybrids developed from tolerant inbred lines 
have given inconsistent level of resistance to this disease, which could be attributed to meager 
information on the nature of inheritance of the disease. This genetic bottleneck has prompted 
development of alternative methodology related more towards the arresting of proliferation and spread of 
diseases through agronomic practices. Management of disease through chemicals, biocontrol approaches 
and cultural practices have still been the mainstay for minimizing the devastation in maize growing areas 
of South and South-east Asia. In this paper an attempt will be made to present information on host 
resistance, chemical and biocontrol management of BLSB. 
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Materials and Methods 
 
Screening of germplasm for resistance  

More than 500 maize genotypes mainly in inbred background received from CIMMYT and Indian 
Maize Program were evaluated against BLSB using artificial inoculation in field. All these materials were 
sown in two row plot of 5 meter length in two replications. For multiplication of inoculum for field 
inoculation, sterile barley grains were used. Inoculations were carried out when the plants were 40 days 
old, placing four infected barley grains between the stalk and sheath of the second or third internode. 
Disease scoring was done on 1-5 scale, where score of 1 indicates BLSB on one sheath only with few 
small, non-coalescent lesions; a score of 2, when BLSB has moved up to four sheaths with coalescent 
lesions; a 3 score indicates that disease is present on all sheaths except two internodes below the ear; with 
a score of 4, disease moved up to the internode bearing the ear shoot but shank is not affected and a 5 
score indicates that the fungus has affected the ears and results in premature dead plants (Sharma et al, 
2000). Lines and cultivars with disease rating of 2 or less are considered somewhat resistant; 2.1 to 3.0 
tolerant and 3.1 to 5 susceptible. 
 
In vitro evaluation of biocontrol agents  

Fluorescent Pseudomonas were isolated on King's medium B from fresh roots of maize. Out of the 
four isolates identified in maize rhizosphere, only isolate-1 was used during the course of the study. Five 
cultures of Trichoderma harzianum from Coimbatore, Pantnagar, Hyderabad, Dharwad and Delhi were 
established. The antagonistic potential of these isolates against R. solani f.sp. sasakii was tested by dual 
culture method on Potato Dextrose Agar Medium. The bacterial antagonists were streaked at one end of 
the PDA placed in sterilized plates 24 hr prior to the pathogen inoculation. Just opposite to the bacterial 
streak, a 9 mm disc of the pathogen was placed. Similar procedure was adopted for Trichoderma isolates. 
The control was maintained by putting only the pathogen in petri plates. Three replications for each 
isolate including control were maintained. The inhibition zone was measured after 96 hours. 
 
In vitro evaluation of fungicides 

Rhizolex (0,0-dimethyl-0- (2,6-dichlro-4 methyl phenyl phosphorothioate), Thiophenate M (1,2-Bis 
(3 methoxy Carbonyl-2-thioureido-benzene), Bavistin (Carbendazim), Divident (Syngenta Product) and 
Validamycin were evaluated using food poison method, being followed for such evaluations. The relative 
efficacy of fungicides was estimated by the radial growth of mycelium and inhibitory effect using the 
formula: 

 
I = C-T x 100 , where I= per cent inhibition of mycelial growth, 
C = growth of mycelium in control plots, T = radial growth of the mycelium in the fungicide treated 

plates 
 
Field evaluation of fungicides  

Two fungicides namely Rhizolex and Thiophenate M were tested under field conditions. Two inbreds 
of maize, IPA 112 and IPA 123, were selected for this experiment on the basis of their consistent 
susceptibility. These were planted in RBD in four replications. There were three treatments of each 
inbred, i.e. two fungicides and one control. About 24 h before inoculation, one fungicide spray application 
was carried out. The concentration of fungicides used were Rhizolex 50 WP @ 10 g/10 litres and 
Thiophenate-M @ 7g/10 litres of water. The control plots were sprayed with water. 
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Field evaluation of biocontrol agent 
Based on the information generated in green house studies, a field experiment was laid out to know 

the effectiveness of antagonist Pseudomonas. Pusa composite-2 a highly susceptible cultivar was included 
in a trial in RBD with three replications. Peat based formulations of P. fluorescens was used for seed 
treatment (20 g/kg of seed), soil application (2.5 kg/h) and the foliar spray (6 g/litre). Different 
combinations as represented under results and discussions were applied. 
 
Results and Discussion 
 

Maize germplasm evaluated against BLSB under artificial inoculations has led to successful 
screening as indicated by consistent high susceptible reaction (4.5 to 5.0) of the check variety Surya in 
two years 2000 and 2001. The extreme development of disease has not only ensured high pathogenicity of 
BLSB isolate but also elucidated reliable classification of somewhat resistant and tolerant materials under 
study. As many as 13 genotypes exhibited high level of tolerance with rating of 2.5 to 3.0 (Table-1). 
These materials are promising enough to be used as source germplasm for cyclical breeding to further 
enhance their resistant reaction.  

Investigations on the in vitro evaluation of fungicides for the control of R. solani f.sp. sasakii growth 
has given encouraging results. Three of the often used fungicides namely, Bavistin, Rhizolex and 
Thiophenate M. have shown absolute control of mycelial growth with 100 per cent inhibition. The 
antibiotic Validamycin was able to give only 56.3 per cent inhibition at 30 ppm. The fungicide Divident 
gave a maximum inhibition of 76.3 per cent at higher concentration of 15 ppm. It is, therefore, evident 
that the two systemic fungicides Bavistin and Thiophenate M have proved themselves to be more 
effective to give highest level of control of in vitro growth (Table-1). It is, therefore, envisaged that under 
field conditions a high level of control of BLSB could be achieved using these two fungicides. 

The effect on disease incidence and grain yield of two inbred lines with regard to management of 
BLSB through fungicides is given in Table 2. Both the fungicides namely, Rhizolex and Thiophenate M 
were effective in reducing disease level in both the inbred lines. In IPA 123 the incidence was 3.5, while 
in IPA 112 it was 3.0 without fungicide treatment, while the disease score did not exceed 2.0 in chemical 
spray plots. Though both the fungicides reduced disease expression to the same level yet the yield 
increase as compared to check was significantly higher in Thiophenate. M treated plots. It was 21.9 per 
cent more in case of IPA 123 and 3.2 per cent in IPA 112. The higher grain yield in Thiophenate M 
treated plot was possibly due to its systemic nature (Sharma and Rai 1999). 

Though both of the antagonists i.e. T. harzianum and P. fluorescens (P.f.) suppressed mycelial growth 
of the fungus under in vitro conditions, the field experimentation with P.f. only could be done. It is 
evident from the Table 3 that the most effective control of BLSB could be obtained with the combination 
of seed treatment + soil application + spray application of P.f. Another treatments namely seed treatment 
+ soil application was also found at par with the first one in its effectiveness in controlling the disease. It, 
therefore, follows that latter treatment may be adopted leading to the elimination of the extra spray 
application. 

Regarding the experiment to study effectiveness of P.f. on R. solani f.sp. sasakii (Table-4), the control 
exhibited minimum inhibition zone resulting into the highest production of sclerotia (40.3), which 
expectedly also gave the highest germination of sclerotia (9.7). This fact ensures that significant control 
of R. solani f.sp. sasakii by P.f. application could be achieved. Out of the four isolates from maize 
rhizosphere, isolate-1 showed widest inhibition zone (23.7) as well as the least production of sclerotia 
(19.3). This isolate also produced the least viable sclerotia (2.3).  
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In the biocontrol experiment a good extent of antagonism between T. harzianum and R. solani f.sp. 
sasakii could be observed. Growth inhibition of Rhizoctonia ranging from 57.4 to 68.1 per cent could be 
achieved. It is interesting to note that the isolates from different geographical locations differed in their 
efficacy in controlling mycelial growth of Rhizoctonia in vitro. The isolate from Dharwad was most 
effective closely followed by those from Pantnagar and Delhi (Table-6). 

The overall results of this study clearly points out the known fact about absence of high level of 
genetic resistance in maize germplasm presently being used in the breeding programme. Taking recourse 
to the management practices for disease control, therefore, appears to be the only potential approach. 

Adopting the fungicidal treatment to control the disease, Thiophenate M, Rhizolex and Bavistin 
emerge as the best alternatives. Use of antibiotic Validamycin does not appear to be profitable proposition 
due to its high cost. Considering biocontrol, use of the bacterium P. fluorescens appears to be very 
exciting. Seed treatment and soil application of this antagonist not only reduces the disease to more than 
50 per cent but also results into consequent increase in grain yield which is about 1.4 times of the yield of 
the control. 

The other agent of biocontrol namely, T. harzianum, also provides exciting proposition, though at the 
moment under in vitro conditions for the control of BLSB. The known antagonistic interactions among 
organisms occupying the same space has provided a tool which can be profitably used for biological 
disease control with special reference to this disease. Isolates of T. harzianum from different geographical 
locations of India have shown that they are able to exercise as high as 68 per cent of inhibition of the 
mycelia of R. solani (Dharwad-isolate) closely followed by those from Delhi and Pantnagar giving 
inhibition to the extent of 63 per cent. This fact offers promising possibilities of biocontrol of BLSB to 
supplement genetic exploitation of resistance which till now has been handicapped by lack of durable 
resistant genes 
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Table 1. Maize entries found tolerant to BLSB during 2000-2001 at Delhi. 
 

Disease rating (1-5) S. No. Pedigree 

2000 2001 

1 PT 9630 18-1-B-B-B-B-B 3.0 2.5 
2 Pop 352 co-hs 74-2-1-b-b 3.0 3.0 
3 Pop.145 co-hs-49-1-b-b-b-b 2.5 2.5 
4 TOO 14901 - 3.0 
5 TOO 14903  - 3.0 
6 TOO G1 802 - 3.0 
7 CA 14510 - 2.5 
8 CA 14524 - 2.5 
9 CA 14522 - 2.5 
10 TOO 35101 - 3.0 
11 TOO 00310 - 3.0 
12 IPA-2-2-f-1 3.0 2.5 
13 Suwan-1 (S) C #-B-B 3.0 2.5 
14 Susceptible Check - Surya 5.0 4.5 

 
 
 
Table 2. Effect of two fungicides on disease incidence and grain yield of two inbreds of maize.  
 

Inbreds Treatment Disease score Yield (kg/ha) Per cent gain 
over control 

IPA 123 Rhizolex 
Thiophenate-M 
Control 

2.0 
2.0 
3.5 

2795 
3066 
2515 

11.1 
21.9 
- 

IPA 112 Rhizolex 
Thiophenate-M 
Control 

2.0 
2.0 
3.0 

2535 
2866 
2201 

1.63 
3.22 
- 

CD (kg/ha) 538  
CV (%) 14.7  
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Table 3. Efficacy of P. fluorescens-1 in management of banded leaf and sheath blight under field 
conditions. 
 

Trial-I Trial-II 

Treatments 
Disease 
rating 

Per cent 
reduction 
over control 

Yield 
(kg/ha) 

Disease 
rating 

Per cent 
reduction 
over 
control 

Yield 
(kg/ha) 

Seed treatment 2.83 29.25 3960.24 2.66 38.56 3938.65 
Soil application 2.66 33.50 3551.66 2.83 34.64 3480.06 
Spray 
application 3.00 25.00 3383.36 3.16 27.02 3366.88 

Seed treatment 
+Soil application 1.83 54.25 4215.25 1.83 57.73 4238.65 

Seed treatment + 
Spray 
application 

2.16 46.00 4005.23 2.00 53.81 4011.92 

Soil application 
+ Spray 
application 

2.50 37.50 4001.80 2.33 46.18 4010.16 

Seed treatment + 
Soil application 
+Spray 
application 

1.66 58.50 4216.94 1.50 65.35 4605.25 

Control  4.00 0.00 2981.82 4.33 0.00 2996.82 
CD (P=0.05) 0.51  148.15 0.44  146.69 
 
 
 
Table 4. Effect of Pseudomonas fluorescens on R. solani. 
 
Isolates of P. 
fluorescens 

Rhizosphere of 
crops 

Inhibition zone 
(mm) 

No. of sclerotia 
produced 

No. of sclerotia 
germinated 

Isolate-1 Maize 23.7 19.3 2.3 
Isolate-2 Maize 7.3 25.0 5.3 
Isolate-3 Rice 4.3 30.3 6.3 
Isolate-4 Maize 8.7 26.0 4.7 
Isolate-5 Chickpea 10.7 24.7 3.3 
Isolate-6 Maize 20.3 22.7 3.3 
Isolate-7 Pigeonpea 2.7 25.3 8.0 
Control  0.1 40.3 9.7 
CD (P=0.05)  0.90 1.20 0.90 
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Table 5: In vitro evaluation of fungicides against R. solani f.sp. sasakii. 
 

R. solani (Delhi isolate) Fungicides Conc. (ppm) 
Growth (mm) Inhibition (%) 

Validamycin 15 
30 

61.4 
39.4 

31.9 
56.3 

Divident 3 
15 

61.2 
39.4 

33.3 
76.3 

Bavistin 50 
100 

0 
0 

100 
100 

Rhizolex 1 0 100 
Thiophenate M 20 0 100 
Untreated (control) - 90 - 

 
 
 
Table 6. In vitro effect of different isolates of T. harzianum against R. solani f.sp. sasakii. 
 

R. solani f.sp. sasakii Origin of T. harzianum 
Mycelial growth (mm) Inhibition (%) 

Pantnagar 32.7 63.7 
Dharwad 28.7 68.1 
Delhi 33.0 63.3 
Hyderabad 38.3 57.4 
Coimbatore 37.0 58.9 
Untreated (control) 90.0 - 
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Abstract 

 
Experiments were conducted during 1998-2001 Kharif (summer-rainy) season under a controlled 

environment (glass house) followed by field conditions to assess the effects of excess soil moisture stress 
on maize. A screening technique (cup method) was developed/standardized, which was found to be quite 
effective and suitable for large-scale screening of maize genotypes against stress. Large numbers of 
germplasm (indigenous/exotic) were screened using this technique, followed by field-evaluation at V6-V7 
growth stage. Impacts of excess soil moisture on maize were assessed and quantified, and morpho-
physiological traits associated with stress tolerance were identified. Excess moisture stress, in general, 
suppressed plant growth and development and finally resulted in poor kernel development and very poor 
yield. However, there was remarkable genetic variability among the genotypes. On the basis of cup 
screening, genotypes were grouped into five categories, i.e. highly tolerant (HTL), tolerant (TL), 
moderately tolerant (MTL), susceptible (SUS), and highly susceptible (HSUS). Response of genotypes to 
excess moisture stress at V6-V7 growth stage was found significantly similar to that of early growth stage 
screening. Findings suggest that the genotypes having early and increased brace root development ability, 
high root porosity, <5.0 day ASI, pre-stress carbohydrate accumulation, and moderate transpiration rate 
were able to successfully tolerate the hypoxia/anoxia caused by excess soil moisture conditions. 
 
Introduction 
 

In tropical/sub-tropical environments the maize crop grown during the summer-rainy season 
occasionally face extreme climatic conditions and biotic/abiotic pressures that severely limit crop growth 
and development, and ultimately yield potential. Among the abiotic stresses, excessive soil moisture 
caused by flooding, waterlogging, or high water table, is one of the most important constraints for maize 
production and productivity in the Asian region. In Southeast Asia alone, more than 15% of total maize 
growing areas are affected by flooding and waterlogging problems. In India, waterlogging is the second 
most serious constraint, after drought, where about 8.5 mha of arable soil is in grip of this problem. Out of 
the total 6.55 mha area of maize, about 2.5 mha are affected by excess soil moisture problems that cause, 
on average, a 25-30% loss of national maize production almost every year. 

Excess soil moisture causes major changes in rhizosphere. Gaseous diffusion rates in flooded soil are 
extremely low and respiration of plant roots and soil micro-flora and fauna leads to rapid exhaustion of 
soil oxygen, thereby causing hypoxia/anoxia condition. Oxygen deficiency results in a poor aerobic root 
metabolism and production of toxic compounds like Fe2+, Mn+, sulfide, ammonia etc. (Ernest, 1990). 
However, remarkable genetic variability has been observed in maize with regards to excess moisture 
tolerance (Torbert et al., 1993; Rathore et al., 1996). Such responses inevitably raise questions: whether 
there are any fundamental physiological/biochemical differences between plants in their responses to 
imposed anaerobiosis. Knowledge of the physio-chemical basis of the pre-existing and/or induced 
tolerance may be of great significance in identification source germplasm for the stress and development 
of genotypes tolerant to prolonged anoxia situation. Such genetic variability can be exploited to develop 
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genotypes, through physio-genetic/molecular approaches, that can tolerate longer a period of anaerobiosis. 
Identification and development of genotypes capable of withstanding the stress conditions could be an 
ideal and affordable approach, suitable for poor maize-growing farmers in tropical/sub-tropical regions. In 
this regard suitable screening techniques and morpho-physiological traits for screening and identification 
of promising genotypes are the major bottlenecks. Present investigation was undertaken to 
develop/standardize suitable screening techniques, assess the impact of excess soil moisture stress on 
maize, and to identify the promising morpho-physiological traits associated with the stress tolerance in 
maize.  
 
Materials and Methods 
 

Experiments were undertaken under controlled conditions (glass house) followed by field conditions 
during Kharif (rainy) season of 1998-2001 at the maize research farm, Directorate of Maize Research, 
New Delhi, India. A total of 324 genotypes, including elite CM- and CML-lines and seven local 
germplasm (Jaunpur local), were included in this study. Seeds were obtained mainly from two sources, 
i.e. International Maize and Wheat Improvement Center (CIMMYT), Mexico and Directorate of Maize 
Research, New Delhi, India. Genotypes were exposed to excess moisture stress conditions at two growth 
stages (i.e. at germination and early seedling stage in controlled conditions (glass-house)) followed by 
V6-V7 growth stage under field conditions. Preliminary screening was done using “cup method,” 
originally developed by Porto (1997), with certain modifications to make it less expensive, more efficient, 
and suitable for large-scale screening (Plate-1). At 20 days after planting (DAP), widely variable 
responses were observed in the excess moisture conditions, such as- i) complete seed rotting, ii) 
coleoptiles death immediately after germination, iii) seedling death immediately after emergence, iv) 
seedling death at 2-3 leaf stage, v) seedling death at later stages, v) very poor seedling growth and 
development; severe chlorosis/necrosis, vi) retarded growth and development but no leaf 
chlorosis/necrosis, and viii) normal seed germination, good seedling growth and development. Different 
physiological and phenological parameters were recorded during or after the 20 days of excess moisture 
stress treatment. On the basis of data obtained and their statistical analysis using MSTATc and multi-
traits selection Assistant (ALPHA) the genotypes were grouped into the following five categories: highly 
tolerant (HTL), tolerant (TL), moderately tolerant (MTL), susceptible (SUS), and highly susceptible 
(HSUS). 

After 20 DAP, all the successfully growing genotypes from HTL, TL and MTL under excess moisture 
(EM) conditions, and ten representative genotypes from other categories, except the highly susceptible 
ones, were transplanted in field (1*5.0mts/1*20cm/row-to-row 60cm/replicates-3). The same materials 
were planted directly in field in the next kharif season to confirm the performance of genotypes during 
cup screening at early growth stages. At 14 DAT (days after transplanting), i.e. at V6-V7 growth stage, 
waterlogging treatment was applied in the field continuously for 10 days with a ponding depth of 
approximately 10.0±0.5 cm. In this way all the genotypes selected during cup screening, except 
susceptible ones, have been exposed two times to EM stress, i.e. (i) seedlings raised under saturated soil 
conditions and again exposed to waterlogging condition at V6-V7 growth stage, called Double EM 
treatment (WW), and (ii) raised under normal moisture condition in field conditions and exposed to 
waterlogging condition only at V6-V7 growth stage called single EM (W). Susceptible genotypes at 
germination and early growth stage have got only single EM treatment at V6-V7 growth stage. 
Waterlogged field environment, i.e.-temperature, dissolve oxygen (DO), and redox potential of inundated 
soil at 5.0 cm depth and stagnant water was monitored daily between 1200-1300 hrs during waterlogging 
treatment in fields using soil-water analysis kit (Model 161E).  
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Observations 
Germination % age in the cup screening was recorded after complete seedling emergence (7 DAP) 

and final seedling survival % age was recorded on the last day of the stress treatment. Sampling for 
growth observations was done at 18 DAP, two days before transplanting. Different growth observations, 
i.e.- shoot and root dry weight and number of adventitious roots plant-1 were recorded. At V6-V7 growth 
stage, sampling was done five days after completion of waterlogging treatment. Different growth 
parameters, i.e. - plant mortality, leaf area, total dry weight (excluding root), number of nodes with brace 
root and brace root fresh weight were recorded on six selected and tagged plants. Leaf area (cm2 plant-1) 
was measured using automatic leaf area meter (Model LICOR LI 3000). Observation on total dry weight 
was recorded twice, at 34 DAP and 45 DAP and crop growth rate (C.G.R.) during the waterlogging 
conditions was estimated using the following formula: 

C.G.R. (g m-2day-1) = loge W2 - loge W1 / d (t2 – t1) 
Where, W1 = initial dry weight, W2 = final dry weight, t1 = first observation time, t2 = second 

observation time, and d = ground area (m2). 
Rate of transpiration of upper most fully expanded leaves was recorded during 1030-1230 hrs using 

steady-state porometer (Model LICOR LI-1600) on the last two days of the stress treatment in selected 
number of genotypes from each category. Root porosity was measured in underground nodal roots using 
pycnometer method which is based on a comparison of the density of intact root tissues, including air-
filled pores, and that of root homogenate without air spaces, as described by Noordwijk and Brouwer 
(1988). Biochemical parameters such as chlorophyll and total carbohydrate (CHO) were analyzed at both 
the growth stages. Chlorophyll content was analyzed through extraction of the pigment in dimethyle 
sulphoxide (DMSO) without maceration (Hiscox and Iscrelston's, 1982). Amount of chlorophyll 'a' and 'b' 
was calculated as per formula of Arnon (1949). Preserved leaf samples in ethanol (95%) were used to 
extract sugar content through repeated boiling and extraction in 80% ethanol (Mc Cready et al., 1950). 
Clarified extract was hydrolyzed in 0.5N HCl and the solution was used for determination of total 
carbohydrate using improved copper reagent (Somogyi, 1952). NAD+-alcohol dehydrogenase activity 
(E.C.-1.1.1.1.) was assayed in fresh root samples (underground adventitious roots) collected on the last 
day of the stress treatment at V6-V7 growth stage in selected number of genotypes from each category. 
Enzyme activity was determined in the direction of NAD+ reduction as described by Gomes et al. (1982) 
and the specific enzyme activity was calculated on the basis of mg-1 protein min-1. Data on days to 50% 
anthesis (AD) and 50% silking (SD) was recorded at the time of flowering. ASI was calculated by 
deducting AD from SD. Number of kernel plant-1 and grain yield plot-1 (3.0 m2) was recorded at the time 
of harvesting. Under stress conditions many genotypes, mainly susceptible and highly susceptible ones, 
failed to reach 50% silking even up to the end of the crop cycle, with a large proportion of barren plants. 
In such cases, ASI, kernel plant-1 and grain yield plot-1 were treated as missing value during statistical 
analysis. 
 
Data analysis 

Before analysis, the datasets were tested for normality and anthesis-silking interval was normalized 
using loge√ASI+10 transformation. Analysis of variance was computed using MSTATc with suitable 
statistical model; i.e.- completely randomized design (2-factors) for cup experiment and randomized 
block design (2-factors) for the findings of field experiment. Selection and categorization of genotypes 
was done on the basis of multi-trait selection index using Alpha selection assistant (CIMMYT, 1999). 

 
 
Results 
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Physical/chemical properties of stagnant water and inundated soil were monitored daily (Fig.1). 

Waterlogged condition remarkably affected temperature, dissolve oxygen and redox potential of both 
stagnant water and inundated soil. Temperature of stagnant water was found to be maximum followed by 
air and inundated soil. Amount of dissolve oxygen in water and soil was severely declined. Amount of O2 
in soil reduced to half of the normal by 2.5 day and 3.0 day and at its minimum level by 6th and 7th day in 
stagnant water and inundated soil, respectively. Saturated soil conditions severely affected redox potential 
(mv) of both water and soil. It reduced sharply and by 3rd day of waterlogging it came down to almost 
zeros in both water and soil. At last day of the stress treatment both water and inundated soil became 
highly reduced and the redox potential was as low as –241.3 and –291.2 mv, respectively. 

Under excess moisture conditions there was no germination at all in most of the susceptible genotypes 
(Table-1). In contrast to this, there was good germination in HTL, followed TL genotypes under EM 
condition. There was significant reduction in both root and shoot dry weight under the stress condition. 
However, the effect was comparatively nominal on tolerant lines. Root was comparatively more affected 
than shoot growth. Data on underground nodal roots development (Table-1) clearly revealed that, in 
general, there was significant increase in fresh initiation of the adventitious roots in all the genotypes 
under excess soil moisture condition. However, there was significant variability among the genotypes. 
HTL and TL genotypes had comparatively more number of underground adventitious roots than others. 
Data on chlorophyll at early growth stage (Table-1) revealed that excess soil moisture stress decreased the 
chlorophyll `a’ and `b’ content in all the genotype. Reduction in chlorophyll `a’ content was 
comparatively less than ‘b’. However, comparatively tolerant genotypes have shown nominal loss in both 
chlorophyll ‘a’ and ‘b’. One the other hand, susceptible genotypes have shown severe loss of both 
chlorophyll ‘a’ and ‘b’. Total CHO content was also significantly reduced in shoot tissues, particularly in 
susceptible genotypes (Table-1). Reduction in shoot carbohydrate content was comparatively less in 
relatively tolerant genotypes. In general, total CHO content in shoot tissues was higher in relatively 
tolerant lines even under normal moisture conditions.  

Excess moisture stress severely affected plant growth and development at V6-V7 growth stage. 
However, the variability was clearly observed due to genotype and due to EM treatment at early growth 
stage. Data on plant mortality clearly indicate that the response to excess soil stress at V6-V7 growth 
stage was almost similar to that observed in cup screening early growth stage (Table-2). Susceptible 
genotypes during early stage stress treatment have shown maximum plant mortality (91.8 and 80.8%, 
respectively) at V6-V7 growth stage also. However, the plants exposed to EM stress during early growth 
stage (WW) shown improved performance over the plants directly exposed to waterlogging stress at V6-
V7 growth stage (W). Waterlogging condition significantly promoted brace root development in most of 
the genotypes (Table-2, Fig. 2, Plate-2). Maximum number of nodes bearing brace root was recorded in 
HTL followed by TL and MTL genotypes under both single and double EM treatments. However, in case 
of susceptible and highly susceptible genotypes there was very less nodal root development even under 
the stress condition. 

Leaf area development was suppressed under the stress and effect was more pronounced under single 
EM treatment (W) in case of susceptible genotypes. Though, decrease in leaf area was comparatively less 
in HTL and TL genotypes. Total dry weight plant-1 was also reduced in almost all the genotypes. 
Maximum dry matter inhibition was again recorded with HSUS and SUS followed by MTL genotypes. 
Irrespective of genotype, dry matter inhibition was comparatively less in pre-anoxia treated plants (WW). 
Crop growth rate (C.G.R.) analysis shows that in HSUS and SUS genotypes it was 24.2 and 25.6 m-2 day -
1 under normal condition, that declined to 5.2 and 5.8 g m-2 day -1, respectively under single EM stress 
(Table-2). Under stress condition maximum C.G.R. (14.7 g m-2 day -1) was recorded with HTL genotypes. 
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Exposure to hypoxia/anoxia treatment at early growth stage has again been found beneficial in 
maintaining C.G.R. under EM stress condition at V6-V7 growth stage. Root porosity was nominal 
(3.1±0.3) in almost all the genotypes at normal moisture, however, under stress conditions there was 
sharp increase in root porosity, particularly in case of HTL and TL genotypes (Fig. 2). Chlorophyll 
content at V6-V7 growth stage also reduced significantly due stress condition. Similar to early stage stress 
treatment, chlorophyll 'a' was again found to be comparatively more susceptible to stress than chlorophyll 
'b'. However, the reduction in both chlorophyll ‘a’ and ‘b’ contents was comparatively less in HTL and 
TL genotypes. Total carbohydrate content reduced to one third in HSUS and SUS, and about half in MTL 
genotypes under single EM stress as compared to normal grown plants. However, irrespective of 
genotype, it was observed that pre-anoxia exposure meaningfully improved total CHO content of leaf 
tissues. Under normal moisture conditions ADH-activity was almost similar (45.3±3.8 unit) in almost all 
the genotypes (Fig. 2). However, under excess moisture condition remarkable increase in enzyme activity 
was noticed. There was many fold increase in the ADH-activity in relatively susceptible genotypes. Data 
on rate of transpiration clearly revealed that EM stress significantly affected the transpiration rate in all 
genotypes (Fig. 2). There was very obvious distinction between the tolerant and susceptible genotypes. In 
susceptible genotypes, transpiration rate increased sharply under EM stress condition, while in relatively 
tolerant genotypes rate of transpiration decreased or maintained near to normal under waterlogging stress.  

Excess moisture stress significantly altered reproductive behavior of maize genotypes. It was 
observed that female flowering was comparatively much more susceptible to stress than male flowering. 
Inhibitory effect of EM stress on days to 50% silking resulted prolonged anthesis-silking interval (A.S.I.). 
Large proportion of HSUS and many SUS genotypes gone with out female flowering. Due to prolonged 
A.S.I. there was no kernel formation in most of these genotypes. Pre-anoxia treatment significantly 
improved kernel number plant-1, as realized with double EM treated plants. A meaningful addition in 
number of kernel plant -1 was also recorded in HTL (10.9 kernels plant-1) genotypes. Ultimately, grain 
yield was also significantly affected due to EM stress. Most of the HSUS genotypes came out with barren 
cob and no grain yield. It was interesting to note that under excess moisture conditions grain yield was 
strongly related to some of the secondary traits, such as- A.S.I., root porosity and brace root fresh weight 
(Fig. 3). Across the trials, grain yield was linearly and strongly related to root porosity (r2=0.71**) and 
brace root (r2=0.68**) with apparent lower limit of 14.6g brace roots FW plant-1 and 1.38% root porosity, 
respectively. Relationship between grain yield and A.S.I. (r2=0.64**) was also strong but curvilinear. 
Grain yield decreased to less than 50% of the normal grown plants as soon as ASI goes beyond 5 days, 
and then asymptotically to zero yields as ASI increased further. Regression analysis for grain yield and 
ADH activity showed that it was not related to any improvement to grain yield or stress tolerance (Fig.2). 
Rather, it seems to have some relations with stress susceptibility. 
 
Discussion 
 

Maize seed can germinate under wet soil conditions in presence of nominal amount of oxygen (Van 
Toai et al., 1995), but seedling growth and developments is highly sensitive to excess soil moisture 
conditions. However, genetic variability with regards to seed germination and early seedling growth 
under fully saturated soil condition have been observed (Table-1) and reported by others also (Porto, 
1997). Such variability might be related to the ability of different genotypes to utilize stored assimilate in 
endosperm through anaerobic metabolism for germination process and radicle/coleoptile development 
(Xia and Saglio, 1992). Variability in response to EM stress was also visible on seedling growth, 
particularly on root growth and development. Enhanced adventitious rooting was one of the most 
remarkable features in relatively tolerant genotypes (Table-1 & 2 and Fig. 2) and was found to be closely 
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related to final grain yield under the stress condition (Fig.3). In tolerant genotypes primary root system 
was completely replaced by newly developed adventitious roots below ground surface. After 
transplanting, adventitious roots produced at early stage continued growth with moderate branching as 
observed in present study and also by others (Wenkert et al., 1981). At the time of waterlogging treatment 
at V6-V7 growth stage, old adventitious roots might have became immediately active and since all nodes 
present below the ground surface have already had nodal roots, new nodal roots from nodes present above 
the ground surface were initiated immediately. Many fold increase in root porosity was also one of the 
unique characteristics of the tolerant genotypes. Root porosity was found to be strongly related to final 
grain yield under stress conditions (Fig. 3). Newly emerged roots at nodes below or above the ground 
surface has been found to have large air spaces in their cortical regions (Rathore et al., 1996) that might 
be helpful to reduce the oxygen stress, supply of nutrient and water, and anchorage in the situation of 
severe root damage under excess moisture condition. 

Differential response on plant phenology and physiology was also observed at V6-V7 growth stage 
waterlogging treatment. It was interesting to note that with exposure to EM stress at early stage there was 
improvement towards tolerance to waterlogging stress at V6-V7 growth stage, except in highly 
susceptible ones. Susceptible genotypes, identified during early stage EM stress, have again been found to 
be susceptible to the stress at V6-V7 growth stage. There was severe plant mortality, poor brace root 
development, leaf area, dry matter production and crop growth rate (Table-2). Pre-hypoxia/anoxia 
treatment may have caused favorable physiological/biochemical changes culminating into better 
performance under waterlogging stress at later stages (V6-V7 growth stage). Wang et al. (1997) 
suggested that hypoxia pre-treatment might improve waterlogging tolerance through the induction of 
active lactate fermentation. During excess soil moisture situation, the most common and immediate injury 
symptoms was leaf yellowing that initiated from base and proceeded towards the top of the plants (Zaidi 
and Singh, 2001). Quantification of such responses was undertaken in the present study, which clearly 
showed that EM stress condition inhibited chlorophyll 'a' and 'b', both at early stage and V6-V7 growth 
stage (Table-1 and 2). Yan et al. (1995) also observed significant increase in chlorophyll breakdown 
under waterlogging, which was positively correlated with super-oxide radical production in leaf tissues. 
Impact of EM conditions was noticeable on total CHO content. Data indicates that tolerant genotypes are 
able to maintain the supply of current photosynthates in spite of stress situation. On the other hand, 
susceptible lines utilized their available CHO quickly through aerobic/anaerobic mechanism; thereafter 
they face starvation of available CHO and showed susceptibility. Reduction in carbohydrate content under 
flooding might be related to leakage of the CHO from leaf tissues due to partial loss of membrane 
integrity (Yan et al., 1995) or increased consumption of stored CHO due to arrested current 
photosynthetic activity (Lizaso and Ritchie, 1997). NAD+-alcohal dehydrogenase activity increased 
sharply in almost all the genotypes under stress condition, especially in susceptible ones (Fig.2). This 
might be one of the general responses of anoxia conditions and not related to stress 
tolerance/susceptibility (Fig.3). Liu et al. (1991) also suggested that increased alcohol fermentation was a 
temporary adaptation and a major cause of root injury during flooding and that flooding tolerance was 
related to low ethanol fermentation. However, Sachs (1993) observed that variation in flood tolerance was 
related the increased ADH- activity. Transpiration rate reduced with increasing severity of the EM stress, 
in tolerant genotypes, while the response was just opposite in case of the susceptible ones (Fig.2). 
Reduced transpiration during stress condition may be considered as defense/avoidance mechanism against 
the stress. Moderate transpiration rate, due to partial stomatal opening, might have helped in economizing 
the water loss, coupled with less transport of toxic elements, synthesized in roots due to hypoxia/anoxia, 
to shoot tissues (Lizaso and Ritchie, 1997; Zaidi and Singh, 2001). 
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Final impact of the EM stress and pre-anoxia exposure was apparent on reproductive stage. Female 
flowering was comparatively much more susceptible to EM stress than male flowering. Delayed silking 
resulted long A.S.I. and therefore, severe barrenness in susceptible genotypes (Table-3). However, in 
tolerant genotypes A.S.I. was maintained to around 5.0 days or less. The process of female flowering, 
ranges from silk premodia initiation to silk emergence, was found to be largely dependent on the 
availability of current photosynthates as observed under drought conditions in maize genotypes (Bolanos 
and Edmeades, 1996). Excess moisture stress suppress current photosynthesis in susceptible genotypes 
(Huang et al., 1994) which might have resulted poor availability of assimilates for silk growth. A.S.I. has 
been found to play a vital role in kernel development and very close relationship with grain yield (Fig.3). 

Present study suggests that excess moisture/waterlogging is highly detrimental for maize plants. 
However, there is remarkable genetic variability in maize genotypes both at early stage and V6-V7 
growth stage. Genotypes having ability to produce early adventitious root, with large aerenchyma tissues 
and root porosity, may successfully grow under excess moisture stress condition. Interestingly, there was 
good similarly in response of genotypes to EM stress at early seedling and V6-V7 growth stage. Partial 
closure of stomata during the stress condition may have beneficial role in avoiding the upward movement 
of toxic elements. From the findings of the present study it may be concluded that early and increased 
adventitious rooting, enhanced root porosity, A.S.I. (<5d), moderate transpiration rate and pre-stress CHO 
accumulation may be used as selection index for waterlogging/excess moisture tolerance in maize. ‘Cup-
method’ may be used for large scale screening of maize germplasm against the stress as well as to 
generate the tolerant genotypes for excess moisture stress. However, genetic heritability of such induced-
tolerance due to hypoxia/anoxia pre-treatment needs further research. 
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Table 1. Means and standard deviations of various morpho-physiological traits for different categories of genotypes under normal (NM) 
and excess soil moisture (EM) conditions at early growth stage. 
 

 
Categories 
 

HTL     TL MTL SUS HSUS

Number of genotypes 7    12 35 87
 
183 
 

Traits           NM EM NM EM NM EM NM EM NM EM

L.S.D. 
 

 
1. Germination (%) 
 
2. Survival (%) 
 
3. Shoot DW (g pl.-1) 
 
4. Root DW (g pl.-1) 
 
5. No. of advt. roots 
 
6. Chl. ‘a’ (mg g-1) 
 
7. Chl. ‘b’ (mg g-1) 
 
8. Total CHO 
 (mg g-1FW) 

 
100± 0.0 
 
100± 0.0 
 
0.64± 0.05 
 
0.30± 0.03 
 
7.5± 1.3 
 
0.44± 0.08 
 
0.26± 0.03 
 
48.6± 5.3 

 
88.5± 9.3 
 
100± 0.0 
 
0.60± 0.08 
 
0.36± 0.04 
 
21.3± 2.5 
 
0.38± 0.07 
 
0.19± 0.02 
 
37.0± 5.3 

 
100± 0.0 
 
100± 0.0 
 
0.65± 0.11 
 
0.31± 0.04 
 
6.8± 1.7 
 
0.42± 0.04 
 
0.24± 0.05 
 
49.5± 4.9 
 

 
64.3± 9.2 
 
100± 0.0 
 
0.45± 0.09 
 
0.34±0.03 
 
17.5± 4.4 
 
0.29± 0.09 
 
0.14± 0.05 
 
26.7± 3.8 

 
100± 0.0 
 
100± 0.0 
 
0.63± 0.03 
 
0.28± 0.02 
 
7.7± 2.2 
 
0.45± 0.10 
 
0.24± 0.08 
 
39.8± 7.3 

 
39.6± 8.7 
 
96.2± 3.3 
 
0.37± 0.03 
 
0.14± 0.07 
 
11.2± 5.4 
 
0.22± 0.06 
 
0.10± 0.04 
 
19.7± 6.6 

 
100± 0.0 
 
100± 0.0 
 
0.64± 0.10 
 
0.29± 0.03 
 
6.2± 3.5 
 
0.39± 0.03 
 
0.26± 0.06 
 
36.7± 8.9 

 
18.4±6.2 
 
28.3± 11.2 
 
0.22± 0.05 
 
0.10± 0.02 
 
3.2± 1.3 
 
0.10± 0.06 
 
0.07± 0.03 
 
11.5± 8.2 

 
100± 0.0 
 
100± 0.0 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 

 
5.2± 3.3 
 
10.2± 9.6 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 

 
7.84* 
 
5.62** 
 
0.049** 
 
0.023** 
 
1.32* 
 
0.044** 
 
0.021** 
 
2.83** 

*, ** indicate significant differences at P<0.01 and <0.05 level of probability, respectively. 
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Table 2. Means and standard deviations (figures in parenthesis) of various phenological traits for different categories of genotypes after 
excess soil moisture stress at V6-V7 growth stage. 
 
Categories HTL 

 
NM  W     WW 

TL 
 
NM  W     WW 

MTL 
 
NM  W     WW 

SUS 
 
NM  W     WW 

HSUS 
 
NM  W     WW a

 
 L.S.D. 
 

1. Plant 
mortality (%) 
 
2. Nodes with     
brace roots 
 
3. Leaf area  
    (dm2 plant-1) 
 
4. Dry weight 
    (g plant-1) 
 
5. C.G.R. 
    (g m-2 day-1) 
 

 0.0 16.8      10.2 
(0.0) (4.3)    (2.3) 
 
 1.3  2.7        4.4 
(0.7) (1.7)     (1.5) 
 
286.3 210.3    
221.2 
(24.5) (18.6)   
(16.5) 
 
48.9 38.8       
40.4 
(3.7) (4.7)      
(3.5) 
 
26.9 14.7       
15.4 
(1.7) (1.7)      
(2.5) 
 

  0.0 34.5     28.2 
 (0.0) (7.8)    (4.2) 
 
 1.7 2.7        3.2 
(0.3)     (0.6)      (1.4) 
 
301.2 195.3    
204.2 
(31.2) (17.8)   
(14.7) 
 
51.3 33.2       
37.4 
(4.8) (3.7)      
(3.0) 
 
22.2 11.3       
13.6 
(1.5) (1.0)      
(1.6) 
 

  0.0 56.8     47.6 
 (0.0) (8.8)    (4.7) 
 
 1.0 2.0        2.7 
(0.7) (0.3)    (1.3) 
 
282.7 142.5    
150.2 
(27.5) (16.3)   
(16.9) 
 
49.9 20.8       
22.4 
(3.9) (3.6)      
(4.5) 
 
25.6  9.8        
11.4 
(1.4) (0.7)      
(1.5) 
 

  0.0 80.8     79.2 
 (0.0) (8.2)    (7.7) 
 
 1.3 1.7       2.0 
(0.7)      (0.4)    
(0.7) 
 
292.0    122.5    
131.2 
(24.5)   (18.6)   
(16.5) 
 
50.1 14.8       
17.4 
(2.9) (2.7)      
(3.0) 
 
23.3 5.8          
6.2 
(1.6) (0.8)      
(0.9) 
 

  0.0 91.8          - 
 (0.0) (6.3)          
 
 0.7  0.3           - 
(0.3) (0.3)          
 
287.2 85.2          - 
(15.3)   (11.3)         
 
49.2 9.2           - 
(4.3)     (3.3)          
 
24.2 5.2           - 
(2.3)     (0.6)           
 

 4.82** 
 
 
0.24* 
 
 
21.3** 
 
 
8.27** 
 
 
2.23* 
 
 

a No transplanting. 
*, ** indicate significant differences at P<0.01 and <0.05 level of probability, respectively. 
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Table 3. Means and standard deviations (figures in parenthesis) of various biochemical and yield traits across the trails for different 
categories of genotypes after excess soil moisture stress at V6-V7 growth stage. 
 

Categories  HTL
 
NM  W     WW 

TL 
 
NM  W     WW 

MTL 
 
NM  W     WW 

SUS 
 
NM  W     WW 

HSUS 
 
NM  W     WW a

L.S.D. 
(p=0.05) 

1.Chl. ‘a’ 
   (mg g-1fw) 
 
2. Chl. ‘b’ 
   (mg g-1 fw) 
 
3. Total CHO  
    (mg g-1FW) 
 
4. Days to 50%  
    anthesis 
 
5. A.S.I. (days) 
 
 
6. Kernel pl-1 

 
 
8. Grain yield    
(kg plot-1) 
     
 

 0.77  0.65    0.70 
(0.04)   (0.06)   (0.07) 
 
0.33  0.24    0.25 
(0.03)   (0.05)   (0.04) 
 
70.2  55.3    59.2 
(5.4)      (6.2)    (4.2) 
 
73.5  75.3    73.0 
(3.4)      (3.2)    (2.2) 
 
 3.6  4.3        4.0 
(1.3) (2.7)     (1.5) 
 
176.3 115.3   121.2 
(14.5) (8.6)     (9.5) 
 
0.46  0.30     0.33 
(0.07)   (0.03)   (0.06) 

 0.80  0.48     0.52 
(0.07)   (0.11)   (0.09) 
 
0.31 0.24     0.26 
(0.02)   (0.05)   (0.03) 
 
71.1  42.3    45.2 
(4.4)      (3.2)    (4.7) 
 
72.5  72.8    73.3 
(4.4)      (3.2)    (3.3) 
 
 3.4  5.7        4.3 
(2.7) (3.7)     (3.5) 
 
182.3  106.3    110.2 
(10.5) (18.6)   (16.1) 
 
 0.43      0.20     0.22 
(0.08)   (0.06)   (0.05) 

 0.78  0.29     0.33 
(0.11)   (0.06)   (0.08) 
 
0.34  0.18     0.21 
(0.04)   (0.05)   (0.02) 
 
64.2  32.3    34.2 
(5.2)      (4.5)    (4.4) 
 
74.0  76.3    73.3 
(3.4)      (2.0)    (3.7) 
 
 4.0 12.7      10.4 
(1.7) (4.3)     (3.5) 
 
174.3  75.3     80.2 
(9.8) (14.9)  (10.3) 
 
 0.40       0.18     0.24 
(0.06)    (0.04)   (0.05) 

0.81  0.18    0.22 
(0.04)   (0.06)   (0.07) 
 
0.29 0.15    0.17 
(0.04)   (0.05)   (0.03) 
 
56.2  18.3    22.2 
(3.7)      (3.1)    (4.0) 
 
70.2  78.3    72.3 
(4.4)      (3.2)    (4.2) 
 
 3.7  18.7   13.34 
(1.3) (10.3)   (8.3) 
 
170.3     45.3     47.2 
(11.0)   (18.6)   (11.5) 
 
 0.44      0.10     0.14 
(0.07)   (0.05)   (0.06) 

  0.76  0.13         - 
 (0.11)   (0.05)        
 
  0.32  0.08         - 
 (0.07)   (0.03)        
 
 54.9  15.8         - 
 (2.8)      (3.4)         
 
74.2   85.8        - 
 (4.8)      (5.4)         
 
 3.8 29.7         - 
(2.7) (5.3)      
 
176.6  5.3        - 
(13.5) (14.0)    
 
 0.43      0.03         - 
(0.09)   (0.02)    

0.008** 
 
 
0.004** 
 
 
6.52* 
 
 
NS 
 
 
0.53* 
 
 
  8.01* 
 
 
  0.003* 

a No transplanting. 
*, ** indicate significant differences at P<0.01 and <0.05 level of probability, respectively. 
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Figure 1. Changes in soil and water properties under excess soil moisture conditions in field (A) 
temperature, (B) redox potential and (C) dissolved oxygen.
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Plate-2: Stress-induced ce root development in excess moistu olerant genotypes. 
(a) relative performance of genotypes after exposure to stress, (b) brace roots on 
above-ground nodes (cm).  
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Plate-1: “Cup method” – a novel screening technique for maize germplasm 
against excess moisture stress.  
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 Figure. 2. NAD+-alcohol dehydrogenase activity (u mg-1 protein min-1), rate of transpiration (µg cm-2 s-1), brace root fresh 

weight (g plant-1) and root porosity (%) in different categories of maize genotypes under normal and excess moisture stress 
conditions at knee-high stage. 
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Figure 3. Grain yield as a function of mean anthesis-silking interval, root porosity, fresh weight of brace roots plant1 and NAD+-alcohol 
dehydrogenase activity in maize genotypes under excess moisture (W) conditions at Knee-hight stage. 
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Abstract 

 
Asian corn borer (Ostrinia furnacalis) is a main pest in Indonesia and other countries. Studies to 

develop the control method of maize or corn borer using natural enemies were caried out. Two 
parasiteoids against Ostrinia furnacalis i.e. Trichogramma evanescens and Beauveria bassiana were 
tested in laboratories and field conditions. In the laboratory, releasing of 15, 30, and 45 individual T. 
evanescens per maize plant increased parasiteized O. furnacalis eggs to 45, 78, and 82 percent, 
respectively. Releasing T. evanescens weekly for 3 to 5 times at 4 to 8 weeks after planting and once at 
the time of one egg mass per 30 plants with the number of 250,000 parasiteoid/ha/applications could 
parasiteize O. furnacalis egg ranging from 52 – 92 %, compared with 33% at the control. The parasiteoids 
only infected one and two day old eggs, but did not infect three day old eggs. A T. evanescens female 
could infect 9 – 65 eggs (average 34.67 eggs) of O. furnacalis. Field observation showed that 37.5% to 
100% (average 80.4%) of O. furnacalis eggs were parasiteized by T. evanescens. Laboratory study 
indicated that inoculation of B. bassiana spores at the concentration of 5 x 107 to the larvaes of O. 
furnacalis resulted in 62% infection. Application of the spores at the concentration of 104-7 could reduce 
the infection of O. furnavalis 15 to 20%. Both T. evanescens and B. bassiana are prospective biological 
control agents for maize stem borer O. furnacalis in Indonesia. 
 
Introduction 
 

Maize is a second main food crop after rice in Indonesia as a staple food, but it is the most used food 
crop for feed (Semangun, 1993). National production of maize grain in the year 2000 was estimated to be 
9,345,000 tons, however, the requirement was 10,912,610 tons. Because the need was more than the 
production, Indonesia imported 1,567,610 tons of maize grain in the year 2000 (Anonymous, 2002). The 
average yield of maize in Indonesia is still low: 2.6 t/ha, far less than the potential yield of improved 
maize that ranged from 6 – 10 t/ha. One of the main factors reducing maize production in Indonesia is 
pest damaged. The common maize pest reported was Asian corn borer (ACB) caused by O. furnacalis. To 
control the corn or maize borer, farmers usually used insecticide containing carbofuran active ingredient. 
However, the insecticide was very dangerous to the environment. Efforts to control the pest in a more 
environmentally-friendly manner were conducted by finding a natural enemy or parasite pathogen that 
used as biological control. Several natural enemies of O. furnacalis were recorded in South Sulawesi 
province including predators (Akib et al., 2000; Nonci et al., 2000), insect parasitees (Pabbage dan Baco, 
2000), and pathogens parasitees (Yasin et al., 2000). The common predators collected in Sulawesi were 
Orius sp. and Chrysopa sp. (Akib et al., 2000), Harmonia octamuculata (Fabricius), Menochilus 
sexmaculatus (Fabricius), Micraspis sp., Ophionea sp., Proreus sp., Euborellia sp., Solenopsis sp., 
Chrysopa sp., Orius sp., and Lycosa sp. (Nonci et al., 2000). The most effective predators were Proreus 
sp., Euborellia sp., and Lycosa sp. The insect parasitees found in Indonesia were from the family 
Tachinidae, Broconidae, and Ichneumonidae (Nonci et al. 2000). T. evanescens Westwood (Tachinidae) 
is one of the parasitees of O. furnacalis eggs in Sulawesi (Pabbage and Baco, 2000). The parasitee 
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pathogens isolated in Indonesia were Metharrizium anisopliae, B. bassiana, Fusarium sp., Hirustella 
centriformis, and Nomuraea rileyi (Baehaki and Noviyanti, 1993; Haryono, 1993; Yasin et al., 2002). 
 
Asian corn borer (ACB) 

Stem borer caused by Asian corn borer (O. furnacalis), was the main pest of maize in Indonesia 
(Yasin, 2001). The pests could infect the maize plant along the year whenever maize is grown (Nafus and 
Schreiner, 1987). However, in a monoculture cropping pattern of rice – maize – maize, the population of 
O. furnacalis and Mythimna separata were higher in the second maize crops, than in the first maize crops 
in Takalar South Sulawesi. In the contrary, the ear borer (Helicoverpa armigera) population was high in 
the first maize crops and less in the second maize crops (Table 1 and 2) (Achmad et al., 2002). Reported 
yield losses caused by the pest were varied, up to 50% (Widodo et al., 1987) and 20-80% (Bato et al., 
1983). Yield loss was up to 37% when a maize plant was infected by five larvae of O. furnacalis at 6 
weeks after planting (Nonci et al. 1996). Hsu (1988) reported from Taiwan that one hole in a sweet corn 
stem by stem borer caused 3.3% yield loss.  

Components of integrated pest management for stem borer include using resistant variety, cultural 
practices, chemical control, and using natural enemies (parasitees or predators). 

Beside the pests, predators (Chrysopa sp. and Orius sp.) and parasitees (Trichogramma sp.) were also 
found in the field of Takalar District. 
 
Biological control of Asian corn borer 

Preliminary study of the natural enemies of stem borer O. furnacalis at Research Institute for Maize 
and Other Cereals (RIMOC) had identified predators (Chrysopa sp., Orius sp., and Spider) (Akib et al., 
2001), and parasites (Trichogramma sp.) (Pabbage et al., 2001; Nonci et al., 2001). 
 
Trichogramma as biological control of O. furnacalis 

Samples of egg clusters of O. furnacalis had been collected from 11 areas in South Sulawesi Province. 
A hundred egg clusters were taken from each location, and put in a petriplate containing wetted filter 
paper to keep the moisture high. The eggs were then incubated in the laboratory untill all parasiteized 
eggs hatched. The percentage of parasiteized O. furnacalis eggs were high, ranging from 71.6% to 89.8% 
(average 80.4%) (Table 3). 

In the maize base cropping patern, 20 egg clusters were collected from the second maize crop, with 
the percentage of parasiteized eggs ranging from 37.5% to 100% (Table 4) (Akib et al., 2001). 

T. evanescens in a laboratory can be multiplied by alternating hosts using eggs of C. cephalonica 
Westwood. The efficiency rate of multiplying T. evanescens had been studied in the Institute, with the 
ratio ranging from 1:1 to 1:8 for T. evanescens and C. cephalonica eggs. This experiment indicated that 
the ratio of 1:5 produced the highest parasiteized eggs, although it was not significantly different with the 
ratio of 1:6 and 1:7 (Table 5). Eggs of C. cephalonica were collected during rearing in the laboratory of 
Entomology and Plant Pathology Division of RIMOC. A good medium for C. cephalonica eggs 
production was a mix of broken maize grain and concentrate in an equal amount. 

The ability of T. evanescens parasiteized eggs of O. furnacalis and C. cephalonica was tested in the 
laboratory of RIMOC. Around a hundred 24 hour-old eggs of O. furnacalis (3 clusters) and 100 eggs of C. 
cephalonica were put into a separate tube, then a female T. evanescens was put into each tube containing 
+ 100 eggs. Four days later unparasiteized eggs were discarded or destroyed. The number of hatched T. 
evanescens and number of unhatched T. evanescens from parasiteized eggs were recorded 12 days later. 
The parasiteized eggs were higher on C. cephalonica eggs then on O. furnacalis eggs (i.e. 42.8% and 
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34.8% respectively). The number of T. evanescens hatched from the parasiteized eggs was 94.7% and 
84.9% from the host of C. cephalonica and O. furnacalis, respectively (Table 6). 

In a laboratory study releasing 15, 30, and 45 T. evanescens pup 
aes in each cage containing a pot of maize plant with egg cluster O. furnacalis on the second, fifth, 

and eighth leaves, parasiteized O. furnacalis eggs by hatched T. evanescens averaged 45.4%, 77.8%, and 
82.0% for the number of parasitees, respectively (Table 7). 

Releasing T. evanescens in a field once at 4 weeks after planting (WAP) and twice at 4 and 6 WAP 
parasiteized O. furnacalis eggs up to 53.8% (average of 26.2%) (Table 8) (Nonci et al., 2002). When + 
100,000 T. evanescnes were released in a centre of 40 x 38 m2 maize plot, they would spread randomly in 
the plot and were not affected by the distance from the releasing point (Table 8) (Nonci et al., 2002). 
Releasing the T. evanescens one time at 4 WAP or twice at 4 WAP and 6 WAP also did not change the 
number of parasiteized O. furnacalis eggs. 

When T. evanescens were released three to five times at a weekly interval starting at four or five 
WAP, the parasiteized eggs of O. furnacalis ranged from 52% to 92% compared with the control, which 
had 33% parasiteized eggs (Table 9). However, releasing times were not significantly different in 
parasiteized eggs (Nonci et al., 2001). 

Different ages of O. furnacalis eggs (one, two, and three days) were inoculated by T. evanescens with 
the ratio of 5:1 for egg cluster of O. furnacalis and a pair of male and female one-day-old T. evanescens, 
respectively. The parasiteized eggs were highest for one day old eggs (926%), decrease drasticaly for two 
days old eggs, and no three days old eggs was parasiteized. The percentage of hatched eggs was very low 
(2.1%) for one day old eggs and increased for two day old eggs (with 24.4% hatched), and three days old 
eggs (with 89.3%) (Table 10) (Pabbage and Nonci, 2000). 
 
Beauveria bassiana as a biological control of O. furnacalis 

B. bassiana had been used for biological control of pest in several crops, but not for maize pests in 
Indonesia. Studies were done to evaluate the effectiveness of B. bassiana to control O. furnacalis. B. 
bassiana was isolated from infected larvae of O. furnacalis and grown in potato dectrose agar (PDA) 
medium. The spores of the pure culture of B. bassiana were then tested through culturing in five different 
media i.e. PDA, rice grain, rice husk, corn grain, and sawdust, to test the production of spores and 
viability of spore germination. Number of spores from different mediums varied significantly (Table 11). 

Viability of germinated spores collected from the different media and different old cultures were 
significantly different, ranging from 53.6% to 96.9% (Table 12) (Soenartiningsih et al., 1999). 

Survival of the B. bassiana culture was studied after being stored several months in a refrigerator. 
Boiled corn seed was used as a growth medium for B. bassiana. As a control, B. bassiana was grown on 
PDA medium. The cultures were then stored in refrigerator. Samples and the control were taken first at 12 
days refrigeration. Another sample culture was taken at 1, 2, 3, 4, 5, 6, 7, and 8 months refrigeration. 
Number of spores and germinated spore were recorded to calculate the percentage of germination 
viability as mention in Table 13. 

The viability of stored spores decreased from month to month significantly. The spores from different 
lengths of stored periods were inoculated to the larvaes of O. furnacalis to find their effectiveness. 
Mortality of O. furnacalis larvaes recorded at 2, 4, 6, 8, 10, and 12 days after inoculation showed 
significant decreases with the duration of storage periods (Table 14). 

Five concentrations of B. bassiana were each sprayed on ten boxes of baby corn, then 10 larvae from 
each of four instars were given. The experiment was arranged in randomized complete block design with 
four replications. Observations of the mortality were taken at one, three, five, and seven days after 
application of the spores. The percentage data of mortality in general increase with the increase of spores’ 
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consentration in each O. furnacalis instar was analyzed (Table 15). The larvae mortality ranged from 
2.5% to 62.0%. 

The concentration of spores (5 x 104, 5 x 105, 5 x 106, and 5 x 107) was also compared to the 
application of carbofuran 3% in field trials for their effectiveness in supressing stem borer. The result 
indicated that the number of holes per plant and length of hole were not significantly different between 
spore concentration and carbofuran application. Only in the control were all spore concentration and 
carbofuran application signifincantly different (Table 16). 
 
Conclusion 
 

Indonesia is an agricultural country, where maize was grown in many islands. However, every year 
Indonesia must still import maize grain in large quantities (up to more than a million ton in recent years). 
One of many factors causing import of maize is low yielding of maize cultivated at an average of 2.6 t/ha. 
Several biotic and abiotic factors affect maize yields in Indonesia. One of the common biotic factors has 
been stem borer damage, of which up to 50% is caused by Asian Corn Borer (ACB), or O. furnacalis. 
Farmers have used insecticide containing carbofuran to control the pest in the past. Recent research on 
biological control using local natural enemies was intensified to replace chemical applications. Several 
predators were identified such as Chrysopa sp., Euborellia sp., Harmonia sp., Lycosa sp., Menochilus sp., 
Micrapis sp., Ophionea sp., Orius sp., Proreus sp., and Solenopsis sp. The three most effective predators 
were Euborellia sp., Lycosa sp., and Proreus sp. Insect parasites were collected and identified. They are 
grouped in three families: Tachinidae, Braconidae, and Ichneumonidae. The dominant parasite found was 
Trichogramma (Tachinidae). Pathogens that are natural enemies of O. furnacalis were identified 
including Beauveria sp., Fusarium sp., Hirustella sp., Metharrizium sp., and Nomerellia sp. The common 
pathogen collected was B. bassiana. 

Trichogramma sp. was widely distributed in South Sulawesi Province, where it was found in 11 areas. 
The percentage of O. furnacalis eggs parasiteized by Trichogramma in the field were high, ranging from 
37.5% - 100%. Studies to control the ACB by using natural enemies, T. evanescens and B. bassiana, have 
being done at the Indonesian Cereal Research Institute (InCRI). In the laboratory T. evanescens 
parasiteized only one or two day old O. furnacalis eggs, but not three day old eggs. Increasing the number 
of T. evanescens per plant released increased parasiteized eggs of O. furnacalis. 

In the field, releasing T. evanescens weekly three to five times at 4 to 8 weeks after planting with the 
population 250.000/ha increased the parasiteized eggs up to 92%. 

In laboratory study, B. bassiana was easily grown on rice or corn grain media and produced more 
spores with germination viability above 94% for the 12+ day old culture, and decreased in the following 
days. Corn grain was used as medium in most studies. Stored cultures of B. bassiana decreased the spores 
germination every month, until 90% after 4 months and 40% after 8 months. Larvae instar 2 – 5 of O. 
furnacalis were killed from 55 to 62.5% when their feed sprayed with 5 x 107 spore concentration of B. 
bassiana in the laboratory. However, spraying the same concentration of B. bassiana spores at 3 weeks 
after planting only reduced 15 to 20% of infection. 

Study is still needed. However, both T. evanescens and B. bassiana have potential as biological 
control agents for corn borer (O. furnacalis) in Indonesia.  
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Table 1. Population dinamic of maize borer in the periods of May – August 2001 of two cropping 
patern in Takalar district of South Sulawesi Indonesia (First Maize Crop). 
 

Number of insect per 100 maize plants at different days after planting (DAP)  
Stem and pod borer 17 27 37 48 58 65 72 80 
Ostrinia furnacalis 
- Monoculture 
- Strip cropping 
 
Helicoverpa 
armigera 
- Monoculture 
- Strip cropping 

 
0 
0 
 
 
0 
0 

 
0 
0 
 
 
0 
0 

 
1 Ec+ 2 L 
0 
 
 
3 L 
1 L 

 
0 
1 Ec+1L 
 
 
87 L 
23Ec+4L 

 
14 L 
3 L 
 
 
44Ec+24
L 
24Ec+14
L 

 
19 L 
3 L 
 
 
23Ec+10
L 
14 L 

 
2L+24 I 
3 L 
 
 
16 L 
1 L 

 
12 I 
11 I 
 
 
1 L 
0 

Ec = Egg cluster 
L = Larvae 
I = Imago 
(Achmad et al., 2002) 
 
 
Table 2. Population dinamic of maize borer in the periods of September – November 2001 of two 
cropping patterns in Takalar district of South Sulawesi Indonesia (Second Maize Crop). 
 

Number of insect per 100 maize plants at different days after planting (DAP) Stem and pod borer 
13 22 33 42 50 57 66 75 84 

Ostrinia furnacalis 
- Monoculture 
 
- Strip cropping 
 
Helicoverpa armigera 
- Monoculture 
- Strip cropping 

 
0 
 
0 
 
 
0 
0 

 
0 
 
4 Ec 
 
 
5 L 
2 L 

 
10 
Ec 
 
2 Ec 
 
 
5 L 
2 L 

 
19 Ec 
 
18 Ec 
 
 
0 
0 

 
12 Ec 
3 L 
27 Ec 
1 I 
 
20 Ec 
19 Ec 
3 I 

 
7 Ec 
18 L 
19 Ec 
 
 
9 L 
10 L 

 
9 L 
11 P 
21 L 
7 P 
 
28 L 
16 L 

 
3 Ec 
29 P 
3 Ec 
11 P 
 
17 L 
18 L 

 
5 Ec 
23 P 
2 Ec 
1 L 6 P 
 
22 L 
6 L 

Ec = Egg cluster 
L = Larvae 
P = Pupae 
I = Imago 
(Achmad et al., 2002) 
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Table 3. Percentage of parasiteized eggs of O. furnacalis by Trichogramma sp. collected from 
several places with different ecosystem in South Sulawesi. 
 
Recency Ecosystem Parasiteized eggs of 

O. furnacalis (%) 
Barru 
Takalar 

Irrigated lowland 
Irrigated lowland 

71.6 
76.4 

Takalar 
Jeneponto 
Bulukumba 
Sinjai 

Rainfed lowland 
Rainfed lowland 
Rainfed lowland 
Rainfed lowland 

84.0 
87.0 
89.8 
76.7 

Maros 
Wajo 
Bantaeng 
Bulukumba 
Sinjai 

Upland 
Upland 
Upland 
Upland 
Upland 

77.9 
77.8 
82.0 
78.5 
81.0 

Wajo Lake border 81.0 
Average 80.4 

(Nonci et al., 2000) 
 
Table 4. Rate of T. evanescens parasiteism at 20 egg cluster of O. furnacalis collected from second 
maize crop (September – November 2000) in Takalar District. 
 

No. Egg Cluster Eggs Number per Cluster Number of Eggs Parasiteized (%) 
1 
2 
3 
4 
5 

32 
39 
19 

128 
49 

100.0 
87.2 
63.1 
64.3 
93.9 

6 
7 
8 
9 

10 

16 
31 
34 
24 
26 

62.5 
90.3 
79.4 
37.5 
76.9 

11 
12 
13 
14 
15 

8 
25 
24 
23 
27 

37.5 
100.0 
100.0 
47.8 
92.6 

16 
17 
18 
19 
20 

9 
34 
20 
29 
16 

75.0 
100.0 
100.0 
100.0 
100.0 

Average 25.65 80.4 
(Akib et al., 2001) 
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Table 5. Percentage of parasiteized C. cephalonica at different mixing rate of T. evanescens and host 
eggs. 
 
Rate Te : Cc 1:1 1:2 1:3 1:4 1:5 1:6 1:7 1:8 

Egg Cc 
parasiteized 78.6 84.7 84.3 89.3 88.4 88.4 86.3 76.0 

CV (%) 5,5 
Te = Trichogramma evanescens  
Cc = Corcyra cephalonica 
(Pabbage and Nonci, 2000) 
 
 
Table 6. The parasiteized ability of T. evanescens to O. furnacalis and C. cephalonica eggs. 
 

Host (egg) Parasiteized eggs Range of parasiteized egg per 
imago T. evanenescens 

Hatched imago 
T. evanescens from 

parasiteized eggs (%) 
O. furnacalis 

C. cephalonica 
34.8 
42.8 

9 – 54 
9 – 55 

84.9 
94.7 

(Pabbage and Baco, 2000)  
 
 
Table 7. Percentage of O. furnacalis eggs in cages containing maize plant with egg cluster on 2nd, 5th, 
and 8th leaves after infested by 15, 30, and 45 T. evanescens. 
 

Egg cluster of O. furnacalis on 
three different maize leaves 

T. evanescens 
number per cage 

2th 5th 8th

Average 
(%) 

15 
30 
45 

None (Control) 

42.6 
81.0 
79.8 
0.0 

58.6 
85.7 
83.6 
0.0 

35.1 
66.8 
82.5 
0.0 

45.4 b 
77.8 a 
82.0 a 
0.0 c 

Average 50.9 ab 57.0 a 46.1 b 51.3 
CV (%) 19.3 

Means followed by a same letter in a column are not significantly different at the 5% level according to 
DMRT. 
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Table 8. Percentage of parasiteized O. furnacalis eggs cluster recording at 5 to 10 WAP in four 
different distances from the releasing point of T. evanescens. 

 
Releasing time of T. evanescens Distance from 

releasing point 
(m) 

Observation 
time 4 WAP 4 and 6 WAP At economic 

treshold eggs 
cluster/30 plant 

Control 

5 

a 
b 
c 
d 
e 
f 

24.2 
33.7 
29.2 
19.8 
0.0 

19.1 

21.1 
12.3 
29.6 
43.9 
30.2 
12.0 

28.1 
51.3 
37.6 
39.6 
36.6 
21.7 

0.0 
0.0 
0.1 
0.0 
0.0 
4.4 

10 

a 
b 
c 
d 
e 
f 

21.1 
22.1 
47.4 
17.6 
19.8 
8.4 

37.7 
18.6 
17.0 
39.1 
18.4 
5.5 

36.4 
30.2 
35.0 
53.8 
17.6 
18.4 

0.0 
0.0 
0.0 
2.6 
0.0 
7.9 

15 

a 
b 
c 
d 
e 
f 

28.3 
43.5 
41.6 
23.5 
17.8 
25.4 

33.3 
36.1 
11.1 
19.1 
37.3 
11.1 

31.5 
17.2 
38.1 
21.4 
36.7 
13.2 

0.0 
0.0 
0.0 
0.0 
0.0 
5.3 

20 

a 
b 
c 
d 
e 
f 

25.0 
19.1 
30.2 
37.1 
16.7 
18.4 

23.1 
18.4 
17.2 
42.0 
28.7 
22.0 

30.2 
31.3 
27.4 
8.7 

37.1 
10.7 

0.0 
0.0 
0.0 
3.3 
0.0 
6.3 

Average  24.5 24.4 28.6 1.25 
 

WAP = Week After Planting 
 a = Observation at 5 WAP  d = Observation at 8 WAP 
 b = Observation at 6 WAP  e = Observation at 9 WAP 
 c = Observation at 7 WAP  f = Observation at 10 WAP 
(Nonci et al., 2002) 
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Table 9. O. furnacalis eggs parasiteized by T. evanescens released weekly at different time (%). 
 

Percentage of eggs parasiteized No. Releasing time of T. evanescens 
8 week after planting 

1. 
2. 
3. 
4. 
5. 
6. 

4, 5, 6, 7, and 8 WAP 
4, 5, 6, and 7 WAP 
5, 6, 7, and 8 WAP 
6, 7, and 8 WAP 
At egg population 1 egg mass/30 plant 
Kontrol 

54.2 ab 
52.0 ab 
92.0 b 
64.5 ab 
71.1 ab 
33.3 a 

Means followed by a same letter in a colom are not significantly different at the 5% level according to 
DMRT (Nonci et al., 2001). 
 
 
Tabel 10. Percentage of parasiteized and hatched of different age O. furnacalis eggs following 
Infectation of one day old T. evanescens T. evanescens in a rate (5:1). 
 
Age of O. furnacalis eggs Parasiteized eggs (%) Hatcked eggs (%) 
One day 
Two days 
Three days 

92.6 a 
25.6 b 
0,0 c 

2.1 c 
24.3 b 
89.3 a 

CV (%) 14.1 26.4 
Means followed by a same letter in a colom are not significantly different at the 5% level according to 
DMRT (Pabbage et al., 2000). 
 
 
Table 11. Number of B. bassiana spores from 5 medium collected at 10, 12, 14, and 16 day old 
culture (doc). 
 

Average of spores number (x108) Medium 
10 doc 12 doc 14 doc 16 doc 

PDA 
Rice 
Corn 
Rice husk 
Sawdust 

2.2 b 
4.8 d 
3.6 c 
0.3 a 
0.2 a 

3.5 b 
6.2 c 
4.3 b 
0.5 a 
0.2 a 

4.0 b 
6.4 c 
4.4 b 
0.5 a 
0.3 a 

3.9 b 
6.4 c 
4.0 b 
0.5 a 
0.2 a 

CV (%) 9.8 15.2 15.9 14.3 
Means followed by a same letter in a colom are not significantly different at the 5% level Accordin to 
DMRT. 
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Table 12. Average number and germination viability (%) of B. bassiana spores collected from five 
media at 10, 12, 14, and 16 day old culture. 
 

Age of culture 
10 12 14 16 Medium 

Number Germ Number Germ Number Germ Number Germ 
PDA 
Rice 
Corn 
Rice husk 
Sawdust 

252.3 
390.7 
327.3 
43.3 
27.0 

77.9 
96.9 
94.1 
62.3 
57.9 

355.3 
507.3 
339.3 
70.7 
32.0 

78.5 
96.7 
94.5 
60.4 
59.7 

377.0 
524.0 
344.7 
69.7 
36.0 

69.5 
86.2 
82.9 
57.4 
56.5 

411.7 
498.3 
372.7 
69.0 
33.0 

62.7 
83.1 
80.1 
53.1 
55.6 

Average 208.12 77.8 260.9 77.9 270.3 70.5 276.9 66.9 
(Soenartiningsih et al., 1999) 
 
 
Table 13. Germination ability of B. bassiana spores after storing in refrigerator for different 
periods of time. 
 

No. Growth medium Periods of storing Germination viability (%) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

PDA 
Boilled corn seed 
Boilled corn seed 
Boilled corn seed 
Boilled corn seed 
Boilled corn seed 
Boilled corn seed 
Boilled corn seed 
Boilled corn seed 
Boilled corn seed 

12 days 
12 days 
1 month 
2 month 
3 month 
4 month 
5 month 
6 month 
7 month 
8 month 

95.0 
94.5 
94.6 
93.6 
90.5 
90.4 
81.8 
62.0 
46.3 
40.0 

Means followed by a same letter in a colom are not significantly different at the 5% level according to 
DMRT (Yasin et al., 2001). 
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Table 14. Mortality (%) of O. furnacalis larvae caused by B. bassiana had been stored for different 
periods of time in refrigerators. 
 

Observation day after inoculation Stored periods of 
inoculum in 
refrigerator 2 4 6 8 10 12 

1 month 
2 month 
3 month 
4 month 
5 month 
6 month 
7 month 
8 month 
12 days 
12 days (PDA) 

16.7 a 
13.3 ab 
13.3 ab 
6.7 abc 
3.3 bc 
3.3 bc 
0.0 c 
0.0 c 

16.7 a 
20.0 a 

26.7 a 
20.0 a 
20.0 a 

13.3 ab 
6.7 bc 
3.3 bc 
0.0 c 
0.0 c 

23.3 a 
26.7 a 

36.7 a 
33.3 a 

30.0 ab 
26.7 ab 
16.7 ab 

6.7 c 
0.0 d 
0.0 d 
36.7 a 
36.7 a 

50.8 a 
50.8 a 
48.9 a 
37.2 b 
30.8 bc 
23.9 cd 
15.2 de 
6.5 e 

50.8 a 
48.9 a 

73.3 ab 
90.0 ab 
83.3  bc 
76.7 cd 
60.0 d 
26.7 e 
23.3 e 
13.3 e 
96.7 a 
96.7 a 

93.3 ab 
90.0 bc 
83.3 bc 
76.7 cd 
60.0 d 
26.7 e 
23.3 e 
13.3 e 
96.7 a 
96.7 a 

Means followed by a same letter in a colom are not significantly different at the 5% level according to 
DMRT. (Yasin, 2001). 
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Table 15. Mortality (%) four instars O. furnacalis larvae caused by five concentration of B. 
bassiana at one, three, five, and seven days after its application. 
 

Larvae instar Concentration 
of B. basiana 
spores per ml 

Time of 
observation (day 
after application) 

2 3 4 5 

5 x 103

1 
3 
5 
7 

2.5 
10.0 
10.0 
10.0 

2.5 
5.0 
5.0 
5.0 

2.5 
10.0 
12.5 
12.5 

5.0 
7.5 
7.5 
7.5 

5 x 104

1 
3 
5 
7 

2.5 
5.0 
7.5 

17.5 

7.5 
10.0 
17.5 
17.5 

2.5 
7.0 

12.5 
12.5 

2.5 
10.0 
10.0 
10.0 

5 x 105

1 
3 
5 
7 

5.0 
12.5 
25.0 
35.0 

7.5 
17.5 
27.5 
30.0 

5.0 
20.0 
35.0 
47.5 

2.5 
17.5 
17.5 
20.5 

5 x 106

1 
3 
5 
7 

2.5 
10.0 
30.0 
45.0 

5.0 
10.0 
37.5 
47.5 

12.5 
17.5 
40.0 
40.0 

10.0 
10.0 
27.5 
27.5 

5 x 107

1 
3 
5 
7 

7.5 
30.0 
45.0 
62.5 

5.0 
17.5 
45.0 
55.0 

7.5 
37.5 
50.0 
57.5 

22.5 
32.5 
47.5 
55.0 

Control 

1 
3 
5 
7 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

(Yasin et al., 1999) 
 
 
Table 16. Number of hole per plant and length of hole caused by O. furnacalis in application of four 
concentrations of B. bassiana spores and carbofuran at WAP. 
 
Treatments Number of hole per plant Length of hole (cm) 
5 x 107 

5 x 106 

5 x 105 

5 x 104 

Carbofuran 3% 
Control 

1.17 a 
1.19 a 
1.20 a 
1.20 a 
1.13 a 
1.49 b 

5.75 a 
5.85 a 
6.07 a 

7.53 ab 
5.40 a 
8.25 b 

CV 7.00 20.10 
Means followed by a same letter in a colom are not significantly different at the 5% level according to 
DMRT (Yasin et al.,1999). 
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Abstract 

 
Maize crop establishment is often drought - impaired. A 7 – 10 day dry spell after germination is 

common. Experiments were designed to mimic this situation to determine if germination ability at low 
water potential could be used as a criterion to select for ability to sustain post germination growth. The 
four cultivars used had differences in their germination ability at low water potential. One, the improved 
variety pool 26, is known to be drought tolerant. Many of the adjustments in plant growth to water stress 
were typical of those reported for maize; there were no significant differences between indigenous and 
improved varieties. Decline of seedling height increase begins 2 to 3 days after stress. Leaf area was the 
most affected parameter; withholding water significantly increased the root: shoot ratio and decreased leaf 
area: root length ratio. The pool 26 showed a distinct response. Nodal root length significantly differed 
confirming the fact that many tropical maize cultivars have more nodal roots which absorb moisture from 
the top soil layer by altering the osmotic adjustment during drought compared to seminals and laterals. The 
total root length differed significantly between watered and un-watered plants. Results indicate several 
significant changes between watered and un-watered plants but the differences between cultivars in 
germination ability at low water potential did not reflect their relative tolerance to the drought situation  
 
Introduction 
 

Successful crop establishment is important to all growers but it is crucial to food production by 
subsistence farmers. Maize crop establishment is often drought impaired and germination results in poor 
establishment due to ageing in the soil. (Muthukuda Arachchi et al. 1999) if seeds are planted anticipating 
rains. Seeds planted after the first rains may receive adequate water to support germination. The 
germinated seeds support growth up to the first leaf stage but further growth can be severely reduced if 
subsequent rains either fail or are delayed, which is common in the tropics. Then development of varieties 
which express drought tolerance during establishment would (at seedling stage) enable crop growth to be 
sustained through the dry spell experienced in the tropics after planting, with no reduction in yield. 

The ability to absorb water from drying soil depends on the size and the distribution of the root system. 
These components may get adjusted in response to a reduction in water availability. In fact, increase in 
bio-mass of the root system and root: shoot dry weight ratio has been observed in maize during the onset 
of early drought (Sharp and Davies, 1979; Zang and Davies, 1989; Pannu et al., 1992). 

Different elements of the root system may respond differently to low water availability in maize. For 
example nodal roots which can penetrate hard soil more easily, may be less sensitive to moisture stress 
than other types of roots (Westgate and Boyer, 1985). Different cultivars of maize possess different root 
growth patterns. Some produce relatively more nodal roots while others produce more laterals (Thompson, 
1968). Leaf expansion tends to be more sensitive than root extension which leads to reduction in leaf area: 
root length ratio. Selection for large root weight in maize has been a useful criterion in increasing grain 
yield under mild water stress increased root length under more severe water stress (Wahbi and Grogaru, 
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1995).The objective of the experiments was to investigate the effect of low water availability on the early 
vegetative growth of four maize cultivars Pool 26, Ruwan 5035 and 228 which showed differences in 
sensitivity to low water potential during germination. Thus germination ability and early growth at low 
water potential can be used to select for drought tolerance during early seedling growth. To test the 
hypothesis two experiments were conducted: in the first experiment water stress was allowed to develop 
progressively by withholding water and in the second a defined, uniform, known water potential was 
imposed on the root system. 
 
Materials and Methods 
 
Experiment - 1 

Seedlings with radicles 2 to 3 cm long were transplanted into pots of sandy soil considered to be at 
field capacity. Fifteen pots were prepared from each cultivar with one seedling in each pot. Ten control 
pots were prepared in a similar manner without any seedlings. To minimize water loss from the soil 
surface aluminium foil was placed over the surface of the pots and around the base of the plant. Pots were 
arranged in a randomized block design within a glass house. The loss in weight was calculated by 
weighing the pots at 24 hr intervals to estimate the amount of water loss due to transpiration and 
evaporation from the soil surface. Soil moisture losses were replaced by supplying the required amount of 
water in order to maintain the soil moisture at field capacity. Pots were watered daily until day 4 and this 
day was considered as day 0. On this day, 5 pots of each cultivar were harvested. Of the remaining 10 pots, 
water was withheld from 5, while the other 5 were supplied with water daily. The daily evaporation losses 
were estimated by weighing pots without plants over a 24 hr period. Half of these pots were watered to 
replace that lost and the remainder was left un-watered. 

Plant height was measured from the base of the shoot to the tip of the longest leaf when they were held 
together in a vertical position. The remaining pots, five watered and five un-watered were harvested on day 
7. Leaf area was determined using a leaf area meter( model ∇T MK 2). Roots were separated into three 
main categories, the primary roots, other seminal roots and the nodal roots. The length of the main axes of 
each, excluding laterals , was determined using the line intersect method of Marsh (1971). The oven dry 
weight of shoot and roots was determined after drying the tissue for 48 hr in a forced draft oven at 80°C. 
The water use efficiency (WUE) of un-watered plants was calculated as:  

WUE = Transpiration over 7 days/ DW gain over 7 days 
 
 
Experiment- 2 

On day 5, ten seedlings from each cultivar were transplanted into plastic vessels containing vermiculite 
at one of three moisture contents. There was one seedling per vessel. The desired moisture content was 
achieved by mixing a known weight of vermiculite which gave water potentials of –0.08, -0.17 and – 0.68 
Mpa respectively. After transplanting, the containers were placed in a clear polythene bag to minimize loss 
of water through evaporation, and placed in the dark in a growth cabinet at 25 + 10 C. Five days after 
transplanting shoot length was measured to the nearest mm. Lengths of nodal roots, seminal roots (other 
than the primary root) and laterals were measured using the line intersect method for small samples 
(Tenant, 1975). A second set of measurements was made which included the primary root and laterals to 
give the total root length of each fraction.  
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Statistical analysis 
Data from experiment 1 were subjected to a two factor analysis of variance with variety and watering 

regime as the main factors. In experiment 2, lengths of the primary root at the final harvest were compared 
with those of the same seedlings on the day of transplanting. Although seedlings were selected for 
uniformity 72 hr after imbibitions, inspection of the mean primary root lengths measured at the time of 
transplanting revealed some differences between treatments. Data were, therefore, subjected to analysis of 
co-variance using primary root length as the covariate. 
 
Results 
 
Experiment 1 

The moisture content of the soil was 30% at the start of the experiment. At the end of the experiment 
the soil moisture content in the pots containing watered plants was 38% while in unwatered pots it was 
reduced to 4%. The height of well watered plants increased more or less linearly over the experimental 
period (Figure 1), while in the unwatered plants it increased at the same rate for the first 2 or 3 days, and 
thereafter it began to decline. Between day 6 and day 7 growth in height had effectively ceased (Figure 1). 
The rate of growth began to fall, relative to the watered controls, between day 2 and 3 for cultivar 228, day 
4 and 5 for cultivar 5035 and Pool 26, and day 5 and 6 for cultivar Ruwan. After 7 days leaf area was 
comparable for watered plants of Ruwan, Pool 26 and cultivar 228 (Figure 2). Cultivar 5035 had a greater 
leaf area (approximately 60%) than the other three cultivars, although the difference was not statistically 
significant. The leaf area of all cultivars was reduced to a significant extent (P<0.05) by withholding water 
(Figure 2). Greatest reduction appeared in cultivar 5035 and cultivar 228. There was no significant 
interaction between cultivars and watering regime.There was no significant difference (P<0.05) between 
cultivars in shoot dry weight for watered plants (Figure 3a). 

Watering regime and cultivar had no significant effect on the dry weight of roots (Figure 3b ). 
Significant increase in root to shoot dry weight ratio (approximately 50%) was found in cultivar Pool 26, 
cultivar 5035 and cultivar 228 (Figure 3c ). But there was no significant interaction between cultivars in 
their response to withholding water. The length of nodal roots in watered plants differed significantly 
(P<0.05) between cultivars, with the length for cultivar 5035 more than double that for Ruwan. A 
significant interaction (P<0.05) between watering regime and cultivar indicated that cultivars differed 
significantly in their response to withholding water. The length of lateral roots in well watered plants was 
comparable for each cultivar (Figure 4b). The leaf area: root length ratio for watered plants ranged from 
3.5 cm2m-1 to 4.2 cm2m-1 depending on the cultivar (Figure 5). Withholding water reduced the ratio 
significantly (P<0.05). The greatest reduction in ratio was found in cultivar 5035 followed by Ruwan, with 
little change in cultivar 228 and Pool 26 (Figure 5). 
 
Experiment 2 

Lowering the vermiculite water potential from –0.08 to 0.17 Mpa significantly reduced mean shoot 
length by 15% (Table 3). Shoot length was reduced by a further 34% with a reduction in vermiculite water 
potential from –0.17 Mpa to –0.68 Mpa and the sensitivity of shoot growth to low water potential was 
comparable for each of the genotypes under study (Table 3 ). In vermiculite of high water potential (-0.08 
Mpa) the primary root length of the indigenous cultivars 5167 and 228 was significantly greater than that 
of the improved cultivars Ruwan and Pool 26, reflecting a higher rate of root extension over the period of 
the experiment (Table 4 ). Different cultivars responded differently (P<0.05). There was no significant 
change in the length of the primary root of improved cultivars Ruwan and Pool 26 and the indigenous 
cultivar 228 as the vermiculite water potential was lowered from –0.08 to –0.17 Mpa. (Table 4). 
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Discussion 
 

The first experiment was designed to examine the ability of plants to sustain growth as the water 
supply became progressively restricted, the second experiment, investigated the effect of low water 
potential on one particular aspect of growth; extension of roots and shoot, rather than photosynthetic 
activity and net biomass gain. Daily measurement of plant height indicated that the growth rate began to 
decline 2 to 5 days after withholding water, depending on the cultivar (Figure 1). At the final harvest, leaf 
area was substantially lower in unwatered plants compared to controls. (Figure 2). The reduction ranged 
from 46 to 77% depending on the cultivar, which was a greater change than for any other growth 
parameter measured, with the possible exception of lateral root length (Figure 4). 

An accurate index of the absorbing capacity of the root system relative to the transpiration demands of 
the plants is the leaf area: root length ratio. The response may confer an advantage for growth in dry soils 
by maintaining a relatively large root length and surface area (absorbing area) for water uptake, whilst at 
the same time reducing the leaf area through which transpiration can occur. A reduction in leaf area: root 
length ratio results from the greater sensitivity of leaf expansion to a fall in soil water potential compared 
to root extension (Westgate and Boyer, 1985; Pritchard et al, 1991). The extension rate of primary and 
other seminal roots appeared to be unaffected by withholding water, because there was no significant 
difference between unwatered and water plants. The length of lateral roots was reduced by withholding 
water and thus there was some reduction in the total length of roots. (Figure 4 ). 

The cultivars used in these experiments were selected on the basis of their germination response at low 
water potential. The lack of a significant interaction in analysis of variance between cultivar and watering 
regime, for almost all the growth parameters (except length of nodal roots), suggests that the sensitivity of 
the cultivars to water stress did not differ, at least under the conditions imposed in the present study. Thus 
the response of young seedlings of different cultivars to water stress did not conform to that predicted from 
their germination behavior. There was also no consistent trend from which a drought tolerant cultivar 
could be identified. In the introduction it was suggested that to improve establishment of maize crops 
under drought conditions it might be possible to select for genotypes which are able to maintain their 
growth rate for longer during the temporary dry spell after planting, so that when the rain resumes they are 
larger and competitively superior to weeds. Of the 4 cultivars studied, Ruwan maintained its rate of 
increase in shoot height for longest after water was withheld (Figure 1) and had the smallest reduction in 
shoot and root dry weight compared to watered controls on day 7 (Figure 3 ). On the other hand, it was 
perhaps the least vigorous cultivar under well watered conditions with the lowest shoot and root dry weight, 
and shortest height. Consequently under water stress conditions there was little difference in plant size 
between Ruwan and other cultivars at the final harvest and thus Ruwan would probably offer little 
improvement over the other cultivars in terms of an ability to compete with weeds in dry conditions. 

In contrast, cultivar 5035 was the most vigorous under well watered conditions (Figure 1). 
Interestingly, 5035 was the only cultivar to show signs of wilting during the experiment and yet it had a 
comparable leaf area to the others under dry conditions. This suggests a lower capacity for osmotic 
adjustment and maintenance of leaf turgor pressure compared to the other cultivars. One possible 
explanation for the lack of correlation between the relative tolerance of a cultivar to low water potential 
during germination and growth might be the rate at which the water stress was imposed. Thus a second 
experiment was carried out in vermiculite to determine the effects of a controlled and defined water 
potential on root and shoot extension. Cultivars were selected from those seed lots which had been 
produced and stored under ideal conditions. From their germination responses at low water potential, it 
was predicted that 5167 would be the most tolerant to water availability and 228 the least. However, as in 
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the previous experiment in soil, there was no significant interaction between cultivar and water potential 
for most of the growth parameters measured. Thus even when grown in vermiculite with a defined 
controlled water potential, cultivars did not differ in their sensitivity to water availability. The one 
parameter where a significant interaction between cultivar and vermiculite water potential was found, was 
primary root length. However, cultivar 5167, predicted to be the most tolerant of water stress from its 
germination response, was apparently the most sensitive, with the largest reduction in primary root length 
at low potential of the 4 cultivars studied. The general response to low water potential for the other growth 
parameters was similar to that observed in dry soil.  

 
Conclusion 
 

The results of experiments have shown that differences between maize cultivars in germination ability 
at low water potential cannot be used to predict their relative tolerance to low water availability during 
post germination, early seedling growth. This conclusion is contrary to reports for some other species 
where the ability to germinate at low water potential correlates with the known field drought tolerance of 
the cultivar (Gurmu and Naylor, 1991). However, the results are consistent with the view that low water 
potential may influence the germination process and post germination growth through different 
mechanisms (Bewley and Black, 1994). 
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Table 1. The water use efficiency (WUE) of four maize cultivars (indigenous and improved) during a 
7 day period after withholding water. Values are means of 5 plants. Data subjected to one way 
analysis of variance. NS indicates difference between cultivars not significant. 
 

Cultivar WUE (g H2O) (g DW)-1 

Ruwan 173 
Pool 26 159 
5035 152 
228 163 
Mean 162 
LSD (P <0.05) NS 

 
 
Table 2 The effect of low water potential on the shoot length (cm) of maize cultivars 5167, 228, 
Ruwan and Pool 26. Values are adjusted means of 10 individual seedlings. LSD (P<0.05 ) values are 
calculated after two way analysis of co-variance. 
 
     Water potential (MPa)                                
____________________________________ 
  Cultivar   -0.08  -0.17  -0.68  Mean 
  5167    20.4  17.1  12.1  16.5 
    228    20.8  17.1  10.5  16.1 
  Ruwan   20.3  19.5  11.7  17.2 
  Pool 26   21.4  16.8  12.4  16.9 
  Mean    20.7  17.6  11.7 
______________________________________________________________________ 
 LSD ( P< 0.05) for: 
 Cultivars     = NS 
 Water potential     = 1.4 
 Cultivar x water potential   = NS 
NS indicates value not significant. 
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Table 3. The effect of low water potential on primary root length (cm) of maize cultivars 
5167, 228, Ruwan and Pool 26. Values are adjusted means of 10 individual seedlings. LSD 
( P<0.05 ) values are calculated after two way analysis of co-variance. 
 
     Water potential (Mpa) 
                                               _________________________________________ 
 Cultivar   -0.08  -0.17  -0.68  Mean 
   5167    18.7  15.3  12.1  15.4 
    228    17.2  18.7  14.1  16.7 
  Ruwan   13.4  15.8  12.6  13.9 
  Pool 26   13.9  15.4  12.6  14.0 
  Mean    15.8  16.3  12.9 
LSD (P< 0.05) for: 
 Cultivars     = 1.7 
 Water potential     = 1.5 
 Cultivar x water potential   = 2.7 
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Table 4. The effect of low water potential (MPa) on (a) seminal root length (cm) and (b) number of 
seminal roots of maize cultivars 5167, 228, Ruwan and Pool 26. Values are means of 10 individual 
seedlings. LSD (P < 0.05) values are calculated after two way analysis of co-variance. NS indicates 
value not significant. 

(a) Seminal root length 
 

Water potential (MPa) 
 Cultivar  -0.08  -0.17  -0.68  Mean 
 5167   65.2  65.0  56.9  62.4 
 228   67.2  61.2  46.3  58.3 
 Ruwan   52.4  58.5  50.8  53.90 

Pool 26 37.0  42.2  43.5  40.9 
 Mean   55.5  56.8  49.4 
 LSD (P < 0.05) for: 
 Cultivars     = 11.4 

Water potential = NS 
 Cultivar x water potential   = NS 
  

(b) Number of seminal roots of maize cultivars 
 

 
Water potential (MPa) 

 Cultivar  -0.08  -0.17  -0.68  Mean 
 5167   5.5  4.5  4.9  5.0 
 228   5.4  4.1  4.2  4.6 
 Ruwan   4.1  4.0  4.2  4.1 
 Pool 26   3.5  3.5  3.7  3.6 

 Mean   4.6  4.0  4.2 

 LSD (P < 0.05) for: 
 Cultivars     = 0.8 
 Water potential     = NS 
 Cultivar x water potential   = NS 
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Table 5. The effect of low water potential on (a) nodal root length (cm) and (b) number of nodal 
roots of maize cultivars 5167, 228, Ruwan and Pool 26. Values are means of 10 individual seedlings. 
LSD (P < 0.05) values are calculated after two way analysis of co-variance. NS indicates value not 
significant. 
 

(a) Nodal root length 
Water potential (MPa) 

 Cultivar  -0.08  -0.17  -0.68  Mean 
  
 5167   7.1  5.2  0.5  4.3 
 228   3.2  8.6  1.6  4.5 
 Ruwan   9.2  6.9  2.7  6.3 

Pool 26 4.2  3.9  1.1  3.1 
 Mean   5.9  6.1  1.5 
 LSD (P < 0.05) for: 
 Cultivars     = NS 

Water potential l= 3.6 
 Cultivar x water potential   = NS 
 

(b) Number of nodal roots of maize cultivars 
Water potential (MPa) 

 Cultivar  -0.08  -0.17  -0.68  Mean 

 5167   3.2  2.9  1.4  2.5  

 228   1.9  2.5  0.6  1.7 
 Ruwan   3.2  3.4  0.6  2.4 

Pool 26 2.0  2.0  0.5  1.5 
 Mean   2.6  2.7  0.8 
 LSD (P < 0.05) for: 
 Cultivars     = 0.8 
 Water potential     = 0.7 
 Cultivar x water potential   = NS 
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Table 6. The effect of low water potential on (a) lateral root length (cm) and (b) total roots length 
(cm) of maize cultivars 5167, 228, Ruwan and Pool 26. Values are means of 10 individual seedlings. 
LSD (P < 0.05) values are calculated after two way analysis of co-variance. NS indicates value not 
significant. 
 

(a) Lateral root length 
Water potential (MPa) 

 Cultivar  -0.08  -0.17  -0.68  Mean 
 5167   197.2  166.1  157.1  173.4 
 228   154.1  138.1  124.9  139.0 
 Ruwan   144.8  99.8  97.9  114.2 
 Pool 26   268.7  162.3  164.1  198.4 
 Mean   191.2  141.6  136.0 
 LSD (P < 0.05) for: 
 Cultivars     = 34.2 
 Water potential     = 29.6 

 Cultivar x water potential   = NS 

(b) Total roots length 

Water potential (MPa) 

 Cultivar  -0.08  -0.17  -0.68  Mean 

 5167   302.0  248.4  228.0  259.5 

 228   255.2  228.9  183.7  222.6 

 Ruwan   194.6  166.5  160.3  173.8 
 Pool 26   307.4  223.3  221.6  250.8 
 Mean   264.8  216.8  198.4 
 LSD (P < 0.05) for: 
 Cultivars     = 34.5 
 Water potential     = 29.9 
 Cultivar x water potential   = NS 
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Abstract 

 
Survey and collecting of the fungus Bipolaris maydis, the causal agent of southern corn leaf blight 

(SCLB), were conducted in 26 maize growing areas throughout 19 provinces in 1999-2000 and were used 
for studying mating type, cultural characteristics, and virulence. The results suggested that SCLB has 
been found in almost all maize growing areas. Pure cultures of 118 isolates were collected and were 
assessed for morphological and cultural characteristics on potato dextrose agar (PDA). The results 
showed variation among 118 isolates in colony colour, uniformity of colony colour, aerial mycelium 
growth, and the zonation of colour and mycelium. Mycelial growth rate of 39 selected isolates of 
Bipolaris maydis was significantly different after growing the fungus on PDA. One hundred and eighteen 
isolates of Bipolaris maydis were investigated for mating type on modified Sachs’ medium (in vitro). 
Fifty isolates were classified to mating type M1-1 and 68 isolates were mating type M1-2, accounted for 
42.37 and 57.63%, respectively. Pairing of opposite mating type was done on maize plants (in vivo) and 
the result indicated that sexual reproduction has not been found. Twenty-one representative isolates were 
selected and evaluated for virulence on 22 inbred lines of maize. Significant difference was found among 
tested isolates and they showed no identical virulent patterns among them. 
 
Introduction 
 

Southern corn leaf blight (SCLB) caused by the fungus Bipolaris maydis is a serious disease of maize 
throughout the world. In favorable conditions, infection by this fungus may reduce yields up to 25% in 
susceptible hybrids (Burnette and White, 1985). In Thailand, there has been no investigation into the 
biology and variability of this fungus. Cochliobolus heterostrophus, the perfect stage of B. maydis, is 
heterothallic in the sense that the mating gene is controlled by a single locus with two alleles. The mating 
type gene regulates sexual compatibility and sexual reproduction in fungi (Kronstad and Staben, 1997). 
Determination of mating type in the population can be used to predict possible changes in the genetics of 
the pathogen. In addition to mode of reproduction, the planting environment and varieties used can lead to 
significant variation in the pathogen populations. Little is known about the variability of B. maydis. In a 
previous study, Tsukiboshi et al (1995) showed that isolates of B. maydis in Japan differed in infection 
efficiency and sporulation, but no difference was detected in the ability of lesions to enlarge. Further work 
is required on pathogen diversity within the population. More detailed knowledge about the variability of 
this fungus is essential for understanding the genetic structure of the population. It would also be useful in 
providing information for breeding programs, epidemiological studies, and disease management. 

This study was undertaken to determine mating type, cultural characteristics, and virulence of B. 
maydis from maize grown in several areas of Thailand in which the disease is prevalent. 

 

- 441 - 



Lapbanjob et al. 

Materials and Methods 
 
Disease survey and collection 

B. maydis was isolated from diseased leaves of maize. The collections were from various maize 
growing area of Thailand during 1999 - 2000. Isolation was made by placing surfaced–sterile pieces of 
disease tissue on potato dextrose agar (PDA). All isolates were produced from a single-spore and cultures 
were maintained on PDA slant. 
 
Mating type test 

All isolates of B. maydis were paired with known mating type (C4, C5). Mycelial plugs of known and 
unknown isolates were placed at opposite sides of corn leaf on modified sachs’ agar and exposed to near 
ultraviolet light. The presence of pseudothecia was determined. To test the ability of opposite mating type 
of the field isolates to perform sexual reproduction, eight pairs of field isolates were selected and a cross 
was performed on sachs’agar and on maize plants. The maize seedlings were sprayed with a mix spore 
suspension of the opposite mating type in a 1:1 ratio, and pseudothecia were observed on lesions. 
 
Cultural characteristic 

All isolates of B. maydis were culture on PDA by cutting the edge of mycelium and placing them on 
the center of 9-CM diameter PDA dishes. The features of colonies were compared between isolates. 
Mycelial growth rate was also determined in three replicate plates by measuring the diameter of colony 
every 2 days over a 7-day period. 
 
Virulence on Maize Lines 
 
Plant material  

Seeds of 22 inbred lines, obtained from Nakhorn sawan fields crop research center, were planted in 9-
CM diameter pot and thinned to five plants per pot.  
 
Inoculum preparation and plant inoculation 

Twenty-one isolates representing both mating type and geographical location were used in this 
experiment. Conidial suspension was prepared by washing conidia from the surface of 14-day-old 
cultures with sterile distilled water, then filtering the resulting suspension through cheesecloth. The 
suspension was adjusted to 2500 spore per ml with the aid of haematocytometer. Inoculation was made by 
spraying a suspension on a-three-week old plant. 
 
Data analyses 

Five days after inoculation, lesion length was measured and subjected to a statistical analysis. The 
average lesion length were then categorized into 1-5 in order to perform a cluster analyses. From this 
data, a similarity matrix was derived with the simqual program (NTSYS pc, version 1.7) using simple 
matching’s coefficient of similarity. A dendrogram was reproduced by the unweighted pair group method 
for arithmetic average (UPGMA) in the SAHN program. 
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Results and Discussion 
 
Disease survey and collection 

One hundred and eighteen isolates of B. maydis were obtained from infected maize in 26 planting 
area within 19 provinces. Disease collections included seedling, immature, and mature stage of maize. 
Symptoms associated with southern corn leaf blight vary greatly in size and shape depending on the 
genetic make up of maize. We found that some varieties of field corn have severe infection, but mostly 
sweet corn and baby corn had more severe infection than field corn. 
 
Mating type 

The isolates that have opposite mating types to the known isolates developed pseudothecia within 5-8 
days after a cross was made. The pseudothecia present as a small brown spot on leaves and become black 
colour when mature. Field isolates of B. maydis differed in ability to form pseudothecia. Number of 
pseudothecia produced ranged from 2-250. Both mating type M1-1 and M1-2 were detected within the 
population, in which fifty isolates out of 118 isolates were classified as mating type M1-1 and 68 isolates 
were M1-2. Mating types M1-1 and M1-2 were found in almost maize all growing areas where the 
diseases were sampled in nearly equal frequency. Sexual reproduction of field isolates was found on 
sachs’ agar, but none was found on maize plants. 
 
Cultural characteristics 

It was observed that at room temperature under 12-h-near ultraviolet irradiation, 7-day-old culture of 
B. maydis varied in colony colour, zonation of colony, and zonation of aerial hypha. In general, B. maydis 
colonies were deep green in color with smooth colonies, but in this study, colony color ranged from deep 
green to brownish-green to grayish-green, and yellowish-green. Some isolates have uniform color and 
hyphae, but some are not uniform. These cultural distinctions in colony colour and zonation indicated that 
isolates of B. maydis have differed in responsiveness to the near-UV light. Mycelial growth rate of 39 
isolates of B. maydis was significantly different after growing the fungi on PDA. Average mycelial 
growth rate was between 0.41-1.21cm per day. 
 
Virulence 

After 5 days of inoculation, two types of disease symptoms were observed: 1) necrotic lesion and 2) 
chlorotic lesion. Other research has shown these to be certain levels of resistance in maize (Smith, 1975). 
Size and shape of symptoms are different among the different maize varieties. For example, oval or 
rectangular shapes are found along the leaf veins or eyespot-like lesions. Some varieties also show a halo 
or purple ring that surrounds the lesions. Virulence of the 21 isolates over 22 maize inbred lines were 
statistically different (P<0.01). Maize leaf lesions varied in length from averages of 1.93-5.17 mm 
(Table1). Based on the virulence pattern, no pair of isolates was found to have an identical pattern 
(Table2). The most virulent isolate, TF7, was found to cause disease on 15 lines of maize.  

On the basis of lesion length and interaction of B. maydis isolates to 22 maize lines, cluster analysis 
of virulence data with UPGMA revealed 4 clusters, with a coefficient of similarity of 0.40 (Fig.1). Cluster 
1 contained isolate DT1-3, causing an average lesion length of 1.93 mm. This cluster was classified as an 
avirulent isolate. Cluster 2 caused average lesion length of 5.17 mm, containing isolate TF7. Cluster 3 
contained 4 isolates, showing the same virulent pattern on 13 inbred lines, but different in response to 9 
inbred lines (Table 2 and Figure 1). Cluster 3 and 4 were classified as moderately virulent. Cluster 4 
contained 15 isolates that originated from every part of Thailand. There is a wide variation in virulence in 
that cluster. Isolates in cluster 4 fell into subgroups. Isolate S4 separates from the others at the similarity 
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coefficient of 0.45 because of its severe damage to Nei 9204 ( R ). The isolates that belong to the same 
subgroup showed the same virulent pattern on the same set of tested lines and differed in some lines. 

Isolates of B. maydis in cluster 3 and 4 caused lesion lengths in range of 3.12–4.55, and differed in 
interactions with maizes line. Therefore, cluster 3 and 4 separate from each other at the similarity 
coefficient of 0.38. 

From this study, we found that there was a wide variation among the fungi that we studied, therefore, 
the effective development of a maize variety that is resistant to southern corn leaf blight should involve 
using the virulent isolates, together with a mix of isolates, in order to test the disease interaction and select 
for a maize genotype.  

We have found differences in cultural characteristic of B. maydis. In some planting areas, both mating 
types were presented in the same place. In this study, there is no evidence for sexual reproduction found 
on maize plants. Both mating types in the same place may, however, be caused by other genetic variations 
apart from sexual reproduction, such as parasexual cycle. This phenomenon needs further study. In this 
experiment, it was found that B. maydis shows differences in disease severity depending on maize inbred 
lines tested. 
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Table 1. Mean of pathogenicity of 21 isolates of B. maydis, as measured by lesion length1/ (mm) on 
22 maize lines. 
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S4 
VA2 
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PL4 
BS1 
DT1-3 
BP1-1 
PR1 
TF1 
CMU1 
T2 
KPS5 
MA1 
CN3 
UD1-3 
SD2 
MA9 
PN3 
TF7 

4.64 a-d2/

3.40 fg 
4.60 a-d 
4.92 ab 
4.54 a-d 
3.76 d-g 
4.20 b-f 
1.08 h 
3.12 g 
4.76 abc 
5.12 a 
4.72 abc 
4.16 b-f 
4.40 a-e 
3.76 d-g 
4.56 a-d 
4.54 a-d 
4.06 b-f 
3.64 efg 
3.92 c-g 
3.88 c-g 

3.96 def 
3.64 efg 
4.64 bcd 
4.28 b-e 
5.48 a 
3.92 def 
4.84 abc 
0.88 I 
4.04 cde 
4.76 a-d 
4.28 b-e 
4.44 b-e 
5.04 ab 
4.12 cde 
3.96 def 
2.44 h 
3.04 gh 
4.00 cde 
3.00 gh 
3.16 fgh 
3.06 gh 

3.32 gh 
2.20 I 
3.92 d-g 
4.00 c-g 
4.80 abc 
2.84 hi 
4.04 c-g 
1.00 j 
3.20 gh 
4.64 a-d 
5.00 ab 
5.28 a 
3.96 c-g 
4.24 b-f 
4.28 b-f 
4.92 ab 
4.48 a-e 
3.68 efg 
3.34 gh 
3.58 fgh 
5.16 a 

4.00 de 
4.00 de 
4.84 bc 
4.88 bc 
4.10 cde 
2.48 g 
4.92 bc 
2.64 fg 
2.84 fg 
4.76 bcd 
5.12 b 
5.12 b 
5.16 b 
3.08 gh 
3.36 ef 
4.76 bcd 
4.72 bcd 
4.72 bcd 
6.08 a 
5.12 b 
6.22 a 

4.04 b 
2.96 de 
4.52 b 
4.48 b 
2.32 def 
.2.68 def 
3.00 de 
1.00 g 
1.00 g 
4.44 b 
3.92 bc 
2.44 def 
3.88 bc 
2.24 ef 
2.00 f 
4.28 b 
3.92 bc 
3.16 cd 
3.12 cd 
3.12 cd 
6.60 a 

3.32 cde 
3.16 cde 
5.48 a 
3.72 cd 
2.24 fgh 
1.52 h 
0.52 I 
0.52 I 
0.52 I 
3.36 cde 
2.60 efg 
3.28 dce 
3.16 cde 
2.20 gh 
2.56 efg 
3.92 bc 
4.56 b 
3.04 def 
2.92 d-g 
3.32 cde 
3.48 cd 

3.76 def 
3.16 e-h 
3.88 cde 
3.00 f-I 
2.44 hij 
2.32 ij 
2.00 jk 
1.18 l 
1.36 kl 
4.68 abc 
5.30 a 
4.12 cd 
3.64 d-g 
2.60 hij 
2.24 ij 
2.84 ghi 
3.72 def 
4.68 abc 
3.24 e-f 
4.44 bcd 
5.24 ab 

Mean 4.08 3.86 3.90 4.42 3.29 2.83 3.33 
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Table 1. Mean of pathogenicity of 21 isolates of B. maydis, as measured by lesion length1/ (mm) on 
22 maize lines (continued). 
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S4 
VA2 
PC5 
PL4 
BS1 
DT1-3 
BP1-1 
PR1 
TF1 
CMU
1 
T2 
KPS5 
MA1 
CN3 
UD1-
3 
SD2 
MA9 
PN3 
TF7 

2.64 gh 
2.88 fgh 
2.88 fgh 
4.08 b-e 
4.52 bc 
3.60 def 
3.44 efg 
0.92 I 
1.00 I 
3.68 c-f 
4.00 b-e 
3.76 b-e 
4.32 bcd 
2.32 h 
2.44 h 
4.00 b-e 
3.80 b-e 
4.56 b 
3.84 b-e 
3.40 efg 
5.84 a 

4.60 b-e 
4.00 d-g 
4.68 bdc 
4.88 bc 
3.76 e-h 
5.06 bc 
3.04 hij 
2.44 j 
3.96 d-g 
4.88 bc 
4.64 bcd 
4.36 c-g 
6.68 a 
2.92 ij 
2.72 ij 
4.22 c-g 
3.54 f-I 
3.52 ghi 
3.96 d-g 
4.40 c-f 
5.30 b 

4.32 bc 
1.84 g 
4.88 ab 
4.64 ab 
2.16 fg 
4.24 bc 
2.32 
efg 
2.36 
efg 
3.56 cd 
4.32 bc 
4.32 bc 
2.08 fg 
1.84 g 
2.76 ef 
3.12 de 
1.58 g 
4.30 bc 
4.66 ab 
4.98 ab 
4.14 bc 
5.38 a 

4.84 abc 
4.20 c-f 
5.14 a 
4.92 abc 
4.64 a-d 
4.16 c-f 
4.20 c-f 
1.92 h 
4.20 c-f 
3.60 fg 
3.24 g 
3.88 d-g 
4.24 b-f 
3.12 g 
3.68 efg 
4.48 a-e 
4.46 a 
5.12 a-d 
4.70 a 
5.12 ab 
 5.08 ab 

6.08 c-f 
5.80 d-g 
7.36 a 
6.96 ab 
5.88 d-g 
6.08 c-f 
5.36 fg 
2.68 I 
5.24 fg 
5.48 efg 
6.44 bcd 
6.24 b-e 
6.04 def 
4.32 h 
6.08 c-f 
6.54 a-d 
5.10 g 
5.88 d-g 
5.22 fg 
6.96 ab 
6.90 abc 

6.60 abc 
7.04 ab 
2.56 j 
6.16 cde 
5.76 c-f 
5.24 fg 
5.08 fg 
2.80 j 
5.08 fg 
5.00 fg 
4.80 gh 
5.72 def 
6.08 cde 
3.64 I 
4.12 hi 
7.12 a 
6.24 bcd 
6.24 bcd 
5.34 efg 
7.20 a 
6.18 cd 

5.52 cde 
6.60 ab 
6.00 bcd 
5.04ef 
3.28 I 
5.52 cde 
5.68 cde 
3.28 f 
4.88 ef 
4.28 fg 
5.32 de 
5.36 cde 
4.92 ef 
4.08 gh 
3.36 hi 
5.68 cde 
5.88 bcd 
5.94 bcd 
6.12 a-d 
6.84 a 
6.20 abc 

2.68 cd 
1.92 d-g 
1.80 efg 
3.20 bc 
1.76 fg 
2.32 d-g 
2.16 d-g 
1.64 fgh 
3.16 bc 
2.64 cde 
2.48 c-f 
4.88 a 
1.52 gh 
3.52 b 
3.56 b 
0.92 d-g 
2.00 d-g 
2.20 d-g 
2.16 d-g 
2.20 d-g 
2.76 bcd 

Mean 3.41 4.17 3.51 4.24 5.84 5.43 5.23 2.45 
 

- 446 - 



Mating type in B. maidis 

Table 1. Mean of pathogenicity of 21 isolates of B. maydis, as measured by lesion length1/ (mm) on 
22 maize lines (continued). 
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DT1-3 
BP1-1 
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TF1 
CMU
1 
T2 
KPS5 
MA1 
CN3 
UD1-
3 
SD2 
MA9 
PN3 
TF7 

4.44 abc 
4.24 abc 
4.48 ab 
4.96 a 
4.68 ab 
4.08 a-d 
3.20 e 
1.92 f 
2.00 f 
4.64 ab 
4.00 b-e 
4.56 ab 
4.44 abc 
3.80 b-e 
3.36 de 
4.34 abc 
4.54 ab 
4.36 abc 
4.04 b-e 
3.98 b-e 
3.56 cde 

4.52 ef 
4.72 de 
4.96 de 
5.36 cd 
3.60 g 
3.56 g 
2.40 h 
3.72 fg 
3.60 g 
5.80 bc 
4.16 
efg 
6.60 ab 
4.16 
efg 
416 efg 
3.68 g 
5.88 bc 
6.30 b 
7.12 a 
7.12 a 
6.48 ab 
7.20 a 

6.12 def 
6.68 cde 
4.40 hij 
7.60 ab 
5.16 gh 
4.68 hi 
3.80 jki 
4.64 hi 
6.08 ef 
4.56 kl 
3.96 ijk 
5.68 fg 
5.88 efg 
3.00 l 
3.00 l 
7.92 a 
6.28 def 
7.32 abc 
7.68 ab 
6.92 bcd 
7.76 a 

2.84 h-k 
4.00 b-e 
3.08 f-I 
2.72 ijk 
1.52 lm 
3.36 e-I 
2.24 jkl 
2.08 
klm 
4.76 ab 
3.76 d-g 
3.92 c-f 
1.28 m 
3.40 e-I 
3.00 g-j 
1.60 lm 
4.64 abc 
3.08 f-I 
4.48 a-d 
4.12 b-e 
3.60 e-h 
5.08 a 

1.68 jk 
3.72 cde 
5.68 a 
3.68 cde 
3.08 d-g 
3.92 bcd 
3.28 c-f 
1.96 ijk 
4.68 b 
3.76 cde 
2.96 e-h 
3.36 c-f 
2.60 f-I 
2.16 hij 
1.24 k 
6.28 a 
4.08 bc 
4.64 b 
3.56 cde 
2.36 g-j 
4.12 bc 

1.88 ef 
3.80 bc 
3.28 c 
3.16 cd 
2.48 de 
2.20 ef 
2.24 ef 
0.80 g 
3.48 bc 
3.32 c 
2.12 ef 
4.28 ab 
3.72 bc 
2.48 de 
1.60 f 
4.80 a 
3.34 c 
3.44 c 
3.72 bc 
3.44 c 
5.04 a 

5.08 a 
5.16 a 
4.60 ab 
3.52 cde 
3.36 def 
3.00 efg 
2.36 g 
1.00 h 
2.88 efg 
2.60 fg 
4.64 ab 
4.20 bc 
4.64 efg 
3.08 c-f 
2.96 efg 
3.44 efg 
2.72 efg 
3.00 efg 
3.04 efg 
2.72 efg 
4.12 bcd 

4.13 
4.05 
4.44 
4.55 
3.71 
3.66 
3.38 
1.93 
3.39 
4.21 
4.20 
4.35 
4.25 
3.24 
3.12 
4.53 
4.30 
4.54 
4.32 
4.38 
5.17 

Mean 3.98 5.00 5.62 3.26 3.47 3.08 3.34 3.99 
1/The lesion length data measured in the greenhouse represent the mean of five  
replications. 
2/ Mean followed by a common letter are not significantly different at the 5%level by  
DMRT 

- 447 - 



Lapbanjob et al. 

Table 2. Virulence phenotype of 21 isolates of Bipolaris maydis on 22 maize lines. 
 

Isolates of B. maydis Maize lines 
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Nei 9201 
Nei 9202 ( S ) 
Nei 9202 ( T ) 
Nei 9203 
Nei 9204 ( R ) 
Nei 402001 
Nei 402003 
Nei 402004 
Nei 402008 
Nei 402011 
Nei 402012 
Nei 402013 
Nei 402014 
Nei 402015 
Nei 402017 
Nei 402019 
Nei 402020 
Nei 402023 
Nei 402024 
Nei 402025 
Nei 402026 

M1

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
S 
S 
S 
M 
M 
M 
S 
M 
R 
R 
S 

M 
M 
M 
M 
M 
M 
M 
M 
M 
R 
M 
S 
S 
S 
R 
M 
M 
M 
M 
M 
M 
S 

M 
M 
M 
M 
M 
R 
M 
M 
S 
M 
M 
S 
S 
S 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
S 
M 
M 
M 
M 
M 
M 
M 
S 
S 
S 
M 
M 
S 
S 
M 
M 
M 
M 

M 
M 
M 
S 
M 
M 
M 
M 
M 
M 
S 
S 
S 
S 
M 
M 
S 
S 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
S 
S 
S 
R 
M 
S 
S 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
S 
S 
S 
S 
M 
M 
S 
S 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
S 
S 
S 
M 
M 
S 
S 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
S 
S 
M 
M 
M 
S 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
R 
M 
S 
S 
S 
R 
M 
S 
S 
M 
S 
M 
M 

 

- 448 - 



Mating type in B. maidis 

Table 2. Virulence phenotype of 21 isolates of Bipolaris maydis on 22 maize lines (continued). 
 

Isolates of B. maydis Maize lines 
PC5 T2 TF1 CMU

1 
S4 BS1 KPS

5 
MA1 BP1-

1 
TF7 DT1-3 

Nei 9008(DOYF) 
Nei 9201 
Nei 9202 ( S ) 
Nei 9202 ( T ) 
Nei 9203 
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Nei 402001 
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Nei 402012 
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Nei 402020 
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M 
S 
M 
M 
M 
M 
M 
M 
M 
M 
M 
S 
S 
M 
R 
M 
M 
S 
R 
M 
M 
M 

M 
S 
M 
S 
M 
M 
M 
M 
S 
R 
M 
S 
S 
M 
R 
M 
M 
S 
M 
M 
M 
M 

S 
M 
S 
S 
M 
M 
S 
M 
M 
M 
M 
S 
M 
S 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
S 
S 
M 
M 
M 
M 
M 
M 
M 
S 
S 
S 
M 
M 
S 
S 
R 
M 
M 
M 

M 
M 
M 
M 
M 
S 
M 
M 
M 
M 
S 
S 
M 
S 
R 
M 
M 
M 
M 
S 
M 
M 

M 
M 
M 
M 
M 
R 
R 
M 
M 
M 
M 
S 
S 
S 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
R 
M 
M 
M 
M 
M 
M 
S 
M 
M 
M 
M 
M 
M 
R 
R 
R 
M 

M 
M 
M 
M 
R 
R 
R 
R 
M 
M 
M 
S 
S 
M 
M 
R 
M 
S 
M 
M 
M 
M 

M 
M 
S 
S 
S 
M 
S 
S 
S 
S 
S 
S 
S 
S 
M 
M 
S 
S 
S 
M 
S 
M 

R 
R 
R 
M 
R 
R 
R 
R 
M 
M 
R 
M 
M 
M 
R 
R 
M 
M 
M 
R 
R 
R 

1/ disease reactions were catagorized according to lesion length, in which 0-3 mm was classified  as a 
virulent or resistant ( R ), 3-5 mm as moderately virulent or moderately susceptible (M) and  more than 5 
mm as virulent or susceptible ( S ). 

- 449 - 



Lapbanjob et al. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ly
  

 
 
 
 
 
 
 

Figure 1. De
were scored
with simqua
reproduced

 
 
 
 

 

- 450 - 

virulent

M
od

er
at

e
vi

ru
le

nt
 

M
od

er
at

el
y 

   
vi

ru
le

nt
 

avirulent

ndrogram of Bipolaris maydis based on virulence on 22inbred lines. Lesions 
 on a scale of 0-5 to generate a data matrix. A similarity atrix was derived 
l program using coefficient of simple matching. A dendrogram was 

 by UPGMA in the SAHN program. 



Proceedings of the 8th Asian Regional Maize Workshop, Bangkok, Thailand: August 5-8, 2002 

Control of Fungal Infection and Aflatoxin Contamination in  
High Moisture Maize by Carbon Dioxide Fumigation 

 
Werawat Nilrattanakoon1 and Wanphen Srithongchai2

1Nakhon Sawan Field Crops Research Center, Tak Fa, Nakhon Sawan, Thailand 
2Plant Virology Section, Plant Pathology and Microbiology Division, Department of Agriculture, 

Chatuchak, Bangkok, 10900, Thailand 
 

Abstract 
 

Series of experiments were conducted during 1991-1997 at Nakhon Sawan Field Crops Research 
Center and at a merchant warehouse in Nakhon Sawan province. It was found that carbon dioxide 
fumigation of the wet grain bulk under plastic sheet could effectively control fungal infection and 
aflatoxin contamination. Two methods of fumigation were developed. In the first method, the sealed bulk 
was only fumigated by carbon dioxide at a rate of 0.5 kg/ton. In the second method, the sealed bulk was 
firstly vacuumed by a vacuum machine then fumigated by carbon dioxide at a rate of 0.3 kg/ton. These 
methods could preserve the quality of the wet maize with moisture content below 30 % within 48 hrs after 
shelling. The treated grain bulk could be protected from fungal infection and aflatoxin contamination for 
at least 10 days. After fumigation, the maize quality and appearance were not changed. The grain color 
remained bright and free flowing. The temperature in the grain bulk was not increased. However, an 
anaerobic fermentation in the bulk produced a sour-sweet smell that would disappear after sun drying. 
 
Introduction 
 

Aflatoxin contamination is one of the main problems of maize production in Thailand. Several studies 
showed that aflatoxin contamination in maize occurred after harvest (Siriacha et al. 1983, Japan 
International Co-operation Agency 1984, Goto et al. 1986, Kositcharoenkul et al. 1992) and increased 
during handling by the local merchants (Tsuruta et al. 1985, Thai U.K. Project 1986). Since vast volume 
of wet maize are shelled and distributed during early maize season (from August to October) which is the 
peak of rainy season. While, sun drying on concrete floor is the most common practice the local merchant.  

A drying floor on a good, sunny, drying day can achieve a moisture reduction of 7 %. Therefore, 
reducing early season maize crop to the moisture content need for safe storage could take 2 days. 
However, during rainy season, cloud cover or rainfall always interrupts sun drying. Long rainy days cause 
a bulking up problem which, sometime, wet grain has to be kept in the warehouse for 3-10 days or even 
more. While, the infection of Aspergillus flavus and aflatoxin contamination occurred within 2-3 days and 
will increase along storage period. Therefore, heavily infected grain and highly aflatoxin contamination 
always occurs during drying maize by sun drying floor.  

Oxygen (O2) is an important factors on the growth of A. flavus which need O2 for respiration. 
Peterson et al. (1956) and Lander et al. (1967) reported that the growth of A. flavus would reduce in 
condition of low O2. Wilson et al. (1977) showed that the fungi growth and aflatoxin production would 
stop when the concentration of O2 was below 0.5 %. 

The modification of atmosphere to reduce O2 concentration by adding some inert gas such as CO2 is a 
method to control the growth of A. flavus and aflatoxin contamination in maize. Wilson and Jay (1975) 
and Hale et al. (1978) reported that the storage of wet maize with moisture content of 29.4 % in the 
atmosphere with high concentration of CO2 or N2 could store wet maize for 3 months with the 
contamination of aflatoxin below 20 ppb.  
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The objective of this study was to develop the techniques in using carbon dioxide (CO2) to fumigate 
wet maize to prevent fungal infection and aflatoxin contamination.  
 
Methods 
 

Procedures of the experiment are as follows: 
1. Preliminary study on using CO2 fumigation in wet maize. Wet grain with 26.6% moisture content 

was bulk under plastic sheets, fumigated with CO2 and stored for 5 days. 
2. Study on optimum CO2 fumigation rate in wet maize. Carbon dioxide at the rates of 0.5, 1.0 and 

2.0 kg/ton were used to fumigate wet grain bulks (mc 27.1%) covered with the plastic sheets for 5 
days. 

3. Study on the appropriate time to conduct CO2 fumigation in wet maize. After shelling for 0, 24, 
48 and 72 hours, the grain bulks (mc 26.7%) were covered with the plastic sheets and fumigated 
with CO2 at a rate of 0.5 kg/ton for 5 days. 

4. Study on optimum CO2 fumigation period. After shelling for 24 hours, the grain bulks (mc 25.1 
%) under plastic sheets were fumigated with CO2 at a rate of 0.5 kg/ton for 5, 10 and 15 days. 

5. Reduction of CO2 application rate. A vacuum cleaner or a blower was used to evacuate the air 
within the sealed bulk (mc 27.2%), and then the bulk was fumigated with CO2 at a rate of 0.3 
kg/ton for 5 days. 

 
Results and Discussion 
 

From the results of the experiments, it can be concluded as follow: 
1. Carbon dioxide fumigation of wet maize could be used for temporary controlling the fungal 

infection and aflatoxin contamination. The fumigated grain bulk remained bright and free 
flowing with no visible of mold growth. Temperatures in the bulks were not changed. 
Aflatoxin contamination level was not increased. However, the grain bulk developed a sour-
sweet smell that would be removed by subsequent sun drying. 

2. All fumigation rates could effectively control the fungal infection and aflatoxin 
contamination. Grain qualities and temperature in the bulks were not changed. However, the 
optimum or suggestion rate was 0.5 kg/ton. 

3. All conducting times could prevent and control the fungal growth and aflatoxin 
contamination. However, in ambient condition visible growth of A. flavus on maize kernel 
was only found within 48 hours after shelling. Therefore, CO2 fumigation of wet maize 
should be conducted within 48 hours after shelling. 

4. Wet grain bulk could be stored under CO2 condition for 15 days without the occurrence of 
fungi and aflatoxin. However, the maize kernels showed pale yellow color with slightly 
brown at the tip when they were kept for 15 days. Therefore, optimum storage period should 
not exceed 10 days. 

5. Vacuum the air from the sealed bulk by using a vacuum cleaner or a blower could 
successfully reduce the rate of CO2 application to 0.3 kg/ton. 

 
Note: Fumigation of wet maize with moisture content higher than 30 %, visible yeast growth was 
observed on the fumigated grain during storage. 
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During storage, the higher moisture content of the fumigated grain caused discoloration, grain 
appeared pale yellow on kernel and brown color at the tip. This effect of discoloration is apparent than 
comparing to grain of lower moisture. 
  
Procedures and steps of CO2 fumigation of wet maize  

1. Wet maize should be fumigated within 2 days after shelling and the moisture content should not 
exceed 30 %. 

2. Piling up the grain bulk on concrete floor. The size of the bulk depends on size of plastic sheet. 
3. Cover the bulk with plastic sheet and anchor the sheet to concrete floor by folded jute bags (10 

bags/folded) or sand snakes. 
4. Place CO2 gas cylinder on the weight balance next to the sealed bulk.  
5. Connect a flexible inlet tube to the cylinder and insert the other end of the tube under the sheet 

and inside the grain bulk about 10-15 cm.  
6. There are 2 methods that can be proceeded. 
 1) Discharge CO2 into the sealed bulk at the rate of 0.5 kg/ton or  
 2) Vacuum the sealed bulk before fumigating with CO2 at the rate of 0.3 kg/ton.  
To vacuum the sealed bulk:  
- Connect the flexible outlet tube to the vacuum machine and insert the other end of the tube 

covered with plastic net to the bottom of the sealed bulk. 
- Vacuum out the air from the sealed bulk until the plastic sheet fully stretched and reach the 

maximum vacuum pressure in the sealed bulk then continued sucking the air out for another 20 
minutes. 

- Thereafter, withdraw the outlet tube from the sealed bulk carefully not allowing air into the sealed 
bulk. Then, discharge CO2 at the rate of 0.3 kg/ton. 

7. Check the amount of discharged gas by checking the weight loss from the weight balance.  
8. Withdraw the inlet tube from that sealed bulk carefully not allowing air into the sealed bulk. 
9. Fumigated bulk could be stored for at least 10 days. 
10. Dry the grain to the required moisture content, when the drying facilities are available. 

 
Conclusion 
 

There were two methods of CO2 fumigation of wet maize. In the first method, the sealed bulk was 
only fumigated by carbon dioxide at a rate of 0.5 kg/ton. In the second method, the sealed bulk was firstly 
evacuated by a vacuum cleaner or a blower and then fumigated by carbon dioxide at a rate of 0.3 kg/ton. 
These methods could temporary control the fungal infection and aflatoxin contamination for at least 10 
days. After storage, the grain quality and appearance were not changed. The temperature in the grain bulk 
remained unchanged. However, the anaerobic fermentation in the bulk produced a sour-sweet smell that 
would disappear after sun drying.  
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Abstract 
 

The study was undertaken during 2001-02 to evaluate the past investment on research and extension 
of maize in Bangladesh. For the purpose, Economic Surplus Model with ex-post analysis was used to 
estimate the returns to investment on composite varieties and hybrids of maize that have been replaced the 
local varieties. The growth rate of area, production and yield of maize were increased dramatically after 
the release of maize varieties. The internal rate of return (IRR) to investment was calculated at 23%. 
During 2000-01, about 65.70% more maize production was made available because of the farmers' 
adoption of composite varieties and hybrids of maize. The yield of composite varieties of maize ranged 
from 40 to 65% and hybrids ranged from 73 to 79% higher over the local varieties. Under various 
assumptions about the research and extension expenditures, the IRR ranged from 17 to 28% and benefit 
cost ratio from 9 to 19. The accumulated foreign exchange saving since 1992-93 was Tk 291.59 billion. 
The study indicates that the funding of maize research and extension is a good investment. Therefore, 
both government and donor agencies should come forward to invest in maize research and strengthen 
extension activities in the country.  
 
Introduction 
 

Maize is the third major cereal after rice and wheat in Bangladesh. Its yield is much higher than rice 
and wheat. Further, it is grown both in winter and summer seasons in Bangladesh. Therefore, it has the 
opportunities to cover more areas round the year and it can contribute greatly in food supply for the 
growing people in the country. During last few years, farmers have adopted greatly the cultivation of 
composite varieties and hybrids of maize in their farming systems due to many reasons. It is now widely 
used in the poultry farms and  animal feeding, and roasted and fried maize are consumed by the people. 
But major part of this demand is fulfilled by importing maize from other countries. This results  the 
demand for increasing maize production in the country. However, to meet the increasing demand for 
maize, the farming sector, profitability of maize and its marketing are the key determinant factors.  

The Maize Research Program of Bangladesh Agricultural Research Institute has developed five 
composite varieties and two hybrids of maize along with other improved technologies. Five composite 
varieties of maize namely Bornali, Khoi Bhutta, Mohar, BARI Bhutta-5, BARI Bhutta-6 and two hybrids 
namely BARI Hybrid-1 and BARI Hybrid-2 were developed during 1986 to 2001. Now, for the 
dissemination and promotion of these varieties, DAE (Department of Agricultural Extension) and 
different NGOs (non-government organizations) are closely working with BARI (Bangladesh 
Agricultural Research Institute). For research and extension and promotion of maize in the country, 
different costs are involved which need to be economically evaluated. Further research and extension 
activities of maize can be undertaken on the basis of this evaluation. Therefore, the present study was 
undertaken to see the impact of research and extension investment to provide information for the policy 
makers, donors, researchers and extension people for the improvement of the crop. With this view in 
mind, the study was conducted with the following objectives: 
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i. To find the growth rate of area, production and yield of maize; 
ii. To find the adoption of composite varieties and hybrids of maize and yield advantages over local 

varieties and 
iii. To estimate the rate of returns to maize research and extension. 
 
Materials and Methods 
 

The Economic Surplus Model with Ex-Post analysis  was considered for the present study to estimate 
the rate of returns of  the composite varieties and hybrids of maize that have been replacing the traditional 
varieties of maize. The analysis was attempted with the open-economy. The open-economy commodity 
market is defined as a commodity that is  totally produced and consumed domestically as well as the 
commodity is imported or exported.  
 
Economic surplus model 

The economic surplus concept has been adapted to estimate the benefits from the adoption of 
improved varieties. The components of economic surplus are consumer surplus and producer surplus. 
Given the initial condition (i.e., pre-research supply curve S1 and demand curve D1), consumer surplus is 
depicted as Area PoPnb in Figure-1. This is the surplus or benefit to consumers because of a functioning 
market. Consumer surplus is that area beneath the demand curve less the cost of consumption. The cost of 
consumption is the area below the price line Pn. Producer surplus is defined by Area Pnb0 in Figure-1. 
Area PnbO is the surplus left to the farmers after they have paid for the total costs of production, area 
ObQn (Alston et al., 1995). 

The adoption of an intervention by farmers such as an improved variety usually means one of two 
things: i. a farmer can supply more of the commodity using the same level of resources (i.e, same land 
area and other inputs), or ii. a farmer can supply the same level of commodity output but do it with less 
resources. In either case, this is depicted by a shift to the  right of the supply curve as shown in Figure-1 
(the shift is from S1 to S2). This shift is the supply curve from the adoption of an intervention changes the 
initial equilibrium price and quantity of the commodity. This new price quantity equilibrium increases 
economic surplus. The change in economic surplus (economic benefits) is measured by comparing the 
difference in economic surplus between the pre-adoption period and the post-adoption period. 

Given a shift in the supply curve S1 to S2, the change in consumer surplus is depicted in Figure-1 as 
Area abc + Area PnbaPo. The shift in the supply curve (due to the adoption of an intervention) has 
decreased the price consumers now have to pay for the commodity.  

Given a shift in the supply curve S1 to S2, the change in producer surplus is depicted in Figure-1 as 
Area  Oac–Area PnbaPo. Area  Oac in Figure-1 represents the decrease in the cost of producing the same 
unit of the commodity that farmers now enjoy because they are using the intervention. This represents the 
benefits to the farmers from adopting the intervention and can be measured and quantified in monetary 
terms. The adoption of the intervention, however, has increased the quantity produced thereby decreasing 
the price of the commodity (Pn to Po in Fig-1) and is a loss to farmers' income. Farmers do make back 
some of this loss because now they sell more quantity (Qn to Qo in Fig-1) of the commodity.  

The total social benefits to society from the adoption of an intervention is the summation of the 
change in consumer surplus plus the change in producer surplus (Area abc + Area Oac) minus the input 
cost change from adopting the new interventions.  

The change in economic surplus for small open-economy for maize is depicted in Figure-2. The 
world price Pw and quantity demanded by the consumers Q1 defines the initial equilibrium. At price Pw, 
producers supply Qn amount of maize when faced by the pre-research supply curve S1. Maize imports are 
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equal to QTn. When faced by the research induced supply curve S2 (the supply curve that exists because 
farmers have adopted improved varieties), maize producers increase production to quantity Q0, an 
increase of QnQ0. Maize imports are decreased by the same amount as the increase in production QnQ0. 
Maize imports are decreased by the same amount as the increase in production QnQ0 and is now at QT0. 
Because the price Pw does not change (small country assumption), there is no change in consumer 
surplus-consumers are neither better off nor worse off. The entire change in economic surplus from the 
adoption of new maize varieties is thus a change in producer surplus only and is identified by area 0ab in 
Figure-2 (corresponds to Area 0ac in Fig-1). The amount of foreign exchange saved by the adoption of 
improved maize varieties in equal to Pw x (QnQ0). 
 
Akino and Hayami method: empirical approach  

The Akino and Hayami (1975) approximation formulas for calculating changes to producer and 
consumer economic surplus are described below and these are used in this study. The Akino and Hayami 
(1975) approximation formulas for calculating the change in economic surplus for a open-economy 
analysis (Fig-1) is as follows: 
 
Area A (abc) = 0.5 PoQo ((k (1+γ))2/(γ +η))                                                    (1) 
Area B (Oac) = kPoQo                                                                                       (2) 
Area C (PnbaPo)=(PoQok(1+γ))/(γ+η)) x (1-((0.5k(1+γ) η)/(γ+η))–0.5k (1+γ)        (3) 
Where, 
Po = Commodity price (existing market price) 
Qo = Quantity of the commodity (existing production) 
Pn = Quantity price that would exist in absence of research 
Qo = Quantity of the commodity produced that would exist in absence of research 
k    =  Horizontal supply shifter 
γ    =  Price elasticity of commodity supply 
η = Absolute price elasticity of the demand for the commodity.  
 
The supply shifter k 

The supply shifter k i.e., the overall yield advantage of improved varieties over the old varieties 
weighted by the area sown to the new varieties and is called the supply shifter. In the case of the Akino 
and Hayami (1975) approximation formulas, k is the horizontal shift from the equilibrium price Pn given 
S1 to the equilibrium price Po given S2 which corresponds to a distance equal to QnQo in Figure-1 
(Gardner, et al., 1986). The supply shifter k is calculated as follows:  
 

∑
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Where : 
Yit = Yield of the improved variety in year t 
Yt = The yield of a base (or average yield of old varieties) that has been  
grown in the past and that would still be grown if no new varieties had been developed 
Ait = The proportion of the total area sown to variety in year t 
n = The number of improved varieties 
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Calculation of rate of returns 

The internal rate of return (IRR) is calculated relating the total social benefit (TSB) minus an input 
cost change, if any, in each year to the research expenditure (C) in each year and is the discount rate that 
results in a zero net present value of the benefits. The IRR is calculated as - 
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The IRR can be defined as the rate of interest that makes the accumulated present value of the flow of 
costs equal to the discounted present value of the flow of returns, at a given point in time (Peterson, 
1971).  

Two types of data are mainly needed for the analysis: i. market related data, and  ii. research related 
data. Market related data included quantity and price of maize and its supply and demand elasticities. 
Research related data included varietal adoption of maize, yield advantage,  input cost change, and 
research and extension expenditures 
 
Research and extension expenditure and prices of maize 

For the research work of maize and its extension, the contribution of BARC (Bangladesh Agricultural 
Research Council), DAE (Department of Agricultural Extension) and GKF  (Grameen Krishi 
Foundation), ASSP (Agriculture Support Service Program) and UNDP (United Nations Development 
Program) are greatly associated with the activities of BARI (Bangladesh Agricultural Research Institute). 
Therefore, the total expenditures included BARI maize project expenditures, BARI-Main for salaries, 
DAE expenditure, BARC share of administrative costs, GKF expenditure, UNDP expenditure and ASSP 
expenditures on maize. For the analysis, the current total expenditures were converted to 2000-01 
constant prices using the middle income group CPI Index (Appendix-1).  

The harvest prices and import prices of maize in different years were also used and converted to 
2000-01 constant prices using the CPI of middle income group. 
 
Input cost change 

There were few studies on costs and returns of different maize varieties conducted by Agricultural 
Economics Division, BARI, Gazipur. It was found that the average cost of local maize was Tk 16,404/ha 
whereas it was Tk 21,911/ha for Hybrids of maize (Hossain, 2002). Therefore, the input cost change was 
found Tk 5,507/ha.  
 
Elasticitie 

A supply elasticity of 0.20 was used for the present analysis. A perfectly elastic demand elasticity was 
used in the analysis because of the use of the small open-economy model. 
 
Period covered 

The study period covered from 1980/81 to 2000/01. The benefits were considered from past maize 
varietal development beginning 1986, the year when the first composite variety Bornali was adopted and 
sown by the farmers. 
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Results and Discussion 
 
Growth of area, production and yield of maize 

Three periods were considered for the growth rate calculation of  maize. First, from 1980/81 to 
1986/87, i.e., before the release of the composite varieties and hybrids of maize; Second, from 1987/88 to 
2000/01, i.e., from the beginning of the released varieties up to the study period considered and Third, 
from 1980/81 to 2000/01 i.e., the whole study period.  

During first seven years from 1980/81 to 1986/87, the annual rate of change of area, production and 
yield of maize were 11.29, 17.79 and 6.50 percent respectively (Table-1). After the release of composite 
varieties and hybrids of maize, i.e., after 1986-87, the average area,  production and yield of maize 
increased dramatically and their rate of change  were 18.28, 35.18 and 16.91 percent respectively. This 
might be due to the result of more adoption of composite varieties and hybrids of maize by the farmers.  
 
Varietal adoption of maize varieties and supply shifter k 

Bornali was the first popular composite variety released in 1986 followed by other composite 
varieties and hybrids. Several varietal experiments were undertaken since 1980 in various regions of the 
country but variety adoption rates were not recorded systematically except very few survey works were 
done scatteredly. So, the existing variety information as well as seed production information along with 
the considerable field experiences of the scientists were used to sketch out the percentage area sown by 
variety for the adoption of maize which is presented in Table-2. 

The supply shifter k was calculated using the equation (4) and found that during 2000-01,   65.70 
percent more maize production was made available because of farmers' adoption of  composite varieties 
as well as hybrids of maize. 
 
Yield advantage of composite varieties and hybrids of maize 

Composite varieties and hybrids of maize have replaced the local varieties starting in 1986. The 
potential yields of  Bornali, Khoi Bhutta, Mohar, BARI Bhutta-5, BARI Bhutta-6, BARI Hybrid-1, BARI 
Hybrid-2 and other Hybrids average were recorded as 6.00, 3.75, 5.00, 6.00, 6.50, 8.25, 8.50 and 10.50 
ton/ha respectively and the local variety 2.25 ton/ha. Thus the potential relative yields of composite 
varieties and hybrids of maize were 40 to 79 percent higher over the local varieties (Table-3).  

 
Rate of returns from maize research and extension  

Equations (1) through (3) were used to estimate the total social benefits to maize  research and 
extension expenditures. The equations were embedded into a computer spreadsheet for ease of 
computation. First, the yearly total social benefits were estimated using the small open-economy model 
(Fig-1). This was done by assigning the elasticity parameter (η). The analysis was undertaken for each 
year over the years 1986-87 to 2000-01. However, a research and development lag of five years was 
employed. research expenditures started in 1980-81, extension expenditures started in 1986-87, and 
benefits started arriving in 1986-87. The yearly total social benefits are presented in Table-4 along with 
total research and extension expenditures. 

Using various parameters mentioned earlier, the IRR was estimated to be 23 percent for the maize 
research and extension (Table-4) i.e., on the average, each Taka invested in agricultural research and 
extension, returns 23 percent annually from the date of the investment. Another interpretation is that if the 
yearly research and extension expenditures had been borrowed at an interest rate of 23 percent, the social 
benefits from research and extension would equal the cost of borrowing the funds. The Benefit cost ratio 
was found 11.  
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Foreign exchange savings 

Local demands of maize are met by imports every year in addition to local production. Recently, 
farmers have adopted composite varieties as well as hybrids of maize. As a result, area, production and 
yields of maize have increased dramatically. Therefore, import quantities are becoming less every year 
due to higher production of maize. Again, this results foreign exchange saving and the cumulative figure 
of this saving is found 291.59 billion Taka (Table-5). 

 
Sensitivity analysis 

A sensitivity analysis was undertaken in the study. When the yearly supply shifter k was decreased  
by 25 percent, there was a decrease in the rate of return to 17 percent, BCR 9  (Table-6). When the supply 
shifter k was increased by 25 percent, the IRR increased to 27 percent and BCR 14. When the 
expenditures were decreased by 25 percent, the IRR was increased to 25 percent and BCR increased to 
15. A simultaneous increase of 25 percent in the supply shifter and a 25 percent decrease in expenditures 
gave rise to a 28 percent IRR with BCR 19. Again, with the 50 percent increase and 50 percent decrease 
in the supply elasticity, there were no change in IRR and BCR. 
 
Conclusion 
 

The internal rate of return was found 23 percent. This IRR on investments in research and extension 
is a good rate of return. The analysis also includes the benefits over the local varieties. The benefit cost 
ratio was found 11 which indicated higher benefits to the investment. Therefore, both government and 
donor agencies should come forward to invest in maize research and extension in the country.  

In the ex-post analysis, only the direct benefits from the increased yield was considered. Two other 
aspects have not been included which are: i. the benefits from maintenance research, and ii. the increase 
in commodity quality through research.  

Undertaking good quality impact assessment requires good data especially on adoption. Adoption 
information is important not only for rate of return studies but also for information feedback to 
researchers about how well a technology is being accepted, the determinants of adoption (who is adopting 
or not adopting and why) and the distribution of the adopted varieties. These are issues that need to be 
brought to the attention of researchers, extension personnel and policy makers. 
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Table 1. Growth rate of area, production and yield of maize.   

Year Area (ha) Production (ton) Yield (t/ha) 
1980-81 2024 1355 0.67 
1981-82 2024 1322 0.65 
1982-83 1619 1173 0.72 
1983-84 4049 3000 0.74 
1984-85 3644 3270 0.90 
1985-86 3239 3000 0.93 
1986-87 3239 2934 0.91 
1987-88 3239 2855 0.88 
1988-89 3370 3229 0.96 
1989-90 3346 3350 1.00 
1990-91 3109 3040 0.98 
1991-92 3600 3000 0.83 
1992-93 5060 7000 1.38 
1993-94 6400 15000 2.34 
1994-95 9940 29075 2.93 
1995-96 10125 32000 3.16 
1996-97 12672 40690 3.21 
1997-98 14938 65279 4.37 
1998-99 18494 84880 4.59 
1999-00 22538 120691 5.36 
2000-01 25978 149244 5.75 
1980/81-1986/87:    
Mean 2834 2293 0.79 
CV (%) 33 42 15 
Growth Rate (%) 11.29 17.79 6.50 
1987/88-1999/00:    
Mean 10200 39952 2.70 
CV (%) 76 120 66 
Growth Rate (%) 18.28 35.18 16.91 
1980/81-1999/00:    
Mean 7745 27399 2.06 
CV (%) 93 156 83 
Growth Rate (%) 12.52 24.16 11.63 
Source: Statistical Yearbook of Bangladesh, BBS, 1985-98, Dhaka; DAE, 2001 
Growth rates were estimated by fitting OLS Semi-log function.  
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Table 2. Adoption of improved varieties of maize. 
 
Variety  Year 

Released 
1987               1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

High Yielding Varieties (HYVs) of Maize:              
Bornali   1986 2% 3%              4% 6% 7% 9% 10% 12% 13% 14% 15% 20% 22% 25% 25%
Khoi Bhutta                1986  2% 2% 3% 3% 4% 5% 5% 6% 7% 8% 9% 9% 10% 10%
Mohar 1990                3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 12%
BARI Bhutta-5                 1997 2% 3% 3% 3%
BARI Bhutta-6                 1998 2% 3% 3%
BARI Hybrid-1                 2000 0 0
BARI Hybrid-2                 2001 0
Other Hybrids               1993 18% 20% 25% 30% 32% 35% 40% 45% 47%
                 
% Area Sown to 
Local Varieties  

                98 95 94 91 87 83 62 57 49 41 36 24 13 2 0

% Area Sown to 
HYV Maize 

                2 5 6 9 13 17 38 43 51 59 64 76 87 98 100

Maize Hectares by Category:              
Total Hectares LVs  3174               3077 3168 3045 2705 2988 3137 3648 4871 4151 4562 3585 2404 451 0
Total Hectares 
HYVs of   Maize 

               65 162 202 301 404 612 1923 2752 5069 5974 8110 11353 16090 22087 25978

Total Maize Area 
(ha) 

                3239 3239 3370 3346 3109 3600 5060 6400 9940 10125 12672 14938 18494 22538 25978
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Table 3. Maize yield advantage and supply shifter k. 
 

Year  % Area
Bornali 

Replacin
g LVs 

% Area 
Khoi 

Bhutta 
Replacin

g LVs 

% Area 
Mohar 
Replac 
ing LVs 

% Area 
BARI 

Bhutta-
5 

Replac 
ing LVs 

% Area 
BARI 

Bhutta-
6 

Replac 
ing LVs 

% Area 
Other 

Hybrids 
Replacin

g LVs  

% 
Area 
Sow
n to 
LVs 

Total 
Maize 
Area 
(ha) 

Area 
Bornali 
Replac 

ing 
LVs 

Area 
Khoi 
Bhutt

a 
Repla

c 
ing 
LVs 

Area 
Moha

r 
Repla

c 
ing 
LVs 

Area 
BARI 

Bhutta-
5 

Replac 
ing LVs 

Area 
BARI 

Bhutta-
6 

Replac 
ing LVs 

Area 
Other 

Hybrid
s 

Replac
ing 
LVs 

Supply 
Shifter 

k 

1986-87              2 98 3239 65 0.013
1987-88              3 2 95 3239 97 65 0.038
1988-89              4 2 94 3370 135 67 0.033
1989-90             6 3 91 3346 201 100 0.050
1990-91             7 3 3 87 3109 218 93 93 0.072
1991-92            9 4 4 83 3600 324 144 144 0.094
1992-93            10 5 5 18 62 5060 506 253 253 911 0.251
1993-94            12 5 6 20 57 6400 768 320 384 1280 0.285
1994-95           13 6 7 25 49 9940 1292 596 696 2485 0.340
1995-96           14 7 8 30 41 10125 1418 709 810 3038 0.395
1996-97           15 8 9 32 36 12672 1901 1014 1140 4055 0.427
1997-98             20 9 10 2 35 24 14938 2988 1344 1494 299 5228 0.504
1998-99           22 9 11 3 2 40 13 18494 4069 1664 2034 555 7398 0.580
1999-00             25 10 12 3 3 45 2 22538 5635 2254 2705 676 676 10142 0.654
2000-01             25 10 12 3 3 47 0 25978 6495 2598 3117 779 779 12210 0.670

 
Note: LVs = Local Varieties 
Example(2000-01): k=(1-LV yield/Bornali yield)X % Area Bornali + (1-LV yield/Khoi Bhutta yield)X % Area Khoi Bhutta + (1-LV yield/Mohar 
yield)X % Area Mohar + (1-LV yield/BARI Bhutta-5 yield)X % Area BARI Bhutta-5 + (1-LV yield/BARI Bhutta-6 yield)X % Area BARI 
Bhutta-6 + (1-LV yield/Other Hybrids yield)* % Area Other Hybrids = 0.670  
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Table 3a. On-farm maize yield averages by variety. 
 

ariety Yield (t/ha) Yield  Advantage 
Bornali   6.00 0.63

Khoi Bhutta 3.75 0.40 
Mohar   5.00 0.55

BARI Bhutta-5 6.00 0.63 
BARI Bhutta-6 6.50 0.65 
BARI Hybrid-1 8.25 0.73 
BARI Hybrid-2 8.50 0.74 
Other Hybrids 10.50 0.79 
Local Variety 2.25  

 
Source: Razzaque, 2000. 

 

 - 466 -  



Maize research and extension in Bangladesh 

 
Table 4. Research and extension expenditures for maize.  
 

Year Expenditures Incurred by Different Institutes (current Taka) 
    BARI

Main 
BARI 
Maize 
Project 

BARC    GKF UNDP ASSP DAE Total
Expenditure 

Total 
Expenditure 

Deflated 
(2000/01=100) 

CPI 
Middle 
Income 
Group 

(2000/0
1=100) 

Input Cost 
Change (Tk) 
[ 
5507*Maize 
area] 

1980-81       150000  141900   291900 986149 29.60
1981-82       150000  141900   291900 887234 32.90
1982-83       170000  885500   1055500 2923823 36.10
1983-84         174000 1,160,000 818050   2152050 5448228 39.50
1984-85         87000 1,160,000 634100   1881100 4284966 43.90
1985-86         280000 1,160,000 956650   2396650 4972303 48.20
1986-87       275000  539250   58498 872748 1640503 53.20 17837173
1987-88         300000 562700   67713 930413 1568994 59.30 17837173
1988-89         305000 819500   71344 1195844 1868506 64.00 18558590
1989-90         320000 746050   90084 1156134 1651620 70.00 18426422
1990-91         337500 1107250   88017 1532767 2011505 76.20 17121263
1991-92         350000 1346100   107184 1803284 2251291 80.10 19825200
1992-93           400000 798650 8381100 182668 9762418 12022683 81.20 27865420
1993-94           424965 225500 10368280 247339 11266084 13639327 82.60 35244800
1994-95           452500 171400 5407080 369939 6400919 7365844 86.90 54739580
1995-96           473000 261250 7253400 405760 8393410 9274486 90.50 55758375
1996-97            485000 675850 15021760 100,000 549423 16832033 17906418 94.00 69784704
1997-98            525750 675850 33202360 100,000 647670 35151630 37395351 94.00 82263566
1998-99           525750 675850 10851840 100,000 801848 12955288 13782222 94.00 101846458
1999-00          525750 675850 18369000  977185 20547785 21859346 94.00 124116766
2000-01          525750 1181750 12516040 1188173 15411713 15411713 100.00 143060846

 
Note: BARI= Bangladesh Agril. Res. Inst; BARC=Bangladesh Agril. Res. Council; GKF = Grameen Krishi Foundation; UNDP= United Nations 
Development Program; ASSP= Agriculture Support Service Program; DAE= Department of Agricultural Extension; CPI = Consumer Price Index.  
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Table 5. Maize harvest price and import price. 
 

Year Harvest Price (Tk/ton) 
(current Taka) 

Harvest Price Deflated 
(2000/01=100) 

Import Price (Tk/ton) Import Price 
Deflated 

(2000/01=100) 

CPI Middle Income 
Group (2000/01=100) 

1980-81      5250 17736 29.60
1981-82      5500 16717 32.90
1982-83      5500 15235 36.10
1983-84      5750 14557 39.50
1984-85      6000 13667 43.90
1985-86      6000 12448 48.20
1986-87      6250 11748 53.20
1987-88      6500 10961 59.30
1988-89      6500 10156 64.00
1989-90      6600 9429 70.00
1990-91      6600 8661 76.20
1991-92      6700 8365 80.10
1992-93      6700 8251 60000 73892 81.20
1993-94      6750 8172 60000 72639 82.60
1994-95      6750 7768 65000 74799 86.90
1995-96      6750 7459 65000 71823 90.50
1996-97      7200 7660 75000 79787 94.00
1997-98      7300 7766 75000 79787 94.00
1998-99      7400 7872 85000 90426 94.00
1999-00      7500 7979 90000 95745 94.00
2000-01      7500 7500 95000 95000 100.00

 

 - 468 -  



Maize research and extension in Bangladesh 

Table 6. Rate of return to maize research and extension through Ex-post Analysis. 
 

Year  Supply
Elasticity 

Demand 
Elasticity* 

Supply 
Shifter 

k 

Maize 
Price 

(Tk/ton) 
(Po) 

Maize 
Quantity 

(ton)  (Qo) 
 

Change in 
Consumer 

Surplus 
(CS) 

Change in 
Producer 
Surplus 

(PS) 

Total Input 
Cost Change  

Change in 
Total 

Surplus 
(TS) 

Research 
Costs 
(C) 

1980-81           0.20 1000000000000 17736 1355 986149
1981-82           0.20 1000000000000 16717 1322 887234
1982-83           0.20 1000000000000 15235 1173 2923823
1983-84           0.20 1000000000000 14557 3000 5448228
1984-85           0.20 1000000000000 13667 3270 4284966
1985-86           0.20 1000000000000 12448 3000 4972303
1986-87          0.20 1000000000000 0.013 11748 2934 0 430862 17837173 -17406311 1640503
1987-88           0.20 1000000000000 0.038 10961 2855 0 1189182 17837173 -16647991 1568994
1988-89           0.20 1000000000000 0.033 10156 3229 0 1082220 18558590 -17476370 1868506
1989-90           0.20 1000000000000 0.050 9429 3350 0 1563493 18426422 -16862929 1651620
1990-91           0.20 1000000000000 0.072 8661 3040 0 1902394 17121263 -15218869 2011505
1991-92           0.20 1000000000000 0.094 8365 3000 0 2365075 19825200 -17460125 2251291
1992-93           0.20 1000000000000 0.251 8251 7000 0 14522167 27865420 -13343253 12022683
1993-94           0.20 1000000000000 0.285 8172 15000 0 34952439 35244800 -292361 13639327
1994-95           0.20 1000000000000 0.340 7768 29075 0 76826434 54739580 22086854 7365844
1995-96           0.20 1000000000000 0.395 7459 32000 0 94327388 55758375 38569013 9274486
1996-97           0.20 1000000000000 0.427 7660 40690 0 132982093 69784704 63197389 17906418
1997-98           0.20 1000000000000 0.504 7766 65279 0 255251307 82263566 172987741 37395351
1998-99           0.20 1000000000000 0.580 7872 84880 0 387633733 101846458 285787275 13782222
1999-00           0.20 1000000000000 0.654 7979 120691 0 629955803 124116766 505839037 21859346
2000-01           0.20 1000000000000 0.670 7500 149244 0 749840397 143060846 606779551 15411713

* A sufficiently large number to make the consumer surplus equal to zero. 
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Table 6. Rate of return to maize research and extension through Ex-post Analysis (continued). 
 

Year  Net Benefit
(NB) 

Net Present 
Value 

Benefits 
(NPV) 

Internal 
Rate of 
Return 
(IRR) 

Present Value 
Research Cost 

(PVRC) 

Change in Price in 
Absence of New 
Varieties (Pn-Po) 

Price in Absence 
of New Varieties 

(Pn) 

Area  
ABC 

Area  
AOC 

Area 
 BPPC 

1980-81          -986149 169,609,106 23% 46,150,220
1981-82          -887234
1982-83 -2923823         
1983-84 -5448228         
1984-85 -4284966         
1985-86 -4972303         
1986-87          -19046814 12,355,212,355 12,355,212,355 0 430862 0
1987-88          -18216985 18,532,818,533 18,532,818,533 0 1189182 0
1988-89          -19344877 37,065,637,066 37,065,637,066 0 1082220 0
1989-90          -18514549 61,776,061,776 61,776,061,776 0 1563493 0
1990-91          -17230375 92,664,092,664 92,664,092,664 0 1902394 0
1991-92          -19711416 92,664,092,664 92,664,092,664 0 2365075 0
1992-93          -25365935 123,552,123,552 123,552,123,552 0 14522167 0
1993-94          -13931688 154,440,154,440 154,440,154,440 0 34952439 0
1994-95          14721009 154,440,154,440 154,440,154,440 0 76826434 0
1995-96          29294527 209,039,148,783 209,039,148,783 0 94327388 0
1996-97          45290972 251,167,930,952 251,167,930,952 0 132982093 0
1997-98          135592390 268,643,788,320 268,643,788,320 0 255251307 0
1998-99         272005053  268,643,788,320 268,643,788,320 0 387633733 0
1999-00         483979692  268,643,788,320 268,643,788,320 0 629955803 0
2000-01         591367838  268,643,788,320 268,643,788,320 0 749840397 0
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Table 7. Foreign exchange savings from investment in maize research and extension. 
 

Year Import Price
(Tk/ton) 

 Import Price Deflated 
(Base:2000/01=100) 

Supply Shifter k Maize Production 
(ton) 

Increase in 
Production from 
Research (ton) 

Foreign 
Exchange 

Savings (Taka) 

CPI 
Middle Income 

Group 
(2000/01=100) 

1980-81        29.60
1981-82        32.90
1982-83        36.10
1983-84        39.50
1984-85        43.90
1985-86        48.20
1986-87        0.013 2934 37 53.20
1987-88        0.038 2855 108 59.30
1988-89        0.033 3229 107 64.00
1989-90        0.050 3350 166 70.00
1990-91        0.072 3040 220 76.20
1991-92        0.094 3000 283 80.10
1992-93        60000 73892 0.251 7000 1760 130049261 81.20
1993-94        60000 72639 0.285 15000 4277 310688343 82.60
1994-95        65000 74799 0.340 29075 9891 739810101 86.90
1995-96        65000 71823 0.395 32000 12647 908337806 90.50
1996-97        75000 79787 0.427 40690 17362 1385230139 94.00
1997-98        75000 79787 0.504 65279 32868 2622444934 94.00
1998-99        85000 90426 0.580 84880 49240 4452549634 94.00
1999-00        90000 95745 0.654 120691 78954 7559469639 94.00
2000-01        95000 95000 0.670 149244 99979 9497978362 100.00

 
Total Foreign Exchange Savings = Tk 27,606,558,218 =  Tk 276.06 billion. 
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Table 8. Sensitivity analysis on the returns to maize research and extension. 
 

Parameters Internal Rate of Return  
(IRR) (%) 

Net Present Value  
(NPV) 

Benefit Cost Ratio  

1. Base parameters  23 169.61 9 
2. Supply shifter k decreased by 25% 17 73.07 5 
3. Supply shifter k increased by 25% 27 266.15 12 
4. Expenditure decreased by 25% 24 181.15 12 
5. Expenditure decreased by 25% and supply 
shifter k increased by 25% 

28   277.69 16

6. Supply elasticity increased by 50% 23 169.61 9 
7. Supply elasticity decreased by 50% 23 169.61 9 
 
 
Table 9. Constraints to production of maize at farmers' level. 
 

Constraints   Rank Value
1. NGO charges higher share of production for   

Supplying inputs and services  
5 

2. Farmers have little knowledge about the   
Production technology of maize  

1 

3. Threshing problem 2 
4. Non-availability of irrigation water 7 
5. Non-availability of seeds 3 
6. Stealing of cob 6 
7. High price of  inputs 4 
8. Low price  8 
Source: Islam, et al., 1995 
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Table 10. Constraints to marketing of maize. 
 
                    Constraints Percent of Farmer 
   Farmer Bepari Wholesaler NGO
1. Poultry farm purchase maize on credit   
    and don't pay money timely 

-     50 - -

2. Some farmers don't give maize to   
    NGO as per agreement 

-    - - 100

3. Inadequate supply of maize and is     
    Limited to few months only 

-     50 100 -

4. Low price of maize 50  - - - 
5. No market for sale 50  - - - 
Source: Islam, et al, 1996. 
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Figure 1. Open-Economy Economic Surplus Model. 
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Figure 2. Small Open-Economy (importer) Economic Surplus Model. 
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Abstract 
 

BRAC is the largest hybrid maize seed producer and distributor in Bangladesh and is about 300 MT 
per year with an increasing trend. It also is a major grain consumer because of its large poultry program. 
BRAC initiated a maize research program in 1996 with the basic research activities like variety screening, 
synchronization, and performance trial of different exotic hybrids. However, the major research and 
breeding activities started in 2000 mainly with CIMMYT inbred lines and some other international trials. 
In 2000 BRAC received CIMMYT tropical yellow maize lines and some other S5/ S6 lines for 
development and implementation of an international trial like the TAMNET- 2000 hybrid trial (early and 
late). From the CIMMYT tropical yellow hybrid trial (early and late ) were selected some better yielding 
hybrids for further promotion, and in winter 2001/2002 BRAC also implemented a demonstration trial of 
CIMMYT tropical early and late hybrids in two locations. The inbred lines earlier received from 
CIMMYT are now ready to use as parent material and some are underway in their development. At this 
time some single cross hybrid combinations have been performed with the promising inbred lines and are 
in the process of evaluation in 2002. 
 
Introduction 
 

Bangladesh is one of the most thickly populated countries in the world with more than 800 persons 
per sq. km. Food deficit is a common problem here. Although in recent years the country is about to food 
self sufficient due to bumper production of rice, we have to keep in mind that Bangladesh is a land of 
natural hazards and disaster and the population growth rate is still high (1.5)(BBS,1999). It is estimated 
that by 2005 Bangladesh will require 25 million ton of cereals to feed her people; where present 
production is about 20 million ton. So a rapidly increasing demand for food will occur in the coming 
years. There is little hope of increasing yield of rice and wheat. Moreover, poultry and dairy industries 
have been extensively established in the recent years, so a tremendous demand has already been created 
for food, feed, and fodder. For this reason Bangladesh needs to increase the productivity of limited land 
by cultivating the crop that has high yield potentiality compared to rice and wheat and can be 
simultaneously used for poultry and livestock feed, industrial raw material, and human consumption. In 
this regard maize is the most appropriate crop for Bangladesh. The present production of local maize 
is about 1.5 lac tons, but the present demand is more than double, and this demand is increasing 
day by day. Moreover, yellow maize and QPM can fulfill nutritional deficiency. Maize is still 
cultivated in a small percentage of potential area (2.8 million ha) (Iqbal, 2001), mainly in the 
winter season, but in Bangladesh maize can be grown successfully throughout the year. 

BRAC, the largest non-government organization in the world, started its activity in 1972 with the 
major goal of empowering rural people and alleviating poverty. BRAC is a multifaceted organization 
working in 60,000 villages in all 64 districts of Bangladesh. BRAC is now working in almost all sectors 
of life. As a social development organization, the objectives of BRAC’s maize research are to increase 
farmers’ profitability through better yielding hybrids and to create employment throughout the year, as 
maize is a labor-intensive crop. A superior high yielding maize hybrid is the only means to fulfill these 
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demands. In Bangladesh neither public nor private organizations still have their own hybrids. Bangladesh 
Agriculture Research Institute (BARI) is the only national research station that is working for 
development of superior hybrid of maize. BRAC produces one double cross and one three way cross 
hybrid with the parent line from Pacific Seed Company with a very high price. The main objectives of 
BRAC maize research are to make its own hybrid locally so that farmers can get superior, high yielding 
hybrids at a comparatively low price and to increase availability of hybrid seed locally in order to fulfill 
future demands. 

 
Materials and Methods 
 

The materials used in the trial are all supplied by CIMMYT-ARMP. The trials were also designed by 
CIMMYT-ARMP. The data given in the table are not statistically analyzed. The mean of replications and 
across location is cited in the table. In all the trial plant spacing was 75 cm × 20 cm. Fertilizer was applied 
at recommended doses for hybrids. Irrigation and other intercultural operations were applied when 
necessary. Yield calculations were made at 80% shelling and 15% moisture. 
 
Variety development program of BRAC  

BRAC started its maize breeding program in 2000 with the CIMMYT tropical inbred lines. In 2000 
BRAC received 58 CIMMYT tropical yellow early and late inbred lines as well as other 20 S5/S6 lines for 
development. As maize is a newly introduced crop in Bangladesh, availability of local germplasm is very 
limited. In the last two years the lines have been developed, maintained, recycled, and categorized. Some 
of the lines are the parent inbreds of CIMMYT promising hybrids. In the last winter season (2001-2002), 
some crosses were made with these promising lines and are under evaluation in summer 2002. Other than 
the selected hybrids, some other crosses were made with the promising inbreeds that are also under 
evaluation in this summer 2002. The crop is now at the premature stage. Some of the crosses seemed to 
be highly promising compared to the local popular check Pacific-11. The advance lines will go for a 
combining ability test next winter. Some parent seeds and some F1 seeds of selected hybrids are also 
being prepared for evaluation the next winter. 
 
TAMNET Hybrid Trials  

In winter of 2000-2001 BRAC implemented the Tropical Asia Maize Network (TAMNET) Trials. 
Eighteen early and 23 late yellow hybrids were tested against the best local check, Pacific- 11 and 
Pacifec-60. The yield of early hybrids is much lower and shows low resistance to foliar diseases. Some of 
the late hybrids shows good performance. The hybrid 96-1, a Vietnam origin hybrid, shows excellent 
performance with about 2 ton/ha yield superiority over Pacific-11. The results are shown in Table-1. 
BRAC is trying to get parent inbreds of this hybrid. 

 
CIMMYT Hybrid Trials 

In winter of 2000-2001, BRAC implemented a number of CIMMYT trials. Eighteen early and 18 late 
tropical yellow hybrids were tested against Pacific-11 and Pacific-60. Some of the tropical late hybrid 
showed highly promising results. CTS993028, CTS993030 and CTS993010 were finally selected for high 
yield potential and other respective characteristics. Initiatives have been taken to promote these hybrids. 
The average yield data of promising hybrid of two locations is giver in Table 2. 

In the summer of 2001 another 18 early and 18 late CIMMYT maize hybrids were tested against the 
best local check. Some of the tropical late hybrids that seemed promising out yielded the local check. The 
data of yield is shown in Table 3. 
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Another 7 CIMMYT hybrids were tested in winter 2000-2001 at four locations. The average yield of 
four locations that failed to out-yield the local check are shown in Table 4. 

Another 6 early and 6 late hybrids were tested in tow locations in winter 2001-2002 under a 
demonstration trial. Some late hybrids are good but fail to out-yield the local check. The average across 
location yield is giver in Table 5. 

 
Maize Seed production of BRAC 

BRAC is the largest hybrid maize seed Producer and distributor in Bangladesh. At present BRAC is 
producing seed of 2 hybrids named Pacific-11 and Pacific-60 with the parent line of the Pacific Seed 
Company, Thailand. Initially composite seed was also produced, but with the increasing demand of 
hybrid seed, BRAC is now producing only hybrid seed. About 70% of hybrid seed used in country is 
produced locally by BRAC. The remainder F1 hybrid seed is imported and marketed by another 
organization. For quality seed marketing, BRAC installed modern processing plant and dehumidifier 
storage. The year’s distribution of maize seed by BRAC is giver in Table 6. 
 
Conclusion 
 

BRAC is a social development organization with the goal of empowerment of the poor and poverty 
elevation. BRAC has developed a strong countrywide root level network and has the infrastructure to 
popularize any good material with in a very short period of time. We like to introduce QPM and also 
expect cooperative efforts with CIMMYT and other national and International Research stations for good 
genetic materials and consultations. 
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Table 1. Performance of TAMNET Late Trial (Winter 2000-2001). 
 

Hybrid code  Grain Yield 
(ton/ha) 

Plant height 
(cm) 

Ear height 
(cm) 

Days to 50% 
silk 

96-1 10.12 165 87 86 
NSX982020 9.29 200 102 97 
TX2001 9.11 190 111 89 
GHAURI 8.77 179 102 86 
SW3851 8.68 145 80 91 
SW3853 8.54 195 100 92 
NSX982009 8.43 190 105 91 
 NSX982045 7.90 195 90 92 
Pacific-11(Local Cheek-1) 7.39 195 110 88 
Pacific-60(Local Cheek-2) 8.49 210 115 91 

 
 
Table 2. Mean performance of Tropical Late Yellow Hybrid Trial (Winter  2000-01). 
 
 

Hybrid code Grain 
Yield 

(ton/ha) 

Plant height 
(cm) 

Ear height 
(cm) 

Days to 50% 
silk 

CTS 993028 11.81 170 90 96 
CTS993010 11.11 210 110 95 
CTS993030 10.94 165 75 98 
CTS993036 10.93 165 94 92 
CTS993038 10.89 178 95 95 
CTS993040 10.19 172 78 94 
CTS993018 10.34 165 82 97 
CTS993012 10.32 165 88 92 
Pacific-11(Local Cheek-1) 9.84 193 90 86 
Pacific-60(Local Cheek-2) 10.59 195 88 86 
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Table 3. Mean performance of Tropical Late Yellow Hybrid Trial (Summer 2001). 
 

Hybrid code Grain 
Yield 

(ton/ha) 

Plant height 
(cm) 

Ear height 
(cm) 

Days to 50% 
silk 

CTS 003088 10.49 225 126 52 
CTS993058 10.34 260 140 52 
CTS003050 10.28 255 126 51 
CTS993076 10.11 225 126 55 
CTS003090 10.08 252 134 55 
CTS003186 9.92 245 130 55 
CTS003184 9.90 174 83 55 
CTS993004 9.65 197 98 54 
CTS003102 9.63 143 59 53 
CTS003084 9.61 181 100 52 
CTS993056 9.47 245 125 52 
Pacific-11(Local Cheek-1) 9.29 197 100 50 
Pacific-60(Local Cheek-2) 9.12 205 112 50 

 
 
Table 4. Mean performances of 7 CIMMYT Hybrid CIMMYT Hybrids Across 4 Location  (Winter 
2000-01). 
 
 

Hybrid code Grain 
Yield 

(ton/ha) 

Plant height 
(cm) 

Ear height 
(cm) 

Days to 
50% 
silk 

CTS 993066 9.53 219 101 Late 
CTS993042 9.36 204 99 Late 
CTS993064 8.35 186 95 Late 
CTS991056 6.74 207 114 Early 
CTS991050 6.70 167 75 Early 
CTS991058 6.60 180 72 Early 
CTS991054 6.21 173 68 Early 
Pacific-11(Local Cheek-1) 9.64 207 96 Late 
Pacific-60(Local Cheek-2) 10.51 221 98 Late 
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Table 5. Mean performance of Demonstration Trial of Late Yellow Hybrid Trial (Winter 2001-02). 
 

Hybrid code Grain Yield
(ton/ha) 

Plant height 
(cm) 

Ear height 
(cm) 

Days to 50% 
silk 

CTS 003006 11.88 195 99 92 
CTS003090 11.74 222 114 93 
CTS003084 11.01 161 81 87 
CTS003102 11.48 128 49 90 
CTS003184 9.75 156 68 91 
Pacific-11(Local Cheek-1) 11.59 200 89 87 
Pacific-60(Local Cheek-2) 11.80 191 90 88 

 
 
Table 6. Hybrid Maize Seed distribution status by BRAC. 
 

Year Composite 
Variety 
(MT) 

Hybrid 
(MT) 

Total 
(MT) 

Remarks 

1992 8 - 8 BADC seed 
1993 15 5 20 BADC/Imported hybrid 

seed 
1994 44 20 64 ,, 
1995 105 30 135 ,, 
1996 131 45 176 ,, 
1997 80 60 140 ,, 
1998 47 130 177 BRAC own produced seed 
1999 10 220 230 ,, 
2000 45 298 343 ,, 
2001 15 305 320 ,, 
2002 - 325 

(Expected)
325 ,, 
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Abstract 

The involvement of farmers in the farmer participatory breeding program (FPBP) resulted in a 
favorable outcome. Maize varieties RCM 1-1, RCM 1-2, RCM 1-3, and Vijaya Composite, along with 
local landraces like Meghalaya Local Yellow and Meghalaya Local White, were chosen for the farmer 
participatory breeding trials (FPBT) in Kharif in 1999 and 2000, and Rabi in 2000. In all, 191 farmers 
were studied during those seasons. The farmers had expressed a very strong overall preference for the 
maize variety RCM 1-2 over their own varieties, as well as over the other experimental varieties tested 
during those years. The performance for RCM 1-3 was a result of its relative earliness combined with 
high grain yield. Early maturity, high grain yield, high stover yield, grain size, grain color, and minimal 
water requirement were the factors that helped achieve superior results from post harvest yield. The 
superiority of RCM 1-1, RCM 1-2, RCM1-3, and Vijaya Composite over the local traditional variety 
during high rainfall conditions aroused keen interest among the farmers. 
 
Introduction 
 

The objectives of this study were 1) to identify the most suitable cultivars from the pool of improved 
cultivars by the farmer himself through farmer-managed trials and spread the farmer-preferred cultivars. 
2) To balance cultivar diversity and increase the replacement rate, thereby increasing production and 
productivity. 3) To empower the farmers to participate in the development and spread of technology and 
to study the constraints that force farmers to grow land races. The study had five phases viz., a. 
identification of farmers needs; b. a search for suitable cultivars to test with farmers; c. conduct the 
farmer-managed trials; d. evaluation of trials and e. experimentation on its adaptability in farmers’ fields. 
The farmers were given opportunities to choose, improvise, and adapt from a range of choices, which 
created more useful technologies (Farrington and Martin, 1998; Okali et al, 1994). Effort was made to 
explore the opportunities for farmer participation in the various stages of varietal improvement based on 
the research results obtained with maize (Zea mays L). 

Maize (Zea mays L) is the second most important crop of Meghalaya after rice trials were conducted 
in Ri-Bhoi district of the state in three seasons, Kharif 1999, Kharif 2000 and Rabi 2000. It is common to 
have some level of farmer involvement in the final stages of variety testing, generally after varieties have 
been released. These trials are normally researcher-managed on-farm trials, on-farm demonstrations, or 
large-scale minikit trials. Once a variety is released, similar trials are commonly organized by the 
extension services to expose large numbers of farmers to newly available varieties and other technologies. 
Usually these trials are managed with the full range of recommendation from external inputs, which can 
be atypical of the predominant management practices in the target environment. These trials are usually 
evaluated solely on the basis of grain yield performance. Farmers’ evaluations of the tested genotypes are 
usually not sought, and farmers’ evaluation criteria are not regularly used, or if they are, they do not enter 
final reports and play little or no role in the decision making process for varietal release and 
recommendations (Farrington and Martin, 1998). 
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Materials and Methods 
 

The intended beneficiaries were farmers for whom maize was an important crop. They use local 
landraces/varieties and farmer-owned saved seeds resulting in low yield. The three criteria for selection of 
village sites were: importance of maize in the local farming systems and for farm households’ income; 
representation of the district in terms of agro-environmental conditions and socio-economic conditions; 
ties to the local headman/headwoman and village secretary (of Gram-Darbar) enabling the organization to 
work with and build on existing trust of local farmers where researcher-farmer interaction can easily take 
place. Visits to potential villages with members of the maize project and informal discussions with 
farmers led to the evaluation of villages’ appropriateness. The role of the village investigators was to 
monitor the FPBT trials and collect information from participatory farmers during and after the crop 
season. Participating farmers were selected on the basis of holding size, gender issues, and research 
interest. 

Land holding size, an indicator of a household’s resource availability, was used as the criterion for 
stratification because many of the desired varietal traits, which are to be evaluated and discussed with 
farmers, are related to food/feed needs and security. For poor households, these issues may be more 
important than for better-endowed households. Our rationale for actively involving farmers in the study 
was that they are actively involved in maize production and have special responsibilities for providing 
food as well as special skills and knowledge in seed-related issues. FPBT for maize varieties viz., RCM 
1-1, RCM 1-2, RCM 1-3, and Vijaya Composite were chosen for the FPBT in 1999 Kharif, 2000 Kharif, 
and 2000 Rabi because of their wider maturity duration, cob color, and grain color. They were widely 
tested for yield and open-pollinated varieties so that farmers could produce their own seed (Table 2). 

The varietal choice was based on on-station trials focusing on the mid hills of Meghalaya and results 
from a formal survey on reasons for non-adoption of released varieties (Kelley et al, 1996; Dhamotharan 
et al, 1996) and discussions with farmers growing modern varieties in the target district. In all, 191 (Table 
1) farmers were studied during the experimentation. Per se of table 1 had shown that during 1999 Kharif 
5 sites in Mawbri, 5 sites in Umso (Umsning), 3 sites in Madan Mawkher, 1 site in M.S.F.S Seminary, 7 
sites in Mawtneng during 2000 Kharif, 52 sites in Mawlasnai, 10 sites in Umkhuti, 31 sites in Umpowin, 
30 sites in Sao Number Umdaithah, 31 sites in Sumer No 4. During 2000 Rabi, 5 sites in Umroi, 1 site in 
Laban Soro, 10 sites in Mawlasnai were studied. Each farmer was given one of the high yielding varieties 
for experimentation. Farmers were asked to sow the experimental variety adjacent to their own local 
variety and to manage the two varieties as similarly as possible in order to facilitate valid comparisons. 
The farmers otherwise designated their individual experiment by choosing the field, plot size, planting 
density, and the crop mixture in which these varieties were sown. The plot size was approximately 0.2 ha. 
The farmers monitored the trials throughout the growing season and collected relevant information from 
participating farmers. 

Three methods used for understanding farmers’ evaluations of specific varieties were: individual 
comparison of experimental varieties with each farmers’ local landraces; group interviews to compare a 
range of experimental varieties and semi-structured interviews to record farmers’ grain and stover yield; 
their experiences with the food quality of the grain and the feed quality of the stover. Each field was 
visited before tasselling, silking, and prior to harvest, field management was discussed and growth of the 
experimental variety was compared to the farmers’ local landraces. Individual farmers’ observations were 
taken during the standing crop. Both varieties were harvested separately and grain yield and stover yield 
were measured using the local measurement units (usually standard baskets made of bamboo). The grains 
harvested from both varieties were kept separately in two cloth bags so that comparison for grain quality 
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of the experimental varieties with that of the local landraces could be made. Farmers had observed the 
stover quality. 

Group interviews were conducted with groups of 3-6 farmers, representing farmers participating 
and/or not participating in the experiments to compare all experimental varieties with each other and with 
the local variety at the end of the growing season. Several fields were toured to see all the experimental 
varieties under similar growing conditions and 3-4 representative plants from each variety were collected 
by the farmers as specimens available during the discussions. Discussions were structured so that farmers 
were first encouraged to talk about differences between the local variety and the experimental varieties. 
For each trait they mentioned, a picture was drawn on a card. The cards were then used to identify rows in 
a matrix-ranking table. For each variety one column was made, farmers were then used to identify rows in 
a matrix-ranking table. For each variety one column was made. Farmers ranked the four experimental 
varieties for each of the characteristics they had mentioned by putting stones or large seeds in a particular 
cell. Usually these discussions led to other topics like crop management, crop utilization, and seed related 
issues. In conducting the group discussions, care was taken to keep the groups small (Okali et al, 1994; 
Kelley et al, 1996; Dhamotharan et al, 1996 and  Chambers et al, 1989) to be able to listen to the opinions 
of the individuals.  
 
Results and Discussion 
 

The discussion with individual farmers during 1999 Kharif, 2000 Kharif, and 2000 Rabi indicated 
that farmers from Ri-Bhoi district expressed a very strong overall preference for the high yielding maize 
varieties like RCM1-1, RCM 1-2, RCM 1-3, and Vijaya Composite over their own varieties, as well as 
over the other experimental varieties tested during these years (Table 3). The main traits were spacing 
recommendation (cm) based on canopy dimension, dry kernel yield (q/ha), ear length (cm), ear diameter 
(cm), rows per ear, kernels per ear, ears per plant (prolificacy), 100 kernel weight (g), ear leaf area (sq 
cm), plant height (cm), primary ear height (cm), green leaves number, leaves above primary ear, stem 
circumference (cm), days to 50 % tasselling, days to 50% silking, days to 50 % dry husking, biological 
yield (g/plant), seed or kernel color. Farmers’ preference percentage on the experimental varieties over 
their own varieties had shown that there was 74 per cent preference for RCM 1-1, 80 per cent for RCM 1-
2, 78 per cent for RCM 1-3, and 67 per cent for Vijaya Composite over the local landraces like 
Meghalaya Local Yellow and Meghalaya Local White. Thus there is a great enthusiasm regarding the 
high yielding variety, which had ranged from 67- 80 per cent over the local landraces. The reasons for the 
preference may be attributed to the relative earliness of the variety combined with its superior grain yield 
(Table 4). Farmers’ preference for high yielding varieties over the local or traditional varieties had ranged 
from 80 to 100 per cent (mean 93.33) for grain yield, 0 to 95 per cent (mean 46.00) for stover yield, and 
50 to 100 per cent (mean 83.33). During the group discussions farmers further indicated that varieties 
should have early maturity, high grain yield, high stover yield, large grain size, yellow grain color, and 
less water requirement than the local varieties (Table 5). Comparison of RCM 1-1, RCM 1-2, RCM 1-3, 
and Vijaya Composite with local had shown that the most desirable characteristic of the variety was early 
maturity, followed by high grain yield, high stover yield, tall plant height, large grain size, yellow 
kernel/grain color, and less water requirements. Farmers’ post harvest yield measurements confirmed 
these results (Table 6). Performances of maize varieties in farmer-managed farmer participatory breeding 
trials were 29.60 per cent more than the local cultivars. During 1999 Kharif the maximum yield advantage 
over the local landraces was 50.51 followed by 45.27, 34.50, 23.22, 20.29, and 15.91 while during 2000 
Kharif the maximum yield advantage over local cultivars was 68.57 followed by 57.83, 23.62, 11.28, and 
2.66, with an overall mean of 29.60.The superiority of RCM 1-1, RCM 1-2, RCM1-3, and Vijaya 
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Composite (Fig 1) over the local varieties under high rainfall conditions resulted in farmers’ keen interest 
in obtaining larger quantities of seeds of these varieties. 

Concerted efforts are required to integrate participatory approaches in breeding programs, and release 
procedures need to be created in response to the results of farmer participatory intervention (Chambers et 
al, 1989; Haverkort et al, 1991; Weltzien , 1996; Weltzien et al, 1996). These changes in organization, 
methodology, and policy are pre-requisites for the development of adaptable technologies for the harsh 
environments. 
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Table 1. Location and number of farmer participatory breeding trials.  
 
Year Village No of trials 

Mawbri 5 
Umso (Umsning) 5 
Madan Mawkher 3 
M.S.F.S Seminary 1 

1999 Kharif 

Mawtneng 7 
Mawlasnai 52 
Umkhuti 10 
Umpowin 31 
Sao Number Umdaithah 30 
Sumer No 4 31 

2000 Kharif 

Umroi 5 
Laban Soro 1 2000 Rabi 
Mawlasnai 10 

Total  191 
 
Table 2. Main characteristics high yielding varieties of maize for farmer participatory breeding 
trials. 

 

Character RCM 1-1 RCM 1-2 RCM 1-3 Vijaya 
Composite 

Spacing recommendation (cm) 60 x 25 50 x 25 60 x 25 60 x 25 
Dry kernel yield (q/ha) 40-50 23-30 40-50 40-50 
Ear length (cm) 20 18 20 20 
Ear diameter (cm) 13.5 10.5 13.5 13.5 
Rows/ear 14 16 14 14 
Kernels/ear 40 36 40 40 
Ears/plant 1.0 1.3-1.6 1.0 1.0 
100 kernel weight (g) 30 18 30 30 
Ear leaf (sq cm) 300-350 225 300-500 300-350 
Plant height (cm) 250-270 220-215 250-270 210-230 
Primary ear height (cm) 160 110 160 140 
Green leaves (No) 12 11 12 12 
Leaves above primary ear 6.0 5.5 6 6 
Stem circumference (cm) 6.0 4.5 6 6 
Days to 50 % tasselling 76 55 76 66 
Days to 50% silking 80 60 80 70 
Days to 50 % dry husking 115 105 115 110 
Biological yield (g/plant) 200 125 200 200 
Seed colour Yellow flint Yellow flint White flint Yellow flint 
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Table 3. Percentage preference of farmers’ on the high yielding varieties over the local varieties. 

 
Variety Preference (%)* Farmers (No)* 
RCM 1-1 74 12 
RCM 1-2 80 12 
RCM 1-3 78 12 
Vijaya Composite 67 12 

   *Average of 1999 Kharif, 2000 Kharif and 2000 Rabi 
 
 
Table 4. Farmers’ preference of varieties for the specific traits on improved varieties over the 
traditional varieties. 
 
Trait 1999 Kharif 2000 Kharif 2000 Rabi Mean 
Grain yield 100 80 100 93.33 
Stover yield 43 0 95 46.00 
Earliness 100 50 100 83.33 
Overall mean 86.33 
 
 
Table 5. Farmers comparison of RCM 1-1, RCM 1-2, RCM 1-3 and Vijaya Composite during 
discussions with local landraces. 
 
Characteristic RCM 1-1 

compared 
with local 

RCM 1-2 
compared 
with local 

RCM 1-3 
compared 
with local 

Vijaya 
Composite 
compared with 
local 

Early maturity + + + + 
High grain yield + - + + 
High stover yield + - + + 
Tall plant height +/- - +/- +/- 
High stover Yield +/- - +/- +/- 
Large grain size + - + + 
Yellow grain/ karyopsis  
colour 

+ + - - 

Less water requirements - - - - 
+ Superior; +/- Similar; - inferior. 
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Table 6. Performance of maize varieties in farmer-managed farmer participatory breeding trials. 
 
Location Local 

landraces 
(q/ha) 

High yielding 
cultivars (q/ha) 

Percentage 
increase over 
local 

Mawbri, 1999 Kharif 45.00 67.73 50.51 
Umso (Umsning), 1999 Kharif 49.42 66.47 34.50 
Madan Mawkher, 1999 Kharif 55.03 67.81 23.22 
M.S.F.S.Seminary, 1999 Kharif 60.53 86.70 45.27 
Mawtneng,1999 Kharif 60.01 72.19 20.29 
Mawlasnai1,1999 Kharif 55.25 64.04 15.91 
Mawlasnai,2000 Kharif 65.45 67.19 2.66 
Umkhuti,2000 Kharif 60.47 67.29 11.28 
Umpowin,2000 Kharif 54.44 67.30 23.62 
Sao Number Umdaithah, 2000 
Kharif 

43.63 68.86 57.83 

Sumer No 4, 2000 kharif 44.22 74.54 68.57 
Mean 53.95 70.01 28.51 
SE 2.26 1.87 5.68 
CV 0.14 0.08 0.63 
 
 
 
 
 
 
 
 
 Figure 1. Scatter plot diagram for local landraces and high yielding cultivars. 
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Abstract 
 

Data collected from 206 households from two hill districts of Nepal, where maize is a staple, were 
analyzed using a Frontier Production Function. The results show that the mean technical efficiency of 
producing local varieties of maize is 58% compared to 63% for producing improved varieties. This means 
that 42% and 37% of the production potential is unexploited in production of local and improved varieties 
of maize, respectively due to technical inefficiency. Access to information, experience of the farmer, level 
of farm income, literacy of farmer and involvement of the household head in the farming positively 
influenced the level of technical efficiency in maize production. The extension system needs to be 
strengthened to provide farmers with information related to technology adoption. The involvement of the 
private sector in supplying modern inputs to remote areas needs to be strengthened. Special emphasis 
should be given to educate farmers, especially women farmers as it helps speed-up the adoption of 
improved varieties of maize and attain higher technical efficiency in maize production.  

 
Introduction 
 

Maize is the main food of millions of people living in the hills of Nepal, where it is cultivated on 
sloping upland terraces under rainfed conditions during March-September. In irrigated low-lying areas of 
river basins and in the terai (up to 800 meter amsl), it is also cultivated as a winter and spring crop. 

Among the three ecological belts of Nepal, the mid-hills is the most important in terms of maize 
production and consumption. Almost 70% of the maize area of the country is in this region. The terai and 
the high-hills account for 21 and 9% of total maize area, respectively. Similarly, the mid-hills accounts 
for 69% of total maize production in the country. The remaining 23% and 8% is produced in the terai and 
the high-hills, respectively. Maize production as a proportion of total cereal production was 34% for the 
high-hills, 40% for the mid-hills and 8% for the terai in 1999/00 (Ministry of Agriculture and 
Cooperatives, 2000). 

The importance of maize in food security can also be seen from the fact that 77 - 82 % of the maize 
production is used for human consumption in the hills. Furthermore, the more remote the area the higher 
proportion of maize that is used for direct human consumption. In the terai, where rice is the main cereal 
followed by wheat, only 36% of the maize is used for human consumption (Paudyal et al., 2001). 

Data published by the ministry of Agriculture shows that a total of 1,157,308 mt maize was produced 
in the country in 1980/81 which increased to 1,445,450 mt in 1999/00 recording an average annual 
growth of 1.65%. Production growth is composed of two components – growths in area under the crop 
and its yield. As most of the suitable area was already cultivated, there was limited scope of increasing 
maize area in the country. Consequently maize area grew by 0.60% per annum during 1980/81 to 
1999/00. At the same time, maize yield grew just by 1.05% per annum in an average, which was lowest 
among the foodgrains except for barley. This has resulted in dismal growth in maize production. 

While production of maize is growing very slowly, the demand is increasing rapidly as a result of the 
growing maize consuming population and the increasing use of maize for feed in the rapidly expanding 
poultry and dairy sectors. Considering the trends in the last two decades, maize production in the country 
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is not expected to meet the domestic demand in the near future. Import of a large quantity of maize will 
be needed to meet the domestic demand if the present trends continue. This will be detrimental to the 
economy suffering from trade deficit, which was 55,344 million Rupees in 1999/00 (Ministry of Finance, 
2001). Import of maize is also not advisable based on the analyses of comparative advantages of its 
production in the country (Paudyal and Ransom 2002). This calls for special efforts for increasing maize 
productivity in the country.  

One of the feasible solutions of the problem is increased adoption of improved varieties, as 
productivity of improved varieties of maize is found higher than the local varieties. However, the 
adoption of improved varieties remained rather slow in Nepal. Among the three principal crops i.e. rice 
maize and wheat; adoption of improved varieties was lowest in maize. 

A recent study has indicated that adoption of modern varieties of maize is positively affected by 
information available to farmers, experience in fertilizer use and level of income. Lack of knowledge, 
non-availability of seeds and undesirable tastes were among the major obstacles in adoption of improved 
maize varieties (Ransom and Paudyal, 2002). Further analyses are required to understand the productivity 
and efficiency associated with the adoption of improved varieties of maize. The present study, therefore, 
aims to: 
 

• estimate average and firm specific technical efficiencies of maize production;  
• identify factors that affect the technical efficiencies; and 
• suggest policy interventions to increase productivity and technical efficiency of maize production 

in the hills of Nepal. 
 
Materials and Methods 
 
Sources of data 

Data collection was done in January-March 2000 from two hill districts in Nepal- Dolakha and 
Dailekh. These two districts were selected as they represent major maize production environments in the 
hills. Dolakha district represents a typical mid-hill environment in eastern Nepal where the maize relayed 
millet cropping system predominates. There is limited scope for winter crops in the district due to limited 
rainfall during the season. Another sample district-Dailekh represents typical mid-hill environment in 
western Nepal where the maize-wheat cropping system predominates. Monsoon rains begin about one 
month later than the eastern hills and there is enough precipitation for winter cropping. Within these two 
districts two Village Development Committees (VDCs) each were selected for data collection. 

Among the VDCs selected for detail data collection, Namdu in Dolakha and Kalbhairab in Dailekh 
are the VDCs that have access to road, while Magapauwa in Dolakha and Chauratha in Dailekh are the 
VDCs that are inaccessible. The survey sites in Dolakha were between 270 6’ to 270 40’ north latitude and 
850 6’ to 870 59’ east longitude. The elevation of survey sites in Dolakha ranged from 1125 to 2350 m. 
The survey sites in Dailekh were between 280 18’ to 280 52’ north latitude and 800 40’ to 800 50’ east 
longitude. The elevation of survey sites in Dailekh ranged from 800 to 1700 m. Data collected from 206 
randomly selected households from those four VDCs were included in the analysis. 

 
Models used in the analyses 

A production process is said to be efficient if there exists no alternate process which produces more 
output with given level of inputs or the same level of output with less inputs. Farrell (1957) proposed that 
efficiency be measured in a relative sense as a deviation from the best performance in respective peer 
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group. He defined technical efficiency as the ability and willingness of producer to obtain the maximum 
outputs at a given level of conventional inputs and technology. 

Two major approaches have been used to identify technical efficiency and its causes in agricultural 
production process: the frontier approach and the direct approach. In the frontier approach, the production 
frontier is estimated as the most efficient set of points in input-output space, and deviation from the 
frontier is used as the measure of technical inefficiency. To understand about what causes inefficiency, 
firm specific efficiencies (1-inefficienciy) are then related to characteristics of the firm and farmer 
including information status and managerial skills such as education, technical knowledge, extension 
contact; as well as system effects exogenous to the firm such as access to input markets. Thus the process 
becomes two stage estimation. 

A stochastic Frontier Production Function was used to estimate the elasticities and plot level technical 
efficiencies in maize production using Frontier Version 4.1 software developed by Tim Coelli (Coelli, T. 
1996). The function considered was assumed to be a Cobb Douglas type and the first element of the 
vector Xj was assumed to be one and the remaining elements were values of inputs of different variables 
included in the model. The model was defined as: 
 

Yi = f(Xi; β) exp(vi-ui) 
 

Where Yi represents possible production level for the ith sample firm; f(Xi; β) is a suitable function of 
the input vector, Xi, for ith firm and vector, β, of unknown parameters; and exp represent exponential. The 
vi is an error assumed to be independently and identically distributed as N(0, σv

2) random variable 
independent of the non-negative ui random variables. The vi in the model captures the effects of random 
shocks outside the farmer’s control, observation and measurement errors and other statistical noise. Thus, 
vi allows the frontier to vary across firms or different crop establishment methods. This is the reason that 
the frontier is called stochastic. The ui is assumed to be identically and independently distributed 
truncated (at zero) or half normal N(µ, σu

2) random variable which represents the level of inefficiency. 
The empirical model used to estimate the elasticities and technical efficiencies of individual firms 

was: 
 
ln(maize production)j =  α0 + α1 ln (land)i + α2 ln(human labor)i + α2 ln(animal labor)i +   α3 

ln(fertilizer)i + α4 ln(manure)i + α5 district dummyi + εi. 
 
Where αis = vector of parameters and 
 εi =  vi –ui (as explained earlier). 
 

Maize production from local varieties and improved varieties were analyzed separately to examine 
their respective technical efficiencies.  

The ordinary least square (OLS) technique was used to identify the factors that determine the 
technical efficiency of the individual maize fields. The specific model used to estimate determinants of 
technical efficiency was: 
 

TEj  =  β0 + β1 IGSi + β2 IOSi + β3 NOLi + β4 AHHi + β5 YIMi + β6 LHHi + β7 CEPi + β8 ACTi + β9 HHWi +  εi  
Where  
βis  = Vector of parameters 
TE  = Technical efficiency  
IGS  =Income from grain sales 
IOS  = Income from other sources 
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NOL  = Number of livestock (cattle+buffalo) kept by the farmer 
AHH  = Age of head of household 
YIM  = Years since improved maize was grown first 
LHH  = Literacy of head of household (dummy, 1 if literate) 
CEP  =Contact with extension personnel (dummy, 1 if the farmer contacted extension personnel in last one year) 
ACT  = Access to market (dummy, 1 if market is 5 km or less from the farm) 
HHW  = Head of household works in the farm (dummy, 1 if works in the farm). 
 
Results and Discussion 
 
Adoption of improved varieties 

There was greater adoption of improved varieties of maize in Dolakha district than in Dailekh. The 
survey result shows that 46% of sample farmers in Dolakha reported to have grown improved varieties of 
maize compared to only 17% in Dailekh. The results further indicated that almost 12% of sample farmers 
in Dolakha and 2% farmers in Dailekh adopted improved variety maize 10 years or earlier (Table 1). 

Among the improved varieties, Khumal Yellow, Kakani Yellow, Rampur Yellow and Manakamana-1 
were grown in both of the districts. Arun-1 and Ganesh-1 were reported to have been grown in Dailekh 
district only. The yields of these varieties as reported by farmers, are presented in Table 2. 

Based on the responses of sample farmers, the productivity of improved varieties of maize, in general, 
was found to be higher than local varieties, in both the districts. The Gain in productivity from using 
improved varieties was found to be at almost the same level of inputs in Dolakha. In Dailekh, higher 
levels of inputs were used in improved varieties of maize than in local varieties (Table 3). 
 
Technical efficiency 

Three of the coefficients estimated using the Stochastic Frontier Production Function – land, fertilizer 
and farm yard manure were positive and significant at the 10% level for the improved varieties. For local 
varieties, four of the coefficients - land, labor, draft animal and farm yard manure were positive and 
significant at the 10% level. District dummy was significant for local varieties meaning that production of 
local maize in Dailekh was significantly higher than in Dolakha (Table 4). However, it was not significant 
in the case of improved varieties of maize. The production functions for local and improved varieties of 
maize were significant at the 1 % level based on likelihood ratio tests. 

The results showed that mean technical efficiency was 58% for production of local varieties 
compared to 63% for production of improved varieties of maize (Figure 1). This means that the adoption 
of improved varieties alone would increase technical efficiency of maize production by 5%.  

It is estimated that the yield loss due to technical inefficiency was 0.84 to 1.02 ton ha-1 with the 
production of improved varieties. It was 0.79 to 0.98 ton ha-1 for local varieties (Figure 2). Thus the 
estimated yield loss was 59% and 72% of the observed yields of improved and local varieties of maize, 
respectively. The findings indicate that, on an average, yield of improved varieties can be raised to 2.8 ton 
ha-1 and that of local varieties to 2.3 ton ha-1 if all of the farmers are technically efficient. 
 
Determinants of technical efficiency 

The Ordinary Least Square (OLS) estimates of factors that determine technical efficiencies in the 
improved and the local varieties of maize are presented in Table 5. The estimates were significant at the 
5% and 1 % level, respectively for improved and local varieties based on the F tests. Among the variables 
included in the model to explain the farm specific technical efficiencies in maize production, access to 
information, experience in cultivation of improved varieties of maize and involvement of the household 
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head in farming were significant in improved varieties of maize. In the case of local varieties of maize, 
level of farm income, literacy of the farmer and number of livestock in the farm positively influenced the 
level of technical efficiency. Level of off-farm income, age of household head (indicates experience in 
maize cultivation) and access to market were positive but were not statistically significant (Table 5). 
 
Conclusion 
 

Maize production growth in Nepal remained less than population growth, in the last two decades, 
threatening food security, especially in the hills, where maize is a critical component of the daily diet. 
One of the reasons for very low growth of maize production in the hills is the low level of adoption of 
modern technology including fertilizer and improved varieties.  

Based on the findings of this study the average yield of improved varieties of maize were 28 – 30% 
higher than the local varieties in the study sites. Moreover, technical efficiency of maize production 
would be increased by 5% by adopting improved varieties. These results indicate that increasing the 
adoption of improved varieties would significantly increase food security and reduce poverty in the hills. 

One of the important tasks for promoting the use of improved varieties and increasing technical 
efficiency of maize production is creating awareness among the farmers about available modern 
technologies. Many farmers reported that they do not have knowledge of the available technology. 
Though, the District Agricultural Development Offices (DADOs) and some agrovets supply limited 
amounts of improved varieties seeds near the district headquarters and market centers, many farmers in 
the remote area have no access of their services. AIC, the public sector institution responsible to supply 
modern inputs (fertilizer and improved varieties seeds of different crops), has gradually withdrawn from 
seed business and is almost non-functional in remote areas. Therefore, the government needs to formulate 
policies to encourage the involvement of private sector in supplying the inputs.  

Because of difficult terrain, coverage of large areas by limited number of extension staff is difficult. 
This problem is exacerbated by the lack of proper incentive systems for those working in the hills. 
Contact between farmers and extension personnel is reported to be very poor. The present extension 
system, therefore, needs to be re-oriented toward strengthening participatory approaches in dissemination 
of inputs and information to rural areas. Educating farmers through informal education program is one of 
the effective ways in this respect. Many males go out for off-farm activity from the hills of Nepal. It is the 
female members of households that are responsible for decision making in their farming. As the literacy 
of household head contribute positively on technical efficiency in production, special attention need to be 
given in educating females. Once they receive a basic education farmers will be able to understand 
improved farming through simple instructions circulated as pamphlets and agricultural program broadcast 
through radio.  

Technical efficiency of maize production is also positively affected by number of livestock per farm. 
This calls for promotion of present farming system, which has long history of integration of livestock and 
crops. With dwindling grazing areas and decreasing access to non-farm fodder, number of livestock per 
household is decreasing over the years. It is suggested that on-farm fodder cultivation be promoted to 
cope up with decreasing fodder availability from forests. At the same time farmers need to be trained on 
the methods that help improve the quality of farm yard manure. This will lessen the burden of buying 
expensive fertilizer without decreasing the productivity of crops.  

As the technical efficiency of maize farmers is positively influenced by the level of farm income, it is 
obvious that marketing infrastructure development need to be given due attention. Similarly, development 
of road and other infrastructure will be driving force in adoption of technology and technical efficiency of 
maize production systems in the hills of Nepal. 
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Table 1. Adoption of improved varieties of maize in the hills of Nepal. 
 
Years since improved maize was cultivated first Dolakha Dailekh 

10 years or earlier 12 2 
5-9 years 16 2 
1-4 years 18 13 
Never 54 83 

 
 
 
Table 2. Average yield of selected maize varieties in the hills of Nepal. 
 
  Dolakha Dailekh 
Improved varieties  Khumal yellow 1.47 1.28 

 Kakani yellow 1.36 1.34 
 Rampur yellow 1.46 1.92 
 Manakamana-1 2.01 1.79 
 Arun-1  1.79 
 Ganesh-1  1.88 

Local varieties  1.10 1.36 
 
 
 
Table 3. Level of inputs used in improved and local varieties of maize in the hills of Nepal. 
 
Inputs Dolakha Dailekh 
 Improved Local Improved Local 
Human labor (days/ha) 171 164 149 122 
Animal labor (pairdays/ha) 17 19 16 15 
Urea (kg/ha) 70 75 69 45 
FYM (tons/ha) 7 6 8 7 
Production (kg/ha) 1430 1100 1740 1360 
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Table 4. Stochastic Frontier Production Function for improved and local varieties of maize in the 
hills of Nepal. 
 
Variables Improved varieties Local varieties 
Constant 6.05  *** 

(1.40) 
3.68 *** 
(1.20) 

Land (ha) 0.70  *** 
(0.22) 

0.38 *** 
(0.10) 

Human labor (hours) 0.12   
(0.17) 

0.17 *** 
(0.07) 

Urea (kg) 0.03  * 
(0.02) 

-0.01  
(0.01) 

Manure (Ton) 0.26  ** 
(0.13) 

0.29 *** 
(0.06) 

Animal labor  
( hours) 

-0.25   
(0.23) 

0.20 *** 
(0.11) 

District dummy (Dailekh = 1) 0.23   
(0.22) 

0.33 *** 
(0.09) 

Sigma2 0.23  
(0.16) 

0.18 *** 
(0.01) 

Gamma 0.72 * 
(0.37) 

0.43 
(0.80) 

Likelihood Ratio 69 *** 269 *** 
Total number of observation 44 162 
 
Note:  ***, ** and * indicate significant at the 1%, 5% and 10% level, respectively. 
Figures in parentheses are standard errors. 
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Table 5. Ordinary least square estimates of technical efficiency determinant factors in the hills of 
Nepal. 
 
Variables Improved varieties  Local varieties 
Intercept 0.13 

(0.14) 
0.05 
(0.03) 

Off-farm income 0.00 
(0.00) 

0.00 
(0.00) 

Farm income 0.00 
(0.00) 

0.01 *** 
(0.00) 

Livestock holding -0.01 
(0.02) 

0.01 * 
(0.00) 

Age of household-head 0.00 
(0.00) 

0.00 
(0.00) 

Literacy of household-head (dummy) 0.01 
(0.05) 

0.04 *** 
(0.01) 

Contact with extension personnel (dummy) 0.14 *** 
(0.04) 

0.01 
(0.02) 

Less than 5 km from market (dummy) 0.04 
(0.04) 

0.01 
(0.01) 

Household-head involved in farming (dummy) 0.21 ** 
(0.09) 

-0.00 
(0.02) 

Years since improved technology adopted first 0.02 *** 
(0.01) 

- 

F value 2.87 ** 4.49 *** 
 
Note:  ***, ** and * indicate significant at the 1%, 5% and 10% level, respectively. 
Figures in parentheses are standard errors. 
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Figure 1: Technical efficiency in the production of improved and 
local varieties of maize in the hills of Nepal
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Figure 2: Yield loss due to inneficiency in maize 
production in the hills of Nepal
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Abstract 

 
The national research system in Nepal has not been very successful in incorporating an understanding 

of the local agricultural systems in research and development planning, perhaps because of their 
complexity and heterogeneity. Where attempts have been made to understand local farming practice, 
these have generally involved limited interaction amongst research teams and farmers in diagnostic 
surveys. Although such interactions may have led to affecting the design of research, the knowledge itself 
remained largely implicit in what documentation was produced, so that each new diagnosis effectively 
started from scratch in terms of being able to use farmers' knowledge in the planning process.  

Understanding of farmers’ knowledge of maize production practices as a precursor to participatory 
on-farm research for maize was initiated in June 1998 from Marga, Patle and Fakchamara in the eastern 
middle hills of Nepal. This involved repeated and detailed interviews with key informants alone and in 
groups. Results revealed that hill farmers in Nepal had sophisticated understanding about maize 
production systems, which is a dynamic resource based on observation and experience, much has been 
constantly adapting as practices change through self correcting practice. The present knowledge in maize 
derived from farmers, which considers farmers' requirements in new maize varieties and circumstances 
can bring a significant impact to maize research in the middle hills agricultural systems. Appreciating 
farmers' perspectives in designing on-farm participatory technology generation process is likely to 
enhance research efficiency and IOPVs (new varieties) uptake by farmers. 
 
Introduction 
 

Farming practices in the hills are essentially interdisciplinary but despite this, researchers have 
generally perceived and tackled problems from a series of fairly discrete disciplinary perspectives. With 
respect to maize cultivation, we can expect a well developed local knowledge system because farmers in 
the hills have been practising traditional agriculture, utilising their own knowledge to maintain and 
improve their livelihoods, for many years. Previously, the national research system in Nepal has not been 
very successful in incorporating an understanding of the local agricultural systems in research planning, 
perhaps because of their complexity and heterogeneity. There is evidence that their local knowledge is a 
dynamic resource based on observation and experience, which is constantly adapting as practices change 
(Portela, 1994; Sinclair and Joshi, 2000), much of which has since been shown to be complementary to 
scientific knowledge (Thorne et al., 1999). 

Some authors (Eyzaguirre, 1992; DeWalt, 1994; Pretty, 1995) have argued that local knowledge, 
which is suitable under a high-risk environment, should be brought to bear on the process of research. 
DeWalt (1994) and Pretty (1995) have noted that neither local knowledge nor western science could be 
considered as unitary bodies of knowledge. Portela (1994) remarked ‘success requires that local art and 
universal science interact both extensively and intensively’.  
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Farrington and Martin (1988) after a wide ranging review of the role of local knowledge systems in 
agricultural research concluded that, “the relevance and prospects of success of innovations brought in 
from outside will be enhanced if they build upon indigenous knowledge. Where this is not done the risk 
of project failure is high”, a sentiment shared by many others (Warren, 1991). 

The major objective of the research reported in this paper was to describe farmers' knowledge and 
innovations about maize cultivation in the middle hills of Nepal as a precursor to participatory on-farm 
research for maize. 
 
Methods 
 

Collection of farmers’ knowledge of maize growing and documentation of their practices were 
initiated in June 1998 using knowledge-based systems methods previously developed and tested in Nepal 
and elsewhere in the tropics (Walker and Sinclair, 1998). This involved repeated and detailed interviews 
with key informants alone and in groups. Key informants were selected based on their depth of 
knowledge and willingness to participate.  

Although Marga, Patle and Fakchamara in the middle hills of Nepal were chosen as the focus sites in 
which the knowledge acquisition was to be carried out, relevant information received from other sources 
(e.g. non-participating farmers and the literature) was included while describing farmers' knowledge. 
Before initiating the exercise, questionnaire was discussed among scientists and field staff in order to 
assess its clarity. It was then pre-tested on three farmers and revisions were made accordingly, so that 
everyone understands the question being asked with the same meaning. Gender was not separated in this 
study.  

Dates and times for interviews were fixed in advance. The checklist had been designed so that the 
interview would last for about one hour. Participating farmers were repeatedly visited and any points of 
confusion were clarified. Group discussions were then conducted with small groups of six or seven 
farmers to resolve conflicting issues that had arisen from talking to farmers individually.  

However, cooperation amongst farmers in an area is necessary for large-scale on the source of each 
item of knowledge is traceable and knowledge can be retrieved, this does not affect the ability to analyse 
knowledge from certain types of informants -farm participatory maize research. This made seeking 
consensus about maize improvement objectives more important than describing differences statistically. 
 
Results and Discussion 
 

The resulting knowledge base contains about 500 statements covering various aspects of maize 
production systems (Tiwari, 2001). Information captured in statements is discussed in the following sub-
sections covering key aspects of farmers knowledge relevant to crop improvement for maize. 
 
Maize Varieties 
 

There were 388 statements specifically about maize, maize varieties and their associated attributes 
acquired from farmers. Varieties commonly grown by farmers and the broad distinctions articulated by 
farmers as derived from knowledge base are briefly described below and summarised in Table 1. 

 
a. New (IOPVs) versus local varieties: In the knowledge base there are 54 statements that contain 
information about either new or local varieties and 14 that contain references to both and so directly 
contrast their attributes. Farmers had experienced that the new varieties; 
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• required more production inputs and were more susceptible to stress conditions; 
• were prone to diseases (stalk rot and ear rot), stored grain pests and drought. Their experience 

regarding disease susceptibility was that the new varieties possess loose husk cover. As a result, 
the ear tip is always exposed to rain water and so tends to rot and  

• are prone to bird damage. 
 

Farmers stated that the local varieties were not free from these problems either but their impact was 
less. Farmers had made detailed observations about the germination problems in new varieties. Locals 
would germinate, even if there were some capping in soils, because they have a thin and pointed plumule 
whereas new varieties had problems due to their thick plumule, which does not easily penetrate through 
the soil surface.  

Local varieties were taller and their stems were thin, this made them more prone to wind lodging than 
the new varieties. Farmers recognised local varieties as being tolerant to drought as compared to new 
varieties, because of deeper root systems. Grain of local varieties was considered tastier than that of new 
varieties and stover and husk were thought to be more palatable to animals because of the thin stems and 
soft husks. These observations are similar to those reported by others (Khadka et al., 1993; MYRADA 
and IIRR, 1997; Witcombe et al., 1998a). 

 
b. White-grained versus yellow-grained maize: Results showed that almost all farmers interviewed were 
growing the white-grained maize variety (Seti makai), irrespective of site and wealth category. Reasons 
mentioned by farmers were as follows. 
 

• Bhaat, the staple food, when prepared from white-grained maize grits looks like bhaat made from 
rice once it has been cooked and this would give an impression that they were eating rice, which 
is a higher status food than maize. 

• White maize grits can be mixed up to 50% with rice without much affecting the quality and taste 
of the rice. 

• Bhaat prepared from white-grained maize is soft and does not give off a smell, as happens when 
bhaat is prepared from yellow varieties. 

• White-grained maize fetches a higher price in local markets. 
Despite the higher yield and stress tolerance (Table 2) farmers were not growing yellow-grained maize 
varieties in larger areas for cultural reasons.  
 
c. Grain shape and size: There were several white-grained maize genotypes recognised by farmers, these 
included large-grained and small-grained varieties, within each of which there were also dent and flint 
types. All farmers expressed their liking for large grained over small, and flint over dent, although the 
dent type were easier to grind. Some wealthier farmers (category ‘A’ and ‘B’) with high livestock 
numbers and sufficient food for human consumption were not concerned about grit to flour ratio. This 
was because the flour and chaff were fed to animals. Farmers believed that small grained types had a 
lower grit to flour ratio and produce more chaff than larger grained types, and also have a low shelling 
percentage, which farmers regard as undesirable. Farmers observed that dented varieties produced less 
grit than flinted types, which they regard as a disadvantage. Farmers believe that because of softer grain, 
infestation by stored grain pests was higher in the dented varieties. 
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d. Seed selection: Farmers’ practice in seed selection and storage was interesting. Periodically maize 
stored on the thangro (a structure made of bamboo poles for storing maize, usually positioned outside the 
house) was taken for consumption and whatever was left was then used for seed. During seed selection 
from the remaining ears, the grains from the best ears were selected, preferably from the central part of 
the ear with uniform and large seed size, which was thought to give uniform germination and produce 
healthy plants. When farmers were asked about the wisdom of selecting maize ears for seed directly from 
healthy and desirable plants in the field before harvest, they responded that their selection of ears post-
harvest guaranteed these characteristics because only desirable plants would yield good ears. All farmers 
separated white and yellow grain types according to the original characteristics of a particular variety 
during sowing, thereby trying to maintain varietal purity. Some authors (CIAT, 1992 cited by Wright et 
al., 1994; Tripp, 2001) have reported that local seed care skills are equally better to that produced by the 
formal seed agencies. 
 
Farmers’ experiences on crop stress 

The maize yields obtained at research stations have never been achieved in farmers' fields in the 
maize/millet systems. The major maize production constraints articulated by farmers were drought, 
lodging, declining soil fertility, diseases (leaf blight, ear-rot and stalk rot) and insect pests (white grub, 
army worm and cutworm in the field and weevil and moth in store). White grubs in the field and weevils 
in storage were the priority problems. Barrenness, farm trees and unavailability of new varieties and 
quality seeds at the right time and right location were also problems articulated by farmers. How farmers 
have been experiencing to some of these stresses is briefly discussed in the following sub-sections. 

 
a. Drought: According to a number of key informants, drought was unpredictable, occurring with variable 
intensity at any crop stage from sowing to maturity. Farmers have noted that the effects of drought are 
greater at the flowering stage than any other stage. Both tassels and silks were dried out, leading to failure 
or reduction in grain set (barren plants). Drought at the reproductive stage reduced grain size; in extreme 
conditions grain yield loss could be total. Farmers also noted that locals are more tolerant to drought than 
new varieties because of deep root system and crops sown behind the plough, which ensures deeper 
placement of seed, are less prone to drought. Andrade et al. (2000) and Vasal et al. (1997) reported that 
the flowering stage was the most vulnerable stage with respect to drought, however, they did not proffer 
an explanation of the mechanism. The late maturing maize varieties were more tolerant to drought than 
the early maturing ones, when drought occurred at an early vegetative stage. The explanation was that 
these varieties could recover their growth at a later stage. Witcombe et al. (1998b) argued that the early 
maturing varieties had an advantage under terminal drought stress while Blum (1997) has suggested that 
late varieties had a relative advantage under mid season stress because of their better recovery capacity. 
Farmers experience has shown that occurrence of an early drought during the maize season was a more 
frequent occurrence than mid-season and terminal drought because of the rainfall pattern in Nepal. 
Perhaps longer maturation results in growth of longer roots that could extract deep soil moisture, which 
farmers had rated one of the positive traits of the local varieties. In addition to this, the local varieties 
were better adapted to low fertility conditions, may be for the same reason. Blum (1997) supports this 
more generally for maize in arguing that some landraces produce more biomass because they could reach 
moisture lower down the soil profile due to their longer roots. 
 
b. Soil fertility declining: Farmers consider maize a heavy nutrient demanding crop. Compost was the 
main source of nutrients, which was prepared from dung and urine mixed with bedding materials, and 
piled either in pits or heaps to allow decomposition. It was noted that as a result of limited livestock 
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numbers, soil erosion and increased cropping intensity, maize yield had been declining. However, a few 
farmers did not agree with this, saying that they have been able in maintaining maize yields from the 
same piece of land. Reasons given were the application of compost and chemical fertilizers. However, 
they agreed that soil structural properties had declined where they relied upon inorganic fertilizer and that 
management of soil was becoming difficult as a consequence.  
 
c. Diseases: Leaf blight (Setosphaeria turcica, formerly called Helminthosporium turcicum) (Welz, 
1998), ear rot (Fusarium moniliforme), stalk rot (Erwinia carotovora) and head smut (Sphacelotheca 
reiliana) were the major diseases reported by farmers. Among these, ear rot was the most serious because 
damage continues even in storage. Local varieties that have tight husk covers were tolerant to ear rot. 
Farmers believe the incidence of stalk rot has been increasing with the increasing use of urea as a 
fertilizer and blight infection is high if crop is planted late. Farmers did not practise any control measures 
for these diseases except uprooting the infected plants, when they were noticed.  
 
d. Insects: Farmers reported white grub, cut worm (Agrostis segetum) and army worm (Mythymna 
separata) in the maize field and weevil (Sitophilus zeamais) and moths (Sitroga cerealella) in storage as 
the major pests. Among field insects, white grub was the priority problem. Farmers noted that the 
infestation rate of white grub increased when the season was dry, soil was sandy and if fresh 
(undecomposed) cow dung was applied. In the 1998 cropping season about 80% yield loss was estimated 
in one of the worst fields due to white grub infestation. Sandy soils were more prone to white grub 
infestation because this allows easy movement by grubs, whereas in clayey soils movement is restricted 
and hence there tended to be less damage. Reason for the connection between a higher infestation rates 
where a higher amount of fresh compost had been applied was not understood.  

Ground maize (maize splits) was thought to be attacked less by stored grain pests than whole grain 
although, the reason behind this was also not understood. Farmers also observed that the infestation of 
weevils and moths was reduced when maize varieties were mixed (variety mixing) and stored together. 
Varieties with tight husk covers and flinted grain were tolerant of these insects. It was also observed that 
bunches of ears tied together (jhutta) and hung above the fireplace in the home were not infested. Regular 
sun drying also helped to minimise damage. Grains for seed purposes were generally stored after mixing 
with an equal proportion by volume of wood ash. Maize stored inside houses with tin roofs were more 
damaged by stored grain pests than those with thatched roofs. This might be due to higher temperatures 
under tin roofs during the day. Farmers said that when the storage environment is warmer the stored grain 
pest population increases, leading to higher infestation, which is supported in the scientific literature 
(Paneru et al., 1994). Farmers have also noted that due to tight husk cover and flinted grain the local 
varieties are tolerant to stored grain pests. Widstrom (1989) cited by Pandey and Gardner (1992) reported 
that improving resistance to maize weevil was seldom included in breeding objectives although increased 
husk coverage and tightness reduced damage. On the basis of knowledge articulated by farmers, a causal 
diagram was drawn (Figure 1). Farmers were hardly adopting any other measures for control of these 
insects, although they were aware that some indigenous plants such as bojho (Acorus calamus), timbur 
(Xanthoxyllum alatum), and titepati (Artemisia vulgaris) had insecticidal properties. 
 
e. Lodging: Lodging is one of the major problems faced by farmers because of the wide cultivation of 
local varieties, which are taller and have thin stems; therefore taller varieties are not preferred. Earthing 
up (heaping soil around maize stems) and tying lodged plants together were common practices that 
farmers adopted in order to minimise losses. In some villages in western Nepal, maize plants are bent 
during earthing up (weeding shock). Farmers believe that this practice encourages the development of 
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prop roots, which eventually leads to a better anchoring system and reduced plant height thereby ensuring 
lodging tolerance.  
 
Farmers' requirements for new maize varieties 

Based on farmers’ explanations, traits that they recognised were broadly categorised into two types of 
variables, those of primary and secondary importance, most of which were interlinked (Table 2) (Tiwari, 
2001). 

Primary variables were thought to be more important and should not be compromised whereas; 
secondary variables could be compromised and were evaluated in relative terms as continuous variables. 
These variables vary with locations, so must be treated with caution.  

Grain yield was by far the most important characteristic for maize variety selection. It was very 
difficult to find a minimum yield level that farmers would accept in a new variety. According to a number 
of key informants, it was understood that the present level of yield of existing local varieties would be 
acceptable if loss from wind lodging and foliar diseases could be eliminated. Considering the present 
choices made by farmers’ local varieties were thought to have greater stress tolerance than new varieties. 

The present analysis of local knowledge revealed that the production systems are complex and with 
the present choice of germplasm available to farmers, they consider local varieties to be better system 
compatible than the new ones on offer. Reasons given were: maintaining a genetically heterogeneous 
population (minimising risk), deeper root systems (conferring drought tolerance), tight husk cover 
(conferring pest and ear rot resistance) and flinted grains (that fetch a higher market price and weevil 
resistance). These characteristics made them tolerant to drought and stored grain pests, ensured stable 
production and higher market value. In contrast, dented grains (soft endosperm), shallow root systems and 
open husk cover, predominant in new varieties, were thought to be undesirable traits for coping with the 
prevailing stresses encountered in the farming system. Also working in eastern Nepal, noted that new 
varieties were prone to weevils and moth infestation; cobs of the new varieties were not fully covered by 
the husk, which allowed the rain water to seep into the cob, thereby causing cob rot; husks of the new 
varieties were short and coarse, which was thought to be not good for making jhutta  (bunches of ears tied 
together for storage); new varieties produced more chaff and flour than grits as compared to the local 
varieties; and farmers thought that new varieties needed more fertilisers than local varieties. Farmers in 
his study also noted the importance of bhaat prepared from white-grained maize splits (grits) looking like 
bhaat that is prepared from paddy rice as was found in the present research. 
 
Conclusion 
 

Farmers’ knowledge reported in this paper has scientific relevance, which is comparable to the 
findings of the scientists as shown above. Farmers are clearly observers and experimenters and their 
findings are particularly relevant to the complex and risk prone environments, which they inhabit. They 
also constantly changing their farming practices in order to tackle problems. This suggests that farmer 
posses sophisticated knowledge about maize production systems, which when properly utilised can bring 
a significant impact for the development of complex maize/millet systems. However, it is also important 
to realise that there is much that farmers still need to know to improve their livelihoods and there are 
significant contributions that science can make. Therefore, combination of indigenous knowledge and 
scientific ideas is crucial. Compromise amongst maize traits has to be made carefully while selecting 
varieties, because of farmers’ multiple selection criteria, and this would only be possible by their 
involvement. Integration of farmers' knowledge in participatory technology generation process is vital if 
the research is to be relevant. 
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Table 1. Summary of farmers’ ranking of characteristics of existing maize varieties (local and new). 
 
Varieties   Local varieties New varieties

Traits Thulo seti Sano set

i 

Thulo panhel

i 

Sano panhel

i 

Kali maka

i 

Gadbad

e 

Manakamana-1 Population-2

2 

Rampur yellow 

Germination ●●● ●●● ●●● ●●● ●●● ●●● ● ●● ●● 
Plant height ● ●●● ● ●●● ● ● ●●● ●●● ●●● 
Lodging ● ●● ● ●● ● ● ●●● ●●● ●●● 
Foliar disease ● ● ● ● ● ● ●● ●●● ●● 
Ear rot tolerance ●●● ●● ●●● ●● ●●● ●●● ● ●● ●● 
Husk cover ●●● ●● ●●● ●● ●●● ●●● ● ●● ●● 
Field insects tolerance ● ● ● ● ● ● ● ● ● 
Drought tolerance ●● ●● ●●● ●●● ●● ●● ● ● ● 
Shade/tapkan tolerance ●● ●● ●●● ●●● ●●● ●●● ●  - ●● 
Marginal land suitability ●● ●● ●●● ●●● ●●● ●●● ●  - ● 
Livestock preference ●●● ●●● ●●● ●●● ●●● ●●● ● ●● ● 
Maturity ● ●●● ● ●●● ● ● ●●● ● ●● 
Shelling % ●●● ● ●●● ● ●●● ●●● ● ●● ●● 
Cob size ●●● ●● ●●● ●● ●●● ●●● ● ●● ● 
Grain colour ●●● ●●● ● ● ● ● ●●● ●●● ● 
Grain size ●●● ● ●●● ● ●●● ●●● ●● ●●● ●● 
Grit:flour ratio ●●● ●● ●●● ●● ●●● ●●● ● ● ● 
Endosperm hardness ) ●●● ●●● ●●● ●●● ●●● ●●● ● ●● ●● 
Weevil/moth tolerance ●●● ●●● ●●● ●●● ●●● ●●● ●  - ● 
Taste ●●● ●●● ● ● ●●● ●●● ●● ●● ● 
Market value ●●● ●● ● ● ● ● ●●● ●●● ● 
Grain yield ●● ● ●●● ● ● ●● ●●●  - ●●● 

Note: Scoring was based on qualitative assessment by farmers in terms of whether the trait as manifest in the variety concerned was preferred or not, preferences were categorised in three relative terms 
●●● = most preferred, ●● = preferred, ● = least preferred; and - = not known. Scores given for each trait can be compared across variety, but the weight of these scores may vary between traits. 
Responses from different farmers were amalgamated and consensus sought in group meetings to arrive at the final scores reported here. 'Thulo' means large, ‘sano’ means small,  ‘seti’ means white, 
‘gadbade’ means mixed coloured, ‘panheli’ means yellow and ‘kali’ means black.Tapkan = Is the Nepali word used for water drops falling down from a plant canopy on to crop and soil. 

- 506 - 



Tiwari and Sinclair 

Table 2. Farmers’ preferences and expectations for specific traits in new maize varieties (These are 
not in priority order). 
 
Primary variables Preference Secondary variables Preference 
Grain type Flint Straw yield Similar to local 
Grain colour White Drought tolerance Better than local 
Grain size Large Foliar disease 

susceptibility 
Tolerant 

Ear-rot Free Shade and tapkan Better than local 
Lodging No lodging Stored grain pests Better than local 
Market value As local white Yield with low inputs 

levels 
Better than local 

Taste As local Time to maturity Early to medium  
Grain yield Higher than 

existing varieties 
Stover Stay green (remain green 

for a long time after ears 
are harvested) 

Barrenness Free System compatible With maize/millet 
 
 
 

Figure 1. A systematic representation of farmers’ causal knowledge of how different factors affect 
weevil infestation rate. Nodes with right angle corners represent attributes of components of the 
agroecosystem, those with rounded corners represent actions taken by people. The links between 
the nodes represent causal flow from one node to the other. The arrows signify the direction of 
change of values of the causal attribute and the affected attribute (right hand side) (↑ for increase, ↓ 
for decrease). The numeral ‘2’ and ‘1’ signifies symmetry and no symetry of causation respectively, 
a * symbol occurs where the node itself has a direct effect rather than the effect being caused by the 
node increasing or decreasing. 
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Abstract 
 

One of the key concerns of the farming systems approach to research and development is to 
understand farmer's priorities, strategies, their resource allocation, and the biophysical and socioeconomic 
environment under which the farm household operates. In using this approach, it is hoped that farmer 
adoption of appropriate technologies will be enhanced. A series of on-farm research and outreach 
(OFRO) projects conducted from 1991 until the present, covering 13 sites in 11 provinces, provides 
useful case studies of the utility of the on-farm research methodology as a tool not only for research but 
also for effective technology transfer. The OFRO is again the main strategy used in a project which aims 
to develop and adapt technologies appropriate to the unique requirements and circumstances of selected 
corn-growing areas in the Philippines. The objectives are (1) to characterize the socioeconomic and bio-
physical environments and assess the use and management of agroecological resources in selected corn 
areas using participatory rural appraisal (PRA);   (2) through the PRA, to assist resource-poor farmers in 
identifying and addressing problems/constraints; and (3) to aid in the formulation of location-specific and 
ecologically sound management practices and technology options for sustained corn-based farm 
productivity. The results of the PRA provided substantial information that served as basis for the design 
of possible interventions that will improve the existing corn-based farming systems. Characterization of 
the corn areas also revealed some similarities and uniqueness in the communities’ biophysical and 
socioeconomic circumstances. These became the basis for the adaptation of technologies, through on-
farm trials, to the specific environments of the selected corn areas. Results show impacts that responded 
to the participatory approach used by the project. Further, there are a number of lessons gained from the 
project activities where other issues and concerns, data gaps, and researchable areas are also identified to 
be given attention in future undertakings. 
 
Introduction 
 

To attain better impact in bringing about enhanced adoption of alternative corn-based technologies in 
selected major corn growing areas, six project components are being implemented simultaneously to 
cover R & D activities that include characterization and assessment of the research sites and development 
and adaptation of alternative corn-based technologies appropriate to local needs and conditions. These 
technologies include variety, fertilizer, pest management and other component technologies as well as 
integrated corn-livestock farming systems. The activities are properly coordinated and the results are 
integrated. 

The project is a collaborative research and development activity between the University of the 
Philippines Los Banos (UPLB), University of Southern Mindanao (USM), Leyte State University (LSU), 
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the Regional Integrated Agricultural Research Centers of the Department of Agriculture (RIARCs-DA), 
and the local government units (LGUs, provincial and municipal) of the selected sites. The project staff is 
multi-disciplinary in composition (Agronomist, Soil Scientist, Agricultural Economist, Pest Management 
Specialist, Animal Scientist, Ag Extension Specialist) to oversee, backstop, and monitor the 
implementation of the program. 

It is a vital project strategy to encourage the active participation of local counterparts to ensure that 
the projects and similar efforts are sustained in the target communities and expanded to neighboring ones 
even after the project leaves the area. 

It is being implemented in the following sites to represent the following production environments and 
corn types (Figure 1): (a) rainfed lowland – Region IV- Occidental Mindoro (yellow and special corn 
types), (b) upland plain/rolling-Region XII- Cotabato and Region X –Misamis Oriental (white and yellow 
corn and special corn type), (c) upland plain/rollling-Region VII- Bohol and Region VIII-Leyte (white 
corn), (d) upland plain- Region V- Albay (yellow corn).  

Guided by the philosophy of participatory development, project researchers conducted participatory 
rapid appraisal (PRA) in the identified project sites. On the basis of the information that was gathered, 
research plans were discussed, analyzed, and formalized together with the farmers and the collaborating 
research and extension personnel in the areas.  

Apart from the PRA, a more focused baseline survey, which targeted a representative sample of corn 
farmers in the area, was subsequently conducted to verify the PRA results and obtain further detailed 
information. Direct field observation and measurements and interviews of farmer-cases were likewise 
conducted even when the on-farm trials were already ongoing and have become a continuing activity until 
complete characterization was attained. However, results of the PRA, which were more readily available, 
were utilized in deciding which technologies are appropriate that will be tested on-farm.  

Selection of agronomic farmer-partners for the on-farm trials was based on the set guidelines/criteria 
in the conduct of FSR & D (BAR-OFR Manual, 1990). There were two types of on-farm research 
conducted:  (1) Researcher Design-Researcher Managed Trials (RD-RMT) and  (2) Researcher Design - 
Farmer Managed Trials (RD-FMT).  
 
Training and Field Day 
 
Two-week training course for corn RDE researchers on farming systems research and development 

This two-week training course was conducted to address the current development scenario that 
requires enhancement of Corn Research, Development and Extension Network researchers in the 
application of FSR and D in location-specific RD and E concerns. All project staff, especially those from 
the RIARCs and the LGUs, were participants to three batches of this training course. The PRAs 
conducted in the actual project sites were part of this course. The course served as a catalyst in preparing 
researchers at the regional, provincial and municipal levels in the conduct of mainstream and downstream 
R and D with the farming systems approach. 
 
Season long corn-based farmers training 

The training was conducted as part of the project activities to support the extension of recent corn-
based technologies for farmers in the area particularly those not directly involved in the conduct of on-
farm research. Resource persons from UP Los Baños, USM, LSU, RIARCs, private companies, and local 
agencies of the selected provinces were invited to share information to participating farmers on moral 
values, corn production and post-harvest technologies, integrated corn-livestock production systems, 
community organizing, and marketing. The training was conducted once a week, in the afternoons, for 
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nineteen (19) weeks. The morning was devoted for data collection from their observational plots which 
they have to report on before the start of the afternoon session. 
 
Farmers’ field day 

Farmers’ Field Days were conducted in the sites and were participated in by local government 
officials, DA municipal and provincial staff, farmers-leaders and farmers from within and nearby 
barangays (villages), as well as the project staff and representatives from people’s organizations and 
agrochemical companies. These field days provided a venue for farmers, research and extension 
personnel, local government officials, private and peoples’organizations to interact and exchange 
information. Farmers were also provided a venue to view the technologies and to understand the nature of 
the on-farm research activities conducted in their environment. 
 
Participatory Rural Appraisal (PRA)  

The Participatory Rural Appraisal (PRA) is a qualitative research methodology tool that is necessary 
in the initial diagnostic phase of the FSR and D process. It enables farmers’ active participation, which is 
very essential in integrating farmers’ concerns into the research planning and development process. 

Guided by one general framework and the philosophy of participatory development, the project team, 
the regional researchers and the LGU counterparts conducted the PRA in all the project sites with well-
defined objectives. 
 
General methodology 

The PRA Teams were composed of inter-disciplinary research and extension agents from the UPLB, 
USM, LSU, Regional Integrated Agricultural Research Centers, Office of the Provincial Agriculturist 
(OPA) and the Municipal Agricultural Office. Team composition would vary depending on the site. The 
team followed a working plan that includes the following activities: 1) gathering and review of secondary 
data, 2) field reconnaissance (direct observations and transect walks), 3) informal key informant surveys, 
4) farmer group meetings/ consultations, 5) workshop on data collation and analysis and 6) report 
preparation. 
 
Gathering and Review of Secondary Data 
 

The importance of reliable secondary data cannot be overemphasized in the PRA process. All 
available secondary data sources must be exhausted not only at the local level but at the national level 
(agencies and institutions) as well to complete the characterization. This was especially a consideration in 
the project since it was common that very limited secondary data on the biophysical and socioeconomic 
aspects were available at the villages and, sometimes, even at the municipal level. General climate data, 
soil maps, topographic maps and others are available from national agencies. Information, such as rainfall 
pattern, land use and demographic profiles obtained, from secondary sources were further validated from 
actual direct observations and key informant surveys during the PRA.  
 
Field reconnaissance 

The objectives of the field reconnaissance were to characterize the biophysical setting and to draw up 
the general socioeconomic profiles of the corn-based farming communities. The PRA Teams were 
accompanied in the field by the local community leaders who also served as key informants and as formal 
link to the local people. 
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Transect walks and direct observations were done to approximate the soil nutrient status, the 
vegetation in the area, the community infrastructures, the potential for corn production and other 
information. The importance of these activities must be emphasized especially in instances when very 
limited secondary data can be sourced. Some of the data pertaining to biophysical and socioeconomic 
description were directly obtained through this activity. Soil and vegetation sampling were done during 
the field reconnaissance. Figure 2 illustrates the output during the transect walk in the PRA done for the 
Bohol site. 
 
Informal key informants (KI ) survey 

Informal interviews of the key informants provided information on the existing  farming practices and 
farming systems, production levels, problems, opportunities, and other important issues and concerns 
pertaining to corn production. Selected key informants include the village leaders, agricultural 
technicians, corn farmers, female farmers, corn traders, old farmers and other local respondents who are 
most knowledgeable about the production systems in the project sites. 
 
Farmer group meetings/ consultations  

Data gathered from the reconnaissance and informal surveys were integrated and  reviewed during the 
workshop sessions. Data gaps were identified and were validated with the farmers during the consultation 
meetings. The most important feature of the consultation meetings was the farmers’ active participation in 
the description of the farming communities, mapping, identification and ranking of the problems in corn 
production, their needs and suggestions in the improvement of the existing farming systems. A number of 
tools such as preference matrix ranking, mappings, Venn diagrams, problem-tree diagrams, timelines, 
transects, seasonal calendars and, SWOT analysis were utilized in the presentation and analysis of data. 
Sample output of such activities  for the PRA in Cotabato are presented in Figures 3 and 4, and Table 1. 

Likewise the farmers’ meetings served as the venue for the orientation of the villagers about the 
project, and selection of farmer-partners for the project implementation. 
 
Workshop on data analysis and report preparation 

Evening sessions were also spent for workshops to discuss and integrate the results of the field 
appraisals and data gathering activities. Each team member shared their opinions in issues raised by 
farmers and in analysis of findings based on their expertise. Emphasis was given to the common problem 
of low corn productivity and how they are to be addressed by the project implementers. Finally, report 
writing was done. 
 
Minimum Data Requirements 
 

The PRA requires the minimum data set on the community’s physical, biological, socioeconomic 
environments, resources, production practices, problems, opportunities and possibilities for improvements 
of the corn-based farming systems. The data set includes the following: 
 
1. Description of the study area includes: 

• Physical characteristics (ie. location, climate, land use, soil characteristics, slope classification, 
water regime and irrigation water sources, vegetation) 

• Biological characteristics (ie. vegetation cover/agricultural crops grown, crop and animal genetic 
resources, varieties of major crops, cropping pattern and cropping calendar, pest and disease 
occurrences); 
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• Socioeconomic characteristics (ie. population, size of farms, tenurial systems and sharing 
arrangements, non-farm activities, input markets, credit facilities, farmer associations, power and 
labor resources, marketing system, prices received) 

2. Infrastructures, transportation facilities and institutional support systems; 
3. Production levels, cost and estimated incomes from existing farming systems; 
4. Cultural management practices (cropping pattern, cropping calendar, crop-livestock integration, crop 

production practices for dominant cropping patterns); 
5. Prioritized needs, problems in crop and livestock production and their causes; 
6. Farmers considerations in the acceptance of new technologies; 
7. Others. 
 
PRA Highlights and Other Issues 
 

The results of the PRA provided substantial amount of information that served as basis for the design 
of possible interventions that will improve the existing corn-based farming systems. Characterization of 
the corn marginal areas revealed some similarities and uniqueness in the communities’ biophysical and 
socioeconomic circumstances. This becomes the basis for the introduction of location-specific 
technologies to the corn production areas. 
 
Barangay Mangarin, San Jose, Occidental Mindoro 

The case of San Jose, Occidental Mindoro in Luzon Island is unique from the other sites in a sense 
that the production  system is more diversified and rice is the main or wet season crop. Aside from corn, 
rice, tobacco and high value vegetable crops such as onions, garlic and watermelon are commonly grown 
in the dry season. This partly explains why the farmers in the area are better off in terms of economic 
status. The PRA results, however, point out the need for farmers to be aware of new technologies that 
would improve productivity, entail lower costs, and are sustainable. Five areas of adaptive research were 
identified for the site. These include varietal trials, irrigation water management, tillage management, use 
of bio-organic fertilizers, and integrated pest management. 

In the course of the informal KI interviews a few farmers mentioned their observation that 
groundwater, tapped for domestic as well as irrigation water source, has become saline. Farmers are 
unaware of possible longer-term problems that may arise due to this development, which may 
consequently affect the sustainability of their production systems. This lack of awareness is apparently the 
reason why the constraint was not pointed out by more farmers and so has not appeared as one of those 
identified to be limiting the yield of crops. Since the village is located in the coastal plain, the project staff 
found basis to this claim and has moved to further investigate this observation through Component 
Project 1. Preliminary results show saltwater intrusion in surface and groundwater sources especially 
during the dry season when use of irrigation water is heavy. The attendant effect on soil physico-chemical 
properties is likewise being studied in selected sampling areas. This experience emphasizes the need for 
more attention to details and for more incisiveness on the part of the PRA team during KI interviews. 
 
Barangay San Isidro, Sagbayan, Bohol 

At the time of component technology planning and development, the identification of the constraints 
and the available farm resources are critical information. Ranked as the most important problems in corn 
production are the following: 1- lack of financial support, 2- lack of work animals, 3-erratic weather 
condition, 4- high cost of fertilizers, 5-low prices of products and, 6- poor soil fertility status. The decline 
in soil fertility may be related to the high soil pH in the area, with soils classified as slightly to strongly 
alkaline. Timelines also reveal that the area planted to corn had declined sharply.  
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The lack of pertinent secondary data was a significant constraint for this site. Except for the 
geographical location, soil type and general climate classification, all information pertaining to 
biophysical description of this project site in Bohol were obtained through the actual PRA, particularly 
during the reconnaissance survey/transect walk and KI interviews. Soil sampling and profile observation 
were done during this activity to obtain a general assessment of the soil resource.  
 
Barangay Kalabaylabay, El Salvador, Misamis Oriental 

Corn production is low due to lack of knowledge on new technologies. Farmers do not attend training 
courses and seminars sponsored by government and non-government agencies, and preferred old 
traditional practices that they learned from their elders. They, however, realize the importance of new 
knowledge on efficient soil management, pest and disease control, crop and livestock management and 
use of hybrid seeds to improve the current farming system. 

Similar to the Bohol site, lack of secondary data was a constraint for this project site in Misamis 
Oriental. Data gaps were addressed through the other tools and methodologies used in the PRA. 
 
Barangay Poblacion, Arakan, Cotabato 

Their problem of low income is attributed by corn farmers to the following: 1) underutilization of 
farmlands, 2) lack of technical assistance on fertilizer use and pest and disease control measures, 3) lack 
of post-harvest facilities, 4) lack of funds for the improvement of the irrigation facilities, 5) lack of seeds, 
6) poor farm-to-market roads, 7) weak price policy support, 8) soil degradation due to non-use of 
conservation technologies, 9) unstable peace and order situation, and 10) recurrence of drought, which 
farmers generally refer to as the “El Nino.”  The topography of the area is undulating to rolling and hilly, 
unlike the three other project sites cited here. Soil erosion, thus its effect on soil fertility, was observed to 
be a problem. 

The community, however, has identified a lot of opportunities and strengths that can be explored to 
improve their incomes. These are as follows: strong cooperation among the community members, access 
to national road that can facilitate entry of traders, presence of farmer association, vast agricultural lands, 
and available mature technologies that can be extended by GO’s and NGO’s. 

Secondary data pertaining to biophysical and socioeconomic characteristics of this project site in 
Cotabato were available, although some were still lacking or, if available, are not very reliable. This lack 
was partly addressed by the PRA team through informal but in-depth interviews of farmers and village 
officials. 
 
Important Observations and Recommendations 
 

There exists a commonality in the socioeconomic problems raised by the corn farmers during the 
PRA in the different project sites representing the various agroecosystems. Aside from the introduction of 
new production technologies, initiatives must be pursued to address other critical areas of concerns that 
will improve corn productivity. These  include the following: 
  

• Accessibility to corn output markets and market information;  
• Adequate credit support for the purchase of production inputs;  
• Access to good quality seeds and post-harvest facilities particularly the corn dryer 
• Improved farm-to-market roads for efficient transfer of new technologies and distribution of 

inputs and corn produce 
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The PRA activities provided important database for both the researchers and the farming community  
which they can become familiar with for better planning. There are a number of lessons gained from the 
activity where issues and concerns, data gaps and  researchable areas are identified and hopefully given 
attention in future undertakings. Some of these are as follows: 
 

• The PRAs are biased toward the studies of the corn production systems. Thus, research 
development initiatives are often production-oriented with less attention given to the other 
research areas such as marketing studies that can address the common problem of marketing 
inefficiency for corn farmers in all project sites.  
It maybe possible to apply some PRA tools to investigate the local marketing system for corn. For 
instance, Venn diagrams and livelihood mapping can be used to determine how much of the local 
demand for corn grains as feeds, is met by the local supply. Seasonal calendars can also be used 
to identify gaps in the market and the seasonal variability of both production and prices of corn. 

• More effort should have been exerted by the PRA teams to arrive at a very good description of 
the biophysical environment. The importance of this information is underscored in concluding 
whether introduced technologies may be sustainable in the long run when operating under such 
environments. It is, however, recognized that the lack of or insufficient secondary data 
contributes to this problem, so that it is incumbent upon the PRA team to exhaust all data sources 
and fill the gaps using other PRA tools.  

• We affirm that policy agenda must be part and parcel of the FSR & D program. Our program, 
however, finds its weakness in the development of appropriate policy directions and reforms. The 
field insights and experiences that we have gained from the PRAs are important inputs to policy 
research required to develop and recommend policy options to improve the circumstances of the 
corn farmers. 

• Too much reliance on PRA to obtain quick results is an issue. When policy analysis and reforms 
are needed, research and development must put a greater investment on data collection. That is, 
PRA needs to be complemented with baseline surveys and whole farm studies, as well as direct 
observation and field measurements. 
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Figure 1. On-Farm research sites, collaborating State Colleges and Universities (SCUs) and 
Regional Integrated Agricultural Research Centers (RIARCS) of corn-based farming systems. 
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Figure 2. Transect data of Barangay San Isidro, Sagbayan, Bohol, showing important
descriptions of the different sections of the area, August 2000 (continued). 
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       Grass 
      
 
 
 
 
       Crops 

sabong, Sta. Maria,  
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Cogon, lakatan, 
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rice, water melon,  
okra, rice, melon, 
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potato, coconut 
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coconut 
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ANIMALS Chicken, cow, 
carabao, pig 
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cow, pig, horse 
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cow, pig, horse, 
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PROBLEMS 
 
 
 

 Grazing and weed 
problems because of 
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weeds. 
 
Area is flooded 
during rainy season. 

Grazing and weed 
problems because 
of Hagunoy and 
Benet weeds. 
 
Area is flooded 
during rainy 
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Grazing and weed 
problems because of 
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Area is flooded 
during rainy season. 
 

Grazing and weed 
problems because 
of Hagunoy and 
Benet weeds. 
 
Area is flooded 
during rainy 
season. 
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for corn production. 
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irrigation water. 
(water pump) 
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areas for corn 
production. 
 

Large vacant areas 
for corn production. 
 

Large vacant 
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Potential source 
of water is 
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Marketing 
potential because 
it is near the road. 
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 Figure 3. Problem-Cause Analysis (Brgy. Poblacion, Arakan, Cotabato). 

 - 518 -  



Labi et al. 

 

 
 

 

 

PRE- PRODUCTION PRODUCTION POST-HARVEST/ 
MARKETING

Variety 
Trial 

Fertilizer 
Trial 

IPM 
Trial 

Weed 
Mgt. 
Trial 

Cropping
System 

Choppers/
Dryers  

Packaging /
Handling 

Tillage 
Management 
(Min. Tillage/ 
Zero Tillage) 
Trials 

 

 

 

 

 

Seed 
Production 
Technology 
Trial/ 
Training 

 

 

 
Mktg. 
System  

 
Green Corn 
Var. Trial 

Grain Corn 
Var. Trial 

Corn-Legume 
Intercropping 

Product/ 
By-Prod. 
Dev. 

Village-
Level 
Processing 

 

 

 
rop-Livestock 
Integration 

 

 

 Figure 4. Proposed interventions from pre-product
 

 

-

C

ion to marketing at Poblacion, Arakan, Cotabato. 

 519 -  



Participatory approaches in farming systems 

Table 1. Agricultural Development plan for Brgy. Poblacion, Arakan, Cotabato. 
 
PROBLEM PROPOSED 

STRATEGIES 
RESOURCES 
NEEDED 

RESPONSIBLE 
AGENCY 

TARGET 
BENEFICIA
RIES 

Low soil 
fertility/Soil 
degradation 

- Conduct OFR trial on 
fertility management. 

- Area, Farmer, 
Fertilizer, Seeds 

- DA, LGU, USM 
DA-CEMIARC, 
UPLB - Farmers 

  - Utilization of 
organic fert.         

 - Introduction of agro-
ecology       

 - Promote soil 
conservation 
Techniques 

   

Lack Of Quality 
Seeds (White And 
Yellow) 

- Conduct OFR Trial 
on Variety, 

- Area, Seeds (W 
& Y), 

- PIONEER, 
CARGILL,                - 

 

 - Introduction of 
adaptable seed 
production techniques 

   Farmer-
cooperators 

  USM, UPLB, 
CEMIARC   

LACK OF 
KNOW – HOW 
IN FARMING 
SYSTEM  

- Conduct OFR on 
crop- livestock 
integration 

- Livestock, 
Seeds, Capital, 
Area 

- UPLB, USM, 
DA-CEMIARC, 
LGU  

 

- Introduction of 
adaptable cropping 
system    

HIGH COST OF 
FARM INPUTS 

- Avail on the 
advantage of 
accessibility to 
national road to lower 
down transport cost 
eventually resulting to 
lower price of farm 
inputs - Road 

- CDA, 
MUNICIPAL & 
PROV. 
COUNCIL, DA-
RFU, DTI - Farmers 

PRESENCE OF 
PESTS AND 
DISEASES - Introduction of IPM 

- Area, Farmers, 
Trichogramma   

LACK OF POST 
HARVEST 
FACILITIES 

- 
Introduction/verificati
on trial on low cost 
post harvest facilities 

    Facilities, 
Solar  Drier, 
Area, Ware 
house   USM, UPLB   

LACK OF 
FARM 
MACHINERIES 

- 
Introduction/verificati
on trial on low cost 
farm  machineries - 4W Tractor 

- BPRE, LAND 
BANK,  DA-RFU, 
OPA   
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Table 1. Agricultural Development plan for Brgy. Poblacion, Arakan, Cotabato (continued). 
 
LACK OF 
DRAFT 
ANIMALS AND 
LIVES TOCK 
PROJECTS 

- Livestock dispersal 
program 

- Livestock, 
capital 

 - DA-RFU, OPA 
PCC  

PRODUCTION 
CAPITAL 
FROM 
TRADERS 

- Decrease farm 
production cost 
development of 
additional enterprises - Capital, Coop 

- LAND BANK, 
OMA, OPA  

 

  - Strengthen 
Cooperative  and other 
organizations      

 
- Establish  formal 
financing     

   institution     
ABSENCE OF 
FORMAL 
FINANCING 
INSTITUTION 

- Establish  formal 
financing  institution - Bank, Coop 

- LAND BANK,  
DBP, PNB  

         
WEAK 
ORGANIZATIO
N 

- Strengthen FA's 
Coop. -  Farmers - FA, COOP 

Weak 
Organization 

     
MONOPOLY OF 
PRICE OF 
FARM 
PRODUCTS 

- Strengthen FA-Coop 
to increase Bargaining 
Capacity - Cooperative 

- CDA, LGU,DA, 
MUNICIPAL 
COUNCIL  

 

  - Establish  trading 
post/ monitoring 
information system       

RE-
OCCURRENCE 
OF EL NIÑO 

-Development of 
irrigation 

- Reservoir, 
STW, 
Reservoir, 
STW, Capital 

- DP0WH, LGU, 
MUNICIPAL & 
PROV. 
COUNCIL, DTI 

- People of 
Arakan 
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presence of other 
market to offset price 
monopoly 

- Market, Road - USM, 
CEMIARC, 
UPLB 
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Abstract 
 

In Thailand , the required amount of maize seed for the yearly planting is approximately 20,000 tons, 
and the domestic market supplies only 18,000 tons which covering around 90 % of maize production area, 
Due to the high cost of seed, except open pollinated varieties, some farmers keep their seed from the F2 
generation which is self defeating more than 40 % yield decrease, In order to provide more choice to 
farmers, the Nakhon Sawan Field Crops Research Center proposed and carried out on hybrid research and 
development. Then “Nakhon Sawan 72”,a highly downy mildew resistance and high yielding hybrid, was 
approved and released by the Department of Agriculture in 2000. Two inbred lines “Nakhon Sawan 1” 
and “Nakhon Sawan 2” were also registered. An attempt was made to introduce “Nakhon Sawan 72” to 
farmers, in particular concentration on seed production by local private companies, local organization and 
farmer groups. We took responsibility for transferring the technology of inbred and hybrid seed 
production, including field inspection. Because of the many successful results and acceptance of this 
project, Nakhon Sawan Field Crops Research Center will definitely continue releasing new varieties of 
hybrid maize to farmers. There is no doubt the technique of promotion and distribution of new varieties to 
farmers used for “Nakhon Sawan 72” will be followed for many years to come. 
 
Introduction 
 

Maize is one of the most important crops in Thailand. Maize area is increased very rapidly from 
78,000 hectares in 1950s to 1.75 million hectares in 1980s, but it declined to 1.26 million hectares in 
2001. (Table 1) There are several constrains affecting maize production, involving biotic and abiotic 
factors. Among the biotic stress, Sorghum Downy Mildew, caused by Peronosclerospora sorghi Weston 
& Uppal, is still a major disease. In areas where the pathogen occurred a serious problem, resistant 
varieties or seed treatment of susceptible varieties are recommended. Some minor foliar diseases such as 
Southern rust (Puccinia polysora), Southern corn leaf blight (Helminthosporium maydis), and Northern 
corn leaf blight (Helminthosporium turcicum) are new threats for maize growers in some areas. Among 
insects, Asian corn borer (Ostrinia furnacalis) is an important one. For abiotic stress, drought is a serious 
threat because it occurs frequently throughout maize growing area in Thailand. Low fertility is another 
abiotic stress which plays an important role in the lowering of national average yields. Nakhon Sawan 
Field Crops Research Center, Field Crops Research Institute, Department of Agriculture has carried out 
research and development on maize breeding for number of years. In order to initiate sources of 
germplasm and strengthen the cooperative research with public sector, private sector and also the 
International Agriculture Centers, selection emphasis has been on yield and other agronomy traits as well 
as stress of biotic and abiotic nature.  
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General Information of the Maize Growing Region 
 
Geographic localization 

Maize is grown on nearly 1.3 million hectares annually during 1991-2001, and total production is 
approximately 4.4 million tons. Thailand average maize yield is 3.5 t/ha. Main maize-growing areas are in 
the northern, northeast and central regions of the country  which cover 48.1%, 26.8% and 25.0% 
respectively .(Table 2)  Soil in the northern and central regions are generally neutral to slightly alkaline. 
The major soil groups are reddish brown laterites and black soil type. 

More than 90% of maize production is grown under rain-fed condition with annual average rainfall is 
1100-1200 mm. A bimodal rainfall distribution prevails in the  major maize-growing areas. Early rain 
starts in mid April and the main rainy season begins in mid May. Therefore, the main growing season 
begins during March-June. The second maize-growing season starts during July-September. Eighty seven 
percent of the maize areas are planted in the main growing season with farmers producing other filed 
crops such as sorghum, mungbean, sunflower and groundnut as the second crops. Average maize yield in 
the main season is 3.8 t/ha compared with 3.2 t/ha in the second planting. The maximum temperature 
occurred during March-April which ranged 35-38ºc. The minimum temperature ranged 17-20º c, found 
during December-January when maize is grown under irrigated area after the rice crop. 
 
Types of maize under cultivation 

In 1985, 3 million tons of maize or 75% of national production were exported but maize export 
dropped to 1.2 million tons by 1989-90 and to 0.2 million tons by 1990-92. Thais consume little maize 
directly other than a small amount of roasted or boiled green ears. Because of none significantly 
difference among climatic and rainfall distribution with lattitude 5º N 40'- 20º N 30' and longtitude 
97º 70'- 105º 45' E, maize tropical background materials should be available in Thailand. Most of 
farmers prefer yellow kernel flint/semi-flint type with high yielding late maturity variety (Table 3). 
 
Research and development on hybrid 

The private seed business of major field crops were established in Thailand in 1978-81. Presently, 
there are five strong research and development seed business companies. Some companies invest in seed 
business directly such as Monsanto (Cargill) Seeds, Pioneer Seeds, Syngenta Seeds,and Pacific Seeds, 
some companies invest in the form of joint ventures together with Thai agricultural enterprises such as 
Monsanto (Dekarb) from the USA with Charoen Pokapan group companies and also there are some local 
companies namely Uniseeds and Royal Seeds. Today, maize research in Thailand is carried out by both 
public and private organizations. In the public sector, the staffs of Kasetsart University (KU) and the 
Department of Agriculture (DOA) are involved in maize research. The KU program devotes 40% of its 
research effort to population improvement and 60% to inbred line development while as the DOA 
program devotes 60% to population improvement and 40% to inbred line development. For the private 
sector, in contrast, focus on developing proprietary hybrids. 

Utilization of maize hybrids in Thailand in the first time in 1981 growing season, the total amount of 
hybrid seed induced was around 40 tons. The amount of hybrid seed sold from 1981 until 1985 doubled 
every year and it was fairly stable and even decreased in 1986- 1988. In 1989, the farmers used more 
hybrid seeds because the attractive grain price which have increased since the end of 1987 and all seed 
companies developed and released new generation hybrids in the form of three way and double crosses. 
In 1990s, single crosses have played the most important roles for yield improvement. Incorporated the 
excellent performance of single cross hybrid and the hybrid promotion policy of the Department of 
Agriculture Extension (DOAE), hybrid seed used was increased rapidly from 5625 tons in 1990 to 13290 
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tons in 1996 and expected to be 18800 tons in 2001 or covered  more than 95 percent of total maize 
growing area (Table 4).  
 
Research Development & Distribution of Hybrid Maize “Nakhon Sawan 72” 
 

The Depantment of Agriculture has established hybrid breeding since 1980s. Elite germplasm sources 
for line development were from Suwan Complex, Suwan1, Population28 (Amarillo dentato), 
Population24 (Antigue veracruz 181), Reciprocal recurrent selection is underway in Suwan1 and 
Population28. The research effects for line development employ 90 % for recurrent selection method and 
10 % for pedigree selection method. Since 2000, the Department of Agriculture Officially released a 
single cross hybrid naming “Nakhon Sawan 72 (NS 72)” and its inbred parents were Ni1 (Nei9008) was 
developed from Suwan complex and Ni2 (Nei9202) was developed from Population28. The hybrid, 
NS72, has passed through steps of evaluation (preliminary trial, standard trial, regional trial, on-farm trial 
and field test) which conducted during 1992-1997 across the corn belt of Thailand. It produced about 23 
% higher grain yield than an open pollinated variety, Nakhon Sawan 1 (Table 5) and none significantly 
difference from those of commercial hybrids (Table 6). The NS72 and its inbred parents also are resistant 
to downy mildew, which is the most serious disease for maize production (Table 7). 

Because "NS 72" has been released so recently, and the technology for seed production is specific, 
some farmers were unaware of this new variety. Thus, an attempt was made to introduce "Nakhon Sawan 
72" to farmers. It is expected that when the farmers become familiar with the new variety, local tasks will 
be set up simultaneously to strengthen the seed production of local organizations. 

Nakhon Sawan Field Crops Research Center and local private companies collaborated while setting 
up this pilot project. The focus was to study the possibility of seed production supplying seed to farmers 
in the neighboring areas and local organizations. The project consisted of two phases: 
 

1. Research and development of the new hybrid variety "Nakhon Sawan 72" and guidelines for seed 
production. 

2. Distribution of the new variety to users (i.e. farmers). In particular concentrating on seed 
production by local private companies, local organizations, farmer groups, etc. 

 
Nakhon Sawan Field Crops Research Center took responsibility for transferring the technology of 

inbred and hybrid seed production, including field inspection. Thereafter, "NS 72" was assessed by 
evaluation of the attitudes and acceptance by both the farmers who planted it, and the local companies 
that produced it. 

Phase one began in 1999 with the distribution of the new variety to the local private companies and in 
2000 the companies joined the seed production project. Phase two will begin in 2001, when "Nakhon 
Sawan 72" will be distributed to farmer groups, cooperatives, etc.  

The Nakhon Sawan Field Crops Research Center also made several recommendations for the 
cultivation of maize hybrid. They include: 

 
• The soil should be plowed at least once to break it and get rid of weeds.  
• The distance between rows should be 75 cm and between plants should be 20-25 cm 
• There should be one plant per hill, or 53,330-66,668 plants per hectare.  
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• For red clay soil, 16-20-0 fertilizer at 156 kilogram/hectare is recommended at planting, followed 
by 46-0-0 fertilizer at 80 kilogram/hectare one month after planting. 

• For black clay soil, 46-0-0 fertilizer at 138 kilogram/hectare one month after planting or split two 
times at planting and one month after planting. 

 
In 2000 the pilot project, beginning with local companies, was capable of producing up to 80 tons of 

"Nakhon Sawan 72" hybrid seed, while the Field Crops Research Institute produced about  20 tons of 
seed. Most of the seed produced was sold to the farmers in the planting areas, which covered over 5,000 
hectares in many provinces. Assessment of the project indicated that the local companies were satisfied 
with the two inbred lines ("Nakhon Sawan 1" and "Nakhon Sawan 2") throughout the seed production. 
Distribution of "NS 72" to the market was also successful. Confidently, the companies intend to join the 
project in the following year. 

Because of the many successful results and the acceptance of this project during the 1999-2000 year, 
the Field Crops Research Institute of the Nakhon Sawan Field Crops Research Center will definitely 
continue releasing new varieties of hybrid maize to farmers. There is no doubt the technique of promotion 
and distribution of new varieties to farmers used for "NS 72" will be followed for many years to come. 
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Table 1. Acreage of maize growing area, production and actual yield in Thailand (1950-1997). 
 
    
Year Planted area Production Yield 
 (1,000 ha) (1,000 tons) (t/ha) 
1950-59 78.2 105 1.21 
1960-69 514.6 1027 1.98 
1970-79 1194.4 2326 1.95 
1980-89 1748.8 3832 2.35 
1990 1665.6 3720 2.41 
1991 1475.0 3790 2.71 
1992 1351.4 3670 2.97 
1993 1339.2 3330 2.73 
1994 1412.6 3960 2.94 
1995 1336.0 4150 3.11 
1996 1387.2 4390 3.17 
1997 1376.0 4389 3.19 
1998 1408.0 4500 3.19 
1999 1248.0 4286 3.43 
2000 1259.2 4392 3.49 
2001 1264.0 4470 3.54 
Note  :  Data derived from   :  The Office of Agricultural Economics (1974-2001) and Kritpon 
(1996-1997) 
   
 
 
Table 2. Acreage of maize growing area and production in each ecological zone. 
 
Zone Planted area  % of Total Production Yield 

 (1000 ha)  (1000 tons) (t/ha) 

1) North 605.03 48.1 2183.5 3.9 

2) Northeast 338.29 26.8 1067.6 3.3 

3) Central 314.48 25.0 1154.5 3.8 

4) South 1.31 0.1 3.1 2.8 

Total 1259.20 100.0 4408.2 3.5 

Note  :  Data derived from  :  the Office of Agricultural Economics (2000/01)  
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Table 3. Characteristics of maize production zones in Thailand. 
 
Characteristic Production zone  

 North Northeast Central  

Area, (1000 ha) 605.03 338.29 314.48  

Ecology Tropical Tropical Tropical  

Grain type OYF, OYSF OYF, OYSF OYF, OYSF  

Growing season major Major/minor major  

Maturity late Late Late  

Soil texture loamy clay Sandy loamy clay  

Source  : Dowswell et al.1996    
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Table 4. Estimation amount of hybrid maize seed volumn and area planted during 1981-2001. 
Year  Amount Hybrid area % of  Total  

  (t) (1000 ha) maize area  

1981  40 2.80 0.14 

1982  145 9.06 0.46  

1983  449 28.06 1.42  

1984  897 56.06 2.63 TC,TWC,DC 

1985  1740 108.75 4.69  

1986  1810 113.12 4.95  

1987  1368 85.62 4.17  

1988  1700 106.25 4.94  

1989  3550 221.87 10.60  

1990  5625 351.56 17.19  

1991  7450 465.62 26.94  

1992 Hybrid 8940 558.75 35.28  

1993 promotion 10280 642.50 40.94  

1994 policy 12040 752.50 54.55  

1995  12616 788.50 60.46 TWC,SC,MS

C 

1996  13290 902.50 61.35  

1997  15100 980.00 69.20  

1998  17200 1018.75 74.91  

1999  16380 1057.50 83.97  

2000  17800 1110.00 90.48  

2001  18800 1143.75 95.11  

Source  : Data modified from Suwantaradon,2001    
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Table 5. Mean grain yield (kg/ha) of Nakhon Sawan 72 compared with an open pollinated variety, 
Nakhon Sawan 1 in various levels of trials during 1992-1996. 
 

RYT 3/ FYT 4/     Trial 

 

Variety 

PYT 
1/

1992 

SYT 
2/

1993 

1995 1996 1995 1996 

FT 5/

1996 

Mean 

 

Rel. to 

check 

(%) 

Nakhon Sawan 72 7388 6344 7250 6075 6344 5519 4713 5706 123 

Nakhon Sawan 1 5969 5231 6706 4500 5381 4450 3763 4625 100 

Number of 

location 

3 6 5 12 8 11 24 69  

 Source :   1/ Preliminary yield trial (Grudloyma et al,1992) 
                2/ Standard yield trial (Tongchey et al, 1993) 
                3/ Regional yield trial (Noradechanon et al, 1995a,1996a) 
                4/ Farm trial (Noradechanon et al, 1995b,1996b) 
                5/ Field test (Noradechanon et al,1996c) 
 

 
 
Table 6. Mean grain yield (Kg/ha) of Nakhon Sawan 72 compare to commercial hybrids, evaluated 
at seven locations in 1996. 
 

Variety Yield 1/ Rel. to NS72 (%) 

CP-DK 888 6394 a 108 

PIONEER 6369 a 107 

PIONEER 3011 6250 a 105 

CP-DK 999 6175 a 104 

G 5442 6012 ab 101 

NS 72 5938 abc 100 

G 5487 5675 bc 96 

PACIFIC 328 5506 c 93 

NS 1 4675 d 79 

C.V.(%) 14.1  
1/  Values with a colum n followed by t he same letter are not significantly different at the 5%   level of 
probability using DMRT  
Source : Noradechanon et. al. (1996d) 
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Table 7. Percent incidence of Downy mildew infection of Nakhon Sawan 72 and its parents 
together resistant and susceptible check varieties under inoculated condition. 
 
Line \ variety % Downy mildew 1/

Ni 1(Nei 9008) 1.27 a 

Ni 2(Nei 9202) 8.40 ab 

Nakhon Sawan 72 5.17 a 

Suwan 1 (resistant check)  11.35 b 

Nakhon Sawan 1 (resistant check) 8.72 ab 

Tuxpeno (susceptible check)  96.25 c 

CV ( % ) 19.5 
1/ Values wit h a colum n followed by  t he same letter are not significantly  different at the 5% level o f 
probability using DMRT 
Source : Lapbunjob et al,1997 
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Abstract 
 

In 2001, a high quality protein maize (QPM) hybrid using CIMMYT lines, namely HQ2000, was  
released for production in Vietnam. While expanding its acreage, its nutrition value was demonstration in 
raising swine, broilers as well as for human food. Many traits superior to the leading hybrid LVN10 such 
as medium maturity, good resistance to lodging, drought tolerance from vegetative to flowering stage, 
significantly higher yield than LVN10 were found. The total area for HQ2000 in 2001 was 1,000 
hectares, increased to over 2,000 hectares in spring 2002, and can be 60,000 hectares in 2005. 

Feeding broilers with HQ2000 mixed with some methionine, each kg of gain in weight consumed less 
0.3 kg of feed than those feed with ready mixed feed, reducing VND 1,356 per kg compared to normal 
feed. Keeping hens by ready mixed feed from CP 524 (Lot 1),  normal maize mixed with methionin 
(0.15%) (Lot 2), and  HQ2000 mixed with the same amount of methionin as lot 2 (Lot 3). Benefits 
analysis showed that using HQ2000 ten eggs could save VND 414 compared to lot 2 and VND 981 
compared to lot 1. Feeding swine with HQ2000, the cost of feed was cheaper than the Cargill feed VND 
667 per kg. Pig keepers could get a profit of VND 16,000 per head during 30 days. Kernels of HQ2000 
was fully accepted as human food for minorities in mountainous provinces.  
 
Introduction 
 

In Vietnam, food security is considered as one of the strategic tasks to maintain a socio-economic 
stability. The government has paid much attention to a program for gradual elimination of poverty and 
hunger by many solutions and for reduction of malnutrition for children in poor areas, particularly for 
ethnic minorities in mountainous regions. For this purpose, the government has projected to enhance 
animal husbandry with a view to meeting demand of meat, eggs, milk, and fish for domestic consumption 
and exportation, meaning that more jobs for rural people can be created and by 2005, at least 4 million 
tones of maize is needed. 

Recently National Maize Research Institute (NRMI) has collaborated with CIMMYT in research and 
development of quality protein maize (QPM) hybrids and open pollinated varieties (OPVs) contributing 
to improve nutrition value of livestock feed and human food. The program has followed two orientations: 

 
1. Breeding QPM for fertile soil and irrigated areas for commercial market. 
2. Breeding QPM varieties or hybrids for difficult areas in mountainous and remote regions with low 

input investment but using QPM grains as human food. 
 

Recently we have imported QPM germplasm from CIMMYT such as inbred lines, population and 
gene pools. 

This program has been paid much attention and support from the Ministry of Agriculture and Rural 
Development, the government and all localities. Since 2000, HQ2000, a QPM hybrid developed by 
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cooperation between CIMMYT and the NMRI, has been tested and demonstrated in large scale and got 
encouraging results from growers. Therefore, a national project on completing technologies of seed 
production and technical package of commercial grain production for this hybrid has been granted with 
over VND 1 billion. Bellows are initial results of expanding its acreage and demonstration of its nutrition 
value as livestock feed and human food.  
 
Initial Results on Research and Expanding Acreage of HQ2000 
 
Inbred line evaluation and testing combining ability 

By evaluating several QPM inbred lines imported from CIMMYT (Table 1), some inbred lines which 
have good agronomy traits, yellow grain colour and hard endosperm as normal maize were realized: 
CML161, CML164, CML165, CML172. In winter 1999, general and specific combining abilities of 
imported lines were determined through evaluation of their top crosses. CML161 was used as tester 
because of high yield and good agronomy traits. CML161 x CML165 showed the highest yields (7.89 
tones per ha) among the top crosses tested (data not presented)). This result confirmed with that of 
CIMMYT (Vasal, 1992, 2001). Moreover, the demand of QPM has become more and more practical. 
Therefore the combination of CML161 x CML165 was chosen for testing and named as HQ2000. 
 
HQ2000 in Trials with Other Leading Hybrids Over Ecological Zones 
 
In North Vietnam 

Yields of HQ2000 did not show significant differences with that of LVN10 (a common hybrid) 
(P<0.05) in testing sites under reliable rainfall or irrigation (Table 2a, 2b, 2c ), except in Vinh Phuc 
province (spring 2000) and Phu Tho province (Autumn- Winter 2001), HQ2000 gave significantly higher 
yield than LVN10 (P<0.05). Therefore it can be concluded that yields of HQ2000 is comparable to that of 
LVN10 under favorable conditions. Whereas, yield of HQ2000 was significantly higher than that of 
LVN10 (P<0.05) under unreliable rainfed conditions (Figure 1, Table 2a and 2b). 

Maturity of HQ2000 was 5-6 days earlier than that of LVN10. This is meaningful for multiple 
cropping system, particularly in the Red River delta. Plant height of HQ2000 (202-205 cm) was 15-20 cm 
lower than that of LVN10 (219 - 225 cm). Plant and ear aspect of HQ2000 were found to be as good as 
that of LVN10 (from 2-2.5 score). 
 
In South Vietnam 

HQ2000 also gave as similar yields as LVN10 and G 49 (Table 3). At Dak Lak in autumn- winter 
2001 in particular (Table 4), yield of HQ2000 was significantly higher than that of G 49 (P<0.05). Plant 
height of HQ2000 (195-205 cm) was found to be 12-29 cm lower than that of LVN10 and G49 (207-235 
cm). Similarly, ear height of HQ2000 (88-97 cm) was 5-17 cm lower than that of LVN10 and G49 (111-
123 cm) (Table 4). Plant aspect of HQ2000 was scored similarly to that of LVN10 and G49 (1.5- 2), but 
score of ear aspect of HQ2000 (2-3) was found to be different from that of LVN10 (2.0). This 
differentiation could be resulted from poor husk cover of HQ2000 (1.5-3 score) but good score from 
LVN10 (1.0) and G49 (1- 1.5). Thus, due to poor husk cover, ear aspect of HQ2000 in Sound Vietnam 
was found to be not accepted as quickly as in North Vietnam. 
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Results of Demonstration and Expanding Acreage of HQ2000 
 

In North Vietnam, under strong wind conditions (scale of 6) during flowering in spring, yield of 
HQ2000 without being broken (9.5 tones per ha) was higher than that of LVN10 having 43 percent stalk 
broken (4.5 tones per ha) (Table 4). In Winter 2000, rainfall during flowering time at Thai Nguyen, Vinh 
Phuc, Ha Tay was very small, less than 50 mm per month (Figure 1) but HQ2000 could still produce 7.5-
8.6 tones per ha, higher than that of LVN10 (5.6-7.9 tones per ha). Especially this yield was higher than 
that of P 11 (4.2-4.7 tones per ha) and P 60 (3.5-4.5 tones per ha). Similar weather conditions occurred 
during flowering time in 2001, for all demonstration sites, yield of HQ2000 (5.5-6.0 tones per ha) was 
found to be higher than that of LVN10 (2.5- 4.0 tones per ha). In spring 2002, total rainfall from planting 
to harvest was 150 mm, causing many other hybrids such as LVN10, P 11, DK 886, and LVN4 
permanently wilt. However, HQ2000 could still produce 4.5-5.3 tones per ha, while LVN10 gave only 
2.5-4.0 tones per ha. Thus it can be concluded that HQ2000 is tolerant to drought from emergence to 
flowering and better resistant to lodging. 
 
Demonstration Area of HQ2000 and Future Trend 
 

HQ2000 area of demonstration was 1,000 hectares in 2001, 2240 hectares in spring 2002. With the 
advantage of better drought tolerance and lodging resistance than other maize grown in Vietnam, it is 
predicted that the area of HQ2000 can increase to 60,000 hectares by 2005. 
 
Nutrition Value of HQ2000 as Livestock Feed and Human Food 
 

In Vietnam, protein content, percentage of Lysine and Triptophan in total protein for HQ2000 were 
analyzed in Post Harvest Technology Institute (2000). Results showed that protein content (10.6-11%) of 
HQ2000 is higher than that of normal hybrids (8.5%). Lysine (4%) and Triptophan (0.82%) in protein 
were higher than those of normal hybrids (2.6 and 0.53 % respectively). This result was found to be 
similar to that in CIMMYT. In collaboration with Animal Husbandry Institute, grains of HQ2000 were 
involved in demonstrations of broilers and hens keeping, pig raising for exportation, and making MÎn 
MÐn for ethnic minorities. 
 
Utilization HQ2000 for Keeping Broilers 
 

In Animal Husbandry Institute (2001) minerals, premix vitamin, condensed protein from Guyo 20, 
vitamin ADE from Bayer company were mixed with grinding grains of HQ2000 (Experiment lot) and 
with normal hybrids (Check lot). Price of feed was VND 3,303.25  per kg for experiment lot and VND 
3,417 for check lot. After 8 weeks of experimentation (56 days old) there was no significant difference 
between experiment and check lots (P<0.05). Average weight of the two lots was 1054-1095 gram per 
chick. From tenth to twelfth week (84 days old) weight of chicken in experiment lot was 1,787.5 gram per 
head, increasing 168 gram per head, significantly higher than that of the check lot (P<0.05). Using 
HQ2000, each kilogram of weight gain saved 0.32 kilogram of feed. It means that 9.84% of feed can be 
saved, in other word, each kilogram of weight can save VND 1,365 in comparison with using normal 
hybrids (Table 6). 
 

 - 534 -



Uy et al. 

Using HQ2000 for Keeping Hens 
 

Demonstration was undertaken in three lots: Lot 1- Using ready mixed feed from CP 524 of Thailand, 
Lot 2- Using normal maize mixed with minerals and vitamin, methionin (0.15%), Lot 3- Using HQ2000 
mixed with the same amount of vitamin, methionin as lot 2. Price of 1 kg of feed is VND 3,210 for lot 1, 
3,160.25 for lot 2, and 3,140 for lot 3. Benefits of using different kinds of feeds (Table 9) showed that 
using HQ2000 ten eggs could save VND 414 compared to lot 2 and VND 981 compared to lot 1. 
Production costs of a chick in lot 3 saved VND 100.09- 165.85 compared to lot 2 and lot 3. Each of ten 
eggs could save 4.93-12.42% of total input for feeding. 
 
HQ2000 as Feed Stuff for Swine 
 

Condensed Cargill feed mixed with HQ2000 (Experiment lot) and ready mixed Cargill feed (Check 
lot) were involved in experiment of feeding swine for exportation. Price of feed per kg in experiment lot 
was VND 667 cheaper than the check lot (Table 10). After a month of experimentation, duration of 
feeding enough for standard of exportation was ten days earlier than those fed in check lot. Each kilogram 
of gain in weight in experiment lot consumed 2.02 kg of feed less than that in check lot that consumed 
2.25 kg of feed. The benefit of using HQ2000 mixed with condensed Cargill feed was VND 16,000 
cheaper than those fed with ready mixed Cargill feed. 
 
HQ2000 as Human Food 
 

Grains of HQ2000 were used for demonstration as MÎn MÐn food for human in mountainous areas. 
Consumers in all demonstrated areas fully accepted MÎn MÐn of HQ2000 since it was found to be more 
delicious than the local and normal maize. Farmers in these places are willing to expand the area of 
HQ2000 in next seasons and future time. 
 
Conclusion 
 

Research and development of QPM in Vietnam is one of the important program with urgent demand 
from production, strongly supported by Government, Ministry of Agriculture and Rural Development and 
Ministry of Science, Technology and Environment and all local Governments. The more importance is 
that our farmers are willing to grow QPM. However, it seems to be not simple to expand the acreage of 
QPM in Vietnam because:  
 

1. By vision, consumers can not differentiate between QPM and normal maize grains. So if we wish 
QPM to become available in commercial growing zone, we must support for this area to be a 
QPM area and we have to facilitate QPM products to sell with higher price than normal maize, 
bringing higher benefit to QPM growers. 

2. There should be QPM growing models with high yield and enough attraction and accompanied by 
models of raising pigs using QPM or models of using QPM as human food. By parallel models, 
growers and consumers could realize the benefit of producing QPM. 

3. More efforts should spend on solving some weakness of agronomy trails like poor husk cover, 
heavy ear worms, and providing as simple as possible procedures for QPM storage for small-
scale farmers. 
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4. The state and local Government should issue encouraging policies such as extension work and 
subsidizing seed costs for areas newly applying QPM. 

 Finally, we believe that program of research and development of QPM in Vietnam under close 
corporation and financial support of CIMMYT certainly be successful. QPM program itself could 
contribute to eliminate poverty and hunger for the Vietnamese farmers. 
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Table 1. Main characteristics of 12 QPM lines in Vietnam. 
 

Lines Protein 
(%)1

Tryptophan 
in protein 
(%)1

Plant 
height 
(cm) 2

Ear 
height 
(cm) 2

Days 
to 
silk2

Plant 
ASP 
(1-5) 2

Ear 
ASP 
(-15) 2

Ear 
length 
(cm) 2

1. CML161 11.2 0.82 128 ± 7 84.8 ± 3 60 2.0 2 12.8 
2. CML162 10.5 1.08 123 ± 5 51.0 ± 5 58 2.5 3 10.2 
3. CML163 11.1 0.78 143 ± 8 45.3 ± 5 60 3.0 3 9.5 
4. CML164 9.0 0.89 130 ± 6 52.0 ± 7 57 2.0 2.5 11.0 
5. CML165 11.1 0.83 114 ± 5 52.8 ± 6 57 2.5 2.5 10.0 
6. CML166 10.5 0.88 156 ± 9 60.6 ± 7 60 3.0 3 10.0 
7. CML167 11.1 0.88 160 ± 8 62.4 ± 5 61 3.0 3 10.5 
8. CML168 11.5 0.90 158 ± 9 76.4 ± 6 60 3.0 3 12.0 
9. CML169 9.5 0.88 167 ± 7 63.6 ± 4 62 3.0 3 12.0 
10. 
CML170 

9.6 0.97 177 ± 5 70 ± 5 63 3.0 3 12.1 

11. 
CML171 

10.9 0.90 142 ± 6 51 ± 6 58 2.5 3 11.5 

12. 
CML172 

10.8 0.85 137 ± 5 45 ± 7 58 2.5 2.5 11.2 

Note: 1- data analyzed by CIMMYT , 2- Data collected from winter 1999. 
Score from 1 (excellent) to 5 (worst). 
 
 
 
 

Figure 1. M onthly Rainfall in The Red River Delta of V iet Nam
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Table 2a. Some agronomy traits and yield data of HQ2000 and LVN10 in some provinces (Source: 
National Maize Research Institute, 2000 – 2001). 
 

 
Days from planting 

 
Height  (cm) 

 
ASP 
 (1-5) Provinces  

Hybrids 
Poll
en  

Silk Matu
-rity 

Plant Ear Plan
t 

Ea
r 

Husk 
cover 
(1-5) 

 
Yield 
(kg/h
a) 

LSD 
0.05 
(kg/
ha) 

CV 
(%) 

LVN10 88 90 139 219 123 2 3 1.0 7634 Spring 
2000, 
 Ha Tay 

HQ2000 84 85 134 205 96 2 2 1.5 8156 
167
2 14.39 

LVN10 55 57 120 225 123 2.5 2 1.5 8339 Autumn 
2000 
Ha Tay 

HQ2000 53 54 115 205 95 2.0 2.
5 

2.0 7963 1357 10.83 

LVN10 83 83 133 225 130 2.5 2.
0 

1.0 7644 
Spring 2001 
 Ha Tay HQ2000 78 80 128 210 102 2.5 2.

5 
1.5 7104 1204 10.68 

LVN10 88 90 134 219 123 2.5 2.
5 

1.5 8550 Spring 2001 
Thai 
Nguyen HQ2000 84 85 129 205 96 2.0 2.

0 
2.0 8690 980 13.23 

LVN10 86 90 130 223.5 124.3 3.0 2.
5 

1.5 7850 
Spring 2001 
 Vinh Phuc HQ2000 83 84 125 202.1 104.5 2.5 2.

5 
1.5 8230

* 

112 13.40 

LVN10 63 65 109 210.0 122.9 3.0 2.
5 

1.0 6219 Spring 2001 
Hoa Binh 

HQ2000 60 61 106 204.6 104.5 2.5 2.
0 

1.5 6573 975 9.85 

HQ2000 – QPM; LVN10 – Normal hybrid; * HQ2000 with Yield significantly higher than LVN10 (P<0.05) 

 
 
Table 2b. Yield of HQ2000 and LVN10 at testing sites - winter 2001 (kg/ha) (Source: National 
Center for Variety Evaluation and Seed Testing). 
 

Yield across locations 
Hybrids Ha Tay 

Vinh 

Phuc 

Phu 

Tho 

Hai 

Duong 

Thanh 

Hoa Kg/ha % LVN10 

LVN10 5028 4738 4890 7070 4887 5323 - 

HQ2000 5396 4842 5430* 6860 4786 5463 2.6 

CV% 4.3 3.3 4.9 3.7 1.5   

LSD0.0

5 

422 304 486 508 14   

* Yield of HQ2000 significantly higher than LVN10  (P<0.05) 
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Table 2C. Some agronomy traits and yield data of HQ2000 and LVN10 in some provinces in 
Autumn-Winter 2001. (Source: National Center for Variety Evaluation and Seed Testing). 
 

Maturity (days) 
Hybrids Days 

to silk Range Mean 
Plant 
height 
(cm) 

Ear  
height 
(cm) 

Plant 
ASP   
(1-5) 

Stem 
borer 
(1-5) 

Ear 
worms  
(1-5) 

H. 
Maydi
s (1-5) 

Rh. 
Solani 
(%) 

LVN10 62 117-
127 

122 216.4 97.1 2.4 1.5 1.0 1.8 7.5 

HQ2000 63 110-
122 

116 203.6 88.1 2.4 1.0 1.0 1.5 10.0 

 

 

Table 3. Agronomy traits and yields of trials having  HQ2000, LVN10 and G49 in South Vietnam 
(Autumn-winter 2001 (Source: South Center for Variety Evaluation and Seed Testing). 
 

 

Days from planting 
Height (cm) 

 

ASP (1-5) 
Provinces 

 

Hybrids 
Pollen Silk Matur

e 

Plant Ear Plant Ear 

Husk 

cover 

(1-5) 

 

Yield 

(kg/ha) 

LSD 

0.05 

(kg/ 

ha) 

CV 

(%) 

LVN10  53  207 111 2.5 2.0 1.0 8339 Dong Nai 

HQ2000  49  195 97 2.5 2.5 3.0 7963 
1357 10.83 

G49 53 53 95 240 114 2.0 3.0 1.5 5379 HCM City 

HQ2000 52 54 96 217 106 2.0 3.0 2.5 5714 
526 9.81 

G49 53 54 95 235 116 2.0 2.0 1.0 5225 
 Dak Lak 

HQ2000 52 53 96 208 96 2.0 2.0 1.5 6500* 
 534 10.25 

G49 53 53 95 235 113 2.0 2.0 1.0 5587  Vung Tau 

HQ2000 52 53 95 219 108 1.0 3.0 1.0 5365 
809 12.35 

 
* Yield of HQ2000 significantly higher than G49  (P<0.05). 
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Table 4. Yields of demonstration site having HQ2000, LVN10, P11, and P60 (Under rainfed 
conditions). 
 

HQ2000 LVN10 P-11 P60 
Provinces Area (ha) Yield (t/ha) Area 

(ha) 
Yield 
(t/ha) 

Area 
(ha) 

Yield 
(t/ha) 

Area 
(ha) 

Yield 
(t/ha) 

Spring 2000  Reliable rainfall from emergence to milky stage 
Phuc T ho- Ha Tay  (45%
broken) 

0.1 9.5 80 4.0     

Chuong Mi - Ha Tay 0.1 8.7 0.5 8.8     
Winter 2000 Drought from before flowering to harvest 
Thai Nguyen 0.3 7.6 0.3 7.9 0.5 4.7 0.5 4.5 
Hoi Hop Vinh Phuc 0.5 6.2 10.0 5.9     
Tam Dao - Vinh Phuc 0.5 8.6 0.5 6.1 20 4.2 5.0 3.8 
Phuc Tho -Ha Tay 0.3 7.5 80 5.6 0.5 4.5 0.5 3.5 
Spring 2001 Reliable from planting to harvest 

Dan Phuong - Ha Tay 10 5.7 120 5.5     
- Hoa Binh 20 6.5 476 5.94     
- Lao Cai 5 5.0 100 4.55 950 4.00 265 4.60 
Thai Nguyen 0.2 4.2 50 4.1     

Autumn - Winter 2001 Drought from before flowering to harvest 
- Ha Tay 250 5.8 200 4.9     
- Ha Noi 50 5.5 300 4.5     
- Phu Tho 80 5.8 200 4.6     
- Vinh Phuc 10 6.0 200 5.0     
- Thai Nguyen 15 5.8 100 4.5     
- Hung Yen 1.0 6.0 300 5.2     
- Thanh Hoa 15 5.8 300 4.5     

Spring 2002 Drought  from emergence to flowering 
- Ha Tay 200 5.0 200 2.5     
- Ha Noi 70 5.2 300 3.5     
- Ha Giang 800 5.3 100 4.5     
- Bac Kan 50 4.5 200 4.0     
- Cao Bang 250 4.9 200 3.5     
- Thanh Hoa 20 5.0 300 4.0     
- Khanh Hoa 20 5.0       
- Dak Lak 20        
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Table 5. Benefit of raising broilers by HQ2000 and normal maize after 12 weeks old. 
 

Items HQ2000 Normal maize 

Price of feed (VND/kg) 3,553.2 3,620.4 

Total cost for feed (VND) 1,493, 054 1,513,041 

Total weight of broilers (kg) 143 128 

Feed consumption/1 kg of weight  

(kg) 

2.94 3.26 

Cost of feed/kg of weight (VND) 10,446 11,802 

Source: Animal Husbandry Institute, Tu Liem , Ha Noi, Vietnam. 
 
 
 

Table 6. Benefits of raising hens by ready mixed feed, normal maize and HQ2000. 
 

Items Unit 
Lot 1-524CP 

feed 

Lot 2: 

Normal 

maize 

Lot 3: 

HQ2000 

Feed consumed/10 eggs Kg 2.37 2.23 2.11 

Feed consumed/10 breeding eggs Kg 2.50 2.36 2.22 

Cost of 1 kg feed VND 3,210 3,160.25 3,140.15 

Cost of feed/10 eggs VND 7,607.7 7,040.35 6,625.71 

Cost of feed/10 breeding eggs VND 8,025.0 7,458.19 6,971.13 

Cost of 1 chick VND 1,336.03 1,270.27 1,170.18 

Balance of lot 3 and lot 2 VND  -100.09  

Balance of lot 3 and lot 1 VND  -165.85  

Comparison cost of feed/10 breeding 

eggs 

% 100 95.07 87.58 

Source: Animal Husbandry Institute, Tu Liem , Ha Noi, Vietnam. 
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Table 7. Benefits of raising swine by HQ2000 and normal maize. 
 
Items HQ2000 Check (normal maize) 

Total head of piglets 19 22 

Initial total weight (kg) 445 448 

Date to raise 22/10/01 22/10/01 

Days to export 12/11/01 22/11/01 

Total weight after a month (kg) 752 858 

Weight gain (kg) 307 410 

Feed consumed/1 kg of weight gain (kg) 2.02 kg x 3,433 

VND/kg =  VND  

6,934  

2.25 kg x 4,100VND/kg 

= VND 9,225 

Income (VND) 10,904,000 12,441,000 

Expenditure – Breed 

                    - Feed 

VND 7,565,000 

VND 2,128,000 

VND 7,616,000 

VND 3,782,000 

Balance of Income and expenditure VND 63,700/head VND 47,000/head 

Source: Animal Husbandry Institute, Tu Liem , Ha Noi, Vietnam. 
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Abstract 
 

Maize in Bangladesh is becoming an important crop in the rice based cropping system. With the 
increase in demand from poultry and other feed industries it is expected that more area will be diverted 
from Boro rice to hybrid maize in the coming years. The paper discusses the priorities of maize research 
in Bangladesh and its relation with CIMMYT. Maize production in the country is increasing with an 
exponential rate and it is expected to reach 5.57 lakh tons by 2005. The country is importing a huge 
amount of maize grain to meet the poultry feed demand. Therefore, increasing maize production is a 
serious concern of the government. Bangladesh Agricultural Research Institute (BARI) initiated its maize 
improvement program in early eightees with a view to develop high yielding varieties of maize. So far 
BARI released 8 open-pollinated varieties and 3 hybrids. Yield productivity of the released OPVs and 
hybrids ranges from 5.5 to 7.0 tons/ha and 7.4 to 9.5 tons/ha, respectively. CIMMYT concentrated their 
efforts for maize promotional activities through training, technical assistance and providing inbreds and 
hybrids. 
 
Introduction 
 

Geographically Bangladesh is located between 20034΄ and 26038΄ north latitude and between 88001΄ 
and 92041΄ east longitude. Generally there are two cropping season in the country viz. Rabi (October-
March) and Kharif (April-September). Temperature on an average ranges from 100C to 200C in Rabi and 
250C to 350C in Kharif season. Generally annual rainfall ranges from 1800 mm to 2800 mm. But it is not 
evenly distributed through out the year. The rainfall is very low in Rabi season. Relative humidity varies 
from 77% to 82% (Fig. 1).  

Among the cereals grown in Bangladesh, maize is the third most important crop after rice and wheat. 
Now it is grown on an estimated area of 26 thousand hectares with an annual production of 0.15 million 
tons. Maize has always been considered as a minor crop in Bangladesh. Sporadic attempts were however 
made to promote its cultivation in the past. During the last five years, maize has gained an increasingly 
important attention by government. This is mainly due to the huge demand of maize, particularly for 
poultry feed industry. Besides, maize has diversified uses as food and industrial raw materials. 
Nutritionally maize is superior to other cereals. The high content of carotene may be considered as an 
added advantage. 

Maize is C4 plant. These plants are able to photosynthesize even when the stomata are nearly closed 
whereas C3 plants (rice, wheat) cannot do so. It is also photoinsensitive in nature. So the crop can be 
grown round the year. It can produce to the extent of 20 tons/ha as against 10 tons in rice and 8 tons in 
wheat. 

The success of any crop improvement program depends primarily on the extent of genetic variability 
in the base population of the crop. Most of the genetic variability of rice and wheat have been used to 
produce 21 wheat and 41 rice high yielding varieties (HYV). As such the rate of genetic improvement of 
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these two crops has decreased in recent years and yield plateaus or ceilings also appear to have been 
reached. Further improvement of these crops are difficult with the traditional methods.  

Bangladesh is the most densely populated part of the world. Though cereal productivity of the 
country has increased significantly by adoption of HYVs concomitant with appropriate government 
policies and program. Stilt it cannot keep pace with the population growth as it is increasing at an 
alarming rate. This situation necessitated to produce more food for the fast growing population of the 
country, which is not possible only through rice and wheat. Moreover, every day the country is losing 221 
hectares of cropland owing to industrialization, urbanization and river erosion. So high productive crop 
like maize is important.  

Maize Varietal Improvement in Bangladesh is mainly carried out by BARI. So far it released 11 
improved maize varieties including 3 hybrids. Presently Agricultural Extension department of the 
Government, some NGOs and donors like CIMMYT, FAO etc have taken strong interest to support the 
maize promotional activities in the country. 
 
Area, production, and major shifts 

Rice is the main crop that produces the highest amount of cereals and covers maximum cultivated 
areas (Fig. 2). Maize acreage and production have an increasing tendency with the introduction of hybrids 
since 1993. Its production has increased significantly in the country because of high demand of the fast 
growing poultry feed industry. The area and production trend of maize in Bangladesh is shown in Table 1. 
Maize productivity in the country seems to be the highest in the Asian region with an average yield of 
5.75 tons/ha. This is due to favorable growing conditions during the maize season (October to March) and 
the increased use of hybrid seeds and improve production practices by growers (Gonzalez et al., 2001). 
The production is increasing with an exponential rate (Agarawal, 2002). Higher yield up to 8-10 tons/ha 
can be obtain using hybrid seeds, balance fertilizers and better management (Quayyum and Hoque, 1995 
and Iqbal, 2001). 

Farmer always wants to cultivate profitable and low risk crop. As farmers are getting higher yield, 
lower risk and higher profit from maize than rice and wheat, they are gradually diverting their efforts in 
maize cultivation (Table 2). Therefore, maize cultivation is being rapidly expanding both in Rabi and 
Kharif season.  

The area under kharif maize is expected to increase just after harvesting of Rabi maize in the sandy 
soils of northern region because:  
 

i. The shifts from Aus rice to kharif maize because of better yield with high profit and low risk. 
ii. Low production cost especially for available rainwater. 
iii. Sandy soils rapidly absorb excess rainwater 

 
Need for Exploiting Potential 
 

Demand of maize is likely to progressively increase in near future. At the present increasing rate of 
consumption, the demand of maize is 557,000 tons by the end of 2005-06 and it will exceed a million ton 
by 2012 (Iqbal, 2001). Presently, about 175,000 tons of maize is imported costing about $ 18.1 million. 
Local production can substitute maize import. It will also be cheaper to support animal industries as well 
as upgrade human food in the country. Price of imported maize is usually higher than local maize. This 
has initiated the local producer and thus more and more farmers are now moving into maize cultivation. 
Estimated future requirements of maize for different uses are presented in Table 3. 
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Potential area of maize is very high in Bangladesh and it is about 2.8 million hectares. Maize 
cultivation can be increased extensively in Dhaka and Rajshahi division and moderately in Chittagong 
(Table 4). Covering one-third of the potential area (0.93 million ha) with 8.0 tons/ha yield Bangladesh can 
produce about 7.44 million tons of maize in a year (Iqbal, 2001). 
 
Achievement on Maize Breeding Program 
 

Research on varietal improvement of maize was initiated after the independence of Bangladesh in 
1971 at BARI with limited manpower and resources. 
 
Open-Pollinated Varieties  
 

Initial thrust was given for the development of composite varieties as it have an advantage over 
hybrid in greater convenience of seed multiplication. Moreover, there was shortage of trained manpower 
for hybrid development. Local and exotic germplasm from CIMMYT, IACIP. IITA, FAO-UNDP and 
other organizations enriched gene pool. The collected materials were tested in different stations several 
years. From these trials eight OPVs namely Barnali, Shuvra, Khoibhutta (popcorn), Mohar, BARI Maize 
5, 6 & 7 and BARI Sweet corn 1 were released for cultivation in the country. Yield potentiality of the 
OPVs ranges from 5.5 to 7.0 tons/ha. BARI sweet corn 1 produced 10.0 tons/ha green cob with TSS 18% 
and it also gave 24.2 tons/ha green biomass. Besides these, one baby corn genotype is in the pipeline. 
 
Hybrid Maize 
 

Since early nineties, breeding strategy of the country is directed towards the development of hybrid 
maize. A total of 255 maize hybrids (82 Sub-tropical yellow, 34 Tropical yellow, 18 Tropical early 
yellow, 17 Tropical white, 32 Tropical yellow QPM, 16 Sub-tropical yellow QPM, 20 Tropical yellow 
DMR, 18 Tropical early yellow DMR and 18 Tropical late yellow DMR) received from CIMMYT were 
tested several years at different research stations of BARI. Out of them, 29 hybrids were found promising 
from different types. CIMMYT provided parents of 16 hybrids to BARI for developing hybrids. From 
these selected hybrids, BARI Hybrid 2 has already been developed and released as hybrid variety, which 
is moderately resistant to leaf and sheath blight. Besides these, two hybrids (CMS 933072 and CMT 
975032) are in pipeline. 

BARI received and tested a total of 221 TAMNET hybrid materials both early and late maturity. 
About forty hybrids were found superior in respect of yield and earliness. Parents of three best hybrid viz. 
Suwan 3701, Suwan 3702 and KTX 3503 received from Kaset sart University through courtesy of FAO. 
Considering overall performances Suwan 3702 was found as the best and released as BARI Hybrid Maize 
1. Besides this, BARI also tests several TAMNET EVs trials. From these, BARI Maize 7, an OP variety 
has released recently and another one (WLTFY 1 RRS YD) has performed very well this year. Major 
characteristics of recently BARI developed hybrids are shown in Table 5. 
 
Inbred Development 
 

BARI has its own inbred development program. Works for the development of inbred line is going on 
and some inbreds are developed locally. Local and exotic promising germplasm are used as source 
population. Promising single crosses are also being recycled for extraction of superior inbred lines. 
Extracting inbred lines from better hybrids has given better results. Some lines are in advanced 
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generations. Side by side introduced inbred lines from CIMMYT and other organizations are also being 
evaluated and maintained.  

Both exotic and locally developed good inbred lines are being used extensively in hybridization 
program for development of single cross and top cross hybrids. From this, one top cross hybrid (BARI 
Topcross Hybrid 1) has developed and released recently, which is moderately resistant to turcicun leaf 
blight (TLB). Singh (1983) and reported that performance of top cross provides a reliable estimate of gca 
and reduces the number of inbred to a manageable size for the next step. In last Rabi season (2001-02) a 
total of 82 top cross progeny were tested in two sets at three locations of which 11 inbred lines were good 
combiner and showed highly significant positive gca effect for yield. These selected good top crosses 
exhibited average yield performances of 10-14 t/ha. Few outstanding top cross hybrids from these 
combinations could be obtained in near future. 
 
Breeder’s Seed Production 
 

Seed is one of the main limiting factors for expansion of maize area in the country. BARI with its 
limited resources produced breeder’s seed and distributed to BADC and other NGOs for multiplication 
(Table 6). Most of the hybrids cultivating in the country are imported. A few NGOs (GKF, BRAC and 
Proshika) and seed company (Ganges Development Corporation, ACI, McDonld and Allied Agri. 
Business) are importing seeds of different hybrid varieties (Pacific 11, 60, 988, 983, Cargil 900 M, 
Pioneer 3056) directly from Thailand and India. BRAC, an NGO started to produce hybrid seed locally by 
importing inbred lines from multinational seed companies by paying royalty. At the present rate of 
importing hybrid, Bangladesh need to import about 2000 tons of hybrid seed by end of 2005. So local 
production of hybrid seed should be expanded to reduce import. Bangladesh is in favorable situation to 
expand and develop a strong and efficient maize seed industry (Gonzalez et al. 2001). Private seed 
companies and NGOs need both technical and financial support to produce hybrid seed locally. In last 
year (2001-02), BARI gave parent lines of BARI Hybrid Maize 1 to a local seed company, North Bengal 
Seed Company. They successfully produced about 4 tons of BARI Hybrid Maize 1 seed with the 
assistance of maize scientists. They reported that cost of production of local hybrid is just 0.5 dollar/kg 
whereas the farmers are buying imported hybrid seeds at price about 2.25 dollar/kg. 
 
Extension Activities 
 

Maize is a newly introduced crop in Bangladesh. It’s cultivation is gaining popularity in the country 
very fast due to high yield potential. The existing tempo can only be maintained through farmers training 
and steady supply of quality seed. Last year CIMMYT organized whole family training program for 
maize production technology with cooperation of BARI. A few trained farmers cultivated maize as a new 
crop for the first time. This will create awareness among farmers. CIMMYT also provided some corn 
sheller to farmers. 

A training course on Maize and Barley Breeding, Agronomy and Biometry was organized jointly by 
BARI and CIMMYT from January 14 to 18, 2002. The purpose of the course was to give advanced 
training in modern methods of plant breeding and related branches of genetics and other fields of maize 
and barley production. In the program 33 scientists of BARI actively participated in practical work in the 
field and in the laboratories. 
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Future Needs 
 

• Logistic support for maize hybrid development. 
• Quality hybrid maize seed production. 
• Strengthening of Research, Extension and NGOs/Private sectors cooperation. 
• Credit support and subsidy for maize farmers. 
• Skill manpower for hybrid maize development and seed production. 
• Technical and investment support to private enterprises to establish maize seed industry. 
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Table 1. Maize production trends of Bangladesh, 1991-2001. 
 
Year Area (ha) Production (tons) Yield (t/ha) 
1991-92 3,600 3,000 0.83 
1992-93 5,060 7,000 1.38 
1993-94 6,400 15,000 2.34 
1994-95 9,940 29,075 2.93 
1995-96 10,125 32,000 3.16 
1996-97 12,672 40,690 3.21 
1997-98 14,938 65,279 4.37 
1998-99 18,494 84,880 4.59 
1999-00 22,538 120,691 5.36 
2000-01 25,978 149,244 5.75 
 

Source: DAE and IMPP, 2002. 
 
 
Table 2. Cost of cultivation of major cereals in Bangladesh. 
 

Item Maize Wheat Rice 

1. Total Cost ($/ha) 586 396 603 
2. Gross Return ($/ha) 864 464 798 
3. Net Return ($/ha) 278 68 195 
4. Benefit Cost Ratio 1.47 1.17 1.32 
5. Grain Yield (t/ha) 7.71 3.26 7.41 
6. Sale Prise ($/kg) 0.112 0.142 0.108 
 

Source : North Bengal Seed Co., Bangladesh, 2002. 
Note : 1 US dollar = Taka 58. 
 
 
Table 3. Sectoral distribution of present and potential demand of maize in Bangladesh. 
 
Item Present 

demand 
(tons) 

Sectorial 
proportion 
(%) 

Potential 
demand 
(2005-06) 

Sectorial 
proportion 
(%) 

Green cob 23,600 8.00 37,000 6.64 
Farmer home consumption 8,850 3.00 20,000 3.59 
Snacks products 5,900 2.00 15,000 2.69 
Flour mills & proc industry 26,550 9.00 150,000 26.93 
Poultry feed 141,600 48.00 200,000 35.91 
Cattle feed 26,550 9.00 38,000 6.82 
Cattle fodder 41,300 14.00 27,000 4.85 
Starch factory 11,800 4.00 45,000 8.08 
Relief & rehabilitation 8,850 3.00 25,000 4.49 
Total 295,000 100.00 557,000  100.00 
 

Source: IMPP, 2001  
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Table 4. Suitable area for maize cultivation by administrative divisions. 
 

Potential area ( ‘000 ha) Division 
Rabi Kharif Total Percent  

Dhaka 522 180 702 25 
Rajshahi 1,359 150 1,509 54 
Chittagong 375 27 402 14 
Khulna 139 45 184 6 
Barisal 8 3 11 1 
Total 2,403 405 2,808 100 
 

Source: IMPP, 2001  
 
 
Table 5. Major characteristics of recently BARI released varieties, 2000-2002. 

 
Varieties Type Genotypes  Yield  

(tons/ha) 
Maturity 
(days) 

Grain color and 
type 

year of 
release  

BARI Maize 7 OPV CIMMYT 6.0-7.0 
 

153 
 

Yellow, dent 2002 

BARI Hybrid Maize 1 TX K. U. 7.5-9.5 
 

145 
 

Orange yellow, 
flint 

2000 

BARI Hybrid Maize 2 SX CIMMYT 8.0-9.0 
 

150 
 

O. yellow, S. flint 2002 

BARI Top cross 
Hybrid 1 

SX Banglades
h 

7.4-9.5 
 

143 
 

Yellow, flint 2002 

BARI Sweet corn 1 OPV Thailand 9.5-10.5 
 

115 
 

Yellow, flint 2002 

 

Source: BARI, 2002. 
 
 
Table 6. Status of Maize seed production and distribution. 
 

Year Breeder’s seed 
supplied by BARI 

(kg) 

Seed production by BADC 
(tons) 

Hybrid seed marketed 
by private agencies 

(tons) 
1991-92 170 130 6.5 
1992-93 27 70 36 
1993-94 117 86 40 
1994-95 282 146 47 
1995-96 140 312 70 
1996-97 171 276 100 
1997-98 275 148 250 
1998-99 70 265 250 
1999-00 90 214 - 
2000-01 90 163 - 
 

Source: BARI, BADC, 2002 & IMPP, 2000. 
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 Source: Bangladesh Bureau of Statistics (BBS), 1997-2000 & 
Integrated Maize Promotion Project (IMPP), 2001. 
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Maize Germplasm Enhancement and Improvement in China 
 

The first limiting factor influencing maize breeding activities is lacking of germplasm resources, and 
genetic background of hybrids is growing narrower in China. Of cause, yield level of maize production 
has been rising dramatically during the past four decades. But we should notice the another side, or 
negative aspect of modern technology. For instance, the genetic background of maize production is 
getting narrower as hybrids replaced traditional varieties. Farmers grew at least 12,000 open pollinated 
varieties in 10 million hectares of acreage in China 40 years ago. Today, maize acreage is more than 24 
million hectares, but farmer’s choice for variety is limited among 200 hybrids. We noticed that only 5 
dominant hybrids covered 53% of the total maize acreage, and more than 61% of the maize area relied 
heavily on 5 inbred lines, i.e. Mo17, Ye478, Huangzao 4, Dan 340 and E28 in 1995. Peng et al.(1993) 
reported that most of the inbred lines were derived from four dominant germplasm sources. Nearly 34% 
of the hybrid maize acreage contains Lancaster germplasm. Luda Red Cob shares 19% of the acreage. PA 
and Sipingtou shares 14.4% and 13.8%, respectively. More than 73% of the lines were recycled from 
single crosses, three-ways and synthetics (Peng et. al. 1994). 

Only 5-6 among 250 land races in the world gene bank have been exploited for modern maize 
production. In order to solve this big challenge, we have to exploit germplasm from the diversity center of 
maize. Tropical and subtropical maize germplasm developed by CIMMYT have been introduced and 
utilized by a number of national agricultural research programs over the world. These germplasm possess 
large genetic diversity; and are, therefore, expectable to broaden the genetic base of hybrid maize 
breeding, prevent genetic vulnerability, and enhance the heterosis level in temperate. 

The CAAS has initiated a project of maize germplasm enhancement, improvement and development 
in 1995, and it was financed by the Ministry of Agriculture in 1996. Pools and populations have been 
introduced from CIMMYT to broaden the genetic base of hybrid maize breeding and develop new lines 
with higher combining ability and hybrids with superior performance and resistance to diseases and 
environmental stresses. Germplasm enhancement is the prerequisite, population improvement is the key 
strategy, and development of new lines and hybrids is the end point in this project. 

We should try to improve elite local germplasm such as Luda Red Cob, Sipingtou and Golden Queen, 
and evaluate the heterotic groups and patterns in cross combinations between these local germplasm and 
other populations, synthetics or exotics. The construction of pools or populations is needed with 
germplasm adapted in south China, and then try to exploit the heterotic patterns.  

The shortcut for germplasm enhancement is to introduce, improve and utilize populations, pools and 
inbred lines from CIMMYT or other sources according to the heterotic patterns. We have done that and 
derived some good lines adapted in temperate area from subtropical pools and populations (Zhang et al., 
1995). 
 
Why We Need this Project 
 

Maize is an important staple crop consumed as feeding stuff, human food and industry raw material in 
China. It was expected that the demand for maize is about 220 million tons, and 89% of them is used as 
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feed by 2020. That means that the annual supply will increase by 67% over the 1997. After the entrance to 
WTO, maize area will decrease by 15% in China due to the adjustment of agriculture structure. The 
measures to ensure the food security are considered as 1) to increase yield potential, especially in the 
marginal area and stress conditions. 2) to improve the quality of maize products, consequently increase 
the utilizing efficiency of maize as feed and industry raw material.  

The sustainability of maize production depends upon the germplasm improvement and technology 
innovation. For instance, maize yield increased at the rate of 88 kg/ha/year during 1960s through the early 
1970s due to the adoption of double cross hybrid. The yield gain was 122 kg/ha/year after 1970s as the 
single cross hybrid was dominant. Maize production needs stronger technology and newer germplasm 
reserved for the coming decades. It will depend on the germplasm enhancement, improvement and 
development, and the progress of applied biotechnology.  

Maize production is confronted of some challenges, such as drought, poor soil, diseases epidemic, 
lacking of quality varieties, narrow genetic background of germplasm, and weak ability of technology 
innovation. These bottlenecks have been restricting the efforts to increase yield potential furthermore. 
Most of the challenges are connected to the narrow germplasm bases and low efficiency of germplasm 
utilization. This the reason why we need more quality, diseases resistant, drought and poor soil tolerant, 
and high yielding germplasm for the coming decades.  

Germplasm enhancement, improvement and development are priority of maize breeding technology. 
Maize germplasm and resources are plenty in its diversity center. There are many accessions performing 
good resistance to diseases in tropical areas, early accessions with good tolerance to low temperature and 
lodging resistance in highland and Europe, and many germplasm performing high yield, heterosis and 
combining ability in north American germplasm. CIMMYT possesses plenty germplasm of QPM, 
drought and low nitrogen tolerance, and diseases resistance. We have introduced and will continue to 
evaluate, improve and utilize these germplasm in hybrid maize breeding programs in China corn belt.  

Molecular technology is an important approach in germplasm improvement and development. It has 
been used in genetic diversity, gene mapping, cloning and marker assisted selection (MAS) in many 
crops. The USA and Germany labs analyzed genetic diversity of inbred lines with molecular markers, and 
distinguished heterotic groups and patterns. CIMMYT ABC lab is undergoing the analysis of 450 lines 
and hundreds populations with SSR markers. CIMMYT scientists have developed procedures for drought 
tolerance and QPM with MAS technology. The adoption of MAS technique will increase the efficiency of 
maize breeding efforts. CIMMYT, USA and European countries pay more attention to molecular 
technology in maize research. China should initiate the research and adoption of molecular technology in 
maize breeding. 
 
Purposes 
 

We have initiated the study on heterotic groups and patterns predominant in China, and introduced 
germplasm from CIMMYT and other sources. The project will deal with head smut and high moisture of 
kernel at harvest in northeast provinces; the virus, ear rot and drought tolerance in summer maize areas; 
BLSB caused by Rhizoctonia, low nitrogen and drought in south China. We also need high starch and oil 
corn, as well as QPM and feeding or silage corn germplasm.  

Germplasm enhancement, improvement and development are a long term, public and strategic 
research project in maize breeding efforts. It will facilitate maize breeding and germplasm development, 
and then the development of seed industry in China.  
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Research activities we have done and methodology used in germplasm enhancement and improvement 
Genetic diversity analysis of inbred lines. CIMMYT ABC is undergoing to analyze 450 CML lines 

with SSRs. We will finish the same kind of analysis with about 300 lines in China. Then, the data will be 
sent to CIMMYT for pooled analysis based upon the data from different labs. 

Genetic diversity analysis among populations have been tested with quantitative genetic technology. 
Design II is adopted for producing the crosses between 27 populations (14 from CIMMYT, and 13 domestic) 
and 4 common testers (Huangzao 4, Dan 340, Ye 478 and Mo17). The evaluation trials have been layout in 5 
sites in 2001, and 8 sites will be adopted in 2002. We will compose semi-exotic composites based on the 
data of genetic diversity analysis among populations. 

QTLs mapping. CAAS and Agricultural Universities will participate the research for genotyping, and 
the phenotyping will be carried out in selected provincial academies. All the results will be issued on the 
www://chinamaize.com.cn, and exchanged with partners.  

Evolutionary improvement of populations. Two dozens of tropical and subtropical germplasm were 
improved evolutionarily under temperate long-day conditions using bi-parental mass selection method 
which permits the adaptability improvement and with little losses of genetic variance. Five populations, 
e.g. Pob 101, Pob 45, Pob 46, Pool 33 and Pool 34, have been finished the improvement procedure and 
adapted long-day conditions in Heilongjiang, the north most province. We deleted 6 populations from the 
project, e.g. Pool 19, Pob 500, Pob 501, Pob 502, Pob 67 and Pob 68, after the evaluation based on the 
performance in north China. 

Semi-exotic is another available approach to utilize tropical germplasm in temperate area. We 
introduced about 200 CML lines from CIMMYT and cross them with domestic lines. The improved semi-
exotics have been released to maize breeders after one cycle of selfing and two cycles of bulk pollination.  

Germplasm development. This project has not produced any inbred line and hybrid right now, but 
maize breeders from CAAS, Henan, Shandong, Liaoning, Sichuan and Hebei provinces are undergoing to 
derive new lines from the improved populations and semi-exotics. Before this project, breeders has 
developed inbred lines and hybrids based on CIMMYT populations, such as hybrid CAU 108, which 
contains 25% of Tuxpeno germplasm, and shares 11% of total maize acreage over the country in 2001.  
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Strategy for the Project 
 
Domestic and exotic germplasm 

Evaluation  

 QTLs mapping Heterotic Agronomy Stress 
         grouping      tolerance 

 
 

NILs Composites and semi-exotics Inbred lines 
 

Pyramid breeding Improvement 
        

     

GCA & SCA                  Database 
    (Missouri) 

Inbred line and hybrid 
 

Institutes and companies 
 

Trials, Seed production and Extension 
 

 
Research activities we will continue 

The project will carry out maize germplasm evaluation, improvement and development in China. But 
we need international cooperation involving CIMMYT maize program, CIMMYT ABC, Iowa State 
University and Hohenheim University. Most of the work will be conducted in domestic labs, and some 
data will be sent to CIMMYT or other foreign labs for evaluation.  

Activity I: Introduction and evaluation of germplasm 
Seed will be propagated in winter nursery, carry out evaluation for adaptation in 5 locations, includes 

disease resistance and abiotic stress tolerance, genetic diversity analysis and heterotic grouping. Construct 
China maize database based on the results.  
QTLs mapping for stress tolerance and disease resistance 

• Head smut (Sphacelotheca reiliana) 
• SCMV and MRDV 
• BLSB (Rhizoctonia solani f. sp. sasakii) 
• Ear rot (Fusarium moniliforme) 
• Common rust (Puccinia sorghi)   
• Drought tolerance 
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Activity II: Germplasm enhancement and improvement 
Tropical, subtropical and temperate germplasm with stress tolerance, disease resistance and satisfied 

quality will be introduced from different sources including CIMMYT, the US Corn Belt and European 
countries, and be improved by evolutionary approach from south to north gradually. That includes pools, 
populations, synthetics, lines, OPVs, and QPM, oil corn, high starch corn. 
Disease resistant germplasm is emphasized: 

• Virus (SCMV and MRDV) 
• Head smut (Sphacelotheca reiliana) 
• BLSB (Rhizoctonia solani f. sp. sasakii) 
• Ear rot (Fusarium moniliforme) 
• Others 

 
Abiotic stress tolerant germplasm: 

• Drought 
• Low nitrogen 
• Acid soil 

 
Activity III: Germplasm development  
At least 16 institutions participated in this project to develop inbred lines and hybrids with improved 

germplasm, develop NILs for pyramid breeding. We have released 20 improved populations and 
344 semi-exotics, and have developed a few of inbred lines and hybrids based on exotic 
germplasm. 

 
Appendix 1: Germplasm Introduced Before this Project 
 
Pob101     C5, adaptive to Heilongjiang 
Pob Stay Green-W   C5, adaptive to north summer maize area 
Pob Stay Green-Y   C0  
Pob 21     C5, adaptive to north summer maize area  
Pob 32     C3 
Pob 43     C4 
Pob 49     C4 
Pob 28     C3 
Pob 45     C3, adaptive to Heilongjiang 
Pob 46     C3, adaptive to Heilongjiang 
Pob 69 QPM    C2, Beijing 
Pob 70 QPM    C2, Beijing 
Pool 33 QPM    C6, adaptive to northeast provinces 
Pool 34 QPM    C6, adaptive to northeast provinces 
Suwan 1    C1, Shanxi 
Suwan 5    C0, Henan 
Late white high oil QPM  C2, Beijing 
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Appendix 2: Germplasm will be Introduced Under this Project 
 
Pob 25 
Acid soil tolerant populations and AST-CML lines 
Drought tolerant populations and lines 
Low nitrogen tolerant populations  
Mid maturity high oil QPM population  
Corn Belt populations: 
BSSS(RRS) C13 
BSCB1(RRS) C13 
Leaming  
Maizamargo 
Minnesota 13 
and others (High oil corn, starch corn) 
Corn Belt inbred lines  
 
Appendix 3: Evolutionary Improvement for Adaptation of Exotics in temperate conditions. 
 

• Pob101, Pool 33 QPM, Pool 34 QPM, Pob 45 and Pob 46 will finish the adaptation improvement 
in Heilongjiang province in 2002, and will be released to breeders. 

• Pob 69 QPM, Pob 70 QPM, Pob 28, Pob 21, Pob 43, Pob 49, Pob Stay Green-W have been 
improved for cycles in China, and will continue to improve for adaptation in north summer maize 
and spring maize areas for 2-4 cycles.  

• Pob 25, Pob Stay Green-Y, Suwan 5, High oil QPM, Drought tolerant populations, BSSS (RRS) 
C13 and BSCB1(RRS) C13 will start the evolutionary improvement procedure from south to 
north gradually.  

 
Appendix 4: Germplasm Evaluation 
 

This activity involves adaptation, agronomic, disease resistance, abiotic stress tolerance, component 
analysis and genetic diversity evaluation. All the data will be composed into the database. 

Adaptive evaluation for domestic and exotic inbred lines, populations and others will carry out in 5 
locations. Evaluation for disease resistance will initiate in 2003.  
 

SCMV   CAAS, Beijing (inoculation) 
MRDV   CAAS/ Shanxi AAS, Linfen, Shanxi (nature infection) 
Ear rot   CAAS, Beijing  
Stalk rot   CAAS, Beijing/ Shandong AAS, Jinan  
Head smut   Gansu province AAS/ Northeast AU, Harbin (inoculation) 
Turcicum   Liaoning AAS, Shenyang 
Gray leaf blight  Liaoning AAS, Shenyang 
Rust   Shandong AAS, Jinan;  
Maydis    Shandong AAS, Jinan 
BLSB    Sichuan AU, Ya’an 
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Evaluation for drought tolerance 
CAAS/ Sichuan AU/ Shanxi AAS/ Xinjiang AAS. 
Genetic diversity analysis 
CAAS, Beijing 
Sichuan AU, Ya’an, Sichuan 
Central China AU, Wuhan,Hubei 

 
Appendix 5: Germplasm Development 
 

• Development of inbred lines and hybrids for drought tolerance 
• CAAS/ Sichuan AU/ Shanxi AAS/ Jilin AAS 
• Development of QPM inbred lines and hybrids 
• CAAS/ Shandong AAS /Yunnan AAS 
• Development of high oil corn inbred lines and hybrids  
• CAAS/ Shandong AAS 
• Development of high starch corn inbred lines and hybrids for drought tolerance 
• Sichuan AU/ Henan AAS/ Shandong AAS/ Heilongjiang AAS 
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Introduction 
 

In India, greater increases in food and feed production are expected to come from coarse cereals, 
primarily maize, which have a comparative advantage in low productivity marginal environments. The 
future of maize is now brighter than past. Today, increasing the maize productivity, production and 
utilization are not a matter of choice but a necessity due to high population pressure with a high rate of 
population increase. People need not only be fed at sustenance level but there is an urgent need to 
improve the nutritional level, particularly for the poorer sector of the population. The potential of 
increasing maize production for meeting the increased demand of nutritious food is brighter than other 
cereal crops. Diversified uses of maize as food, feed and for industries created a greater per capita 
consumption and demand for maize. With improved economy and rise in per capita income in the country 
and in consequent improvement in the purchasing power, substantially more people will be able to afford 
and consume animal proteins. This will lead to an even more increased demand for maize. It is predicted 
that by 2020 the developing countries will demand 55 per cent of global maize production as against the 
45 per cent level of consumption. With increasing demand of maize as animal feed all over the world, and 
the potential of increased maize production in tropics, it could become the important cereal in terms of 
area and production in the next few decades. 

Keeping in view the prospects, maize improvement should not be viewed merely as a food crop. Due 
to its increasing demand as feed, various industrial uses and with availability of value-added varieties and 
technologies for superior industrial products from maize would be the future priority. The productivity of 
tropical maize in hot and humid environments (subject to drought and excess of moisture) must be 
increased to meet the increasing demand. The overall low productivity of maize in the tropics is due to 
several factors, which include climatic factors such as shorter day length, shorter growing period, low 
radiation intensity due to cloud cover, high night temperatures and more severe biotic and abiotic stresses. 
The productivity is also a reflection of intensity of maize breeding efforts devoted to the maize crop in the 
tropics in general and to difficult and marginal environments in particular as compared to the wealth of 
information available on temperate maize, largely based on research accomplished in USA. 

In India, maize occupies 6.5 million hectare of area with an average national productivity of 2.0 t/ha 
giving over 13.0 million tones production, accounting over 8% of the total cereals and about 30% of total 
coarse cereal production. Annual national production has steadily increased largely because of 
improvements in productivity, since area under maize has not increased (Fig. 1). In India, 45% of the total 
maize produced is used as human food, and about 52% goes to the feed industry. With the indicators on 
the ground, share of maize as feed is likely to be enhanced substantially in years to come. The poultry 
industry, with continuing phenomenal growth, has increased from 89 million layers in 1994 to 145 
million in 2000 AD. Similarly, the broiler production has gone up from 145 million to 750 million in the 
year 2000. Obviously, the feed requirements are bound to shoot up from 5.3 to 9.5 million tones per year 
for poultry industry alone, where maize, sorghum and fishmeal are bound to be the conventional feed 
ingredients. As the inland fisheries sector has shown a compound growth rate of over 10% per year during 
nineties, pressure is bound to continue primarily on maize. Keeping in view the prospects and new 
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opportunities for maize in the countries we have re-oriented our research activities to improve maize 
production and productivity in order to keep pace with the maize demand and supply. 
 
Changes in Research Priorities for Maize in India 
 

The progress in adoption of improved germplasm in India is not something to boast about. However, 
we need not be unduly worried that only 25-30% of maize area is covered with hybrids, 10-15% with 
improved open pollinated varieties and more than 50% is covered with farmer's own varieties and seeds. 
The farmers have a right of choice and will grow the variety in which they have confidence of getting 
economic and reliable returns. The low efficiency index in the tropical environments is a matter of 
concern. The inescapable conclusion is that a greater part of the improved germplasm and technology is 
not targeted to and, thus is not acceptable to the farmer in vast majority of tropical environments with 
high productivity potential. No wonder the improved technology does not work as well in those harsh and 
marginal environments. Broadly, maize-growing states in India can be divided into two groups, i.e. the 
states with productivity lower than national average and the states with productivity higher that national 
average (Fig. 2). The thrust areas were identified and now we are focusing to develop suitable 
technologies for these distinct environments in collaboration with CIMMYT. 
 
Areas with Productivity Lower than National Average 
 

States like Rajasthan, Gujrat, Uttar Pradesh, Madhya Pradesh, Bihar (kharif maize) covering area 
about 65 per cent but yield levels lower than national average ranging between 9.5 q/ha in Rajasthan to 
13.4 q/ha in MP (Fig.2). These states are associated with serious problem of unfavorable environment 
available for maize cultivation. Maize production in these states are limited by severe problem of abiotic 
stresses viz. drought and excess water conditions and largely due to cultivation of less productive local 
cultivars in the largely subsistence farming conditions. Early maturing improved cultivars is basically 
need of these states. Thus, for any productivity gains this area requires thrust on quality seed of improved 
early maturing cultivars matching with agronomic package of practices, and successful transfer of 
established package of practices for different crop growing situations. A systematic effort in supply good 
quality seed with cultivars-based target areas is the requirement. It is safe to assume that with available 
technology scope for increase in productivity by about 1.0 tone/ha is there. These areas will remain the 
domain of public sector efforts, as private sector is not likely to intensify their efforts in any significant 
manner because the return on investment and the profit are not guaranteed. We have to address more 
vigorously maize research and development for these difficult, marginal, and less favorable (less-
profitable) environments. This has implications for maize professionals working in the public sector. 
Since the returns on investments in public sector maize research may be less obvious, there is a risk that 
these would not be well appreciated and, therefore, will be under funded. 
 

A critical analysis of this indicate that: 
 

i) Most of the maize areas during kharif season is in the states where the productivity is less than 
national average. 

ii) Most of these areas are prone to vagaries of weather (drought, excess water situations), and 
therefore is considered as high risk prone by the farmers. 

iii) Of the total maize produced in the country, very little of it is produced under conditions, which 
can be classified as modern or progressive. 
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iv) Typically, short duration varieties that are used have a lower genetic yield potential. However, 
they are used because they fit in the existing cropping system. 

v) Low input and low yielding varieties are acceptable for these areas and seasons where for many 
reason, maize is the only alternative to the leaving of the land fallow. 

vi) Short duration, low yielding new varieties which would require more input including superior 
management may not be favorable to the marginal farmers. 

vii) Availability of quality seed of improved early maturing varieties and matching agronomic 
practices for different crop growing situations is an urgent need. 

 
With development and use of appropriate maize technology and development of infrastructure for 

economic and productive maize in the marginal environments, some of these agro-ecologies may not 
remain as marginal as before. Also, maize technology has to be such that it will not only be productive 
and economic when applied to marginal areas, but would also maintain high productivity when applied to 
favorable environments. Stress tolerant germplasm with drought, excess water, disease and insect, 
tolerance to low nitrogen, would help in increasing productivity of maize in unfavorable or marginal 
environments. These traits will also be useful in favorable environments if the germplasm has not lost its 
high level of productivity during the selection for stress tolerant traits. Ultimately, the gap in technology 
for marginal and favorable environments may decrease. 

Our strategies for improvement of maize for such typical tropical environment are: 
 
i) Decentralization of maize research activities to target environments 

It is necessary to define and identify target environments, and on that basis research efforts need to be 
decentralized according to the need of the target environment. This is more important when our effort is 
to increase productivity per unit area. It is realized that many useful genes lie unused, even within readily 
available genetic resources because primarily their role is not well understood and recognized, and also 
their effects are small or their very existence is unknown. Hence, there may be a wealth of genetic 
variation available for breeding but multi-disciplinary efforts are needed to exploit it effectively in a 
target environment. 
 
ii) Selection and improvement under target environment conditions 

There is considerable merit in the use of locally adapted germplasm for development of stable and 
adaptable germplasm for marginal environments. Adaptability of germplasm to location specific farmer's 
conditions (especially in Uttar Pradesh, Bihar, Rajasthan and Madhya Pradesh), suitability of germplasm 
for marginal environments, farmer's acceptance, economic stability or other similar traits which are 
important from the farmer's viewpoint is considered in the research agenda setting processes. These traits 
are, however, complex and difficult to analyze and handle. Breeding methodologies are viewed in respect 
to the situations in the target areas. The importance of local specificity maize research in target areas, and 
need to harness genotype x environment interactions to achieve sustainable productivity gains across 
spectrum of maize growing environment has to be emphasized. The overriding trait of improved 
cultivars is its yield, but in combination with other traits, which can add to its adaptability, stability and 
superior economic performance under the conditions is required. 
 
iii) Increased emphasis on development of germplasm tolerant to a set of stresses prevalent in specific 
target environment. 

During kharif season extremes of water availability, i.e. drought or excess soil moisture/excessive 
moisture are the major limiting factors for maize production and productivity. Simultaneously, the crop 
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also faces the problem of low nitrogen (N) fertility because of high run off/leaching of applied N under 
excessive moisture and poor N-uptake from dry soils under drought. Additional reason of low-N stress 
may be due to the fact that farmers often respond with lower dose (or even no application) of N 
application during kharif season because of the risks involved due to drought and/or excess moisture, and, 
therefore, poorly assured returns. In this way, maize crop grown during summer-rainy (kharif) season is 
prone to face three major stresses, i.e. drought, excess moisture and low-N stress, which may vary with 
space and time. This is also not uncommon that the same crop is exposed to all the three stresses in same 
space. Crop may be exposed to excessive moisture during July-August (at knee-high stage) due to heavy 
and concentrated rainfall and drought during September-October (at flowering/grain-filling stage) due to 
poor and scanty rainfall during this period (Fig. 3), and both the stresses are coupled with low-N 
availability. In spite of maximum share in area the relative contribution of kharif maize is comparatively 
much lower than Rabi maize. Rabi maize contributes >25% in annual production with <10% of total 
maize growing area (Fig. 4). 

Since most of our modern high yielding cultivars are usually developed under favorable environments 
and optimal input conditions, it is not surprising to observe their poor performance under marginal and 
unfavorable environment. Though, spillover effect with improvement for high yield under optimal input 
conditions is realized under stress conditions (e.g. relatively better performance of hybrids), however, this 
holds good only when there is mild stress. If stress is severe enough, stress-adaptive genes present in 
germplasm is expressed and helped in saving productivity of germplasm. Major maize growing areas 
during kharif season are commonly characterized by several abiotic constraints. Research has been 
focused in network mode involving different All India coordinated research project on maize (AICRP) 
centers in kharif maize growing region with major objective to develop suitable technologies for kharif 
maize, including both promising tolerant germplasm for individual and across the stresses, and suitable 
crop management practices that can be helpful in minimizing/avoiding stress injuries. Availability of 
suitable technologies that can assure good returns in spite of less favorable conditions may prove to be 
encouraging for the farmers, and hopefully it can significantly improve production of kharif maize in 
India, which in turn will add in overall maize production in the country. 
 
iv) Emphasis on development of diversified types of improved germplasm giving ample choice to the 
farmers 

Yield depends on "source" and "sinks" relationship. There is a source limitation specially in the short-
duration crop areas, which requires genotypes with high leaf area plant-1, extended leaf area duration after 
silking and lodging resistance, for which sufficient genetic variability exists. Thus, we have to invest in 
development of early maturing cultivars with matching agronomic and crop management research and 
extension for increasing productivity of the vast marginal maize growing environments in the country. A 
short and medium-term perspective is to develop inbreeding tolerant populations for isolating lines viable 
enough to develop early single cross hybrids either by conventional or non-conventional methods.  

For any significant genetic gains in maize productivity evolving single cross technology for hybrids 
in full season maturity group for rabi as well as for kharif and medium and early maturity groups for 
kharif is the key areas for concerted efforts in a mission-mode manner. Accordingly, development of 
inbreeding tolerant heterotic gene pools and populations, and isolation of inbred lines with proven 
combining ability viable enough to be used in single cross hybrid production through conventional and 
haploidy routes are considered important. Product development activities is reoriented according to the 
consumers requirement, such as, food, feed and industrial uses. Therefore, hybrids with specialized 
(amylose or amylopectin) starches, oil, sweet, pop, baby corn and suitable for purposes is focused to meet 
the increasing consumers need in addition to quality protein maize (QPM) for food and feed purposes. 
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v) Development of suitable germplasm and technology for mixed and relay-cropping patterns 

It is generally realized that in future greater production increases are likely to come from coarse 
cereals and from greater attention to unfavorable, less productive and marginal environments. Maize has a 
high productivity potential as compared to other cereal grains in favorable environments. It is also grown 
successfully in low productivity not so favorable environments. The paradox, however, is that at present 
maize not only has a lower productivity in tropical environments, the return from applied fertilizer is also 
low as compared to temperate environments. One evident reason for lower nutrient efficiency ratio is the 
low use of improved germplasm and technology by the farmers. The improved technology is not targeted 
to and thus is not acceptable to the farmer in vast majority. Keeping in view these facts, our major 
attention is now to develop technologies suited to farmers’ preference.  
 
Productivity Higher than National Average 
 

The states like Karnataka, Andhra Pradesh, Himachal Pradesh, Punjab and Bihar (rabi) with about 30 
per cent maize area and productivity levels ranging from 18.5 q/ha in Bihar to 35.0 q/ha in Karnataka are 
among the more productive group of states. In these states, productivity levels can be augmented by up to 
2.0 t/ha. Some of these states are also witnessing an expansion in winter maize area. In Himanchal 
Pradesh, the scenario is somewhat favorable with 0.64, 4.02 and 3.3 per cent compound growth for maize 
area, production and yield, respectively. In these states the productivity is higher because of temperate 
conditions. Hence, efforts are to popularize improved maize cultivars suited to temperate conditions. 
Punjab has still less area than Himachal Pradesh owing to expansion of oilseeds and would require a price 
incentive driven popularization programme for any significant gains from its limited base of maize crop. 
Andhra Pradesh and Karnataka are not only the major maize producing states but also the major maize 
seed producing states. In Andhra Pradesh, the area is increasing but not to a significant extent. The current 
production and productivity compound growth rates at 8.19 and 7.25 per cent, respectively, is being 
possible because of the rapid expansion of hybrids. The scope for more productive hybrids expansion 
especially single cross hybrids still exists. While the private sector has greatly intensified its presence, the 
public Sector State Seed Corporation is also doing its part in a limited manner. It is expected that private 
sector will largely focus on research and investments in favorable environment, where the returns on 
investment and profits are better guaranteed. In Karnataka, both area and production are increasing at a 
current compound growth rate of 8.27 and 10.78 per cent, respectively, but the corresponding productivity 
compound growth rate is only 2.51 per cent. Improved hybrids have come to stay in this state but 
additional gains would be possible with arrival of single cross hybrids. 
 
Exploiting the Potential of Maize in Non-conventional Areas/Seasons/Situations 
 

Winter (rabi) maize is now playing a dominant role in augmenting the total food grain production 
increases due to its very high (2-3 time more than kharif) yield potential. Available information and 
success story of Bihar suggests that rabi maize can profitably be grown in the entire Indo-Gangetic plains 
(specially in areas where average temperature during the growing season stay above 12°C without frost) 
and Peninsular India. Today, rabi maize technology is well accepted in the cropping systems in states like 
Bihar, eastern Uttar Pradesh, Banswara region of Rajasthan and Madhya Pradesh. The farmers are 
demanding improved technologies especially more productive hybrid like single crosses, which can be 
harvested along with wheat crop. Cultivation of rabi and spring maize is of special advantage to the 
wheat farmers as it can provide an excellent opportunity to control the dreaded weed like Phalaris minor, 
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Avena sativa etc. The potential of available varieties/hybrids in India is estimated to 15.0 t/ha during rabi 
season with highest average yield of most of the recommended hybrids in the range of 5-6 t/ha and the 
national average around 1.8 t/ha. Physiologically, the productivity of temperate maize are higher 
compared to tropics due to long day-length, long growing period and congenial ambient temperature. 
However, due to photoperiodism and biotic stresses, it is not possible to directly introduce temperate 
germplasm in India. There is a possibility of judicious introgression of temperate germplasm, which has 
high yield potential into tropical germplasm to develop high productive single cross hybrids. 

Transplanting of maize during the winter season offers tremendous possibility in Indo-Gangetic 
Plains and diara areas to harvest same yield levels as normal sown maize for the fields vacated late after 
harvesting of potato, toria, early harvested sugarcane and in diara and tal areas where water recedes late.  
 

ICAR-CIMMYT Collaborative Program on Maize Research & Development 
 

Collaboration between CIMMYT and ICAR, the agricultural research programme of India dates back 
to the early 1960s when Dr. Norman E. Borlaug, leader of CIMMYT's predecessor organization, visited 
the subcontinent as a guest of the Government of India. A subsequent general agreement provided for 
informal cooperation on a variety of efforts that have benefited the farmers and consumers of India. 
Further, strengthening in the relationship between ICAR and CIMMYT was marked by the signing of the 
first formal collaborative program and work-plan between the two institutions in 1989 and subsequently 
renewed after every three. Our long-term partnership with CIMMYT is based on guiding principal, i.e. 
“to maximize the efficiency of research efforts by complementing the facilities and capabilities of each 
partner with those of the other”, and common concerns, such as- improving food and nutritional security, 
sustainability of production and supply, profitability of farm enterprises, competency and efficiency in 
maize production and meeting the challenges related to equity, social justice, energy and employment. 
Major gains with this collaborative approach are – exchange and availability of upgraded germplasm 
useful for development of high yielding cultivars, incorporating tolerance to various biotic and abiotic 
constraints, and development of specialized maize such as- QPM. Release of two high yielding QPM 
hybrids in India, shaktiman-1 and shaktiman-2, is the recent example of the gain with our collaborative 
efforts. 

ICAR-CIMMYT collaborative projects in maize, with its inter-disciplinary and coordinated approach, 
have been fairly effective in bringing about a new thrust in maize research and development. India, with 
its vast network of coordinated maize research centers, is in a position to derive maximum benefits out of 
the collaborative linkages, which have already proved to be highly productive, with CIMMYT and 
significantly contribute to maize improvement in tropical Asia. Some of the major benefits out of the 
collaborative projects of ICAR with CIMMYT were: (i) exchange of useful germplasm for development 
of hybrids/varieties, besides incorporating tolerance to biotic and abiotic stresses, (ii) development of 
maize genotypes tolerant to downy mildew, (iii) availability of upgraded sources for quality protein 
programs, and (iv) human resource development in terms of training in CIMMYT’s area of competence, 
particularly in crop improvement, development of research skills, interaction of visiting scientists and 
building partnerships. 

CIMMYT Asian regional program has been instrumental and worked as vehicle in delivering the 
improved technologies of maize and helping our national efforts in utilizing them. Collaborative efforts 
have helped in human resource development through advance training and exchange visits (Fig. 5). In 
present scenario and changing priories of our national program CIMMYT regional activities may prove to 
be of great help in achieving our goal of improved stable yield of maize in less favorable and marginal 
areas of India.  
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Figure 1. Trend in area (million ha), production (million tones) and yield (tones/ha) of maize in India during past fifty years. 
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Figure 3. Rainfall (mm) distribution pattern during kharif season in Indo-Gangetic plains of India
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Figure 4. . 
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Abstract 
 

In the year 2000, the estimation of maize production in Thailand approximately produced about 4.58 
million tons with the planted are of 1.27 million hectares and average yield 3.61 t/ha (Office of 
agricultural Economics, 2001). It was reported that 85.6% of the total maize area fell in the first crop 
season which planted during March to July and 14.4% of that fell in the second crop season which planted 
during August to February which covered small irrigated areas after the rice crop. Main maize growing 
areas are in the northern, northeast, central and southern regions of the country which cover 48.1%, 
26.8%, 25.0% and 0.1% respectively. 

There are several constraints affecting maize production involving biotic and abiotic factors. 
Ekasingh et al (2002) reported that drought was a priority constraint in many agroecozones across maize 
growing area in the Thailand. Soil infertility was reported as a priority problem in marginal upland and 
highland environment. Rust was reported as priority problem in the north and northeast regions. 
Meanwhile BLSB was reported as priority problem in the north and central regions. 
 
Priority constraints ranking by agro-ecological zone. 
 
 Stk rot Rust Soil inf. DM Drought Water 

log. 
BLSB 

North  * *  * * * 
 

Central *  *  *  * 
 

Northeast  * * * *   
 

Priority * ** *** * *** * ** 
 

Modified from : Ekasingh B.S. et al (2002) 
 
 
The Role and Collaboration Between NARs and CIMMYT 
 
Research in maize 
- Germplasm exchange : CIMMYT has played an important role in improve population and elite lines 

which are major source of germplasms for NARs and private sectors 
- Collaborative research work such lines/hybrids evaluation trial, heterotics characteristics of maize 

germplasm 
- Improve methodology including development of more efficient and accurate field to facilitate of 

stress tolerance such drought, rust and soil infertility  
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Manpower development 

- NARs look for highly training from CIMMYT both incountry and regional training, visiting 
scientists and also special training such drought, QPM 

 
Information generation & transfer 

- Publications & information exchange 
 
Ambionet 

- To establish of a collaborative research and training network among national maize scientists to 
develop improved maize varieties via the application of biotechnology 

 
Tamnet 

- To evaluated a group of germplasm including lines and hybrids. However it need to be modified 
the objective to solve the common constraint in the region. 
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Abstract 
 

In Vietnam, maize is utilized mainly as livestock feed, partly as human food for ethnic minorities and 
industrial materials. In 2001, maize production obtained an acreage of 730,000 hectares, an average yield 
of 3 tons per ha and a total output of 2.2 million metric tons. Presently, total production is just enough for 
50 percent of demand for livestock feed. With a view to meeting the demand, the Vietnamese maize 
program has projected a plan to obtain, by the year 2005, an acreage of 1 million hectares, an average 
yield of 4 tons per hectare and a total output of 4 million metric tons. Increased area is mainly relied on 
multiple cropping such as by transplanting maize on wet land after two rice crops, and by gowing 
addtional maize crop on one summer rice crop area in the mountainous regions, and partly on shifting 
300,000 hectares of rainfed-rice growing land to maize and other upland crops cultivation. Increased yield 
can be achieved, by 2005, applying higher proportion of hybrids to 90 percent and QPM (1,000 hectares 
in 2001 to 60,000 hectares by 2005). Higher yield can also be met by strengthening extension work, 
adequate fertilizer application, irrigation, plant protection and minimizing losses of post harvest. In order 
to support this ambitious objectives, the Vietnamese Government has granted, for a period from now to 
2005, a project budget of US$ 80 millions for subsidizing seed costs for farmers, especially in the 
mountainous regions, and supporting to increased area. The Vietnamese maize scientists and extension 
workers are trying to solve problems of economic efficiencies of maize production for farmers, 
establishing commercial and stable maize growing zones. 
 
Introduction 
 

In Vietnam, food production is considered as one of the vital programs of the Government to ensure 
food security, to meet demand of materials for industrial processing and exportation, contributing to 
maintain a socio-economic stability. 

During the last decade, food production of Vietnam has increased annually more than 1 million tons, 
which contributes to annual rising revenue of 16 percent. The objective of food production, by 2010, is to 
produce 40 million tons per annum nationwide in which 4 millions hectares of agricultural land under 
irrigation, by 2005, should be maintained for rice cultivation. This area planted to rice can produce 
enough food for annual domestic consumption and exportation of 3.5-4 million tons. By this way, part of 
rice growing area under unreliable rainfall can be shifted to maize cultivation to produce 4-5 million 
metric tons for increased demand of domestic consumption. 

In order to meet the above ambitious targets, the area under maize should expand to 1 million hectare, 
by 2005, and average yield should reach to 4 tons per hectare. 
 
Maize production of Vietnam since 1990 

In Vietnam, many maize crops can be grown over the whole country and of the total maize output, 80 
percent is used as livestock feed and 20 percent as human food for ethnic minorities and industrial 
materials. Due to population pressure, the demand of maize for livestock feed is becoming bigger than the 
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potential supply so there seems to be no maize surplus for longer term. In fact, during the last few years, 
Vietnam has imported 100,000 – 200,000 tones of maize per annum.  

Although the maize production program in Vietnam has obtained great achievements in enhancing 
hybrid proportion and therefore increasing yield. Annual acreage of maize increases steadily, particularly 
hybrid maize rose from 0.1 percent in 1991 to 70 percent of the total maize acreage in 2001. The average 
yield of 3 tones per ha in Vietnam is equal to 69 percent of the mean yield in the world. Over the last ten 
years, the rate of yield increase has climbed rather quickly owing to quick application of hybrid maize, 
intensive fertilizer application and irrigation investment as well as rapid adoption of advanced 
technologies. The high rate of hybrid adoption is attributable to its significant economic efficiency 
compared to open pollinated varieties. The fact is that total maize output is just enough for over 50 
percent of our livestock feed demand. 

 
Solutions to Meet the Demand 
 
More investment in research for development of new maize hybrids and improvement of cultural 
techniques 

Since 2000, the Government has granted VND 170-200 billion in animal and crop breeding program, 
in which adequate proportion was invested for maize development program. With a view to speeding up 
average yield of maize from 3 tones per ha to 4 tones per ha by 2005, ratio of hybrid maize should 
increase to 90 percent (70-75 percent of which is single cross) and the rest 10 percent using improved 
open pollinated varieties or local varieties. Of the total hybrid maize, seed produced by Vietnam 
companies accounts for about 50 percent, the rest is from foreign seed companies. 

Initial results of the Government investment was indicated in development of several single hybrids 
such as: 
 
- Early group (80-85 days) with potential yield of 6-7 tones per ha: LVN4, LVN9, LVN22, LVN24, 

LVN25, LVN99, VN8960. 
- Medium group (85-90 days) with potential yield of 7-9 tons per ha: LVN31, LVN33, LVN34, 

LVN89, VN98-1, VN98-2, TX2001, TX2005. 
- Medium –late group (95-110 days) with potential yield of 9-11 tons per ha: LVN10, TC47HB, 

TT2000A1. 
 

Program of quality protein maize (QPM) development program has been cooperated closely with 
CIMMYT since 1999 and a hybrid, HQ2000, was released for production in 2001. Owing to strong 
advantages of QPM hybrids compared to normal maize and good agronomy traits, together with 
substantial financial support from CIMMYT and significant grant of several VND billions from the 
Vietnam Government, HQ2000 acreage increases steeply from 1,000 hectares in 2001 to over 2000 
hectares in spring 2002, and could be 60,000 hectare in 2005. In addition, several other promising QPM 
crosses combinations with high yield are being tested in different ecological zones. 

Another research program intensively studied is development of hybrids tolerant to adverse weather 
conditions and resistant to some common diseases. Objective of the maize program in Vietnam is to 
develop hybrids resistant to downy mildew, Rhizoctonia Solani, leaf blight, stalk rot and tolerant to 
difficult conditions such as drought, lodging, water logging, acid soil, poor nitrogen soil. 

We have also got a program integrated between traditional and plant biotechnologies such as 
transgenic plants, molecular marker in assessment of genetic diversity and classification of heterotic 
groups, early selection of some desirable characteristics. By using maize anther culture some inbred lines 
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having good combination ability were realized. Some promising crosses with potential yield of 10-12 tons 
per hectare have been testing in production. 

In addition, seed production technologies are also being improved specifically for particular regions. 
Research in cultural techniques for hybrid maize, intercropping maize with legumes, planting maize on 
slopping soil, etc is also intensively studied. 
 
Training Research Staff and Technician 
 

The Vietnamese Government has invested adequately to train maize researchers. Many staff are 
pursuing post graduate degrees thanks to financial support from maize development program. The project 
for hybrid maize development every year also spends VND 200 million for technicians' training. 
 
Increasing maize area 

The maize area in Vietnam can be expanded by altering cropping structures such as shifting 300,000 
hectares of rice growing land with unreliable rainfall to maize and other upland crops cultivation with 
higher economic efficiency; shifting other upland crops growing land having low economic efficiency 
such as cassava, sweet potatoes, and upland rice land planted to maize. 

In the future, increased maize area relied mainly on changing crop structure and multiple crops. 
 

Investment Policy 
 

Since 2000 the Vietnamese farmers are exempt from agricultural tax. Investment in improvement of 
irrigation and drainage system for increasing maize area with irrigation from 20 percent at present to 35-
40 percent in 2005  

Subsidizing seed costs with 60 percent in the first year of application, 50 percent in the second year 
and 30 percent in the third year for farmers and ethnic minorities who live in remote and mountainous 
regions. Subsidizing maize farmers VND 3 million per hectare on exclaimed land and VND 500,000 for 
expanded land. The total fund for subsidizing is VND 1,216 billions (equals to US$ 80 million). 

Investment for agricultural extension systems from central to grassroots levels such as villages, 
building seed drying and processing and packaging plants in provinces to produce seed locally, reducing 
transport cost. By this way, the seed price can be reasonable to farmers abilities and all plants can ensure 
annually 9,500-10,000 tons of hybrid seed.  
 
Conclusion 
 

The Maize Development Program to 2005 has been intensively invested since 2000. The necessary 
and sufficient conditions to reach 4 million tons of maize have been supported substantially from the 
Government. We believed that with ourselves efforts, together with sincere and effective assistance from 
CIMMYT, FAO and other international organizations, from cooperation with other maize programs in the 
region, dynamic participation of foreign seed companies the objectives set by the Vietnam Government 
will be successful.  
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Table 1. Maize production of Vietnam in 1990-2001. 
 
 1990 1995 2001 Annual rising rate (%) 

Area (1000 ha) 431.8 556.8 730.0 5.16 

Yield (quintal/ha) 15.5 21.1 30.0 5.68 

Total output (1000 tons) 671.0 1,177.2 2,190.0 11.20 
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