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Foreword

We would like to welcome you to the Arnel R. Hallauer International Symposium on Plant
Breeding. This event is a tribute to an outstanding scientist, plant breeder, teacher, and
humanitarian. Dr. Hallauer is a retired distinguished professor of Iowa State University, a
member of the National Academy of Science, and a member of the US Department of Agriculture
Agricultural Research Service's Science Hall of Fame. He has influenced plant breeders around
the world through his teachings, publications, and breeding accomplishments. His book,
Quantitative Genetics in Maize Breeding, is considered a standard textbook for corn breeders. He
also discovered the key role of additive genetic effects and established full-sib reciprocal
recurrent selection as the most effective breeding method for maize. Maize inbred lines derived
from Hallauer's research produce an estimated US$l billion per year for the American farmer
and are used in all major temperate maize areas, including those in Europe and China.

It is fitting then that more than 200 crop breeders and other agricultural specialists from around
the world, including Dr. Hallauer, should gather to assess the state of the art and science of plant
breeding and future prospects for this activity. Modem plant breeding has improved the
livelihoods of hundreds of millions in our era, beginning with the re-discovery of Mendel's
studies on the genetic basis of breeding. Developments since then have provided further insight
into how genes acting alone, or in concert with other genes and the environment, result in a
particular phenotype. Application of this knowledge has been enhanced through the use of
advanced field plot designs, statistical procedures, information technology, field and lab
equipment, and, more recently, molecular markers. Genomics and transgenics promise to move
plant breeding in previously unimaginable directions that could greatly benefit humankind, but
who controls the intellectual property of breeding and how will this affect progress and the
sharing of useful products?

Answers to these and other pressing questions will hopefully become clearer through the
presentations and discussions that occur over the next few days. This publication, which contains
extended abstracts of many speakers' presentations and all posters accepted for exhibition, is
intended to serve both as a guide for what will take place and as a compilation of key data and
conclusions that all participants can take home with them and follow up on in future work. We
expect that during this event you will enlighten others through your presentations, learn from the
results of peers, and make interesting and useful contacts. The ultimate outcome sought by
CIMMYT, however, is that crop breeding play an ever-more-beneficial role in the food security
and livelihoods of disadvantaged farmers and consumers in developing countries.

We wish you a pleasant stay in Mexico and a rewarding participation in the Symposium!

Masa Iwanaga
Director General, CIMMYT
Chair
Organizing Committee

Julien de Meyer
Training Coordinator
Maize Program, CIMMYT
Executive Chair
Organizing Committee
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Shivaji Pandey
Director
Maize Program, CIMMYT
Chair
Technical Committee
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Intra-Population Improvement for Stem Borer and Armyworm Resistance in Tropical Maize

D.J. Bergvinson and S. Garcia-Lara

Maize Program, International Maize and Wheat Improvement Center (CIMMYT), Apdo. Postal 6-641,
06600 Mexico D.F., Mexico, e-mail: d.bergvmson@Cgiar.org

Introduction
Lepidopteran stalk boring larvae cause significant losses to maize production throughout the world. Host
plant resistance offers an effective and environmentally safe means of control. A source population with
multiple borer resistance (MBR) was developed at CIMMYT by recombining lines, populations, and
hybrids with resistance to the southwestern corn borer (SWCB), Diatraea grandiosella, sugarcane borer
(SCB), D. saccharalis, European corn borer (ECB), Ostrinia nubilalis, and fall armyworm (FAW), Spodoptera
Jrugiperda (Smith et al. 1989). Through S:3 recurrent selection under artificial infestation, broad-based
sources of resistance have been developed and the biochemical basis for this resistance quantified.

Methods
Three multiple insect resistant populations derived from the original MBR population included: multiple
insect resistant tropical (MIRT), MBR, and MBR combined with multiple di"ease resistance (MBR-MDR).
Using CIMMYT's mass rearing facility to produce SWCB, SCB, and FAW, segregating families within
these maize populations were infested with 30 to 60 neonate larvae using the "bazooka" (Mihm 1983).
Approximately 30% of the lines were advanced each planting untilS:! lines were generated. Insect
resistance progeny trials (IRPT) enabled testing of promising lines by international collaborators who
screened against the insects listed previously, as well as Chilo partellus, Busseola fusca, and Sesamia inferens
and four foliar diseases (Exserohilum turcicum, Puccinia polysora, P. sorghi, and maize streak virus). Based
on international trial results, advanced lines were recombined and crossed to testers for incorporation
into breeding programs. To characterize the improvements in resistance, a randomized complete block
design with three replications and three treatments was used under artificial infestation at CIMMYT's
experimental station in Poza Rica, Mexico, and at six on-farm locations in the state of Veracruz under
natural infestation. Samples for biochemical analysis were collected from three replications within trials,
lyophilized, and milled. Biochemical characterization of cell wall components and leaf toughness
followed the methods described by Bergvinson et al. (1994a; 1994b).

Results
Similar gains in resistance were observed for MBR and MIRT, while MBR-MDR did not show any
Significant improvement in slem borer or armyworm resistance. Cycles of selection for MIRT under
artificial infestation are found in Table 1. Cycle 3 showed Significant yield gains in both white and yellow
grain types compared to earlier cycles in both infested and protected treatments. On-farm trials showed a
loss under natural infestation of susceptible populations of 30%, while MIRTc3 showed yield losses of
10%. Leaf toughness was found to increase by 10% over three cycles of selection in MIRT (Table 1).
Thickness of the abaxial epidermal cell wall increased by 44 % over four cycles of selection in MIRT, 13%
in five cycles of MBR, and only 5% in the case of MBR-MDR (Table 2). Levels of cell wall bound phenolics
and fiber increased over cycles of selection for both MBR and MIRT.

Conclusions
CIMMYT, in collaboration with national maize research programs, has developed two maize populations
resistant to stem borers and armyworm though intra-population improvement under artificial infestation.
Success has been achieved through uniform screening techniques applied to segregating maize lines and
wide testing through international collaborators. Both populations employed a broad-based resistance
mechanism involving the fortification and thickening of the epidermal cell wall. Phenolic dimmers,
especially 5-5' diferulic acid, cross-linked the hemicellulose of the epidermis, thereby impeding neonate
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feeding and establishment on maize (Bergvinson et al. 1997). This resistance mechanism does not appear
to have a yield penalty as high-yielding hybrids have been developed using lines derived from MBR and
MIRT. Ruminant digestibility studies are currently being conducted to determine the impact of epidermal
cell wall fortification on digestibility, as maize is often used as fodder in developing countries.
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Table 1. Yield and leaf force of different maize populations under artificial infestation
in Poza Rica, Mexico, 1998.

Yield (t/ha)

Protected S. frugiperda D. saccharalis

MBR cO 5.08 5.40 3.34
MIRT cO 5.88 6.72 4.20
MIRT c1 5.52 6.36 4.79
MIRT c2 6.22 5.99 5.12
MIRTc3(Yellow) 7.12 6.96 7.09
MIRTc3(White) 6.14 6.72 5.94
MIRTc3 (Mix) 7.21 7.79 6.48
Pop. 43 6.85 6.77 1.87
LSD(O.OS) 2.07 1.37 3.03
tForty leaves were sampled from each population.

Force (g)t

88.5
92.1
87.7
93.4
94.7
98.2
96.0
77.3
3.5

Table 2. Biophysical parameters associated with cycles of selection for stem borer resistance
in tropical maize, Poza Rica, Mexico, 2001.

Population

Thickness (JIm)

Epidermal cell wall

Overall leaf Adaxial Abaxial

Vascular
bundles
(mm-I )

% Damage
FAW

MIRTcO
MIRTc4
MBRcO
MBReS
MBRjMDRcO
MBRjMDRc3

LSD (0.05)

186
220
198
208
190
193

12

6.70 5.56
8.75 8.05
6.60 6.46
8.39 7.29
6.61 6.58
6.78 6.93
0.65 0.77

7.1

6.6
7.1
7.1
7.0
7.1

0.5

81
18
60
15
60
51

30
FAW = fall annywonn.
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Advances in Tropical Maize Resistance to Storage Pests

OJ Bergvinson and S. Garcia-Lara

Maize Program, International Maize and Wheat Improvement Center (CIMMYI), Apdo. Postal 6-641,
06600 Mexico D.F., Mexico, e-mail: d.bergvinson©Cgiar.org

Introduction
Maize, Zea mays L., is a staple food crop and used as feed in most of the developing world. Subsistence
farmers who store maize often encounter losses in excess of 20% due to storage pests. Most of these
farmers cannot afford hermetic storage structures nor chemical control measures, which also present a
health risk due to improper handling. Host plant resistance is an effective and environmentally safe
means of reducing storage losses and has been under utilized in maize. A source population with
multiple storage pest resistance has been developed at CIMMYT by recombining Caribbean accessions
with moderate levels of resistance to Prostephanus truncatus (larger grain borer, LGB) and Sitophilus
zeamais (maize weevil, MW). Resistance to storage pests is polygenically controlled and has a strong
maternal effect (Serratos et a1. 1997). The mechanism of resistance is thought to involve phenolic
compounds located within the aleurone layer or pericarp of the kernel (Sen et al. 1994; Serratos et a1.
1997). Using 5:3 recurrent selection under artificial infestation, broad-based sources of resistance have been
developed and the biochemical basis for this resistance identified - it not only includes phenolics, but also
extensin linkages within the pericarp cell wall.

Methods
Population 84 was established by recombining 19 selected Caribbean accessions that possessed moderate
resistance to LGB. Segregating families were evaluated using whole ears (unreplicated) infested with 30
unsexed LGB adults and evaluated for flour production, progeny, and percent damage after 60 days at
27"C and 70% relative humidity (RH). Resistant lines were recombined at 5:3. After two cycles of selection,
families were separated into white, yellow, and red grain color to facilitate their use in national
agricultural research systems (NARS). To characterize the improvements in resistance, randomized
complete block (RCB) design trails were conducted at CIMMYT's experimental station in Tlaltizapan,
Mexico. Resistance was evaluated using four replications of 30 g of equilibrated grain (grain moisture
content - GMC, 13%) infested with 30 unsexed LGB or 30 MW adults, and incubated for 60 and 90 days,
respectively. Four replications for biochemical analysis were collected, lyophilized, and milled.
Biochemical characterization of cell wall components followed the method described by Sen et a1. (1994).
Extensins were quantified using the methods described by Hood et a1. (1991). Kernel hardness
measurements were determined using a force displacement meter fitted with a 20 kg load cell and a 0.8
mm diameter probe (Tricor Systems Inc, Model 921 A, illinois). Pericarp thickness was determined using a
micrometer (Mitutoyo, Spi, Japan).

Results
Plant and ear height were reduced by 30% over three cycles of selection, while resistance to storage pests
increased by two- to four-fold, depending on the insect and parameter measured, and five-fold compared
to a moderately resistant single cross hybrid (Table 1). The last cycle of selection was significantly more
resistant than cycles 0 and 1, which is best explained by a Significant increase in kernel hardness over
cycles of selection. A 30% increase in pericarp thickness is a major factor in increased resistance.
Comparing the biochemcial composition of the pericarp cell wall between Pop 84c2 and a susceptible line
(CML290) revealed an elevated level of cell wall bound components, including trans-ferulic acid, diferulic
adds, and hydroxyporline rich glycoproteins (extensins) (Table 2). The maternal effects of these
compounds on resistance were shown through reciprocal crosses.
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Conclusions
Through S:J intra-population improvement, significant gains in resistance have been achieved in
improving storage pest resistance in maize. Such a scheme should be promoted in breeding programs
developing tropical maize varieties for subsistence farmers. Resistance appears to involve increased
kernel hardness associated with a thickening of the pericarp and elevated levels of phenolic and extensin
cross-linkages. Extensins are converted from soluble to cell-wall bound form during kernel maturation
(Hood et a1. 1991), and represent an additional resistance mechanism against storage pests in maize.
Pericarp thickness is not uniform, with the pericarp being 30% thicker over the embryo of the resistant
population compared to the side opposite the embryo (data not shown). Preliminary studies have shown
this source of resistance to be acceptable for processing as well as having elevated levels of protein
(12.5%) associated with a higher kernel density. Preliminary molecular maps show these biochemical
factors to have quality trait loci (QTL) that overlap with QTL for MW resistance. The major QTL for
storage pest resistance are located on chromosomes 2, 3,6, and 7 (Garcia et a1. 2002). An additional
molecular map using a line from P84 and a weevil resistant line from Africa is currently being developed
to confirm QTL for storage pest resistance and associated biochemical factors. The use of marker assisted
selection (MAS) holds considerable promise for incorporating storage pest resistance into elite maize
lines. Lines derived from Pop 84 are now being crossed into locally adapted germplasm in Asia, Latin
America, and Africa to reduce storage losses and increase food security for subsistence farmers.
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Table 1. Susceptibility parameters for maize weevil (Prostephanus truncates) and larger grain borer
(Sitophilus zea11lais ) over three cycles of S3 selection for storage pest resistance in tropical maize.

Prostephanus truncatus

Wt loss (g) Flour (g) Progeny

Sitophilus zeamais

Wt loss (g) Flour (g) Progeny(kg)

Hardness-----"--------
Genotype
Pop 84 cO
Pop 84 cl
Pop 84 c2
Pop 84 c3 Mixed color
Pop 84 c3 Yellow
Pop 84 c3 White
CML244 x CML349
LSD (0.05)

15.5
16.6
16.9
17.3
17.9
16.9
14.9

1.1

1.71 0.26 23.0
0.37 0.08 4.3
0.73 0.11 9.7
0.46 0.10 9.3
0.60 0.09 10.7
0.69 0.10 8.0
3.31 0.55 48.0
0.79 0.12 11.5

3.00 2.75 66.7
1.80 1.68 43.0
1.01 0.93 36.3
2.67 2.48 52.0
1.35 1.01 33.7
1.07 1.34 41.7
4.48 3.38 64.0
1.60 1.04 18.3

5.84
7.16
7.93
7.50
7.69
7.12
4.85

na

Table 2. Biochemical parameters associated with storage pest resistance in tropical maize.
Weight Dobie Phenolics (mg/g) Extensin Nitrogen

Genotype loss (%) indext trans-FA TDiFA (]lg/g) %
Hardness

(kg)
Pericarp

thickness (]lm)

Pop 84c2 5.2 3.2 32.7 6.9 1.48 1.99
Pop 84 x Pop 47 5.1 3.3 26.7 6.5 1.37 1.80
Pop 47 x Pop 84 6.7 4.2 22.5 5.3 1.01 1.75
CML290 22.3 11.4 16.7 2.9 0.92 1.83
LSD (0.05) 6.4 3.1 13.7 2.9 0.45 0.03

19.9
18.7
17.8
12.2

1.8

98.1
85.6
85.3
66.8

9.1
tDobie index = 100 x (In number of progeny)jmedian development time of progeny.
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Breeding Maize Exotic Germplasm

J. Betnin, K. Mayfield, T. Isakeit, and M. Menz

Texas A&M University, College Station TX77843-2474, emails: javier-betran@tamu.edu

Maize breeders in the U.s. exploit a small fraction (less than 5%) of the genetic diversity available
worldwide. Therefore, it seems adequate to further develop breeding efforts to incorporate and combine
exotic sources into the existing germplasm base to reduce the impact of unaccounted threats to
production, and to enhance and facilitate current or alternate uses of maize. Exotic germplasm constitutes
a reservoir of alleles and allele combinations that, once identified, can be incorporated and combined
with elite local material. Several projects have focused on the characterization and utilization of maize
germplasm: the Latin American Maize Regeneration Project (LAMRP), the Latin American Maize Project
(LAMP), and the U.s. Germplasm Enhancement of Maize (GEM) Project. Land-Grant U.s. Universities
and USDA projects have played an important role developing adapted lines and populations with exotic
origin. For example BS16, BS27, BS28, and BS29 are temperate adapted populations, insensitive to
photoperiod, derived from tropical populations ETa, Antigua, Tuxpefio, and Suwan-1, respectively, at
Iowa State University (Hallauer 1994). Temperate adapted inbred lines (NC296, NC296A, NC298, and
NC300) with 100% exotic origin have been developed at North Carolina State University from tropical
hybrids (Goodman et al. 20(0).

At Texas A&M University we focus on the use of white and yellow inbred lines developed by breeding
programs in tropical and subtropical areas. Introduced exotic lines are characterized for adaptation,
heterotic response, nutritional value, tolerance to abiotic stresses, and response to aflatoxin accumulation.
Selected introductions are crossed with temperate lines to produce hybrids and breeding populations
with different degrees of exotic material that are tested across subtropical to temperate environments
under different water regimes (rainfed, full and limited irrigation). Overall, temperate inbreds from
northern areas provide high yield, stalk quality, known heterotic response, and early vigor while tropical
and subtropical germplasm from southern areas provides resistance and/ or tolerance to biotic and
abiotic stresses (e.g., less aflatoxin, drought and heat tolerance) and kernel quality (more flinty
endosperm texture) (Betran et al. 2003). An additional effort is dedicated to characterizing and exploiting
the genetic diversity of lines at the genotypiC level and at specific genomic regions associated with target
traits (e.g., drought tolerance) using molecular markers.

References
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Breeding for Cropping Systems

E.C. Brummer

Raymond F. Baker Center for Plant Breeding, 1204 Agronomy Hall, Iowa State University, Ames, Iowa
50011, USA, e-mail: brummer@iastate.edu

Introduction
Typical breeding programs in the United States select genotypes to be grown in conventional
monoculture systems, with perhaps two or three crops grown in a temporal rotation, such as maize and
soybean in succeeding years. The breeding of these crops is typically done in rotation as well; maize plots
are planted in fields that grew soybean the previous year for selection. However, as alternative cropping
systems develop, such as organic farming systems, breeding under conventional production practices
mayor may not be best suited to them. Breeding crops for cropping systems requires the breeder and the
support scientists, with whom he or she interacts, to think differently about how breeding is conducted.
This paper addresses two main themes: (1) practical breeding considerations that affect the structure of
the program, and (2) the need for a systems viewpoint to incorporate breeding programs into sustainable
agricultural production.

Breeding Considerations
Do different cropping systems require different breeding programs? Several studies have suggested that
the best varieties for organic or low-input systems are best for conventional systems. However, these
studies did not include important controls, viz., varieties selected w1der the alternative system, which are
almost never available, and evaluation of an alternative system on land that had been under cultivation in
that system for a significant period of time. However, breeding of any given species can be done using
similar selection methods in different systems, but the system needs to be considered to ensure that the
optimum genotypes are being selected. Other types of cropping systems exist in developing countries,
and some of these may also become important in alternative systems in industrialized countries, for
example, as farmers respond to environmental concerns about pesticide and fertilizer contamination of
water. These systems include growing two or more species together in intercrops, complex rotations
involving green manure species, and a diversification of the commodities produced in an effort to limit
pest problems and to cycle nutrients more efficiently. Practical breeding issues arise in the first case-that
is, selecting for intercropping ability means that selection and/or evaluation environments must include
the intercrop companion, and this will complicate the task of the breeder. In the latter cases, practical
breeding methodology may not be substantially altered from that typically done for any monoculture
crop, but in this case, the focus of the breeder is on non-traditional crops, and even on crops that are
grown for ecological or environmental benefits. The goals the breeder sets for success in selecting these
crops may be less obvious than grain yield in maize, because they will focus on traits necessary for the
functioning of the overall system. Breeding annual medic species for nitrogen production or rye as a
cover crop fall outside the traditional purview of most plant breeders, yet the essential services these
types of crops play in sustainable farming systems cannot be overlooked.

There are two broad points. Firstly, plant breeders must consider the larger effects of cropping systems
when they breed their crops. Some of the problems breeders attempt to overcome by genetics may have
more simple and stable solutions from agronomic production practices. Thus, if breeders work
collectively with agronomists to devise and implement stable cropping systems, the traits for which they
need to select may be quite different than those identified solely on the basis of a crop-centric view.
Secondly, the need for breeders to select viable alternative crops-from alternate commodities through to
"ecological" crops-will only be met through a visionary funding matrix that funds programs despite
their commodity value. Unfortunately, this type of funding is not much in evidence in the United States,
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or elsewhere in the world. The fact that a particular crop may not have great commodity value does not
necessarily mean that the crop makes no net positive contribution to the overall cropping system.

Conclusions
The goals of plant breeding should be the development of sustainable cropping systems, and the
improvement of crop species within the context of those systems. Breeding of species in isolation can
certainly be effective, but if the end result is an increasingly unstable system - such as that of the upper
midwestern USA (maize and soybean) - or systems that have recurrent and increasingly intractable
problems, then breeding must change, perhaps not in its practical, hands-on methods, but in its
underlying philosophy and goals.

9





Abstracts of Invited Speakers

Social and Environmental Benefits of Plant Breeding

D.N. Duvick

Iowa State University, Ames, Iowa, USA, e-mail: DND307@aol.com

Introduction
Starting with the first domestications, and accelerating during the past century, plant breeding has been
employed by humankind to provide food and fiber in desired quantity and quality. Thus, it can be said
that it has provided a social benefit. Plant breeding, from its inception, also has been used to effect
desired environmental changes and can also be said to have provided environmental benefits. However,
definitions of desirable environments have changed over the years.

Social and Environmental Change
Deforestation and planting of newly adapted cereal crops as monocultures were desired enviromnental
changes in northern Europe in the early years of the Middle Ages. Today, influential assemblages in
Europe look toward the development of crops that will accommodate increased biodiversity, both within
and around crop fields - they have a different definition of "environmental benefit." Likewise, opinions
differ in regard to "social benefits" of plant breeding, for example, which crops are most deserving of
change via plant breeding, or in what ways should they be changed. Marijuana and maize have both been
subjected to intensive plant breeding in recent years. Some people would say that changes to the first
crop have been detrimental rather than beneficial to society; others will say that breeding maize for
increased yield in the USA has had undesirable social consequences because it has contributed to crop
surpluses in the USA and consequent market competition with developing countries. These examples
show that to deal with this topic, one must provide arbitrary definitions of "social and environmental
benefits", as with any other normative subject, and then supply objective data that apply to those
definitions.

Conclusions
Science-based plant breeding, developed and practiced during the past century, has enabled accelerated
rates of increase in yield of the major food crops. This potential has been exploited in the industrialized
nations of the world and in some developing countries. It has helped to enable various social changes,
depending much on interactions with local social and economic conditions. In western Europe, for
example, population increases have leveled out or even declined in company with an increased standard
of living, whereas populations in southern and eastern Asia have increased continually up to the present
time; crop yields alone may not necessarily have a straightforward effect on population numbers or well
being. Likewise, increased yield per unit area has reduced the need for conversion of wilderness to
farmland in developing countries with growing populations, thus "sparing land". On the other hand, one
can speculate that without increased crop yields in Asia and Africa, population numbers might have
stabilized in socially desirable ways and so negated the need for more arable land. Thus, social and
environmental effects of plant breeding are in the eye of the beholder. The inescapable fact, however, is
that modern plant breeding is an effective and economical tool to bring about changes in quantity and
quality of food supplies and other renewable products. As a tool, it can be employed to whatever social
and environmental ends are desired by society, or by those who control society.
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Improving Tolerance to Abiotic Stresses in Staple Crops: a Random or Planned Process?

G. Edmeadesl, M. Banziger2, H. Camposl, and J. Schusslerl

1 Pioneer Hi-Bred International, 7300 NW 62nd Ave, P.O. Box 1004, Johnston, IA 50131-1104, email:
greg.edmeades@pioneer.com
2 CIMMYT, P.O. Box MP 163, Harare, Zimbabwe, email: m.banziger@cgiar.org

Production Environment
Staple crops in modern production systems are exposed to an environment characterized by increased
internal competition for assimilates and external competition for nutrients. Key abiotic stresses are water
and nitrogen deficits, and soil acidity. Significant yield losses due to drought occur about one year in four
to five in the western US Com Belt, although drought and nitrogen (N) deficiencies are more frequent
and intense in the tropics. Despite improvements in agronomic management, shortages of inputs and
good quality land are common in the tropics. Increasing variation in weather over time is enhancing the
risk of severe stress, and rising costs of water and N are focusing research on input-use efficiency. Finally,
interplant competition is intensifying in maize, where plant densities are increasing by an average of 700
plants/ha/yr in temperate production systems.

Improvements from Conventional Selection
Multi-environment testing (MET) in tropical maize has resulted in less improvement under drought and
low N than in populations subjected to direct selection for tolerance to these stresses. Furthermore, the
frequency of tolerant hybrids is greater when derived from these stress-tolerant base populations than
from their conventionally-selected counterparts. Temperate maize hybrids, with a longer breeding
history, have shown significant improvements in drought (Figure 1) and density tolerance over the past
SO years. Sensitivity to stress is greatest around flowering when kernels are set, and is related to the rate
of spikelet growth at pollination. Tolerance to drought imposed on maize at flowering appears to impart
tolerance to several other stresses as well (Banziger et al. 1999; Edmeades et al. 2000).

Selection Environments, Trait Dissection and Precision Phenotyping
A combination of long term weather data, soils information, geographic information systems, and crop
simulation techniques is used to quantify incidence, timing and intensity of stresses in the target
population of environments (TPE). Abiotic stress tolerance is a complex trait that has been dissected into
key processes and secondary traits by using physiological and statistical approaches. Managed stress
environments under field conditions, where the timing and intensity of stress are highly repeatable, have
been shown to accelerate breeding progress under abiotic stress (Figure 2), provided genotype by
environment interaction within the TPE is monitored. If differences in performance cannot be measured,
genomic variation cannot be associated with tolerance. Detection of small yield differences or allelic
substitutions in the field is increasingly important, therefore, through improved plot management, better
statistical designs, and the use of spatial models to account for unexpected soil heterogeneity.

Increasing the Rate of Gain
New tools for identifying or generating genetic variation for stress tolerance are being explored. Gene-to
phenotype approaches involve transformation to evaluate candidate genes that putatively affect sink
strength and the assimilate flux to developing ears and kernels at pollination. The search for candidate
genes is being greatly assisted by mitochondrial DNA profiling used to identify drought-, density-, and
shade-responsive genes in key tissues under contrasting stress levels. Phenotype-to-gene techniques
include conventional quantitative trait loci (QTL) assodated with stress tolerance across genetic
backgrounds, linkage disequilibrium mapping methods, and loss of function using transposon tagging.
These methods offer promise in identifying native candidate genes, and can be followed by marker
assisted selection or positional cloning of Mendelian genes or QTL. Current technology also allows the
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introgression of unconventional sources of stress tolerance (such as Oryza ruftpogon for cultivated rice)
without the negative effects of linkage drag. Efforts to evaluate the full range of allelic chversity present in
existing germplasm collections are still, however, in their infancy.

Delivery of Stress Tolerant Cultivars
lmpact can be measured only as stabilized and increased grain production. Resource-poor farmers are the
major beneficiaries of stress-tolerant tropical germplasm provided they can access it. Innovative methods
in development, seed production and distribution of a stress tolerant maize variety, ZM521, show that
this is possible. The acceptance of stress tolerant hybrids in temperate areas, however, depends more on
the source (native vs. transgenic) and degree of tolerance, the frequency of stress and yield under
unstressed conditions.
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Development of a Heterotic Pattern in Orange Flint Maize

G.H. Eyherabide, G. Nestares, and MJ Hourquescos

Estaci6n Experimental Agropecuaria Pergamino, lnstituto Nacional de Tecnologia Agropecuaria (INTA),
CC 31, B2700WAA Pergamino, Argentina, e-mail: geyherabide@pergamino.inta.gov.ar

Introduction
Several authors have reported significant heterosis in crosses between Argentine flint and US dent
germplasm. Although hybrids developed following the US dent heterotic pattern exhibit good perfonnance
in favorable environments, crosses between local flint and US dent lines often result in highly productive
semi-dent cultivars. Flint hybrids are useful because kernel hardness makes them appropriate for the dry
milling industry, and they exhibit stress tolerance. However, they produce lower average grain yields than
semi-dent or dent hybrids. Therefore, breeding efforts should be aimed to improve the performance of flint x
flint crosses.

Methods
The efficiency of reciprocal full sib recurrent selection (FSRRS) for improving the performance of
interpopulation crosses has been reported previously (Eyherabide and Hallauer 1991; Hallauer 1999). For
hybrid breeding, FSRRS is a suitable procedure since it increases probabilities of deriving lines from one
population that will perfonn better in crosses with lines from the opposite population. The positive
association, within a certain range, between grain yield of a cross and genetic divergence of its parents,
justifies the exploration and characterization of new germplasm. Heterotic patterns can be assessed on the
basis of testcross evaluations (Vasal et a1. 1992). Relative testcross perfonnance with divergent testers can
be used to estimate genetic distance. Therefore, 48 lines (mostly flint) were testcrossed to two flint testers
(synthetics HP3 and PSL2) and two US dent testers (synthetics SB73 and SMol7). Significant line x tester
interaction indicated the importance of non-additive effects (Nestares et al. 1999).

Results
Three principal components accounted for 40,36 and 24%, respectively, of the variation for specific
combining ability (SCA) effects between lines and testers. The first axis was interpreted as the contrast
between flint and dent testers. The second and third axes were interpreted as HP3/SMo17 vs. PSL2/SB73 and
HP3/SB73 vs. PSL2/SMo17 contrasts, respectively. Cluster analysis indicated an optimum number of four
groups of lines with a distinctive performance in testcrosses (Figure 1). Lines with positive general combining
ability (GCA) effects from each group were recombined to generate flint synthetics SPFl, SPF2, SPF3, and
SPF4. They were evaluated along with a BS13-derived population in a diallel cross. Varietal heterosis for grain
yield was significant, indicating there were differences among synthetics in gene frequencies for lod with
dominance effects. Mid-parent heterosis was highly significant for all crosses and ranged from 1.07 to
3.50 t/ha (19.6 to 66%). High-parent heterosis was highly significant in most instances and ranged from 0.86
to 3.36 t/ha (13.5 to 61.6%) (Table 1).

Conclusions
The best yield prediction for crosses between all possible composites was SPF1/SPF4 vs. SPF2/SPF3. Hence,
populations SPF14 and SPF23 are being improved by FSRRS to enhance the flint heterotic pattern. A modified
FSRRS was adopted due to low prolificacy. About 300 51 x 5J interpopulation crosses will be evaluated for
yield, maturity, and standability in 2003-04. Combining ability of these flint populations with the B513
derived strain will also allow the derivision of new lines and, thus, take advantage of the Argentine flint vs.
U5 dent heterotic pattern.

14



Abstracts of Invited Speakers

References
Eyherabide, G.H., and A.R Hallauer. 1991. Crop Science 31: 952-959.
Hallauer, A.R. 1999. Proceedings of the International Symposium on the Genetics and Exploitation of

Heterosis in Crops. ASA-CSSA-CIMMYT.
Nestares, G./ E. Frutos, and G.H. Eyherabide. 1999. Pesq Agropec Bras 34: 1399-1406.
Vasat S.K./ G. Srinivasan, S. Pandey, H.5. C6rdova, G.c. Han, and F. Gonzalez C. 1992. Maydica

37: 259-270.

15

~
10

<Il
...c
~ 5.2)
v
~
'-
<li 0«u

(f)

<li
00 -5<Il...
<li
>« -10

-15

2

Groups

3 4

IElHP3

gP5L2

I§ISB73

o SMo17

Figure 1. Average specific combining ability (SCA) effects with flint (HP3, PSL2) and dent (SB73,
SMo17) testers of lines from groups 1-4, as defined by cluster analysis.

Table 1. Mid-parent heterosis exhibited by crosses among four flint synthetics (SPFl, SPF2, SPF3, and
SPF4) and a BS13-derived synthetic (BS13P) across three environments.

Grain Test Kernel Ear Ear Ear Days
Interpopulation yield weight weight length diameter Kernel height to
crosses (t/ha) (krjhl) (g) (cm) (cm) row no. (cm) anthesis
SPF1 x SPF2 23.57** 0.25ns 1.30ns 1.20** 0.15** 0.50* 17.35ns -4.5**

SPF1 x SPF3 19.15** 1.55* 0.90ns 1.30** 0.20** 0.45ns 12.50ns -3.5**
SPF1 x SPF4 23.60** 0.65ns 3.42ns 1.00** 0.10ns O.OOns 8.50ns -2.5**

SPF1 x BS13P 35.03** -O.4Ons 8.90** 0.70* 0.30** 0.45ns 25.20ns -5.0**
SPF2 x SPF3 21.14** 0.30ns 4.75ns 1.00** 0.20** 0.20115 4.95ns -4.0**

SPF2 x SPF4 10.67*'* O.lOns 5.95* 0.90** O.OOns -0.55* 11.0011s -2.5**
SPF2 x BS13P 29.15** 0.20ns 7.60** 0.70* 0.25** 0.55* 30.55* -l.5ns
SPF3 x SPF4 12.65** 0.15115 3.55115 O.oOns O.oOns -0.45ns 3.25ns -1.5n5
SPF3 x BS13P 29.15** 1.45* 8.45** 0.95** 0.15** -0.20ns 15.10ns -3.5*'*
SPF4 x BS13P 24.54** 0.75ns 5.30* 0.4Ons 0.20** 0.65** 12.05ns -1.5ns

LSD (0.05) 5.27 1.44 5.03 0.65 0.11 0.47 30.25 1.54

LSD (0.01) 6.92 1.89 6.62 0.85 0.15 0.61 40.05 2.03

*, **, ns: significant at P<O.Ol, P< 0.05, and P>0.05 respectively.
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Perspectives on Finding and Using Quantitative Disease Resistance Genes in Barley

P.M. Hayes!, C. Mundt2, K. Richardson1, and M.l. Vales1

1Dept. of Crop and Soil Sdence, Oregon State University, Corvallis, Oregon 97331 USA, email:
patrick.m.hayes@orst.edu
2Dept. Botany and Plant Pathology, Oregon State University, Corvallis, Oregon 97331 USA

Genetic resistance is the most economical and environmentally appropriate strategy for disease control in
plants. Plant disease resistance can be classified as qualitative or quantitative, based on the inheritance of
the resistance and the degree of symptom expression. Qualitative resistance facilitates genetic analysis
and selection but it is likely to be non-durable due to the evolution of virulence in the pathogen
population. Quantitative resistance is more complicated due to complex inheritance, but a large body of
theory and empirical data indicate that it is more likely to be durable. Stripe rust (caused by Puccinia
striiformis west. f.sp. hordei ) is an important disease of barley throughout the world and it has emerged as
a major threat in the Americas. Over ten years ago we initiated a collaborative program with Dr. H. Vivar
(ICARDAjCIMMYr) to map and use genes conferring quantitative resistance to stripe rust. We
determined the number and genome location of both quantitative and qualitative resistance genes in
several accessions and we proceeded to assemble these resistance genes, in various configurations, in elite
breeding lines. Current dimensions of this research include: continued breeding for quantitative
resistance; assessment of the role of mapping population size in estimation of resistance quantitative trait
loci (QTL) number, effect, and interaction; development and characterization of the structure and
function of near-isolines for individual resistance QTL and combinations of QTL; and physical mapping
and characterization of quantitative resistance genes.
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The Origins of Fruit Culture and Fruit Breeding

J. Janick

Department of Horticulture and Landscape Architecture, Purdue University, West Lafayette, Indiana,
47907-1165, USA

The origins of fruit culture occurred in the Fertile Crescent in the late Neolithic and Bronze Age (6000 to
3000 BCE) with date palm, grape, almond, fig, olive, and pomegranate. Central Asian temperate fruits
including pome fruits (apple, pear, quince, medlar) and stone fruits (apricot, cherry, peach, and plum)
were fully domesticated by antiquity. Peach and citrus fruits were domesticated early in China but
reached the West in waves starting with citron but yangtao (Chinese gooseberry or kiwifruit) was never
domesticated and became a domesticated crop only in the 20th century from efforts in New Zealand. After
the Age of Exploration, a few fruits domesticated by Native Americans such as pineapple and cacao
reached the West but a number of popular North American fruits were only domesticated in the 18th, 19th,

and 20th centuries including various brambles, vacciniums, and pecan. Many world fruits extensively
collected and marketed remain to be domesticated (lingonberry, various cacti, durian). Domestication of
fruit crops resulted from vegetative propagation of elite natural variants with further improvement from
selection of natural recombinants produced by natural intercrosses involving improved types. However,
because genetic fixation of unique genotypes is possible by vegetative propagation most of our fruit crops
have undergone many fewer generations of sexual recombination that grains and pulse crops.

Cultural practices often unique to each crop, such as irrigation, grafting, rootstocks, pollination control,
girdling, pruning and training, fruit thinning, storage, and processing, were developed to extend use,
increase productivity, improve quality, am prop up genetic deficiencies. Genetic variants that were
selected included breakdown of dioecy (grape and strawberry), improvement of fruit size (most fruits
crops), increased in sugars (most fruits) or oil (olive, avocado), ease of vegetative propagation (date palm,
apple rootstocks), parthenocarpy and seedlessness (banana and plantain, citrus, pome fruit, fig, grape),
loss of thorns (blackberry), breakdown of self-incompatibility (cherry), increased storage and shelf life
(apple), pest resistance, increased productivity, and edible quality, (most crops). Factors contributing to
improvement include and selection involving generations of sexual recombinants.(all fruits) amd
interspecific recombination and polyploidization through unreduced gametes (banana and plantains,
citrus, pome and stone fruits, brambles and vacciniums) In the beginning of the 19th century conscious
selection was purposely imposed through cycles of seed propagation by Jean Baptiste Van Mons (1765
1842) in pear and hybridization between cultivars of apple and plum by Thomas Andrew Knight (1759
1838). After the discovery of Mendel's paper in 1900, fruit breeding was intensified in the United States
through federal and state agricultural experiment stations. The American nurseryman, Luther Burbank
(1849-1926) was the first to consider fruit introduction and breeding a commercial business. Current
progress has been achieved through intensification of the same forces that have occurred naturally with
emphasis on increased adaptability through hardiness and chilling requirements, photoperiod
insensitivity, and resistance to biotic stress.

Because many of our fruits are essentially little changed from wild types continued progress should be
possible. Molecular techniques hold out the promise of increasing the efficiency of selection through
molecular markers and insertion of individual genes through transgene technology.
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Improving the Connection Between Effective Crop Conservation and Breeding

S. Kresovich, A.M. Casa, A.]. Garris, S.E. Mitchell, and M.T. Hamblin

Institute for Genomic Diversity, 158 Biotechnology Building, Cornell University, Ithaca, New York 14853
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Introduction
One intuitively may assume that a close, coordinated connection exists between effective crop
conservation and breeding. Frequently this assumption couldn't be further from the truth. Why? There
are occasionally divergent goals, different priorities, and constrained resources that impact upon the
connection between curators/conservationists and breeders. Much curatorial work over the past decades
has been descriptive and/or retrospective in nature. If the linkage between conservation and breeding is
to be improved, curatorial efforts must become more predictive, for example, hypotheSizing where new
sources of crop diversity can be found. Moreover, over the past decade, curators have become fixated on
quantifying and partitioning neutral diversity as determined by the use of anonymous molecular makers.
Though this strategy has yielded benefits for conservation through an improved understanding of genetic
representation, it hasn't been effective at building the bridge between conservation and utilization. Based
on the great progress in crop genomics, curators now have the ability to move from a focus on neutral
diversity to a more 'functional' representation of materials they hold in their collections.

Crop Conservation and Breeding
In the broadest sense, the goal of conservation activities is the preservation of diversity at the ecosystem,
community, and spedes level Conservation of crop genetic resources, with its focus on diversity within
species and their wild relatives, differs in that it is inextricably linked to a mandate for utilization.
Perhaps the biggest challenge lies in the identification of useful variation not readily assessed at the
phenotypiC level, due to the complexity of the trait or the masking effects of the environment and genetic
background (Tanksley and McCouch 1997). Exploitation of variation in collections has been achieved
primarily through phenotypic screens and backcrossing strategies; however, concepts and tools of
molecular and population genetics may serve to expedite the identification of useful alleles. The intent of
this paper is to offer some insights and examples of how diversity is structured, allowing the generation
of data simultaneously useful for both conservation and breeding, and enabling the gene function to be
dissected and, consequently, the predictive value of diversity for crop improvement assessed.

Although the application of strategies of molecular and population genetics holds promise for genetic
resources conservation and use, a few caveats should be noted. The methods and examples highlighted in
this paper require substantial preliminary data on population structure and appropriate sampling.
Patterns of diversity can be influenced not only by selection; the influence of population structure,
linkage, and drift must be understood in order to correctly interpret results. While these integrated
approaches can identify interesting candidate genes, functional studies still will be reqUired to establish
causation. Another key limitation is that some differences that affect phenotype are not coded in DNA,
including such phenomenon as epigenetics and differential splicing of RNA transcripts. In addition, the
importance of regulatory elements in crop domestication and evolution has been demonstrated,
indicating that not only structural but also regulatory genes will be critically important in conservation
and breeding.
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Conclusions
Thoughtful applications of molecular and population genetics have the potential to strengthen the hnk
between the DNA sequence and phenotype, facilitating conservation and breeding as well as the hnk
between them. Increased access to genomic technologies, in concert with new genetic concepts and
improved computational methods for analysis, will make their use both more common and more
valuable in maintaining and utilizing crop genetic resources. In the future, important and challenging
questions will not be restrained by the lack of insightful concepts and appropriate tools, and the allelic
diversity in crop collections can be deployed for breeding.
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Plant Breeding Education
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Plant breeders are systems integrators, integrating and applying the disciplines of genetics (classical,
molecular, quantitative, and population), statistics and experimental design, agronomy and soil science,
molecular biology, weed science, crop and plant physiology, plant pathology, and entomology. In
addition, they should be keen observers and possess people, communication (verbal and written), and
fiscal skills. We will discuss five key points concerning plant breeding education: attracting graduate
students, educational philosophy, retaining academic plant breeding positions, continuing the
educational experience after graduate school, and regaining our lost 'culture'.

The demographics of future plant breeders have changed. There are far fewer undergraduate students
choosing conventional plant breeding as a profession. Instead, they tend to be attracted to the more
glamorous molecular-oriented laboratory careers. The result is a smaller qualified applicant pool. The
remaining applicant pool still contains quality students, but at a lower frequency and some of those
prospective students lack a basic agricultural background. This disturbing trend needs to be addressed,
for it will only become worse. How do we educationally compensate for this deficit in basic agricultural
knowledge? How do we persuade the most talented and brightest undergraduates to become interested
in agriculture and more spedfically plant breeding so that they choose it as a career?

Once we have attracted qualified students, how should we educate them? (1) We need to educate, as
opposed to train, plant breeders. (2) We need to educate them as "plant" breeders, not "com" or "soybean"
or "canola" breeders. (3) Plant breeding students must work in the field. Can we educate future plant
breeders without academic plant breeding positions? A sad consequence of increased private sector plant
breeding has been that funding organizations (both public and private granting agencies) are less likely
to properly furJd university plant breeding departments, the basis for educating future breeders. These
agencies have the impression that "industry can do it all". But industry Carul0t do it all. And furthermore,
what the industry requires is a constant output of well-educated, creative, imaginative plant breeders
from university plant breeding deparbnents.

How do plant breeders obtain new knowledge after graduate school? Learning is a life-long endeavor
and the state of knowledge and scope of disciplines that need to be integrated into plant breeding are
constantly changing. Both as educators and practicing plant breeders we need to recognize this need and
address it. We need to create opportunities that both permit hands-on learning experiences and foster
discussion of science/technology in the context of plant breeding.

Which brings us to our final point, how do we regain our 'culture'? Somehow over the years we have lost
our 'culture' as plant breeders, that is to say, the opportunity to interact with one another on a regular and
an informal basis, to freely exchange ideas. These interactions stimulated discussions that led to new
ideas, presented opportunities for graduate students to interact with practicing breeders and potential
employers, kept the academically-oriented plant breeders in touch with the industry, and finally, created
opportunities for continuing education.
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Breeding Vegetatively Propagated Crops
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Introduction
The most important vegetatively propagated food crops are potato, cassava, sweet potato, yam,
plantain/banana, sugar cane and fruit trees. Other crops with asexual propagations are some
ornamentals, grasses and forages. Cross breeding methods for vegetatively propagated crops rely on
sexual hybridization, i.e., seeds are needed for producing new genotypes after crossing selected parents.
.The main goal of breeding clones will be to obtain genotypes that are phenotypically uniform
(homogeneous) but often highly heterozygous, particularly if non-additive gene action controls the
commercial trait(s) of interest. Non-additive gene action may arise from intra- or inter-allelic (epistasis)
interactions.

Breeding Methodology
The conventional plan for breeding clones consists of (i) selecting appropriate parents for crossing
schemes, (ii) early or late selection in clonal generations, which will be determined by the heritability of
the targeted trait(s), and (iii) adequate environmental sampling (Le., number of locations and years) for
testing advanced breeding materials leading to cultivar development. Fig 1. illustrates the steps that most
common breeding scheme follows.

Genetic manipulations of complete chromosome sets are called plOidy manipulations, i.e., scaling up and
down chromosome numbers of a species within a polyploid series. Chromosome sets are manipulated
with haploids, 2n gametes, and through interspecific-interploidy crosses. Analytical breeding schemes
rely mainly on ploidy manipulations to 'capture' diversity from exotic (wild or non-adapted germplasm)
and use 2n gametes to incorporate this genetic diverSity through unilateral (USP; n x 2n or 2n x n) or
bilateral (BSP; 2n x 2n) polyploidization (2). Haploids are propagules with the gametophytic chromosome
numb~r (n) and 2n gametes possess the sporophytic chromosome number of the parental source.

Outlook
On-going breeding schemes for potato and plantain/banana rely on manipulating ploidy for gene
transfer between wild species and cultigens. Other interesting examples of ploidy manipulations are
reported in the genetic enhancement of cassava and sweetpotato. This breeding approach may be useful
in yam, sugar cane, blackberry, blueberry, strawberry and other fruit crops. Ploidy manipulations
coupled with incorporation of exotic or wild species germplasm broadens the genetic base of vegetatively
propagated crops, thereby enhancing crop adaptation, and sustaining genetic gains in respective
breeding pools.

References
Ortiz, R In press. Breeding clones. In Goodman RM. (ed.) Encyclopedia of Plant & Crop Science. Marcel

Dekker, Inc., New York.

22



Abstracts of Invited Speakers

Source population (5 000 -100 000 seedlings) after crossing selected parents

-1- Defect elimination or mild-selection for specific attributes

Single plots of (100 - 3 000 selected clones) for clonal evaluation

-1- Screening for specific attributes as per breeding plan

Preliminary yield trial (25 -100 clones) with 2 replications
-1- Screening to confirm attributes and early yield assessment

Advanced yield trial (10 - 25 clones) with 3 to 4 replications in at least 3 locations

-1- Further yield assessment

Uniform yield trial (5 - 15 best clones) with 4 replications in many locations

-1- Yield assessment and testing stability across location range

On farm participatory testing of elite materials (2 - 5 clones)

-1- Farmer (and sometimes end-users') testing

Multiplication of selected clone(s) and cultivar release

(through appropriate national committee)

Figure 1. Conventional breeding scheme for vegetatively propagated tropical crops at the International
Institute of Tropical Agriculture. Propagule numbers are crop-dependent (Mter Ortiz, in press).
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Breeding for Grain Quality

M.P. Seottl, E.H. Bicar2, A. Darrigues2, M. Lee2, and K.R. Lamkey2

lUSDA-ARS, Com Insects and Crop Genetics Research Unit, email: pscott@iastate.edu
2Department of Agronomy, Iowa State University, Ames, Iowa 50011, USA

Introduction
A broad definition of quality in grains is how well-suited they are to their intended use. This can include
traits such as moisture content, kernel hardness, color, and susceptibility to fungal infections. Since maize
is frequently used for food or feed, its nutritional value is an important quality trait. One of the main
limitations to maize nutritional quality is its low content of the amino acids lysine, tryptophan, and
methionine. If one amino acid is deficient in a diet, other amino acids cannot be used efficiently (Fig. 1).
Thus, more protein can be made available in maize-based diets by changing the relative levels of certain
amino acids without altering the protein content of the seed. To date, mutation breeding has been the
most successful method to improve the amino acid balance of maize (Vasal 2001). Here we present results
of our efforts to alter amino acid balance using plant breeding and genetic engineering approaches.

Methods
We have taken two different approaches to improving the amino acid balance of maize. The first is a
transgenic approach in which we have designed transgenes encoding a lysine-rich protein from milk
called alpha lactalbumin. We tested two different promoters and three subcellular targeting strategies.
These transgenes were introduced into transgenic maize plants by the Iowa State University plant
transformation facility. The inheritance, expression and impact of the transgene on seed quality was
assessed. A second approach to altering the amino acid balance of maize involves recurrent selection for
amino acid levels. This approach requires high-throughput methods to quantify the amino acids of
interest. We use chemical or microbial assays of acidic enzyme hydrolyzed samples for this purpose. We
applied these assays to divergent mass selection programs in populations derived from BS11 and BS31.
One cycle of selection has been completed for high and low methionine and tryptophan in each of these
populations.

Results
The most effective strategy for production of alpha lactalbumin in maize kernels was to use an
endosperm-specific promoter with a signal sequence and an ER retention motif (Fig. 2). Lines containing
this construct were produced and exhibited stable expression and predictable inheritance of the
transgene. Lysine levels were analyzed in kernels produced on ears segregated for the transgene. Kernels
expressing the transgene had up to 20% more lysine than their transgene-negative sibling kernels. The
results of our recurrent selection studies are summarized in detail in the abstract by Darrigues et a1. In the
BS11-derived populations, the mean methionine levels of the high and low methionine populations
differed by 7%, and the mean tryptophan levels of the high and low tryptophan populations differed by
6%. These differences were statistically significant. In the BS31-derived populations, the mean methionine
levels of the high and low methionine populations differed by 1%, and the mean tryptophan levels of the
high and low tryptophan populations differed by 2%. These differences were not statistically significant.

Conclusions
Both biotechnology and traditional breeding approaches were effective at altering the content of
nutritionally limiting essential amino acids in maize. These approaches, together with mutation breeding,
give plant breeders a variety of tools with which to improve the amino acid balance in maize.
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Figure 1. Essential amino acid levels in maize relative to the requirements of animals. The animal
dietary requirement for each amino acid is set to one, indicated by the upper horizontal line. The lower
horizontal line indicates the nutritional limitation of this diet conferred by the low level of lysine. Amino
acids below the line can be utilized, while those above cannot. By increasing the level of the limiting
amino acid, more of the protein will be available to the animal.

Promoter Terminator

P40 Iubi1 I a-La ~ No expression

P42 r ubi1 II a-La ~ Low unstable expression
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P64 I zein II a-La~ High stable expression
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Figure 2. Constructs used to transfonn. maize for expression of alpha lactalbumin in transgenic plants.
Construct names are given on the left. The Ubil promoter is active in most tissues, while the zein
promoter is endosperm specific. The signal sequence is expected to target the protein for translation on
the rough ER. KDEL is an ER retention signal. Unstable expression means that most events exhibited a
high degree of gene inactivation.
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Breeding for Resistance to Biotic Stresses
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Biotic stresses caused by pathogens and pests (e.g., potato late blight, rusts and powdery mildew of
wheat and barley, and rice blast) are of global importance, cause severe crop losses, and pose an
important challenge to stable food production. Major sdentific efforts for a century have focused on host
plant resistance or tolerance to these constraints; the work provides key lessons for the future. This
presentation summarizes factors affecting the long-term success of breeding for biotic stress tolerance.

Variation in Pathogen and Pest Populations
Diseases caused by obligate (biotrophic) parasites are highly specialized, and Significant variation exists
in the pathogen population for virulence to spedfic resistance genes. The rapid evolution of new
virulence through migration, mutation, or the recombination and selection of existing virulences is more
frequent in some obligate parasites (e.g., wheat and barley rusts, powdery mildew, potato late blight
fungi). For this reason, breeding for resistance to these pathogens has always been challenging. Although
physiological races are known to occur in most bunts and smuts, evolution and selection of new races are
less frequent, which means genetic resistance remains effective longer. Changes in pathogen races are
even less common in facultative (necrotrophic) parasites, pOSSibly because there may be no Significant
advantage to the new races surviving over the old ones on other crops or in crop residues during the off
season. Biotypes of insect pests and nematodes are also known to occur.

Choosing the Type of Resistance
Genetic diversity for resistance to most pathogens and pests usually exists either within the crop
germplasm or its related species and genera. Resistance is broadly categorized as race-spedfic and race
non-specific. Most resistance genes with large effects are race-spedfic in nature, according to the"gene
for-gene relationship" concept (Flor 1956). Because such genes are relatively easy to select for, they have
received the most attention from geneticists, breeders, and, more recently, molecular biologists. Such
genes may prOvide long-term control of pathogens and pests that are slow to evolve, but only short-term
control of pathogens that frequently produce new races (e.g., rusts and powdery mildew of wheat, potato
late blight, and rice blast). During the past century, numerous race-specific resistance genes were either
identified in the germplasm of crop species, or found in related species and genera and then transferred
to the crop. However, this type of resistance protects the crop for just a few years and breaks down
completely once new virulent races have developed in the pathogen population,. causing a phenomenon
called "boom-and-bust" cycles. Combining effective race-specific genes can increase the longevity of
resistance but its deployment has to be planned at both the regional and global levels. Furthermore, when
race-spedfic resistance is used in breeding, the evolution of pathogens and pests must also be monitored,
and new, effective resistance genes continually sought. Diversity of resistance in a particular geographic
or epidemiologic region can be maintained by growing cultivars that carry different resistance genes.
However, there is a general tendency for farmers to grow only one or a few "choice" cultivars, which
then come to occupy large areas. Growing fewer cultivars carrying race-specific resistance genes can lead
to greater genetic uniformity and, consequently, greater disease vulnerability. An effective strategy for
aVOiding genetic vulnerability is to breed for race-nonspecific resistance. Conferred by minor genes with
additive effects, race-nonspecific resistance has been known by many names. Working with late blight of
potato in Mexico, J.5. Niederhauser and colleagues demonstrated the presence of "partial resistance"
(Niederhauser et al. 1954) in varieties that exhibited a moderate level of resistance toward all races of the
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pathogen. Vanderplank (1963) put forward the conceptual delineation of resistance into two types,
vertical and horizontal (race-specific and race-nonspecific). This delineation initially caused strong
opposition among advocates of the gene-for-gene relationship concept, but is now widely accepted.
Working with leaf rust of wheat, Caldwell (1968) emphasized that slow rusting is a form of general or
horizontal resistance. He stated that such resistance to rusts involves exclusion of the fungus, limitation of
pustule size without hypersensitivity or, possibly, slow fungal growth and development. Johnson (1978)
coined the term durable resistance to describe the moderate level of resistance to yellow rust in winter
wheat cultivar Cappelle Desprez, which remained effective for over 20 years in the UK. Studies of the
genetic basis of durable resistance to rusts and mildews in wheat have indicated that such resistance is
often controlled by minor genes that have small to intermediate but additive effects. Accumulation of a
few such genes in a single genotype can result in levels of resistance adequate for satisfactory disease
control. Although resistance based on minor, additive genes is usually durable, it requires that efforts be
made to enhance and maintain genetic diversity in the germplasm of major crops.

Screening Methodology and Selection Environments
Use of a reliable screening methodology and an environment favorable to disease development and pest
infestation increases the likelihood of identifying resistant parents and progenies. Depending on the
disease and type of resistance, the methodology may require simple greenhouse tests on seedlings or
adult plants, replicated field tests, or even the use of resistance-linked protein and DNA markers.
Protocols for screening for resistance to most important diseases and pests are well established. For
example, the inclusion of resistant and susceptible check cultivars is important to assess disease pressure
and degree of resistance. Choosing appropriate field sites with reliable environmental conditions is
crucial when conducting selection in the field. Breeding for resistance to pathogens and pests that are
difficult to evaluate using traditional methodologies may require significant investment in DNA markers.
Success in using molecular markers versus traditional screening methodologies will depend on the costs
of identifying closely linked markers and of doing routine marker assays.

Challenges
The challenge in the next 25 years will be to make our crops durably resistant to diseases and pests.
Although this will still be based largely on knowledge acquired through conventional plant breeding,
qualitative and quantitative genetics, epidemiology, and recent advances in molecular biology should aid
in understanding the genetic and functional basis of durable resistance and, if carefully applied, in
selecting and enhancing genetic diverSity. It is important to develop molecular markers for numerous
durable resistance genes-not just a few-if we are to avoid creating genetic uniformity through marker
assisted selection. We envision that, as in the past, some widely grown cultivars will be protected against
diseases through race-specific, major genes. If so, strong regional collaboration will be necessary to
monitor pathogenic virulence and give early warning of potential disease epidemics. This would allow
governments enough time to reduce or replace vulnerable cultivars, and thus avoid catastrophic losses.
Finally, issues relating to plant genetic resources and intellectual property rights will need to be fully
defined to allow the free exchange of germplasm among breeding programs all over the world. We urge
caution when defining germplasm that should be freely available to breeding programs and a crop
variety suitable for commercial farming, to which proprietary rights could be sought. In the latter case, it
is essential that the genes contained in the variety continue to be available to all for breeding purposes.
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Genotype by Environment Interaction: Basics and Beyond

F. van Eeuwijk
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Genotype by environment interaction (GxE) is considered by many texts to constitute one of the most
pressing and persistent problems in plant breeding. Among plant breeders it is easier to find agreement
on the consequences of GxE than on the underlying mechanisms. The major consequence of the
occurrence of GxE can be captured in the observation that phenotypic evaluations on a set of genotypes
as obtained in one or more specific trials are at best only partially predictive for the performance of the
same genotypes in other conditions. Two broad classes of approaches have been developed to deal with
this imperfect predictability. On the one hand, methodology has been proposed to model the phenotypic
responses across environments in a genotype-specific way with the aim of being able to predict responses
also for environments that were not in the original set of test-environments. Principally, regression
models are involved in this approach, where the effort is placed on finding the right regressors.
Genotypes then differ in sensitivity with respect to certain environmental variables, or they differ in
adaptability. Good examples are the Finlay-Wilkinson model (regression on environmental mean) and
factorial regression models (regression on climatological and/or soil variables). To some extent, additive
main effects and multiplicative interactions (AMMl) models can also be placed under this description.
Alternatively, the occurrence of GxE may be accepted and then the modeling effort is directed at a
satisfactory description of the genotype-dependent uncertainty in the response. All kinds of stability
statistics fit within this philosophy, like the Eberhart-Russell and Shukla stability variances.

A curious property of many of the adaptability and stability statistics is that they seem to be presented
detached from a clear model- and-inference framework. Consequentially, interpretations of GxE are
reduced to ranking genotypes on a one- or low-dimensional set of descriptors. As phenotypic responses
can be thought of as originating from a multi-dimensional non-linear integration of genetic and
environmental factors over time, it seems hard to believe that ranking genotypes on mean yield and some
adaptability and stability statistics prOvides enough information to breeders for making selections.
Worse, adaptability and stability statistics are highly dependent on the set of genotypes and
environments included in the trials and may represent more of a statistical artifact than something
intrinsically genetic.

A natural choice for a modeling framework that allows the combined modeling of genotype dependent
mean responses with genotype dependent variances, is the class of mixed models. Using mixed models,
inferences on adaptability and stability can be done within a unifying likelihood context. The
presentation will contain an example of this type of inference on adaptability and stability.

Inclusion of co-variables on genotypes and environments in a regression setting leads to factorial
regression models. In these models GxE is written as one or more products of genotypic descriptors
(sensitivities, susceptibilities, tolerances, resistances) and environmental descriptors (climate, soil,
infection pressures). Extending factorial regressions to mixed factorial regressions produces a very
powerful type of model for dealing with GxE problems, giving attention to both adaptability and stability
aspects. Again, inference can be determined by likelihood considerations. Principles will be illustrated by
means of an example.

The step from modeling GxE to quantitative trait loci (QTL) by environment interaction, or QxE, is a
small one for users of mixed factorial regression models. QTL effects can be modeled by the introduction
of a spedal type of genotypic co-variable, i.e., co-variables containing probabilities for QTL genotypes
given the flanking markers. As soon as QTL expression becomes environment dependent, QxE appears.
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The idenhfication of QTLs, with and without environment dependent expression, is most fruitfully
considered an exercise in model selection. A straightforward extension of QxE models in mixed factorial
regression form is the incorporation of environmental co-variables that determine the amount of QTL
expreSSion. For example, a QTL expreSSion could be linearly related to temperature. Use of mixed
factorial regression models for QxE will be illustrated on yield data from the North American Barley
Genome Project.

When responses are intrinsically non-linear, standard mixed factorial regression will no longer be
suffident for adequate modeling of mean responses and variances. For those cases various non-linear
generalizations exist. An application of a non-linear mixed model to senescence data in potato, where
individual genotypes show a logistic senescence curve in time, will close the presentation.
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Introduction
Participatory plant breeding (PPB) that involves farmers in early generations in the breeding process is
becoming more widely adopted. In the PPB programs described here, the introduction of farmer
participation inevitably also includes decentralization of the breeding program to the farmers' fields. In
addition these programs: (1) pay much attention to choosing the parents of the crosses; (2) use few crosses
or populations; (3) and follow simple breeding methods. This fits better with the resources when farmers
are active collaborators in the research. Breeders using conventional methods can deal with several
composites perhaps involving the making of hundreds of crosses every season and test many families
from each composite. PPB has to employ many fewer crosses, entries and plots because individual
farmers cannot be expected to grow trials of hundreds of entries without help from researchers.

PPB in Maize
We describe three PPB programs, all of which relied on a single composite created predominantly from
locally adapted varieties or landraces and some of which also used exotic varieties with complementary
traits. In all three cases, (TOSSeS were made between yellow- and white-grained varieties and selection
was always by mass selection. The resultant varieties from the PPB programs were tested in participatory
varietal selection trials in a mother and baby trial system (Snapp 1999).

Results in Maize
All three programs produced varieties that farmers preferred. In Gujarat, variety GM-6 was released in
that state and subsequently in Rajasthan (Witcombe et a1. 2003). In lharkhand, variety BVM-2 was
identified for release by Birsa Agricultural University. In Nepal, one variety is in the advanced stages of
multilocational testing. The genetic gains in the PPB programs in India were high when compared to
conventional ones (Table 1).

PPB in Rice
Although rice is an inbreeding crop plant, the principles used in the maize breeding also applied: a low
cross number, careful choice of parents, a wide cross (between an upland and lowland variety, both of
which were adapted to the target region), and bulk population breeding (this is the closest equivalent to
mass selection in maize).

Results in Rice
The genetic gains from PPB in rice were again much higher than for conventional breeding (Table 2).
Ashoka 200F, along with Ashoka 228, are spreading rapidly in eastern India. These varieties are not
narrowly adapted. They are preferred by farmers in three states in eastern India and were the most
preferred entries in a further three states in mother trials in western India. They have an excellent
combination of earliness, yield, drought tolerance and grain quality (Virk et a1. 2003).

Conclusions
A possible criticism of PPB is that it is not cost-effective. In both maize and rice, genetic gains were as
high, or higher, than conventional breeding. Farmers also like the varieties since they have been involved
in the setting of goals and in the selection of material. Fewer resources were required for PPB since it
relied on fewer populations and crosses than conventional breeding. The results of PPB can be widely
applied if the target environment is widely distributed, as was found to be the case for upland rice in
India. In maize, GM-6 is adapted to a large area of maize in at least three states in western India even
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though it is not well adapted to eastern India. Greater adoption of PPB would help give farmers in
marginal environments greater varietal choice. PPB programs use parental material from centralized
breeding programs and are a valuable addition to them.
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Table 1. Comparison of genetic gains from PPB and classical breeding (CB) in two case studies in
maize in India.

Basis of comparison
Years from cross to

completing one
year of research
trials

Eastern India
PPB variety CB variety

(BVM 2) (BM 1)
3 8

Western India
PPB variety CB variety

(GM-6) (GM-4)
4 4

Years from cross to
farmers

Yield gains (%) over
check on
research station

Yield gains (%) over
check in farmers'
fields

Yield gains per year
a. research station
b. farmers' fields

3

9% over BM-1 in
7 research trials
(1999 to 2001)

45 % over local
variety in 28
trials (2000 to

2002)

3.0%
15.0%

11 4 12

35 % over Diara 21% over GM-l in 37% over GM-1 in
in 4 research 8 research trials 8 research trials
trials (1990 to (1997 to 1998) (1997 to 1998)

1993)

21 % over local 54 % over local 66% over local
variety in 28 variety in 6 trials variety in 6 trials
trials (2000 to (2002) (2002)

2002)

4.4% 5.3% 9.3%
1.9% 13.5% 5.5%

Table 2. Comparison of genetic gains from participatory plant breeding (PPB) and classical breeding
(CB) in rice in India.
Basis of comparison
Years from cross to completing

one year of research trials

Years from cross to farmers

Yield gains (%) over check on
research station

Yield gains (%) over check in
farmers' fields

Yield gains per year
a. research station trials
b. farmers' fields

PPB variety (Ashoka 200F)
4

4

28% over BG-102 in 6 research
trials (1999 to 2001)

51 % over local variety in 40 trials
(2000 to 2001)

7.0%
12.8%
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CB variety (BO-101)
7

14

18.5% over BG-102 in 4 research
trials (1981 to 1984)

2.6%
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Effect of Dwarling Gene d18-k on Cool Tolerance at the Booting Stage of Rice under the Genetic
Background of Norin-PL8
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Introduction
In rice, the most susceptible growing stage to cool temperatures is the booting stage, especially the young
microspore stage (Satake 1976). The spikelet sterilities induced by cool temperatures at this stage decrease
rice production. It is well known that semi dwarf varieties which contain the dwarfing gene from the
Taiwanese variety, 'Oee-geo-woo-gen', viz. sdl, are widely cultivated due to their high yield potential
(Thomas et al. 1980). Norin-PLS is an extremely cool tolerant variety, which contains genes for cool
tolerance derived from silewah (satake and Toriyama 1979; Abe et al. 1989). In this study, cool treatments
with and without deep water at the booting stage were performed to examine the effects of d18-k on the
cool tolerance under the genetic background of Norin-PL8.

Materials and Methods
Silewah, an indigenous variety of Indonesia, is extremely cool tolerant at the booting stage (Satake and
Toriyama 1979; Abe et a1. 1989). Norin-PL8 is the Fl between Silewah and Hokkai 241 and after
backcrossing with the latter parent three times, a cool tolerant progeny was selected (Abe et al. 1989). The
isogenic line used in the present study was developed after nine backcrosses using PL8 as a recurrent
parent. Six well-sprouted seeds were sown circularly at a depth of about 1.5 em in cylindrical pots. Semi
dry soil conditions were kept until the 2-leaf stage, and then ordinary water management for pot culture
was performed until maturity in natural light growth cabinets. Two treatments were conducted in this
study: (1) the cool air treatment (CA) without deep water at 12°C for five days in an artificial light growth
chamber illuminated at about 7,000 lx. For each line, two or three pots were treated every day from about
20 to 5 days before flowering. (2) Cool air treatment with deep water (OW). The pots were filled to the
brim with water and treated at 12°C for five days in an artificial light growth chamber illuminated at
about 30,000 Ix. The panicles of the main culms were sampled at maturity and fertility was evaluated. The
Ls index was applied to evaluate the cool tolerances of the lines.

Results
Both lines showed the lowest spikelet fertilities 12 days before flowering in the CA. In regard to the CA,
08 showed a higher value than PL8 in the Ls as well as in the lowest value, indicating that 08 was more
tolerant than PL8. On the other hand, the spikelet fertilities of PL8 from 17 to 9 days before flowering in
the OW were higher than those in the CA. The Lss of 08 and PLS in the OW (72.0% and 62.0%) were,
respectively, 27.2% and 26.3 %higher than those in the CA. The panicle tip of 08 reached the height of 15
em about 13 days before flowering, indicating that the whole panicle was under the water surface when
the OW was started. The panicle tip of PL8 reached the height of 15 em about 16 days before flowering,
and the whole panicle was above the height of 15 em from about 14 days before flowering. The numbers
of pollen grains were always higher in 08 than in PL8 in both control and treated conditions. The number
of pollen grains per anther and spikelet fertility of 08 was always higher than PL8 in both control and
treated conditions.

Conclusion
The results of the present study indicate that d18-k enhances the cool tolerance at the booting stage. The
duration ofLs in the OW was from 14 to 10 days before flowering in both 08 and PL8. During this time,
between half and all of the panicle of 08 was under the water surface; on the other hand, the whole
panicle of PL8 was above the water surface. The d18-k gene lowers height to panicle tip on the most
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susceptible days by more than 15 em. It may be possible to develop varieties containing d18-k which can
be protected by irrigation water. On the other hand, due to the pleiotropic effect of d18-k, spikelet fertility
of D8 was significantly higher, with higher pollen number per anther than PL8. Hence, d18-k may be
usable in developing varieties adapted to regions readily damaged by cool temperatures.
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Table 1. The lowest spikelet fertilities of D8 and PL8 in the CA and DW, and their heights of panicle
12 days before flowering.
Traits
Spikelet fertility (%)

CA
DW

Difference (DW- CA)

D8

38.9
68.4
29.5**

PL8

22.7
57.5
34.8**

Difference (D8-PL8)

16.2*
10.9*

Height to panicle base (cm) 6.9 21.3
Height to panicle tip (em) 18.8 34.5
*, ** Difference was significant at the 0.05 and 0.01 levels, respectively.
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Figure 1. Spikelet fertilities of D8 and PL8 in the CA and DW.
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Combining Ability of Early Maize Inbred Lines and Yield Responses of their Single-cross Hybrids
Tested Under Drought, Low Nitrogen, and Optimum Conditions
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Introduction
Maize (Zea mays L.) is one of the most important subsistence food crops in sub-Saharan Africa and is the
staple food in east and southern Africa. Out of the 15 million hectares of maize grown in the region, about
5 million hectares are sown with early maturing varieties by resource-poor farmers Early maturity is an
essential trait which allows farmers to plant maize on residual moisture during the off-season and grow
maize as a second crop during the minor season in bimodal rainfall areas. In the semi-arid environments,
where early and late drought periods are predictable, drought can be avoided by using early and/ or
extra-early cultivars that complete their life cycle during the rainy season. To accommodate maize in the
semi-arid, mid-altitude environments and the bimodal rainfall ecologies (minor season), the traits
required include: drought and low nitrogen (N) tolerance, streak resistance, and flint grain. The early
open pollinated varieties (OPV) and hybrids available in eastern and southern Africa do not fully address
these requirements. Hence, there is a need to increase efforts in developing more early stress tolerant
hybrids. The objectives of this study were to: (1) estimate the combining ability for grain yield and other
important agronomic traits of early streak resistant inbred lines under stressed (managed low Nand
drought), and non-stressed environments; (2) assess adaptation and yield potential of the experimental
early hybrids in different environments; and (3) identify potential new materials for future release.

Methods
Sixty-four 56 inbred lines developed from populations 100 and 300 with downy mildew and streak
resistance were used. During the 2001 A season, the 64 S6lines were crossed with CML78 (A) and CML445
(AB). Six sets of trials involving the resulting 128 single crosses along with 4 local checks, including 2 very
popular commercial hybrids, were prepared under a 11 x 12 alpha lattice design, one row plot with 2
replications. These sets were evaluated in Kenya under managed drought, low nitrogen, and optimum
conditions (two of each condition). For drought, the trials were planted during the rain-free season and
irrigated from planting until 10 to 15 days before male flowering after which watering was withheld until
10 to 15 days after male flowering, and an additional irrigation was applied if needed to prevent zero
yield (Banziger et al. 2000). The irrigation was timed so that there would be severe drought at flowering
stage. The screening for low nitrogen tolerance was done during the normal rainy growing season. The
trials were planted on nitrogen-depleted blocks with normal application of P20s and insecticides, as
recommended. All normal husbandries were carried out, as recommended, except that no nitrogen
fertilizer was applied. Under optimum conditions, the trials were planted under optimum recommended
management to allow the genotypes to express their maximum yield potential.

Results
Highly significant (P<O.Ol) yield differences were observed in all trials planted under both drought and
optimum conditions and, in one trial, under low nitrogen. Yield differences were highly Significant
(P<0.05) in the second low nitrogen trial. Under optimum conditions, the best entry yielded 10Atjha and
the best check 7.6 t/ha, under drought the best entry yielded 0.8 t/ha and the best check 0.3t/ha, and
under low nitrogen the best entry yielded 5.2 t/ha and the best check 3.2 t/ha. Seven entries with higher
yield than the most popular commercial hybrids (Pioneer 3253) under stressed and unstressed
environments were identified (Figure 1). The new hybrids were ready to harvest 15 days earlier than the
best comrnerdal hybrid. The general combining ability (GCA) estimates for yield were highly significant
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(P<O.Ol) in the two optimum sites and significant (P<O.05) in one low nitrogen site. The specific
combining ability (SCA) estimates were highly significant under all optimum conditions, under low N
conditions, and under one drought condition. The GCA and SCA estimates across environments were
highly significant. Ten inbred lines with positive GCA under both stressed (drought and low nitrogen)
and unstressed conditions were identified (Figure 2).
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Figure 1. Yield (tjha) and anthesis days of 7 early streak resistant single-cross hybrids compared to 2
local checks tested across 6 environments: optimum (OPT), drought (DR), and low nitrogen (LN),
Kenya, 2002A.
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drought) and unstressed (optimum) conditions across 2 sites per condition, Kenya, 2002A.
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Assessing the Contribution of Chlorophyll Fluorescence Parameters for Studying Environmental
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Introduction
Plant production is driven by photosynthetic processes, and these processes are sensitive to
environmental stresses. Among photosynthetic processes, Photosystem II (PSII) evaluated by chlorophyll
fluorescence technique is believed to be the most sensitive to stress (Goedheer 1972; and others).
Response to drought and nitrogen (N) stresses involves morphologicaL physiological and metabolic
processes. Understanding these processes may improve the efficiency of selection for drought stress. But
an important key is finding precise measures of these processes that are relatively easy and quick to take.
The goals of this research were to demonstrate that apparent electron transport rate, as measured by
chlorophyll fluorescence, can be used as a measure to discriminate among maize (Zea mcrys L.) genotypes
and to determine if the response to drought- and N-induced stresses differed between a set of older
hybrids compared to current, elite hybrids.

Methods
We carried out greenhouse experiments with maize to evaluate the response of eight single-cross hybrids
grown under inadequate and adequate regimes of water and N. The hybrids included four old hybrids,
including B73 x Mo17, and four current commercial hybrids. We assessed their photosynthetic
performance by measuring both C02 assimilation rate (A, in J.Ul1.oles C02/m2/ s) and the chlorophyll
fluorescence parameter of electron transport rate (ETR, in Ilmoles/m2/s) under low and high light
conditions and varying concentrations of intercellular C02 (Ci) at V6, V8 and flowering stages of growth.
These genotypes were previously grown under drought and N stress in the field, and were shown to
exhibit contrasting responses to these stresses (Figure 1).

Results
A strong linear relationship between ETR and A was observed (r=0.873) across all eight hybrids (Figure
2), indicating that chlorophyll fluorescence parameters are good estimates of A. We observed contrasting
responses to ETR and A between the older and current hybrids. The measures of ETR and A were lower
for both groups of hybrids under low N conditions compared to high N (Figure 2); however, under low N
the older hybrids exhibited higher. A and ETR values than the current hybrids, whereas under high N the
current hybrids had the higher A and ETR values. A similar contrasting response between older and
current hybrids was observed for water stress (data not shown).

Conclusions
Both ETR, as measured by chlorophyll fluorescence, and A characterized the responses of eight hybrids to
drought and N stress in a similar fashion, and the correlation between these two measures was high. The
contrasting responses of the older and current hybrids suggest they would be suitable candidates for
further research focusing on the understanding of water stress and nitrogen metabolism in maize, where
physiological and molecular biology approaches may be appropriate.

38



Breeding For Abiotic Stresses

References
Goedheer, I.e. 1972. AIm. Rev. Plant Physiol. 23:87-112.
Govindjee, W. et al. 1981. Plant Sci. Lett. 20:191-194.
Havaux, M., and R. LaIllioye. 1983. lrrig. Sci. 4: 147-151.
Horton, P. et al. 1996. Am1. Rev. Plant Physiol. Mol. BioI. 47:655-684.
Krause, G.H., and E. Weis. 1991. Aml. Rev. Plant Physiol. 136:472-479.
Schreiber, U. et al. 1994. In Ecological Studies, v. 100. Springer, Berlin Heidelberg, NY.

2.0 -

><
Ql 1.5 -"C

-= G7
tJl

~t
tJl

Ga. G4 •Ql G2...
• :1 . 10

...
CI) G5
s:::: 0.0 0.5 1.5 2.0
Ql
Cl • I0... G3 0.5.'!:
Z

0.0

Water Stress Index

Figure 1. Environment Stress (Nitrogen, NSI and Water, WSI) Indexes (ESI) [ESI =(YFullFactor- YFactor

stressed) / (yA'!g Full Factor - Y Avg Fador stressed)] calculated as the average grain yield (mglha) of each genotype
grown under both factors vs. yield of each genotype grown under varying water and nitrogen regimes
in the field for four years in Shelton, NE USA (Calculated from J.F. Shanahan et al. 2003. Data
unpublished.).

150 ~ G6H
145 • G7H
140 •a:::
135 JI-

W 130
<Ii 125

.G8H
~ 120 G1H G4Ha::: 115 G3H •t::: 110 • GSH
0 •Q. 105 1
Vl 100c:
1Il 95 y=3.27x-2.69
~ 90 R'=0.76c: 85
0 G2H"- 80
ti 75 - • ·G2LCIl

70 J ·G8LW
'E 65 ••·GSL ·G3L
~

60 GiL G4L
1Il 55
Q. 50Q.

<t 45 • G6L

;~ lG7L

10 15 20 25 30 35 40 45 50

C02 Assimilation (umol C02lm2/s)

Figure 2. Correlation between CO2 assimilation rate and the electron transport rate (ETR) in leaves of
eight maize genotypes at flowering, under high (HN) and low (LN) N-levels.

39



Hallauer Symposium, Book of Abstracts

Identification of Drought and Low Nitrogen Tolerant Maize Germplasm in Thailand

P. Grudloyma1, S. Prasitwattanasereel, M. Pumklom1, and W. Duangjan2

lNakhon Sawan Field Crops Research Center, Takfa, Nakhon Sawan, 60190, Thailand,
e-mail: pgrud@hotmail.com
2Inter Asian Seeds, P.O. Box 13, Sawankhalok, Sukhothai 64110, Thailand

Introduction
Maize farmers face numerous constraints, including drought and low nitrogen (N). Drought stress
damages an estimated 3 to 22% of the planted area in Thailand annually, resulting in yield losses of
approximately 129,000 to 858,000 metric tons (worth 10 to 80 million US dollars). Maize is usually
susceptible to stress at flowering stage (Grant et al. 1989). The maize population KK-DR was developed
from six local materials and was improved for drought tolerance in Thailand (Manupeerapan et al. 1996).
Drought resulted in a reduction in growth, dry matter, and N concentration in parts of the plants at 29
days after emergence (DAE) (Kraokaew and Chinchet 1998). Genetic variation in response to N supply to
the maize population (Lafitte and Edmeades 1994) and inbred lines (Balko and Russell 1980) was
observed. An inbred-hybrid approach, as opposed to population improvement, was used to breed for
such stresses.

Methods
During the 2003 dry season, 20 inbreds and 40 hybrids were evaluated in separate trials under drought,
low N, and normal conditions. All trials were conducted at Nakhon Sawan Field Crops Research Center
(NSWFCRC). Treatments were arranged in a randomized complete block design with three replications.
Individual plots consisted of two rows for inbred trials and four rows for hybrid trials, 5.0 m long with a
row spacing of 75 and 20 em between plants. The drought experiments were exposed to two water
regimes - well-watered under normal irrigation and intermediate stress (irrigation was stopped from the
9th leaf stage to flowering). One hundred and fifty kg/ha of N fertilizer was applied to drought and
normal experiments. In contrast, only 25 kg/ha of N fertilizer was applied to the low N experiment.

Results
Several lines and hybrids showed good performance for each stress separately. Four inbreds, Nei 452002,
Nei 452005, Nei 452006, and Nei 432001, performed well across both stresses with yield ranges of 1,997 to
2,278 kg/ha, and high yields under normal conditions (Figure 1). Three top performance commercial
hybrids, NT 6240, NT 6661, and Pac 901, gave yield ranges of 6,219 to 6,862 kg/ha across stresses
compared to a DOA developed late hybrid NSX 022019 which yielded 6,053 kg/ha (Figure 2).

Conclusions
Strong relationships in grain yield between drought and low N, drought and normal, and between low N
and normal conditions were observed among the means of inbreds and hybrids. Yields under drought
conditions averaged 49% less than under normal, while yields under low N conditions averaged 62% less
than under normal in inbreds. Similarly in hybrids, yields under drought conditions averaged 34% less
than under normal and yields under low N averaged 42% less than under normal.
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Breeding High Yielding Post Rainy Sorghum Hybrids for Different Moisture Regimes

S. Kaul l, AV. Umakanth1, R. Madhusudhana1, and B.s. Rana2

INational Research Centre for Sorghum, Rajendranagar, Hyderabad - 500030, AP, India, email:
slkaul©rediffmail.com
2Former Director, National Research Centre for Sorghum, Rajendranagar, Hyderabad - 500030, AP, India

Introduction
Breeding for high yielding hybrids with adapted traits was targeted to enhance productivity in three
production scenarios in the post-rainy season. These are deep soil (OS) (> 1 m depth), shallow soil (SS) «
45 em depth) and irrigated (IR) conditions representing 5.2 m.ha area. The major factors of adaptation to
post rainy season are resistance to moisture stress due to receding moisture conditions, resistance to
biotic stresses such as shootfly and charcoal rot. The specific cytoplasmic male sterility (CMS) and
restorer lines evolved with the above mentioned parameters were used to develop hybrids for different
growing conditions. The performance of such hybrids is presented here.

Material and Method
Five experimental and two released hybrids evaluated in deep soil during 1999 and 14 hybrids promoted
from initial hybrid trial (1999) were reevaluated with two hybrid checks, CSH 15R and CSH 19R, and a
popularly grown variety, M35-1, at nine locations during 2000 in rainfed OS, SS and IR conditions. In IR,
three irrigations were applied at primordial, flowering, and grain filling stages. The stability analysis was
carried out separately for both the years following Eberhart and Russell (1966). The trial was conducted
in a random block design with three replications. The plot size was 13.5 m2. Recommended agronomic
practices with low plant protection were adopted.

Results and Discussion
During 1999, the performance of SPH 1010 in OS was 20.1 %higher than check CSH 15R. This provided a
basis for its release and notification as CSH 19R. Its grain yield was 2.5 t/ha and dry fodder yield 4.5 t/ha
compared to 2.08 t/ha and 3.7 t/ha respectively for CSH 15R. Another hybrid, SPH 1079, with 2.09 t/ha
grain yield and 4.2 t/ha fodder yield, was found promising due to higher shootfly resistance. The hybrids
matured in 118-120 days. However, stability analysis revealed that the bi value of CSH 19R was 1.13 with
high Deviation (Oev.) MSS (203) compared to low bi (0.99) and Oev. MSS (50) fQr the check CSH 15R.
Other hybrids have a bi value close to 1.0 and moderate Oev. MSS. During the year 2000, the yield level of
CSH 19R in OS was again highest (3.07 t/ha) with high bi (1.22) and low Oev. MSS (74) as compared to
check hybrid CSH 15R with 2.48 t/ha grain yield, lower bi (0.92) and lowest Oev. MSS = 43. Recently
released hybrid CSH 19R (SPH 1010), though highest yielding for both the years, was more sensitive to
environmental variation. A number of other new hybrids on par with CSH 19R were SPH 1174 (2.84
t/ha), SPH 1236 (2.84 t/ha), SPH 1089 (2.81 tjha), SPH 1221 (2.80 tjha), SPH 1077 (2.79 t/ha) and SPH
1079 (2.75 t/ha). Among these hybrids, SPH 1077, SPH 1089, and SPH 1174 had average stability. Hybrid
SPH 1079 had above average stability (bi=0.73) but SPH 1221, SPH 1236 and CSH 19R had bi values
Significantly greater than 1.0. These are expected to adapt in a better environment.

Comparative evaluation under OS, SS and IR revealed 0.97 t/ha yield in SS, 2.58 t/ha in OS and 3.62 t/ha
in IR. On average, the grain yield was 2.67 times higher in deep soils and 3.74 times under irrigated
conditions as compared to shallow soils. However, the average change from deep soil to irrigated soil
was 1.4 times. These increases were highest in SPH 1089: 3.17 times from SS to OS, 4.90 times from SS to
IR and 1.55 times from OS to IR. The response of CSH 19R in all three growing conditions was a 2.48
times increase in yield from shallow to deep soil, 3.91 times from shallow to irrigated soil and 1.5 times
from deep wil to irrigated conditions. Even in popularly-grown local cultivar M35-1 there was a 2.58
times increase in grain yield from SS to OS, 1.30 times from OS to IR and 3.35 times from SS to irrigated
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conditions. Grain yield was therefore the function of moisture and nutrient availability along with hybrid
vigor in the post rainy season as the response of hybrids was higher than local varieties.

Seventeen of 21 hybrids were superior than M35-1 in all growing conditions (8.7% to 32% in DS, 3.6% to
37.6% in SS and 5.4% to 69.2% in IR). It is therefore possible to exploit heterosis with 32-69% gain over
local cultivars irrespective of growing conditions. The type of cross had an impact on heterosis, with a
high degree of heterosis (39-44 %) involving post rainy diverse genetic stock or kharif x kharif crosses
(Swarnalata Kaul and Rana 1997). Hybrids also vary in their adaptation pattern. Both linear and non
linear components of genotype by environment interactions are Significant in post rainy season hybrids
and adaptation to shallow soil is more specific (Narkhede et.aI1998). Seed mass, harvest index and
biomass are adversely affected by moisture stress (Wenzel at. all999). Thus, most effective selection
criteria would include selection for resistance to yield losses or, alternatively, for a higher harvest index.
Our observation in the post rainy season is that low temperature at flowering time affects fertility
restoration in hybrids up to 30% and that dual purpose genotypes with high biomass potential and
stronger fertility restoration under low temperatures «13 0 C) at flowering, shorter early plant type and
high heterosis would bring higher stability of production under severe moisture stress in post rainy
sorghum. Very high yield loss in SS is primarily due to the dual purpose nature of cultivars,
characterized by high biomass productivity and low harvest index under DS and IR. Thus, stability of
productivity in SS may be obtained by restructuring plants and developing early dwarf genotypes with a
high harvest index so that biomass productivity may match the growing conditions in SS.
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Table 1: Stability parameters and yield increase in selected post-rainy hybrids.

158
142
141
155
166
122
126
116
130

lRjDS
391
400
323
490
462
343
340
343
335

lRjSS

Deep soil (DS) Increase %
Mean grain Deviation

Hybrid yield (tjha) b l MSS DSjSS
CHS 19R 3.07 1.22 74 248
CHS 15R 2.48 0.92 43 281
SPH 1077 2.79 0.73 274 230
SPH 1089 2.81 1.12 150 317
SPH 1079 2.75 0.73 278 279
SPH 1174 2.84 1.14 157 282
SPH 1221 2.80 1.47 129 270
SPH 1236 2.84 1.24 173 284
M35-1 2.32 0.86 145 258
Ir-Irrigated; 55-Shallow soil «45 em depth); D5-Deep soil (> 90 em depth)

43



Hallauer Symposium, Book of Abstracts

Usefulness of Stress Tolerant Open Pollinated Maize Varieties in the Development of Double Top
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Introduction
CIMMYT maize breeding programs in Nairobi (Kenya) and Harare (Zimbabwe) have developed a wide
range of drought and low nitrogen tolerant open pollinated (OPV) germplasm that could be deployed for
use in the medium altitude ecologies of eastern Africa. Unfortunately, their combining abilities with
adapted elite CIMMYT germplasm known in the region has not been established, hence, redUCing their
use by national agricultural research system (NARS) breeders. Production of top cross and double top
cross hybrids is cheaper than that of single and double cross hybrids. Many farmers in the region recycle
their seeds. Therefore, use of double top crosses that are less sensitive to inbreeding depression could be
one way of enhancing yield stability. The objectives of this study were to identify high-yielding and
disease tolerant double top cross hybrids, and identify the best OPV that could be used as a non inbred
parent in the formation of top and double top cross hybrids for the region.

Methods
Thirty-three CIMMYT open pollinated varieties were crossed to two single cross testers (CML216 x
CML202 and CML395 x CML312) to produce sixty-six double top cross hybrids. The crosses and four
checks were evaluated across nine environments in the medium altitude ecologies of eastern and western
Kenya under optimum, low nitrogen, and on-farm conditions. The trial was composed of 2-row plots
with two replications at a plant density of 53,000 plants per hectare. Recommended agronomic practices
were followed at each site under optimum conditions to allow the genotypes to express their yield
potential, while established low nitrogen blocks were used to screen the double top crosses for their
tolerance to low soil fertility conditions.

Results
Highly Significant (p<O.Ol) yield differences were observed in three locations under optimum and low
nitrogen conditions. Under optimum conditions, the best entry yielded 10.9 t/ha and the best check, a
three way commercial hybrid, recorded 10.6 t/ha. In low nitrogen conditions, the best hybrid yielded
4.9 t/ha and the best check 4.1 t/ha. The best double top cross hybrids were as resistant to northern leaf
blight (score 2) as the local commercial check, while they were Significantly more resistant to gray leaf
spot (score 1.5 to 2.0) than the checks (score 3.0 to 3.5). The double top crosses were also resistant to maize
streak virus, a major disease in the region. Five double top cross hybrids had equal or better performance
in yield and disease tolerance than the best commercial check hybrids. The best parental open pollinated
varieties (ECAVL 7, ECAVL 15-STR, ECAVL 16-STR, ECAVL 4, and ECAVL 3) showed high and positive
general combining ability (GCA) estimates across the three environments. Open pollinated varieties that
could be used as non-inbred parents in the formation of top and double top cross hybrids in the region
were identified.
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Figure 1. Yield (tjha) and disease reaction (gray leaf spot-GLS, and E.turc) of 5 stress tolerant double
top cross hybrids compared to two local checks tested across 9 sites including optimum (OPT), low
nitrogen (LN), and on-farm conditions in East Mrica, 2002A.
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Advances in Maize Breeding for Drought Tolerance in the Southeast of Mexico
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In the southeast of Mexico, 2.5 million hectares were planted with corn in 1998, 469,000 in the fall under
residual humidity conditions, and 67,000 under irrigation. In this area plants are generally affected by
drought between March and May, which coincides with the flowering period and grain filling. This
reduces grain yield. In 1999, 2000, 2001/00,2000/01 and 2001/02, we conducted research into drought
tolerance of corn using three experiments with inbred lines, topcrosses with LT154 and LT155 (which are
the parental lines of H-513), and synthetic varieties. All were evaluated under three different treatments
of controlled water management: well water (WW), intermediate stress (IS) and severe stress (SS). The
synthetic varieties were also evaluated under residual humidity, in Isla Veracruz and HUimanguillo
Tabasco. In the rainy season these synthetics were evaluated in Cotaxtla, Papantla, Isla, San Andres
Tuxtla, Veracruz, and Huimanguillo, in Tabasco state. The experimental design used was a 4x8 m alpha
lattice with 32 enh'ies and two replications, plots with two rows 5m long and80 em wide for planting
62,500 plants per hectare. Individual analyses were made for grain yield, plant and ear height, days to
tassel and silkin~ lodgin~ husk cover, and ear and plant aspect. Combined analysis and stability
parameters proposed by Eberhart and Russell (1966) for grain yield across the ten environments were
also made. Significant differences were found for all traits analyzed in each environment. In the
combined analysis Significant differences were found for varieties (V), environments (E) and for the V by
E interaction. This means that the synthetic varieties had different responses to environmental changes
(Reyes 1990). Regarding stability parameters, the synthetic varieties SINT 3 SEQ SINT 9 SEQ SINT 12
SEQ and the commercial check VS-536 were characterized as "stable" and displayed good grain yield and
agronomic characteristics. Because of this, they are defined as "desirables". Synthetic varieties SINT 9
SEQ SlNT 3 SEQ and SINT 12 SEQ showed yield gains of 18%,25% and 9% respectively over the
commercial check VS-536 under severe stress water restrictions. In regard to environment indices,
Cotaxtla under WW registered the best yield with an environment index of 2.07, while Isla and San
Andres Tuxtla in the rainy season registered negative environment indexes of -2.27 and -2:13 for each
location respectively. Regarding agronomic characteristics, the experimental synthetics SYNT 9 SEQ
SYNT 3 SEQ and SYNT 12 SEQ achieved a high score for plant and ear aspect. There was no lodging or
important damage by ear rot. SYNT 9 SEQ and SYNT 12 SEQ were 25 cm and 27 em shorter than the
commercial check VS-536.
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Using Exotic and Local Gennplasm for Kenya's Dry Mid-Altitude
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Introduction
Moisture stress and low soil fertility are the most important constraints to maize (Zea mays LJ production
in the dry mid-altitude ecologies of eastern Africa. In Kenya, the existing early maize varieties (Katumani
composite and OLe) are not very productive under conditions of low soil fertility and moisture stress
(KARl 1992). With increasing settlement in the marginal areas, intensified maize production will require
better varieties to meet the needs of an increasing population in an environment characterized by
declining soil fertility and land holding size. The availability of stress tolerant varieties will enhance the
ability and scope of farmers to produce maize in the dry mid-altitude zone of Kenya, and the eastern
African region at large.

Methods
Extra-early, streak resistant exotic germplasm was crossed and backcrossed to adapted local germplasm.
The progenies were pre-screened under stressed and unstressed conditions in dry-mid altitude ecologies.
A selection index was used to select the best 16 varieties. In 2000-2001, the 16 varieties and two checks
were evaluated under stressed and unstressed conditions in 26 sites in the dry mid-altitude ecologies of
eastern and southern Africa, and Fiji Island.

Results
Nine varieties as early as the local checks, but with higher yields under both stressed (low nitrogen and
drought) and unstressed conditions, were identified (Table 1 and Figure 1). Six of these varieties were
evaluated in the Kenyan national performance trial and subsequently released in 2002.

Conclusions
Crossing exotic germplasm with local materials and testing under stressed and unstressed environments
can lead to the development of locally adapted stress tolerant cultivars.
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Table 1. Yield (tfha) and days to anthesis of 9 extra-stress tolerant maize varieties and 2 local checks
evaluated under optimum (OPT), drought, and low nitrogen (N) conditions across 26 sites in eastern
and southern Africa, and Fiji Island, 2000-02.

Rank OPT Drought LowN Days to
Entry Pedigree ReI GY (%) Avg Stdev (tfha) (t/ha) (t/ha) anthesis

7 ECA-EE-21 113 3 3 4.9 1.2 4.2 55
2 ECA-EE-8 108 6 4 4.7 1.3 4.1 55
8 ECA-EE-31 105 8 5 4.5 1.5 4.1 55
13 ECA-EE-49 108 6 5 4.8 1.2 4.1 56
9 ECA-EE-33 101 7 5 4.6 1.2 3.8 54
16 ECA-EE-36 101 8 5 4.4 1.0 4.1 55
10 ECA-EE-34 100 10 4 4.5 1.1 3.7 54
6 ECA-EE-18 100 9 4 4.4 1.2 3.7 55
3 ECA-EE-9 95 13 3 4.2 1.5 3.6 54
17 Local Checkl 91 14 5 4.3 1.4 3.2 54
18 Local Check2 74 15 6 3.8 1.0 2.4 58
Mean 99 10 4 4.4 1.2 3.6 55.0
LSD (0.05) 0.3 0.6 1.7
MSE 0.3 0.3
Min 74 3 3 3.8 1 2.4 53.6
Max 113 15 6 4.9 1.5 4.2 58.2
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Figure 1. Yield (t/ha) and days to anthesis of 9 extra-stress tolerant maize varieties and 2 local checks
evaluated under optimum (OPT), drought, and low nitrogen (N) conditions across 26 sites in eastern
and southern Africa, and Fiji Island, 2000-02.
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Introduction
High plant density is known to exert stress and is often used by breeders to impose stress where
development of managed drought and low-nitrogen (N) stress environments are not feasible. Maize plant
densities on farmers' fields are usually lower than recommended. This may be to avoid losses due to
lodging and adverse effects of environmental stresses, or to allow intercropping. Improved performance
under low-N stress in maize germplasm selected for drought tolerance has been reported by Banziger et
al. 1999. The objective of this research was to evaluate the response to high density planting of tropical
maize populations improved for drought tolerance.

Materials and Methods
Contrasting cycles of selection for drought tolerance of two maize populations, Tuxpefio Sequia and La
Posta Sequia, were grown at three plant densities to test whether drought tolerant maize germplasm is
also tolerant of high density planting. TS 6 (Tuxpeno Sequia C6) is a lowland tropical intermediate- to
late-maturity white dent population selected for drought tolerance using full-sib recurrent selection with
a low selection intensity till, C6 (TS6 CO), and a higher intensity S1 recurrent selection scheme, thereafter
to form TS6 C4 (CIMMYT 1998). La Posta Sequia is a lowland tropical late-maturity white dent
population selected for drought using S1 recurrent selection with a high selection intensity (Edmeades et
al. 1997). Tuxpeno Sequia CO, TS6 CO and TS6 C4, and La Posta Sequia Cycles 1, 3 and 6 (referred to
hereafter as unselected cycle, intermediate cycle and final cycle of each population) were evaluated.
These were grown under an intermediate drought stress, a well-watered control, a low nitrogen stress,
and under normal (200 kg N/ha) nitrogen conditions at densities of 40,000,80,000 and 106,000 plantslha
(40K, 80K and 106K) during 1998-2000. Row-to-row distance was maintained at 75 em, while the hill-to
hill distances were adjusted to 33cm, 16.5cm, and 12.5 em respectively. For drought stress and well
watered conditions, the trials were grown during the rain-free winter seasons at CIMMYT's experiment
station at Tlaltizapan, Morelos, Mexico (19°N, 940 m above sea level). Drought stress was imposed at
flowering as described by Bolanos and Edmeades (]993) . Evaluations under low and high nitrogen were
conducted at CIMMYT's tropical lowland station at Poza Rica, Veracruz, Mexico (21°N, 60 m elevation).
The low N experiments were conducted in fields where no N was supplied and where N was depleted by
continuously growing maize and removing the biomass after each crop (Banziger et al. 1999). Other
aspects of crop management were the same for both N levels.

Results
Successive cycles of selection resulted in increased grain yield at each of the planting densities under
drought stress (Figure 1). Grain yield decreased with increased density for the unimproved populations,
but remained constant at the two higher densities for the improved intermediate and final cycles under
drought stress. Likewise, there was a similar but smaller increase in grain yield with cycles of
improvement within each plant density under low-N stress conditions. Drought tolerant tropical maize
populations have previously been shown to exhibit tolerance to low nitrogen stress (Banziger et al. 1999).
Plant lodging increased dramatically at the higher plant densities but remained constant from 80K to
106K plants/ha. Plant lodging decreased with cycles of improvement for drought tolerance at the two
higher plant densities.
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Conclusions
Tolerance to high plant density increased concomitantly with drought tolerance under drought stress
environments at no cost to yield under non-stress conditions. These drought tolerant cultivars, however,
showed smaller differences in grain yield with density when grown under low nitrogen conditions. The
drought and high-density tolerant cultivars were also tolerant to lodging, which is a major problem at
high-density plantings. Genetic improvement for drought tolerance in tropical maize has resulted in
increased partitioning of photosynthates to the developing ear and more rapid ear and silk growth under
stress at flowering. Drought tolerance therefore is likely to affect traits that favor tolerance to high density
planting as well, and these data provide firm evidence that this has occurred. Farmers can therefore
safely increase planting rates under stress conditions provided they plant drought tolerant germplasm.
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Association of Morphological and Physiological Traits with Wheat Yield During Terminal Heat Stress

R. Munjal
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Introduction
Genetic improvements in wheat yield potential can be achieved more quickly if we specifically select for
physiological factors that contribute to higher yield. These factors are commonly, though not explicitly,
used in breeding programs. A good example is selection for reduced height, improving lodging resistance
and partitioning of total biomass to grain yield. The improvement in yield potential of wheat since the
Green Revolution has been shown to be associated with a number of physiological factors (Reynolds et al.
1999). Nonetheless most breeding programs do not emphasize selecting physiological traits per se
(Rajaram and Van GinkeI1996). Exceptions include the selection for a stay-green character and a more
erect leaf angle. Wheat is sown late in a considerable area of the north western plains and north eastern
plains of India due to increased cropping intensity and delayed harvesting of preceding crops. As a result
crops are exposed to higher temperatures, particularly during grain growth. Development of high
temperature tolerant wheat genotypes is thus one of the major mandates of wheat improvement
programs across the country. The ultimate objective of this experiment was to identify high temperature
tolerant lines on the basis of growth, yield and physiological parameters and to find the correlation
between morpholOgical and physiological traits with yield during terminal heat stress.

Methods
Sowing of 25 advanced wheat genotypes was carried out on time (i.e. on 20 November 2001) and at least
one month late (21 December 2001) to expose crops to normal and high temperature environments under
field conditions. The square lattice design with two replications was followed. Observations of growth,
yield and weather parameters were recorded. Attempts were made to determine various physiological
parameters such as canopy temperature depression, rate of grain growth, electrolyte leakage and stem
reserve mobilization. The phenotypic correlation coefficients between physiological and yield parameters
for 25 genotypes were worked out according to the method of Al Jibouri (1958). The phenotypiC
correlation coefficients were tested against standardized tabulated Significant values with (g-2) degree of
freedom as per the procedure of Fisher and Yates (1963).

Results
Canopy temperature depression, considered to be one of the most important physiological parameters in
screening wheat genotypes for terminal heat stress tolerance, was found to be correlated with plant
height and grain number per five spike when taken at 15 days after anthesis. The relative heat stress
tolerance index, calculated according to Fisher and Maurer (1978), showed positive correlation with test
weight (T.Wt). The high correlation was observed between Harvest Index (HI) and yield, number of
productive titters with biomass and grain number with grain weight. Electrolyte leakage and grain
growth rate showed Significant correlation with grain yield per plant and biomass yield per plant.

Conclusions
It may be concluded that canopy temperature and electrolyte leakage are the main characters to be taken
into account while breeding for higher grain yield in wheat for terminal heat stress tolerance.
Associations between the physiological traits observed could help to better understand the relationship
between terminal heat stress tolerance and yield in cultivated wheat.
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Table 1. Correlation coefficients between physiological and yield parameters for 25 wheat genotypes.
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Introduction
Acid soils in the world cover 30% of the total ice-free land area (3,950 million ha). Oxisols and ultisols are
the most frequent acid soils in South America, covering 800 million ha in Brazil (70.9%), Colombia (8.3 %),
Peru (6.9%), Venezuela (6.4 %), Bolivia (4.9%), Paraguay (1.2%), Ecuador (1.1 %) and the remainder in the
other countries (Von Uexkull and Mutert 1995; Cochrane 1979). Main limiting factors for maize
production in these soils are low pH, Al toxicity, and phosphorus deficiency; however insects and
diseases also cause important losses. Consequently, any strategy to increase maize production in these
areas would include the development of acid soil maize cultivars that respond to a reasonable use of
cill1endments and are tolerant to important diseases and pests. This is one of the objectives of the
CIMMYT's South American Regional Maize Program (SARMP). Average maize production in the
Colombian savanna, the major acid soil area in this country, is less than 0.5 t/ha using maize landraces.
Yield potential of acid soil-tolerant open pollinated varieties (OPVs) and hybrids developed by CIMMYT
and national agricultural research programs is 3 t/ha and 4.5 t/ha, respectively. The objectives of this
study were to generate OPVs with tolerance to acid soils and tolerance to maize diseases in the tropics
and evaluate these OPVs in acid and non-acid soil environments.

Materials and Methods
Twenty cultivars were assembled in a trial to be evaluated in acid and non-acid soil environments. From
these, eleven were generated using lines with only tolerance to acid soils, one of which was Sikuani
(check). The other seven included OPVs genera led using lines with both tolerance to acid soils and
certain biotic stresses such as corn stunt (2 lines), H. maydis (3 lines), sugar cane mosaic virus (SCMV) (1
line), and fall army worm (1 line). Additionally, a hybrid and a local check were included. To identify
lines tolerant to biotic stresses, a nursery with many lines (usually more than 100) was planted in a hot.
spot area for the corresponding stress, tolerant lines were identified, and the OPV was generated using
remnant seed. Trials were planted at 35 sites (14 acid and 21 non-acid soil environments) in a 5 x 4 lattice
design with three replications per site. The GGE biplot (Crossa and Cornelius 1997; Yan et a1. 2001 ) was
constructed by the two symmetrically scaled principal components (PC1 and PC2) derived from singular
value decomposition of environment-eentered multi-environment trial data.

Results and Discussion
Acid soil environments: a near-perfect correlation (r=0.99) between PC1 scores and genotype main effects
was found, meaning that the GGE biplot is useful in identifying superior OPVs. Entries 10 and 14,
CIMCALI 97 Achap 1A SA4 and CIMCALI 97 SCMV lA, respectively were the best OPVs across the acid
soil environments with 3.46 t/ha and 3.36 t/ha, Significantly higher than Sikuani (2.84 t/ha). An ideal
OPV should have large PC1 values (higher average yield) and near zero PC2 (more stable) (Yan et a1.
2001). PC1 and PC2 for entries 10, 14, and Sikuani were 0.82 and 0.59,0.74 and 0.41, and -0.17 and -0.22,
respectively. Consequently, entries 10 and 14 were the best cultivars because of their high grain yield.
When a polygon was formed connecting the OPV markers located away from the biplot origin, OPV 10
was located in the furthest right vertex of the polygon, the best OPV for sites 1 (Villavicencio 1-98,
Colombia), 14 (Suwan, Thailand), 18 (MatazuI99, Colombia), 31 (Assam, India), and 37 (Villavicencio 1
00, Colombia). On the other hand, low grain yield for OPV 10 was obtained at sites 38 (Matazul 00,
Colombia) 47 (Villavicencio 2, Colombia), 49 (Menegua, Colombia) (Fig. 1).

Non-acid soil environments: the correlation between PC1 scores and genotype main effects was 0.97. The
highest grain yields were obtained by entries 10 and 14 with 4.65 t/ha and 4.38 t/ha, respectively. These
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were significantly different from that of Sikuani (4.06 t/ha). PC2 scores for entries 10, 14, and Sikuani
were 0.79, -0.16, and -1.90, respectively; consequently, entry 14 was more stable. As for acid soils, the
furthest right hand vertex of the polygon corresponds to entry 10, the best OPV at sites 2 (Palmira 98,
Colombia), 3 (Buga, Colombia), 4 (Cerrito, Colombia), 17 (Palmira 99, Colombia), 28 (Capitan Miranda 99
Paraguay 99), 46 (Caicedonia, Colombia), and 54 (Capitan Miranda 01, Paraguay). On the other hand, low
grain yield for OPV 10 was obtained al sites 41 (Bolivia) and 53 (Chore, Paraguay) (data not shown).

The chemical characteristics of acid soils are their most important limiting factors in terms of maize
production; however other abiotic and biotic factors should be considered and included in new improved
cultivars. Results reported in this research indicate that when tolerance to either corn stunt (entry 10) or
SCMV (entry 14) is added to acid soil tolerant genotypes, both the grain yield and stability were
increased. Stunt and SCMV were reported as widely disseminated in South America (De Leon and
Morales 1997). ~,

References
Cochrane, T.T. 1979. An ongoing appraisal of the savanna ecosystems of tropical America for beef cattle

production. In P.A. Sanchez and L.E. Tergas (eds.) Pasture Production in Acid Soils of the Tropics.
Cali, Colombia: CIAT. Pp 25-54.

Crossa,]. and P.L. Cornelius. 1997. Sites regression and shifted multiplicative model clustering of cultivar
trial sites under heterogeneity of error variances. Crop Sci. 37:406-415.

De Leon, c., and F.]. Morales. 1997. Determinaci6n y efecto de enfermedades virosas de maiz en America
del Sur. PCCMCA. Panama, Panama. Mar 17-23.

Yan, W., P.L. Cornelius,]. Crossa, and L.A. Hunt. 2001. Two types of GGE biplots for analyzing multi
environment trial data. Crop Sci. 41:656-663.

Von Uexkull, H., and E. Muttert. 1995. Global extent, development, and economic impact of acid soils.
Plant Soil 171 :1-15.

2.0 ~.~---~

1.5

201 51.0

I
I

I---,---.--,-----"

05

1.0

00

-05

~1 5 ,
,-,
"·20 ~ -f

-2.0 -1 5 ·1 0 -05 00 05

·1 0

IJ)

o
N
'-'"
.......
o
Q)

:::=
Q)

>.
'-
ro
-0
c
o
o
Q)

if)

Primary effect (42.8%)

Figure 1. SREG2 biplot for 16 open pollinated varieties (OPVs) evaluated across 14 acid soil
environments. The numbers are different OPVs; sites are defined by Y and a number.
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Assessment for Salinity Tolerance through Intergeneric Hybridization
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Abstract
A moderately salinity-t6lerant Triticum turgidum durum accession was crossed as the female parent with a
moderately salinity-tolerant Aegilops speltoides subsp. speltoides as the male parent. Five hundred hybrid
seeds were produced, 95% of which germinated. The triploid hybrid embryos produced were cultured on
agar No.1. Chromosome doublli1g was achieved by using 0.05% colchicine. The resulting hexaploid
plants grew to maturity and produced a considerable amount of seed. The synthetic hexaploid tested for
salinity tolerance, grown at 0, 100, 125, 150, 160, 170, 180, and 200 mM NaCl, in a standard nutrient
solution for two weeks (Figures 1 and 2). The amphidiploid material showed greater salinity tolerance
than either parent, suggesting the presence of different genes for tolerance in the parents. Morphology of
vegetative characters tended towards those of the male parent, whilst spike characters were more a
combination of the two parents.
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Figure 1. Frequency distribution of relative root length (%) of synthetic hexaploid (T. dumm x Ae.
peltoides) and parents under 100,125,150, and 160 mM NaCl; spe and dur are Ae. speltoides and T.
dunun respectively.
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Introduction
The semi-arid southeastern Anatolian region is known as the durum wheat belt in Turkey. Eighty-five
percent of the total wheat acreage is devoted to durum wheat. Approximately 25% of wheat production is
met from this region (Uzunlu and Yalvac 1991). Over the last two decades, Firat 93, Harran 95,
Altintoprak 98, and Saricanak 98 have been released (selected from CIMMYT-originated material sent to
Turkey). Dic1e 74 and Diyarbakir 81 are largely adapted cultivars. Dic1e 74 was withdrawn from
commercial production due to poor quality, whereas Diyarbakir 81 is still the leading cultivar under both
rainfed and supplementary irrigated conditions (Firat 93 is second). This study investigated performance
and stability methods and parameters under rainfed and supplementary irrigated conditions.

Methods
Under rainfed conditions, yield trials (25 entries, 4 replications, in a randomized complete block design
RCBD) were carried out in Diyarbakir dUring the 1982-83 to 1998-99 cropping seasons and subjected to
regression analysis (Finley and Wilkinson 1963; Eberhart and Russell 1966). The average trial yields were
considered the environmental index and the yield of the cultivars was the dependent variable. Diyarbakir
81, Firat 93, and Hanan 95 were tested together in 37 yield trials. Firat 93 was present in 40 and Harran 95
in 48 yield trials individually. Under supplementary irrigated conditions, 15 yield trials (25 entries, 4
replications, in RCBD) were carried out in Diyarbakir during the 1988-89 and 1998-99 growing seasons
and also subjected to regression analysis. Diyarbakir 81, Firat 93, and Harran 95 were tested together.
Nine regional yield trials (three locations over three years) were carried out in Diyarbakir, Sanliurfa, and
Mardin in the 1994-95, 1995-96, and 1996-97 growing seasons in a 5 x 5 Latin square experimental design.
They were subjected to regression analysis, in which Diyarbakir 81, Firat 93, and Harran 95 were tested
together. Nine regional yield triaL" (three locations over three years) were carried out in Diyarbakir,
Sanliurfa, and Mardin in the 1995-96, 19956-97 and 1997-98 growing seasons in RCBD with 25 entries and
four replications, and subjected to non-parametriC rank (Hahn 1990) stability analysis.

Results
Regression equations for Diyarbakir 81, Firat 93, and Harran 95, significance at regression coefficient of
determination (R2), and deviation from regression (s2d) under rainted conditions are given in Table 1.
Harran 95 and Diyarbakir 81 seemed to be stable, whereas Firat 93 was found to be of suspicious yield
stability. It seems to be a better adapting cultivar in poor conditions and a less responsive cultivar in
improved environmental conditions. When comparing s2d values, it seems to be stable. For
supplementary irrigated conditions, the regression equations, significance at regression, coefficient of
determination (R2) and deviation from regression (s2d) are presented in Table 2. Average yield, standard
deviation of yield, average rank and standard deviation of rank, and coefficient of regressions are
outlined in Table 3. Except for Firat 93, all other cultivars responded better to supplementary irrigated
conditions (Table 2). Considering all parameters, Saricanak 8 and Harran 95 seem to be better adapting
cultivars for supplementary irrigated conditions. Diyarbakir 81 and Harran 95 was assigned to region I
(high yield and low standard deviation), whereas Firat 93 was placed in region IV (low yield and high
standard deviation) (Table 3).
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Conclusions
Harran 95 can compete with Diyarbakir 81 under both raWed and supplementary irrigated conditions.
Saricanak 98 and Altintoprak 98 seem to be better adapting cultivars in supplementary irrigated
conditions. Firat 93, although a less responsive cultivar for improved conditions, was found to be fit for
semi-arid rainfed conditions.
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Table 1. Number of trials, name of wheat cultivars, regression equations, average yield, significance of
regressions, coefficient of determination, and deviation from regression, Turkey.

40
48

No. of Average yield Coefficient
trials Cultivars Reg equation (kr/d) Reg F of det (R2)
37 Diyarbakir 81 y=22.38+0.969**x 486.9 *** 0.71

Firat 93 y=135.59**+0.721 **x 481.3 *** 0.73
Harran 95 y=3.83+1.009**x 487.2 *** 0.73
Firat 93 y=-18.95ns+1.028**x 466.2 *** 0.78
Harran 95 y=32.81ns+O.947**x 445.6 *** 0.81

Deviation
from reg (s2d)

3810.543
1971.013
3737.75
2691.52
3296.4

Table 2. Number of trials, name of wheat cultivars, regression equations, average yield, significance of
regressions, coefficient of determination, and deviation from regression, Turkey.
No. of trial Average yield Coefficient
and years Cultivars Reg equation (k&!d) Reg F of det (R2)
15 Diyarbakir 81 y=-3.37+1.02**x 603.2 ** 0.78
(1988-89 to Firat 93 y=61.47+0.87**x 578.4 ** 0.76
1998-99) Harran 95 y=3.19+1.01**x 607.1 ** 0.82
9 Diyarbakir 81 y=-81.2+1.1138**x 529.1 ** 0.95
(1994-95 to Sancanak-98 y=38.0+1.007**x 590.1 ** 0.96
1996-97) Firat 93 y=22.9+0.938**x 536.8 ** 0.96

Altmtoprak-98 y=13.88+0.978**x 550.1 ** 0.97

Deviation
from reg (s2d)

3852.2
3038.0
2932.7
1092.2

708.0
632.4
465.2

Table 3. Number of trials, name of wheat cultivars, regression equations, average yield, significance of
regressions, coefficient of determination, and deviation from regression, Turkey.

Cultivars
Diyarbakir 81
Firat 93
Harran 95

Average Yield std Average rank Rank std
yield (kr/d) deviation deviation

445.1 154.7 11.33 6.16
1"413.7 140.9 16.00 8.17

448.1 156.2 11.88 5.23
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Genetics of Aluminum Tolerance in Maize Evaluated in Nutrient Solution with and without Control
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e-mail: sidney@cnpms.embrapa.br

Introduction
The soils of the tropical savannas are characterized by low fertility, pH, and phosophorus (P) availability,
as well as high P absorption capacity and toxic levels of aluminum. (Foy 1988). These naturally degraded
soils have been one of the principal constraints affecting development and food production in many
countries throughout the tropics, representing 73% of the world's population. In Brazil, acid soils cover
205 million hectares; 112 million hectares are considered suitable for agriculture (Olmos and Camargo
1976). Aluminum (AI) toxicity has been recognized as a major constraint of plant productivity on acid
soils, which accounts for more than 40% of the earth's arable land (Ma et al. 2001). Application of lime
generally corrects the top layer of the soil but not subsoil acidity. Breeding programs in savannah areas
have been able to develop modern cultivars with tolerance to aluminum toxicity and improved P
acquisition effiCiency. These cultivars have roots that can penetrate the acid subsoil with high levels of
aluminum saturation, improving both water and nutrient use. For almost three decades, EMBRAPA
(Brazil's Maize and Sorghum Research Center) has conducted a maize breeding program for adaptation
to acid soils with emphasis on aluminum tolerance and phosphorus use efficiency (Parentoni 2001).
Nutrient solution experiments are used to separate the effect of Al toxicity from all other deficiencies
present in acid soils. Data from Al tolerance in a nutrient solution have been used for traditional breeding
programs as well as to map aluminum tolerant genes in maize using molecular markers (Ninamango
Cardenas 2003). Nutrient solution experiments can be done using a complete nutrient solution with
aluminum, or a control experiment (using a complete nutrient solution without aluminum). The objective
of this study was to investigate the effects of the use of control experiments in the genetics of Al tolerance.

Methods
Nine maize inbred lines with different levels of AI tolerance (five tolerant, four susceptible) were selected
as parents for a diallel study. Thirty-six FIs and 9 parents were evaluated in a complete nutrient solution
(Magnavaca et al. 1987) without aluminum (control), and in a complete nutrient solution with 222 f.lM of
aluminum. The initial seminal root length (lSRL) of the seedlings was measured before transferring them
to the nutrient solutions (with and without AI). After six days growth in each nutrient solutions under
greenhouse conditions, the final seminal root length (FSRL) was measured for each plant. The phenotypic
index used was relative seminal root length (RSRL) measured as [(FSRL - ISRL)jISRL]. The RSRL was
obtained for all treatments. The ratio between RSRL values obtained in the solution with and without Al
was also obtained. Diallel analysis for the trait RSRL was done on the three sets of data. Griffing's (1956)
Method II fixed model (parents and F1S) was used. The effects of general combining ability (GCA) and
specific combining ability (SCA) for RSRL were estimated in the three sets of data. The additive
component (~ g) and non additive component (~s) for RSRL in each of the three situations were estimated
as follows: (~ g) = (MS GCA - MSE) j p+2, where MS GCA is the mean square values for GCAi MSE is
the mean square errori and p is the number of parents in the dialleli (~s) = MS SCA - MSE, where MS
SCA is the mean square values for specific combining ability. The ratio (~ g)j(~s), indicating the relative
importance of additive versus non-additive effects for the trait RSRL, was obtained. This ratio was
estimated in each of the three situations. The correlation coefficient between GCA and inbred per se RSRL
for the nine inbreeds in each of the three situations was also recorded.
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Results
The ANOVA showed that the effects of treatment, GCA and SCA for the variable RSRL were significant
(p<O.01) for the three situations: solution with no AI-control; solution with 222 liM of AI; and 222 liM of
Al divided by control (Table 1). The ratio (~ g)/(~s) for each of the three situations was 0.08/ 0.50/ and 2.67
respectively (Table 1). The GCA and inbred per se RSRL values for the nine parents are shown on Table 2.
Inbred lines 1 to 5 showed good levels of Al tolerance (inbred per se RSRL values with Al/ control ranged
from 56.7 to 87.5%). lnbreds 6 to 9 were Al susceptible (per se RSRL ranged from 23 to 34.8%). The highest
Al tolerant inbred line (inbred 2/ derived from Cateto germplasm, per se RSRL = 87.5%) also showed the
highest value of GCA for RSRL (GCA Allcontrol = 27.42%). Correlation coefficients of GCA for RSRL of
the nine inbreds and per se values of RSRL were -0.50 (control solution), +0.64 (solution with 222 liM of
AI), and +0.93 (solution with Al divided by control).

Conclusions
The use of control experiments (no AI) to correct the values of RSRL obtained from a nutrient solution
with At increases the ratio between additive and non additive effects (~ g/ ~s) from 0.50 to 2.67/
indicating that it would be desirable to always include control experiments to evaluate Al tolerance in a
nutrient solution. The high correlation (r=0.93) founu between inbred line per se and inbred GCA using
RSRL from Al solution/control solution, indicates that in this situation, per se evaluation of inbred line Al
tolerance in a nutrient solution could be a good predictor of inbred GCA for Al tolerance in crosses. This
experiment will be repeated using diallels with a different group of contrasting Al tolerant maize lines as
parents to verify these results in a different set of genotypes. This finding could greatly reuuce the costs
of Al tolerance evaluation in nutrient solutions in allogamous crops like maize, by reducing the number
of entries to be evaluated (only parents instead of F1s).
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Table 1. ANOVA for the variable relative seminal root length (RSRL) for a dia1lel between 9 maize
inbred lines evaluated in nutrient solutions with no aluminum (control experiment) and 222 JIM of
aluminum, and for the RSRL ratio obtained by AI divided by the control, EMBRAPA, 2003.
Source of variation+ df . Control exp 222 11M of AI Ratio of RSRL
TRA 44 0.823** 0.603** 1469.07**
GCA 8 0.796** 1.814** 6767.88**
SCA 36 0.829** 0.334** 291.55**
Error 88 0.226 0.014 63.75
~ g 0.05 0.16 609.46
~s 0.60 0.32 227.80

~ g/ ~s 0.08 0.50 2.67
+Treatments (TRA), general combining ability (GCA), specific combining ability (SCA), and error. Values
for additive effects (~ g), non additive effects (~s)/ and ratio (~ g/ ~s) for each situation. **: Sig. slope at
p<O.Ol.
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Xenia Effect on Phosphorus Concentration in Outcrossed Maize Seed
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Introduction
Open pollinated maize populations are used in field experiments investigating seed phosphorus (P)
accumulation, but it is important to know if there is a xenia effect on P uptake that may affect the results
of these studies. The o"bjective of this research was to test for the existence of a xenia effect on seed P
uptake in maize. Fifteen maize inbreds were crossed onto two hybrids, 873 x Mo17 and 0h43 x W64A,
over three years. Seed weight and P concentration were measured and used to calculate seed P uptake.
No xenia effect was found for P concentration or for P uptake. A xenia effect was found for seed weight.
Although a difference for seed weight was found, it is concluded that open pollinated maize populations
can be used for studies measuring seed P accumulation.

Methods
Crosses were made between selected inbreds and hybrids. Two hybrids, 873 x Mo17 and Oh43 x W64A,
were used as female parents. Fifteen inbreds were used as pollen donors: 814, 837, 873, 884, 0h43,
W64A, H99, NY821, M044, N194, W153R, Ms1334, N7A, WH, and Pa32. The hybrids were selfed as a
control. The experiment was grown at the University of Wisconsin West Madison research station in a
randomized complete block design with two replications over three years. Seed from crosses was
harvested, dried, and weighed. Seed for P analysis was ground and ashed in a 495°C oven for 12 hours.
The ash was dissolved in 8 ml of 100 mM HCl and P concentration was analyzed spectrophotometrically
follOWing a modified protocol from Murphy and Riley (1962). P uptake was calculated by multiplying P
concentration by seed weight.

Results
No Significant difference was detected in P concentration or P uptake among hybrids or inbred pollen
sources (Figures 1 and 2). No Significant difference was found between the inbred x hybrid crosses and
the selfed hybrid control for P concentration or P uptake. A Significant difference was detected for seed
weight amongst both hybrids (873 x Mo17 P = 0.0109, 0h43 x W64A P = 0.0016) and amongst inbreds
(p<O.OOOl) (Figure 3).

Conclusions
Due to the absence of a detected difference in P concentration or uptake among different pollen sources,
we conclude that open pollinated populations can be used for studies of seed P accumulation in maize.
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Figure 1. Relationship between phosphorus (P)
concentration in seed from inbred x hybrid
cross with B73 x Mo17 and OM3 x W64A.

Figure 2, Relationship between seed phosphorus
(P) uptake from inbred x hybrid cross with B73 x
Mo17 and OM3 x W64A,
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Figure 3. Seed weight (y-axis) in grams for inbred x (B73 x Mo17), inbred x (OM3 x W64A) crosses, and
sibbed inbred crosses.
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Adaptation and Stability of Inheritance of Yield and Morpho-Physiological Traits of Winter Wheat
Genotypes under Water-Limited Environments

A. Sanjari

Agricultural Research and Education Organization, Agricultural Research Station of Ardabil P.O. 56135
545 Ardabil-lran, email: amirgholis@yahoo.com

The stability and adaptability of yield of 24 winter wheat genotypes in different environmental conditions
were evaluated in three different conditions in Ardabil: (1) well-watered with 5 times irrigation in
plantin~ stem elongation, bootin~ anthesis and grain filling stages of development (436.6 mm water); (2)
water deficits after anthesis, with 3 times irrigation in plantin~ anthesis and grain filling stages (272.8
mm water); and (3) before anthesis, with 3 times irrigation in plantin~ stem elongation and booting
stages of development (250.5 rom water). Each experiment used a randomized complete block design
with 3 replications in three years (1997-98, 1998-99, and 1999-2000). Simple analysis of variance of studied
characters in each experiment showed significant differences among the genotypes. A homogeneity test
for elTor variances was performed and an F-test of different sources of variance revealed that the effect of
genotype x year x location was signilicant (P=5%). Analysis of grain yield using the method of Eberhart
and Russell showed signilicant differences for genotypes, deviation from regression, and non-signilicant
difference for genotype by environment interaction (linear). The mean grain yield of 24 winter wheat
genotypes tested in 9 environments was 5.61 t/ha and ranged from 2.05 t/ha for variety No. 20, to 9.75
t/ha for variety No. 13. Regression coefficients for yield means on environmental indices ranged from
0.716 for variety No.9 to 1.28 for variety No. 14. Deviation mean square values for yield means ranged
from 0.0131 for variety No. 13 to 1.0057 for variety No. 18. Regarding the yield potential, coefficient of
regression (bi), the studied varieties were classified into 3 groups and 4 widely adapted varieties
including Nos. 4, 8, 13, and 21 with high yield potential and very low deviation from regression (S2di), as
well as suitable values of coefficient of determination (R21), were selected and introduced to farmers. The
yield of winter wheat varieties on the basis of the coefficient of variation (Cvi) of each variety was
classified into 4 groups, Group I to Group IV. Two varieties, including No.1 (MY17) and No. 21
(Gaspard), were classified as widely adapted with very low environmental variation and high yield
potential.
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Morpho-Physiological Responses and Inheritance of Traits Under Drought Stress Conditions in
WinterWheat

A. Sanjari

Agricultural Research and Education Organization, Ardabil Research Station, P.O. Box 56135-545
Ardabil, Iran, e-mail: amirgholis@yahoo.com

Methods
Twenty-four advanced winter wheat varieties were evaluated under pre-anthesis drought stress (mean
stress intensity = 0.335) and post-anthesis drought stress (mean SI = 0.254) to identify genotypes with
high drought stress tolerance and yield potential. Morphological traits, stress tolerance attributes, and
physiological responses were tested using a randomized complete block design with three replications at
Ardabil Agricultural Research Station, Iran, over three years (1997-1998, 1998-1999, and 1999-2000).

Results
Selection based on tolerance favored genotypes with low yield potential. Selection based on mean
productivity favored genotypes with high yield potential. The stress susceptibility index also favored
stress tolerant genotypes with low yield potential. Thus, a new selection criterion (stress tolerance index)
was developed to identify the potential yield W1der non-stress and drought stress environments. Studied
varieties produced Significantly less grain yield under pre-anthesis drought stress (YS2) than post-anthesis
(Ys1) and non-stress (Yp) environments. This was due to the reduction of yield per plant from tillers. The
interrelationship among these stress tolerance attributes were illustrated by multivariate display. Using 3
D plots, the relationships amongst the stress tolerance index, Yp, and Ys, were displayed and varieties
classified into four groups (A to D). Six more suitable and stable winter wheat varieties showed high
yield potential and high STI values in both post- and pre-anthesis drought stress conditions. They were,
therefore, selected as varieties with high adaptation, yield, and stress tolerant traits.

The injury of cell membrane was estimated by measuring the electro-conductivity of an aqueous medium
containing leaf discs previously drought stressed. The drought tolerance of cultivars was studied at two
different stages of development - booting and heading (Table 1). A Significant interaction was found
between the year studied and varieties for both membrane stability and membrane damage. No
interaction was found between stages of development and cultivars, suggesting that this test was a good
indicator of drought tolerant genotypes. The analysis of correlations between studied characteristics
across the nine environments showed that grain yield Significantly correlated with biomass, grain weight
per plant, harvest index, number of seeds per spike, number of spikesjm2, plant height, and 1000 grain
weight. The heritability of studied characteristics also showed that biomass, 1000 grain weight, plant
height, sterile spikelets per spike, and peduncle length were more heritable than other traits. The
heritability of tolerance attributes showed that the mean productivity and stress tolerance index were
heritable in both pre- and post-anthesis drought stress conditions, but the stress susceptibility index and
geometric mean productivity were heritable in post-anthesis drought stress conditions only. The stability
of the membrane and membrane damage were heritable in the heading stage, rather than booting.

References
Del Blanco, A., S. Rajaram, W.E. Kronstad, and M.P. Reynold. 2000. Physiological performance of

synthetic hexaploid wheat derived population. Crop Science 40: 1257-1263.
Fernandez, C.CJ. 1992. Effective selection criteria for assessing plant stress tolerance. Proceedings of the

SympOSium. Taiwan. Pp. 257-270.
Fischer, RA., and R Maurer. 1978. Dr-ought resistance in spring wheat cultivars: Grain yield responses.

Australian Journal Agricultural Research 29: 894-917.

66



Breeding For Abiotic Stresses

Martin, Rl' P.O. Jamieson, R.N. Gillespie, and S. Maley. 2001. Effect of timing and intensity of drought
on the yield of oats (Avena Sativa L.),. Proceedings of the 10th Aust Agron Com, 28 Jan-1 Feb, Hobart.

McIntosh, M.5. 1983. Analysis of combined experiments. Agron Journal 75: 153-155.
RosieUe, A.A., and J. Hambline. 1981. Theoritical aspects of selection for yield in stress and non-stress

environments. Crop Science 21: 943-946.
Sanjari, P.A. 2001. Relation among yield potential: Drought tolerance and stability of yield in breed wheat

varieties under water deficit conditions, Proceedings of 10th Aust Agron.Com, 28 Jan-1 Feb, Hobart.
Sutton, B.G., and E.A. Dubbelde. 1980. Effect of water deficit on yield of wheat and triticale. Australian

Journal Exp Agric Animal Husb 20: 594-598.
Yazansepas, A. 1997. Studies of the stability, heritability, components, and sub-components harvest index

in wheat. PhD thesis, University of Gueiph, Canada.

Table 1. Average values of stability of membrane (5M) and membrane damage (MD) of winter wheat
varieties in booting (1) and heading (2) stages under pre anthesis drought stresses, Ardabil region,
Iran, 1998-2000.

No. LinesfVarieties 5M1 5M2 MD1 MD2

1 MY17 (orginated from international exp) 53.08 ce 15.12 cd 0.6046 b 0.6616 de
2 Namoot 74.67 ac 78.75 ad 0.9518 ab 1.0170 cf
3 F13011.1321.Rom/Fdi 62.33 ae 70.43 bd 0.8651 ab 0.9320 cf
4 ID13/Mlt.S.WM1274.Mex/Tur. 55.72 be 77.38 ad 0.9568 ab 1.2030 ac
5 Au/3/Minn/ /UK/4/XMh/Era/5/Dhf 58.02 be 81.08 ad 0.7429 ab 0.9270 cf
6 Horis 63.40 ae 76.33 ad 0.8499 ab 0.9424 cf
7 GK-zuyloy 56.50 be 51.00 d 0.9625 ab 0.5040 f
8 Ymh/Tob/Mcd/3/Lira 64.67 ae 86.75 ac 1.3550 ab 1.5100 ab
9 Ayt94-Tjb788- 81.83 a 93.42 ab 1.5030 a 1.1990 ac

1080/ A/dem/3/Resk/ /Eno/G11Wre86099
10 Hkng.5XL-7044/Bow/ /ksa 74681/SXL/cit. 69.67 ae 80.67 ad 1.0330 ab 0.8917 cf
11 Mach/ / Bez/GGrk/cit89067-ose... 71.17 ae 87.25 ac 1.2570 ab 1.0810 bd
12 Ba/6529.13 70.33 ae 77.82 ad 0.8163 ab 0.8817 cf
13 Jup/4/cllf/3/111.53/ odino/ / ci18431/Waos477w 49.42 e 63.00 bd 0.7138 ab 1.0050 cf
14 Jup/4/cllf/3/111.53/ odino/ / ci18431/Wa... 50.83 de 70.58 bd 0.7244 ab 0.8220 cf
15 OW184524-3H-OH OH- ND/PI01/ /Bb.. 72.77 ad 68.75 bd 0.9950 ab 0.8612 cf
16 Sbn/ /Sannina/ AId S 61.93 ae 92.00 ab 0.8254 ab 1.0350 be
17 Stepinak/Karvana 82.00 a 103.3 a 1.4450 ab 1.2160 ac
18 Vratza/wisc245 76.20 ab 103.7 a 1.1430 ab 1.6330 a
19 Agri/Nac(ES91-81)Swm6595... 66.50 ae 67.72 bd 0.9201 ab 0.7944 cf
20 Agri/Nac-Swm65-99-20H-IH-3P-OP-8m-MW- 65.78 ae 67.05 bd 0.6746 ab 0.8055 cf

owm
21 Gaspard (originated from France) 54.95 be 64.50 bd 0.6380 b 0.7309 cf
22 Spn/Mcd/ /Cama/3/Nzr (originated from 51.87 de 53.83 d 0.7162 ab 0.5550 ef

Oregan, USA)
23 1=66=76 (sister line of Alamoot) 58.42 be 81.25 ad 0.8195 ab 0.9519 cf
24 Sabalan (widely adapted to raimed areas) 69.45 ae 75.97 ad 1.4960 a 1.2290 ac
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Perlormance of ¥lected and N on-Selected Maize Hybrids for Short ASI under Moisture Stress

M.X. Santos, CL.T. Andrade, A.C Oliveira, CE.P. Leite, E.E.G. Gama, H.W.L. Carvalho, CA.P. Pacheco,
P.E.O. Guimaraes, and S.N. Parentoni

Maize and Sorghum National Research Center, Zip Code 151, 35701-970, Sete Lagoas-MG, Brazil

Introduction
The use of tolerant genotypes has been suggested as the solution for increasing yield under drought
conditions, one of the main limitations to com production. According to Santos et al. (1997), these losses
in Brazil may vary from 14% to 28%, while Edmeades et al. (1989) estimated that 80% ofthe com planted
in tropical areas suffered 10% to 50% yield loss. Bolanos el al. (1993) indicated that the anthesis silk
interval (ASl) is an easy-to-measure characteristic assodated negatively with production under stress
conditions. BetTeln et al. (1997) recommended that inbred lines should present short ASI in order to obtain
acceptable yield hybrid performances.

Methods
Two separate experiments were evaluated: one with moisture stress during flowering/ grain filling and
one under normal irrigation. A conventional sprinkler system with the lateral fixed was used. Irrigation
depths were measured using catch cans. At the stress plot, irrigation was interrupted on the 55th day
after planting (dap) and reinitiated at 90 dap. The applied irrigation sheets were measured in batteries of
16 collectors installed in each experiment. In order to quantify the stress, soil-water content was
monitored using gravimetric methods (Fig. 1). Samples were collected at depths of 0-20, 20-40 and 40-60
centimeters. Twenty-two materials were uSed: 10 hybrids not selected for anthesis silk interval (NSASI), 5
hybrids with all parental inbred lines selected for short ASI (100% ASI), 5 hybrids with one parental
inbred line with short ASI (50% ASI) and two commerdal checks (data not shown). In both trials the
experimental design was a randomized complete block with three replications.

Results
A strong moisture stress in the 0 to 20 cm layer of the soil profile was observed (Fig. 1), where possibly
much of the crop's rool system was concentrated. The treatments with 100% ASI generally showed a
mean value of zero, and some treatments showed protogyny in both environments (data not shown). The
mean yield values indicated some promising hybrids (data not shown) in both moisture stress and non
stress conditions (dual purpose). The results indicated that ear number under stress (ENCS) seems to be
associated with drought tolerance and this could be used as a selection criterion along with ASI.

Conclusions
Hybrids not selected for short ASI showed a 62% mean yield reduction, while those selected for short ASI
showed 44.8% to 54% mean yield reduction (100% ASI and 50% ASI, respectively) and were less sensitive
to moisture stress during the flowering/ grain filling period. Higher mean yields of hybrids with short
ASI in stress conditions seem to be more associated with the ear number than with ASI.
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Drought Tolerance in Tropical Maize: Strategies for Understanding the Response of Maize to Water
Stress During Flowering.

M.e. Sawkins, M.L. Gutierrez Nava, M. Banzinger, and 1.M. Ribaut

Applied Bioteclmology Center, International Maize and Wheat Improvement Center (CIMMYT), Apdo.
Postal 6-641, 06600 Mexico D.F., Mexico, email: msawkins@cgiar.org

Investigations into the mechanisms of drought tolerance in tropical maize have been undertaken at
CIMMYT for ten years. The research focus has been to study tolerance mechanisms at flowering, as it is
this developmental stage where drought has the greatest impact on grain yield. Initial work has
concentrated on the morphological characterization of segregating germplasm with the aim of identifying
quantitative trait loci (QTL) for yield components, secondary morphological traits of interest, and
physiological parameters. Research has been conducted in four crosses, at different inbreeding levels,
under different water regimes and in several locations. This has generated considerable phenotypic data
and, independent of the cross and location, approxim.ately 400 QTL profiles have been produced for
morphological traits across 30 stressed field trials, generating more than 3,000 QTL data points. In order
to provide a suitable biological framework for the interpretation of changes in gene expression, a set of
physiological measurements have been made over the last three years. Quantification of abscisic acid,
sucrose, glucose, proline, relative water content and osmotic adjustment have been made in ear, silk and
ear leaf tissues at different times in a recombinant inbred line population. This work is now being
complemented with functional genomic teclmologies to identify significant differences in gene expression
belonging to target pathways. Similar tissues harvested at the same timescales as the physiological
measurements are being used in microarray experiments conducted in collaboration with the private
sector and in-house expression studies of genes using semi-quantitative RT-PCR. A number of genes that
have biological significance have been selected from the target metabolic pathways (abscisic acid, starch
and sucrose, and polyamines) and are now being studied in greater detail through RT-PCR in different
tissues at different stress levels and over different times. Many candidate genes are also being mapped in
our drought crosses and alleles from these genes in different maize lines are being characterized.

To use data generated from these activities effectively a unique linkage map has been created from a set
of anchor markers common to the different segregating populations. QTL information for each cross and
validated genes have been integrated to create a drought consensus map from which target genomic
regions (those that accumulate the most QTLj genes across crosses and environments) have been
identified. These regions represent about 10% of the maize genome and account for approximately 50% of
the phenotypic variance. To validate these regions, a MAS experiment solely based on these regions is
being conducted for four new crosses (elite drought tolerant lines with different genetic backgrounds).

It is clear that only a multidisciplinary approach combining breeding, physiology, and biotechnology will
provide a clearer understanding of a plant's response to drought stress. QTL information provides a
bridge between data emerging from functional genomics and from phenotypic evaluation. This strategy
will permit us to identify and characterize the major pathways responsible for the response to drought
and tolerance in tropical maize, and will lead to the development of MAS strategies to improve yield in
maize and other crops under water-limited conditions.
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Genetics and Breeding Behavior of Nitrogen Response, Earliness, and Yield in Maize Lines and
Hybrids of Diverse Geography

M. Shyamsunder Singh, S.Y. Anwar, and s.s. Narayanan

Department of Genetics, Osmania University, Hyderabad 500 007, India

Introduction
Five decades of maize genetic research has paid rich dividends in India. With the advantages of heterosis
to farmers and seed producers, both private and public sector research and development units have
released numerous hybrids. However, there is still a huge gap between potential area and area actually
covered with maize hybrids (over 50%, representing about 3.1 million hectares). Further, the productivity
in 60% of India's maize area, which accounts for only 30% of production, is limited by two major
constraints: low soil nitrogen and drought; and non-availability of hybrids with early maturity. Four key
parameters-response to nitrogen (N), earliness of crop duration, grain type (orange-flint), and yield
potential of grain in single cross hybrids-appear to be important for India's situation and would provide
expansion into new areas with potential for maize cultivation and improved performance in existing
maize areas.

Methods
Forty-three S6 generation inbreds extracted from 20 crosses involving diverse parental lines of wide
geographic origin were identified based on initial field evaluation for 4 criteria. These 43 inbreds were
crossed to an elite inbred and were evaluated in three nitrogen regimes of 30, 60 and 90 kg/ha. Nine most
potential inbreds with high general combining ability (GCA), incorporating additive gene actions, based
on an evaluation of 4 key parameters were identified. These nine elite, high GCA inbreds were crossed
with three distinctly different and elite inbred testers. The 27 F1S were evaluated in three nitrogen regimes
in three replications of two rows each. Based on high specific combining ability (SCA) and per se yield,
the five best Single cross hybrids were selected for each level of nitrogen.

Results and Conclusions
Through 0 2 analysis, the 46 genotypes were grouped into nine distinct and diverse clusters at each level
of nitrogen. there was no perfect relationship between genetic diversity and geographic diversity, as
evident from the presence of genotypes from heterogeneous geographic origin in one cluster. This
probably indicates the involvement of certain common source donors for maize improvement. Variance
due to GCA was greater than variance due to SCA at all levels of N and for all quantitative traits. This
indicates predominance of additive gene action (Table 1). The top five hybrids were chosen on per se
grain yield, comparing the GCA status of respective parents and SCA effects for grain yield at three levels
of nitrogen (Table 2). At all levels of N, single cross hybrids having low x low kind of parental
combination for GCA effects expressed a significantly high magnitude of SCA for grain yield at all levels
of nitrogen. The top five hybrids at each level of nitrogen were further classified based on earliness
indicators viz., days to 50% tasseling. The hybrids suited to varied conditions of nitrogen fertility and
crop duration are presented in Table 3. The hybrid U29 x Nll was found to be the best yield-producer,
early maturing, and suited to low nitrogen conditions.
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Table 1. General and specific combining ability variances and genetic components for quantitative
traits in maize.

Variance due Val'iance
51 No ChAracter Levelof N to GCA duetoSCA F ~ 1

Y A YO Y A YO
Plan' height (em) N 1 69.7 37.4 90.9 1 12.5 1 1.2

N 2 1 03.5 9.3 55.7 59.9 1 1.1
N3 57.9 4.7 35.9 27.5 1 0.8

Ear height (em) N 1 59.6 23.9 65.8 21.3 1 0.3
N 2 77 .2 10.4 54.2 60.1 1 1.\
N 3 44.7 1.4 24.4 41.5 1 1.7

Numberofleaves N 1 0.1 0.07 0.2 0.3 1 1.5
N 2 0.2 0.01 0.1 0.3 1 3.0
N 3 0.02 0.04 0.01 0.3 1 7.5

Day 5 10 50 % tasseling N 1 1.1 2.7 4.6 26.6 1 5.8
N 2 0.05 3.4 5.2 29.7 I 5.7
N 3 0.2 4.4 6.7 27.9 1 4.2

Daysto 50 % 5 ilk in g N 1 4.2 1.9 4.9 31 .9 1 6.5
N 2 2.7 1 .8 4 35.7 1 8.9
N 3 2.7 1.8 4 35.7 I 8.9

Anthesls~silking interval (days) N 1 0.3 0.1 0.04 0.6 1 15.0
N 2 0.02 0.01 0.1 1.6 1 16.0
N 3 0.9 0.04 0.4 1.9 1 4.8

Ear len g t h (em) N 1 0.2 0.2 0.2 J .1 J 7.0
N 2 0.2 0.04 0.1 1 .9 1 1 9.0
N 3 2.5 0.1 1.2 0.4 1 0.3

Ear girth (c 111 ) Nt 1.1 0.04 0.5 0.2 1 1.4
N 2 0.3 0.03 0.2 0.6 1 3.0
N 3 0.7 0.02 0.3 0.4 1 1.3

K ern eo Is per ear N 1 751 .4 451.3 1052 .7 3093.3 1 2.9
N 2 999.6 645.1 1467 .4 2 1 03.2 1 1.1
N 3 3017.2 22 1 .8 1 1 75 .9 1673.9 I 1.4

10 100 kernelweight (g) NI 8.5 0.2 4.5 4.5 1 1.0
N 2 1.5 0.5 1.5 2.3 1 1.5
N 3 2.2 1.1 2.7 3 1 J.1

11 Grain yield per hectdre (q) Nl 197.2 3.6 93.2 96.5 1 1.6
N 2 86.2 1.1 14.8 50 1 1.1
N 3 158.3 5.9 70.2 65.1 1 o.9

N ,. 30 kg N/ha,N2- 60 kg N/ha,90 kg N/ha

H Y b ridHybrid no.

Table 2. Comparison of per se, GCA status of parents, SCA effects of top five hybrids for grain yield.
seA Daysto Daysto

Mean grain G C A status of effects of 50% 50%
yi~ld (q) parents hybrids tasseling silklng

U 2 9 x N M 11 1 0 7.2 H x H 13.1 4 4 .6 4 9 .3
1'1 502 x N M 1 3 1 03.7 H x L 1 3.2 5 5 .6 6 1 .6
1'1 5 a 2 x N M 1 2 9 9 .7 H x L 9.2 4 1 .0 47 .0
N 506 x N M \1 9 2 .6 L x L 1 7 .6" 5 3 . 3 5 5 . 6

U 2 9 x 1'1 M 13 8 5 .1 II x L - 3 .0 5 4 .0 5 6 .3

N 503 x N M 11 1 0 5 .5 L x L 2 1 .2 • 53 .0 5 7 .0
U 2 9 x N M 1 2 8 6 .4 H x L 6 .5 5 8 .6 63 .0
U 29 x N M 13 86 .4 H x L 3.3 55.0 5 7 .0

N 5 0 6 x N M 11 81 .5 L x L 11.1 54.3
N 502 x N M 1 2 81 .1 H x L 6.8 44.0 49.0

N 5 0 4 x N M 11 1 0 2 .8 H x L 11 .9 4 7 .7 5 0 .8
N 5 0 1 x N M 1 2 9 8 .8 H x L 11 .1 6 1 .0 64 .1
N 5 0 3 x N M 1 3 9 5 .7 L x L 1 5 .1 • 6 0 .3 6 2 .8
N 51 0 x N M 1 3 89.1 H x L 1.3 4 8 .6 4 6 .8
N 5 1 0 x N M 11 87.3 H x L 1.7 47.3 4 9 .5

AtN21~vel

7
2

3
1 6
5

AtN31cvei

1 0
11
9

24
2 2

AtNllevel

1

6
5

1 6
3

H = high; L = low. *Signilicant at 5 ro level; **Significant at 1% level.

Table 3. Comparison of top five hybrids for crop maturity.
Level of
nitrogen

Early maturing hybrids «44 days to 50%
tasseling)

Late maturing hybrids (>54 days to 50%
tasseling)

N3 N504 x NMll (10) N510 x NM13 (24)
N510 x NM11 (22)

U29 x NM13 (3)
N506 x NMll (16)
N503 x NM13 (9)

Nl

N2

U29 x NMll (1) N502 x NM12 (5)

N502 x NM12 (5)

N502 x NM13 (6) U29 x NM13 (3)
N506 x NM13 (16)
N503 x NMl1 (7)
U29 x NM12 (2)
N504 x NM12 (11)

Hybrid numbers are indicated in parentheses.
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Mining Genes from Tropical Maize Germplasm to Improve Drought Tolerance and Com Earworm
Resistance

Wenwei Xu1 and M. Blanc02

1Agricultural Research and Extension Center, Texas A&M University, Route 3, Box 219, Lubbock, TX
79403, USA, email: we-xu@tamu.edu
2 USDA-ARS/Plant Introduction, G212 Agronomy Hall, Iowa State University, Ames, IA 50011, USA

Introduction
Drought causes severe yield losses in maize in the world (Edmeades et 31.1992). Improving drought
tolerance is crucial to minimizing yield and grain quality loss and irrigation costs. Corn earworm (CEW),
Helicoverpa zea, a major pest in maize, causes significant loss of yield and grain quality. Infestations are
responsible for increased rate of grain mold and/ or mycotoxin production. Host-plant resistance is a
primary means for CEW control (Wiseman and Morrison 1981; McMillian et 31.1987). Tropical maize
germplasm offers a vast and diverse gene pool, yet it has not been widely used in the U.s. (Goodman
1985). More emphasis in breeding tropical germplasm is evident in the Germplasm Enhancement of
Maize (GEM) project, a cooperative effort among the U.s. Department of Agriculture, U.S. universities,
and the seed industry. Its goal is to widen the diversity of the U.s. maize germplasm base through
introgression of exotic germplasm (Pollak and Salhuana 1999). The objective of this study was to identify
new sources of drought tolerance and CEW resistance from GEM germplasm.

Methods
Seventy-one GEM breeding crosses between tropical populations and elite temperate lines and three
checks (B73 x Mo17, Pioneer hybrids 34K77 and 3223) were grown under three soil moisture regimes in a
field in Lubbock, TX in 2002 and 2003. Within each moisture regime, the experiment used a randomized
complete block (RCB) design with three replications, 4.6 x 1 m plot size, and 55,900 plants/ha stand. The
three treatments included well-irrigation (WW) and two drought regimes (DRT 1 and DRT 2) that were
imposed at tasseling stage. Each treatment received 1,029, 326, and 439 ha-mm water respectively
through a sub-surface drip irrigation system in addition to 174 mm rainfall from planting to maturity.
Stress symptoms were obvious 10 days after flowering. Stress in DRT 1 was more severe than in DRT 2.

Results and Discussion
Maturity, CEW damage and yield under well-irrigated conditions: The average days from planting to
pollen shed ranged from 66 to 83, with a mean of 73 days (Table 1). Six crosses flowered significantly later
than late check 3223 but none significantly earlier than early check 34K77. CEW larval penetration in the
ear ranged from 4.0 to 11.3 em, with a mean of 7.5 em (Table 1). Nine crosses had significantly lower CEW
ear penetration than the average. Severe CEW damage was correlated with high levels of molded kernels
(r=O.68*). Eleven breeding crosses had significantly greater ear length than the checks. The average yield
was 6,713 kg/ha.

Yield and stay-green under severe drought stress conditions: Drought treatments increased barren plants,
induced early onset of plant senescence, and reduced grain yield. Some GEM crosses were sinlilar to
checks in yield but significantly better in stay-green trait (Table 1).

Conclusion
Under three water treatments, 15 top GEM breeding crosses exhibited good yield potential, earworm
resistance, stay green rating, grain mold resistance, long ear, early maturity, tall plant, upright leaves, or
good husk coverage or a combination of these characters. The best cross was ANTIG03:N12.
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Table 1. Maturity, plant height, CEW resistance, stay green rating, yield and other agronomic traits of
the top 15 GEM breeding crosses under well-irrigated and drought stressed conditions in Lubbock, TX
in 2002.

Severe drought stress Severe drought stress
Well-irrigated 1 2

Pedigree Trap DTP PHT EHT CEW EARL MOLD YBU EARPP MOLD MSG YBU MOLD MSG YBU EARPP

ANTIG03:NI2 50% 74 216 88 4.8 19.0 40 152.5 0.78 2.0 3.4 48.7 30 2.3 65.7 0.9

URI1002:N0308b 25% 71 223 83 6.7 19.0 3.7 138.4 090 2.7 4.3 70.9 2.7 3.6 66.4 0.8

AR16026:N12 50% 70 208 73 80 20.6 6.3 130.7 0.98 2.3 4.2 72.0 2.7 3.3 69.6 0.9

ANTIG01:N16 50% 77 235 94 5.4 20.5 3.3 146.2 0.87 1.7 4.0 54.6 2.3 3.3 63.1 0.8

BC070404:D27 50% 83 267 111 4.0 18.7 2.7 131.0 0.70 4.0 2.9 25.5 2.3 2.3 40.7 0.8

PRICGP3:N1218 25% 74 239 99 8.0 21.4 5.0 146.6 0.85 4.0 3.3 45.6 33 2.3 46.6 0.8

CUBA84:D27 50% 82 294 152 5.0 19.8 4.3 138.9 0.42 4.0 2.6 19.7 3.7 2.1 30.3 0.7

CUBAI64:D27 50% 82 259 128 5.7 19.3 4.0 135.6 0.55 3.3 3.0 29.3 2.0 2.1 40.7 0.8

ANTIC03:NI216 25% 73 218 78 7.2 20.3 80 134.3 0.98 1.7 4.3 56.3 13 3.3 66.4 0.9

CH05015:N1204 25% 69 207 81 9.4 20.7 5.3 127.9 0.93 3.3 4.3 59.7 2.7 3.3 59.6 0.8

PRICCP3:NI211c 25% 73 216 79 6.9 20.9 4.7 132.3 0.79 23 3.9 55.6 3.0 3.3 52.0 0.7

BR5150l:Nlla 50% 76 259 103 4.6 20.0 4.0 119.3 0.71 2.3 3.4 37.0 2.0 2.5 51.7 0.7

BR51403:N16 50% 78 242 88 6.2 21.4 4.7 140.5 0.46 2.3 3.4 21.2 2.0 2.7 51.7 0.7

BR51675:N0620 25% 71 218 75 9.1 20.9 6.0 127.6 0.94 3.7 3.8 68.3 3.7 3.5 54.0 0.9

GUAD05:N06 50% 75 244 109 6.3 20.5 4.3 121.6 0.86 2.0 4.3 41.4 2.0 3.1 61.7 0.8

B73xMo17 0% 73 227 88 9.3 19.5 5.7 89.2 0.89 2.3 46 35.8 2.7 41 45.2 0.9

P34K77 0% 69 201 69 6.4 17.2 4.3 140.3 0.96 2.3 4.5 63.2 2.7 3.7 65.0 0.9

P3223 0% 76 223 90 6.3 17.3 4.0 170.2 086 2.0 4.0 66.1 2.0 2.4 92.8 0.9

Mean 73 221 84 7.5 19.1 5.5 106.9 0.81 3.0 3.8 39.6 2.9 3.1 44.2 0.8

CV% 3 6 14 16.5 53 33.0 19.4 18.10 31.4 7.2 25.2 24.4 9.7 22.4 16.2

LSD 0.05 3 23 19 2.0 1.6 2.9 33.5 0.23 1.5 0.4 16.2 1.2 0.5 16.0 0.2

DTP=days from planting to pollen shedding, PHT=plant height in em; EHT=ear height in em; CEW= CEW ear
penetration in em; EARL = ear length in em; MOLD=pereentage of molded kernels; YBU=yield in buja; EARPP=ears
per plant; and MSG=Mean of stay green ratings on August 5 and 10 on a 1 to 5 scale, rating 1 with 100% green leaf
areas and rating 5 with 0% green leaf area.
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2Agriculture Victoria- Horsham, Victorian Institute for Dryland Agriculture, Australia
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4New South Wales Agriculture, Tamworth Center for Crop Improvement, Australia

At a global level, most food legumes are being cultivated in dry areas and more than 80% of cultivation is
rainfed. Therefore, the environmental sustainability under dryland cultivation will depend upon the
cropping system which is being adopted in those agro-ecosystems, and the productivity levels of that
particular crop under these environments. It is important to increase the productivity level of food
legumes for dryland cultivation, which will be possible only with the development of a selection
technology for segregating generations and subsequent identification of cultivars for these environments.
For this study, the experimental material consisted of more than 1,000 chickpea germplasm lines which
were screened under a moisture stress environment. 10 simple crosses, 10 complex crosses and 10 wide
crosses were advanced under a multiple stress sick-plot. In the second experiment 90 diverse chickpea
genotypes comprising Desi medium seeded, Desi bold seeded, Kabuli bold seeded and Kabuli extra bold
seeded were evaluated under rainfed and irrigated environments during 1995-2000 at Division of
Genetics1 Indian Agricultural Research Institute, New Delhi, I11dia. The results of these experiments
indicated that selection for drought tolerance in segregating generations should be carried out only under
a moisture stress sick-plot. Secondly, the cultivars which possess wide adaptation showed superior and
stable performance under dryland cultivation. Thirdly, the genotypes which showed early vigor, medium
early maturity, a high number of branches and pods per plant and high biomass production produce
high seed yield under dry conditions. Therefore, it was concluded that drought tolerance is a complex
phenomenon and managed by 3-4 traits simultaneously in a food legume chickpea crop. It was also
concluded that seleclion for higher productivity in food legumes for dry areas is possible if rigorous
selection at vegetative, reproductive and maturity stages is carried out for 3-4 traits simultaneously and
separately w1der multiple stress sick-plot environmenLs. The genotypes developed through this approach
will provide stable higher seed yield under dryland cropping systems which will provide a base for
sustainable agro-ecosystems and environmentally friendly production systems.
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Identification of Maize Genotypes Tolerant to Excess Moisture Conditions: Screening Technique and
Secondary Traits
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Introduction
Excess soil moisture caused by flooding, water logging, or a high wilter table, is one of the most
important constraints for maize production in South Asia and many other parts of the world. In South
East Asia alone, about 15% of total maize growing areas are adversely affected by floods and water
logging (Rathore et a1. 1996). In India, water logging is one of the most serious constraint'> for maize
production and productivity with approximately 8.5 million hectares of arable soil prone to this problem.
Out of a total 6.6 million hectare maize area, about 2.5 million hectares are affected by excess soil
moisture, causing losses in maize production of 25 to 30% almost annually (DMR 2001). Development of
excess moisture tolerant genotypes would be an ideal and affordable response, suitable for poor maize
growing farmers in marginal areas prone to water logging. However, the lack of suitable and reliable
screening techniques and selection criteria for identification of promising germplasm tolerant to excess
moisture stress are major bottlenecks. In this study, we attempted to develop and standardize a reliable
screening technique suited to large-scale screening against the stress, as well as identifying suitable
morpho-physiological traits and their values as selection criteria along with grain yield, as a means to
improve tolerance in maize to excess moisture stress.

Methods
A screening technique (cup-method) was developed and standardized for large-scale screening of maize
germplasm against the stress. Disposable plastic cups (250 cm3) perforated at the base at four points with
a 5.0 rom diameter orifice were used to grow maize seedlings. Cups were filled with a 220 em3 mixture of
farmyard manure (FYM) and siphoned soil. Filled cups were placed in plastic trays (50 x 30 x 10 cm)
containing a thin layer (5.0 cm) of water. Water levels in the trays were maintained continuously at the
same level throughout experimentation. Seedlings were grown in cups under fully saturated soil
conditions for up to 20 days. Different physiological and phenolOgical parameters were recorded, and
genotypes were ranked using a multi-trait selection index (CIMMYT 1999) and grouped into five
categories: highly tolerant (HTL), tolerant (TL), moderately tolerant (MTL), susceptible (SUS), and highly
susceptible (HSUS) (Table 1). After 20 DAS, all the successfully growing seedlings from HTL, TL, and
MTL genotypes under excess moisture (EM) conditions were transplanted in the field (1*5.0 mil*20
cm/row-to-row 60 em). The same set of materials was planted directly in the field in the next kharif
season to confirm the performance of genotypes during cup screening at early growth stages. At 14 DAT
(35 DAS), i.e. at V6-V7 growth stage, water logging treatment was applied in the field continuously for 10
days with a ponding depth of approximately 10.0±0.5 em. Different physiological and phenological
parameters were recorded at V6-V7 stages of excess moisture treatment including before, during,
immediately after, or one week after stress treatment. Major traits used in index selection were high
shelled grain weight, short anthesis-silking interval (ASI), high root porOSity, increased brace root
development, "stay-green", and a constant period from sowing to anthesis to avoid escapes.

Results
The "cup method" of screening proved an efficient and foolproof technique for large-scale screening of
maize genotypes against excess soil moisture stres" (Table 1). Tolerant genotypes identified at early stage
excess moisture stress showed good levels of water logging tolerance at V6-V7 stage. HypaXial anoxia
caused by excess soil moisture suppressed plant growth and development (stunted growth), dry matter
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accumulation, leaf area, and stomatal conductance. Stress conditions severely affected biochemical
parameters, such as chlorophyll, total soluble sugars, starch content in leaves and stem, impaired anthesis
and silkinlY ASI, and eventually resulted in poor yield and kemel development. However, there was
remarkable genotypic variability. Among all the traits, root porosity, brace root fresh weight, and ASI
showed strong relationships with final grain yield. However, contrary to earlier reports by others, there
was no relationship between grain yield and ADH-activity (Figure 1).

Conclusions
Our study suggested that pre-screening of maize germplasm using the "cup method" was a better option
than direct field screening for excess moisture stress. Genotypes with <5.0 days ASt delayed senescence,
high root porOSity, and increased brace root development ability were found to have good tolerance
against hypoxialanoxia caused by excess soil moisture conditions. Therefore, these traits can be used in
index selection along with shelled grain weight.
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Table 1. Means and statistical differences (±) of various morpho-physiological traits for different
categories of genotypes under excess moisture stress at early growth stage.

Different categories of genotypes
under excess moisture conditionst Normal LSD

Traits HTL TL MTL SUS HSUS moisture (P = 0.05)

Germination (ro) 85.5±9.3 64.3 ±9.2 40.6 ±8.7 18.4 ±6.2 5.2 ±3.3 100.0 ±O.O 5.84**
Survival (%) 97.4±0.6 97.0 ±1.2 96.2 ±3.3 83.3 ±5.9 65.2 ±7.6 100.0 ±O.O NS
Shoot FW (g/pl) 0.61 ±0.08 0.45 ±0.09 0.37 ±0.03 0.22 ±0.05 * 0.64 ±0.12 0.049
Root FW (g/pl) 0.33 ±0.04 0.30 ±0.03 0.2'1 ±0.07 0.14 ±0.02 * 0.32 ±0.11 0.023
Advt. roots (no.) 21.3 ±2.5 18.5 ±4.4 14.2 ±5.4 8.2 ±1.3 * 8.9 ±2.3 0.82**

tHTL = highly tolerant, TL = tolerant, MTL = moderately tolerant, SUS = susceptible, HSUS = highly susceptible.
*No surViving seedlings; **Significant at 1.0% level of probability.
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Figure 1. Grain yield (GY) as a function of the mean anthesis-silking interval, root porosity, fresh weight (FW)
of brace roots per plant, and NAD+- alcohol dehydrogenase activity in maize genotypes under excess moisture
(W) conditions at V6-V7 stage.
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Introduction
Drought and low fertility, particularly low nitrogen (N), are the major abiotic constraints for maize
production in much of the tropiCS. Most modern high yielding cultivars are developed under optimal
environments and often perform poorly in marginal environments. Spillover effect with selection for high
yield potential under optimal input conditions is realized only under mild stress (Blum 1996). Yield
stability is as important as high yield, particularly under unfavorable/marginal environments. Therefore,
for improved stability in such areas it is desirable to select for improved tolerance in maize to a set of
abiotic constraints in a target environment. We attempted to assess the constitutive changes and spillover
with selection and improvement for mid-season drought tolerance to accomplish our major goal of yield
stability under low input and stress conditions, and improved yields under unstressed conditions.

Methods
A total of 160 hybrid progenies (S3 top-crosses), 80 each from Drought Tolerant Population (DTP)-white
and yellow, and 86 lowland tropical advance generation single cross hybrids (50 white and 36 yellow)
were used in this study. Genotypes were grown in ten separate experiments, four each under severe
drought and low-N stress, and two under unstressed conditions, at Tlaitizapan during the rain-free
winter cycle. Data for normal single cross (NSC) hybrid trials under optimal conditions were obtained
from CIMMYT's lowland tropical maize sub-program, including mean performance of the hybrids at
different locations in multiplication trials. In drought experiments, genotypes were exposed to severe
drought conditions by withdrawing irrigation 29-31 days (depending on date of flowering) before 50%
male flowering. One additional final irrigation was applied 17-19 days after 50% anthesis on the basis of
population means for anthesis silking interval (ASI) (Banziger et al. 2(00). Low N experiments were
planted in a field with depleted soil nitrogen. Experiments were grown, with two check entries using
alpha (O,l)-lattice deSign with three replicates.

Results
Recurrent selection for mid-season drought tolerance in DTP populations resulted in improved
performance not only under drought but also low N-stress (Fig. 1). Performance of normal hybrids was
slightly better than DTP top-crosses under unstressed conditions. However, under stress conditions,
normal hybrids showed poor performance with an average yield of 3.3%-4.8% under drought and 34.8%
36.2% under low N-stress as compared with their yields under optimal conditions. On the other hand,
hybrid progenies of DTP yielded up to 31.8%-42.4% under drought and 48.9%-63.6% under low N-stress
in comparison to unstressed conditions. Data on various morpho-physiological traits showed striking
differences between DTP progenies and NSC hybrids, particularly under low-input conditions (Table 1).
Our data suggest that improved performance of DTP germplasm across the environments was related to
improvements in various secondary traits with selection, such as reduced ASI, increased ears per plant,
delayed senescence, and relatively high leaf chlorophyll during late grain filling stage. Correlation
between performance of genotypes under drought and low N-stresses were positive and fairly high for
DTP progenies, both white (r2 =0.45*, r =0.56*) and yellow (r2 =0.42*, r = 0.52*), but not Significant in the
case of normal hybrids. A few NSC hybrids performed well under low N-stress and all performed poorly
under drought stress. This suggests that improvement for mid-season drought tolerance has Significant
spillover effect towards low-N tolerance, but not vice-versa.
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Conclusions
Selection for tolerance to mid-season drought resulted in morpho-physiological changes advantageous
not only under drought but also illlder low-N stress, with no yield penalties under optimal conditions.
This suggests that improved stable yields can be achieved across environments in the tropics by selection
and improvement of germplasm based on performance under mid-season drought and low-N stresses.
Gains in selection may be less and progress slow, but could lead to better stability across environments.
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Figure 1. Grain yield under low nitrogen (N) stress as a function of grain yield under drought (55)
with drought tolerant population (DTP) c9 S3 top-erosses, and normal single cross (NSq-hybrids. A,
B, and C indicate NSC-hybrids, DTP-yellow and DTP-white top-crosses, respectively. (* significant at
P<O.Ol).

0.55*
0.71*
0.19**
0.26*
0.45*
0.56*
0.28*
0.38*

ASI Y=0.66 - 0.02 x 0.22** Y= 2.60 - 0.12 x
EPP y = 0.09 + 0.96 x 0.39* Y = -0.41 + 3.29 x
CHL Y = 0.26 + 0.08 x 0.01 n.< y =1.09 + 0.10 x
SEN Y = 0.34 - 0.01 x 0.08ns y = 0.92 - 0.37 x
ASI Y = 3.48 - 0.05 x 0.20ns y = 3.79 - 0.19 x
EPP Y =-3.42 + 6.78 x 0.21** Y = -0.83 + 4.38 x
CHL Y =1.23 + 0.09 x 0.19ns y =2.28 + 0.06 x
SEN Y= 4.78 - 0.31 x 0.20** Y =2.82 - 0.17

Drought
Environment

Low-N

Table 1. Linear regressions of morpho-physiological traits on grain yield in Drought Tolerant
Population (DTP) top-crosses and normal single cross hybrids under drought and low nitrogen (N).

NSC-hybrids DTP top-crosses
Traits Regression equation r2 Regression equation

" •• Significant at P<O.01, 0.05; ns - non-significant at P<0.05
a ASI = anthesis silking interval, Err = ears per plant, CHL = leaf chlorophyJI, SEN = leaf senes. :ence
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Introduction
Fall armyworm (Spodoptera Jrugiperda Smith) is the most important maize pest in Brazil, causing high
economic losses every year (Sa and Parra 1994). Genetic resistance is an efficient control to reduce
pesticide use, and environmental and human risks. Besides great genetic variability of maize in Brazil,
little is known aboul the genetic potential of germplasm in relation to pest resistance. The main objective
of this study was to evaluate new sources of resistance to fall armyworm in Brazilian and exotic
germplasm.

Methods
A partial diallel design (Miranda Filho and Geraldi 1984) was used between 20 varieties of Brazilian
germplasm and nine exotic varieties of different origins. One hundred and eighty crosses, 29 parental
varieties, and lwo commercial checks were evaluated in three locations in the state of Sao Paulo, Brazil.
Fall armyworm resistance (FAWR), under artificial and natural infestations, grain yield (GY), and plant
height (PH), were measured. FAWR was evaluated with a visual rating scale (Carvalho 1970) from 0 (no
damage) to 5 (destroyed whorl).

Results
Populations CMS14C and MIRT, and hybrid Sao Jose x MlRT presented the highest resistance with
values of 1.8, 1.7, and 1.4, respectively. Populations PM19401 and PR91B, and hybrid CMS14C x
B97Ituiutaba had the best yields with 4,893,3,858, and 5,677 kg/ha respectively. Heterosis ranged from
-28 to 47% for FAWR and -21 to 125% for GY, with mean values of -0.43 and 31% respectively. The
genotype by environment interaction was not significant for FAWR. Additive and non-additive effects
were found for this characteristic. They may be advantageous for the implementation of intra- and/or
inter-population recurrent selection programs. Heterotic effects were mainly explained by specific
heterosis due to high genetic divergence between both groups. Additive and non-additive effects were
estimated fot GY, and mainly additive effects for PH. Local populations PM19302 and Sao Jose, and exotic
population PR91B presented high performance per se, and in crosses for FAWR and GY. Crosses
PM19401 x Cuba110.EsalqPB1, and Sao Jose x M1RT presented high specific heterosis effects for both
charactersistics.

Conclusions
New sources of Brazilian and exotic gemlplasm were identified with good performance per se, and in
crosses, resistance to fall armyworm and agronomic characteristics were also found.
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Table 1. Mean squares from partial diallel analysis over environments for fall armyworm resistance
(FAWR)l, grain yield (GY), and plant height (PH), Brazil.

FAWR GY PH
Sources of variation df Mean squares
Populations 208 0.6753 ** 2865994 ** 1762.47 **

Between groups 1 5.7230 ** 276076 ns 1107.04 *

Group 1 19 1.0460 ** 7697948 ** 4506.65 **

Group 11 8 2.4401 ** 16653483 ** 24799.49 **

Heterosis 180 0.5297 ** 1757565 ** 452.58 **

Mean heterosis 1 0.0756 ns 134009080 ** 8671.46 **

Varietal heterosis (1) 19 0.5745 ** 1250927 ** 762.61 **

Varietal heterosis (II) 8 0.4804 ns 1847500 ** 1034.06 **

Specific heterosis 152 0.5297 ** 946086 ** 329.15 **

Populations x env 208 0.2999 ns 808080 ** 265.17 **

Between groups x env 1 1622994 ns 74.89 ns
Group 1x env 19 278790424 ** 872.83 **

Group II x cnv 8 669245054 ** 357.51 ns
Heterosis x env 180 564768 ** 197.98 ns

Mean heterosis x env 1 4384106256 ** 608.33 ns
V heterosis (1) x env 19 41272749 ** 239.83 ns
V heterosis (II) x env 8 40307524 ** 284.72 ns
Specific heterosis x env 152 512753 ns 185.48 ns

Error 1050 0.2917 437245 183.84
**, *, ns: significance levels by F test, p<O.Ol, p<0.05, and non-significant respectively.
lCarvalho 1970.

Table 2. Relative contribution of sources of variation (sums of squares) from partial diallel analysis
over environments for fall armyworm resistance (FAWR)l, grain yield (GY, klYha), and plant height
(PH, cm), Brazil.

Populations
Varieties
Heterosis

Mean heterosis
Varietal heterosis
Specific heterosis

lCarvalho 1970.

FAWR
100.0

32.1
67.9

0.1
15.5
84.4

GY
100.0

46.9
53.1
42.4
12.2
45.5
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Introduction
There are a number of conditions that have to be considered on the way to the development of resistant
varieties. Correct identification of the pathogen causing the respective disease as well as availability and
diversity of effective resistance resources are basic ones. Blumeria graminis f. sp. hordei is an unmistakable
causing agent of powdery mildew on barley for which many resistance resources are known aahoor and
Fischbeck 1992; and others). We believe that combination of at least two original and (in the given
epidemiological unit) fully effective resistance genes in a variety will sufficiently prolong durability of the
resistance. Therefore, localization of new resistance genes in the barley genome and development of
molecular markers are further conditions for successful breeding of barley varieties resistant to powdery
mildew.

Materials and Methods
Fifteen resources possessing newly detected resistances to powdery mildew were selected from the
collection of wild barley (Hordeum vulgare ssp. spontaneum) housed in the US Department of Agriculture
genebank, Aberdeen, USA. They were crossed with two-row winter barley variety Tiffany that carries the
gene MIa7. To test resistance of plants of corresponding generations after crosses, segments of first leaves
were taken and inoculated with a Va7 pathotype. Tests of allelism (Mia locus) were carried out by
inoculation with an Aa7 pathotype. Plant numbers determined in phenotypic categories (resistant:
susceptible) were compared by a chi-square test with theoretical segregation ratios. Plants of F2
generation (without first leaf) were removed at the stage DC12 and frozen in liquid nitrogen for
development of DNA markers.

Results
Ten F1 generations (Table 1) and four F2 generations (Table 2) have been analyzed so far.
No plant susceptible to a Aa7 pathotype was found in any of the F2 generations. This means that each of
the four resistance resources tested carries a resistance gene localized in the Mia locus. The ratio
determined in the F2 generation after a cross with the resistance resource PI354949 was 15:1. This
resource can be supposed to possess two independent dominant genes, one of which is located in the Mia
locus. The 3:1 ratio assessed after a cross with the PI391130 confirms the presence of one dominant gene
in the MIa locus. The 13:3 ratio (PI466297) suggests the presence of two genes, a dominant one in the MIa
locus and probably a recessive one with independent assortment. The 3:1 ratio was confirmed for the
PI466495 (a dominant gene in the Mia locus).

Conclusions
The results of F1 generation show semi-dominant to dominant inheritance of detected resistance genes.
The test of allelism in the F2 generation confirmed one gene in the Mia locus in each of the mentioned
resources. Chi-square tests of ratios in the F2 generation show tha t the resistance of PI391130 and
PI466495 is controlled by one gene and the resistance of PI354949 and Pl466297 by two genes of resistance
to powdery mildew.
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Table 1. Frequency of reaction types (RT) on segments of the first leaves (SFL), removed from
Hordeum vulgare subsp. spontaneum resistance resources and corresponding F1 generations after
crosses with the variety Tiffany (T), after inoculation with a Va7 isolate of Blumel'la graminis f. sp.
hordei.

RT and no. SFL
1 1-2 2 1 1-2 2

RT and no. SFLResource/
F1 generation
PI354949/
T x 354949
PI391004/
Tx 391004
PI391081/
T x 391081
PI391130/
T x 391130
PI466197/
T x 466197

o
12
40

8
26

6

24
4

89

6

1
12

3
12

116

108

105

2-3
12
64
12

116
12

4 112
12

116
12

108

PI466200/
T x 466200
PI466297/
T x 466297
PI466461/
T x 466461
PI466495/
T x 466495
PI466510j
T x 466510

o
12

112
2

4

1

4
132

11
1
8

3
1

1
79

4
132

2
3

8

8

2-3

88

12
112

8
92
8

132
12
88
12

140

Table 2. Numbers of resistant and susceptible plants of F2 generation after inoculation with Va7 and
Aa7 pathotypes of Blumeria graminis f. sp. hordei and significance of the considered segregation
ratios.

Resistance
resource

PI354949

PI391130

PI466297

PI466495

Va7 pathotype
no. plants

Resist. Suscepf.

425 30

380 104

425 117

330 92

Segregation
ratio
15:1

3:1

13:3

3:1

0.10*

3.18*

2.87*

2.30*

Aa7 pathotype
no. plants

Resist. Suscept.

455 0

484 0

542 0

4.12 0

*Significance of the tested segregation ratio was confirmed at P > 0.05
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Introduction
The corn stunt complex (CSC) is a disease caused by infections of phytoplasm (MBS- maize bush stunt
phytoplasm) associated with the spiroplasm (CSS- com stunt spiroplasm). An effective procedure to
increase the resistance to phytoplasm-spiroplasm to acceptable levels is intrapopulation recurrent
selection. The appropriate choice and characterization of base populations is also important to assure
genetic gains in breeding programs. The objective of this work was the synthesis of new populations with
resistance to corn stunt complex, based on crosses between improved populations and accessions of the
germplasm bank with commercial hybrids. One cycle of recurrent selection for resistance to com stunt
complex was completed.

Methods
In 1994, a project for the evaluation of new sources for disease resistance in maize was initiated with the
evaluation of 1,272 accessions and 140 improved populations in 13 locations. The results allowed
selection of three groups of populations with resistance to CSC: Group 1- 10 improved populations;
Group II - 9 early accessions; and Group III - 13 late accessions. All groups were crossed in an intragroup
top-cross scheme. The groups' mixture of pollen was used as tester parent. The test cross progeny and
parents were evaluated in experiments with three replications in two locations (Piracicaba - one season;
Anhembi - two seasons). Reaction to CSC was evaluated after flowering in each plant in the plot
following a six level scale (Sanguinetti et al. 1984). The severity index (SI), which combines the frequency
of plants with symptoms (incidence) and the severity of attack in each plot, was calculated by SI = L: Xi •

fi , where Xi is the level of severity (Xl =0, X2 =1 ... X6 =5) and fi is the relative frequency of plants with the
XI level in the plot. In each group one composite was synthesized through recombination of the best
crosses (population X tester) for yield and resistance to CSc. After two generations of recombination, half
sib families were obtained from each composite and evaluated for yield potential in experiments with
three replications in Anhembi (SP). Selection of the top 20% of families followed by recombination
completed the first cycle of recurrent selection.

Results
In the evaluation of the diallels, the incidence of CSC was detected in one location (Anhembi, SP) where
the yield potential was less expressive. A negative correlation was observed between yield and CSC in all
experiments. In the analysis of variance of the diallel tables, Significant variety effects (Vi) were detected
and heterosis was less important as a source of variation. Selection for resistance to CSC was based on the
general combining ability effects. The selected parents for the synthesis of composites in each group are
shown in Table 1. The half-sib families of each composite were evaluated in Anhembi (SP) and the
average yield was 5.53 t/ha, representing 73% of the hybrid check (7.56 t/ha). The low yield expression in
Anhembi (SP) was expected as a result of the low fertility and the appropriate condition for the incidence
of leaf diseases. The visual evaluation of 100 competitive plants in each composite for disease resistance
in off-season conditions showed a better performance in Composite IIt followed by composites II and I
(Fig. 1).

Conclusions
Selection for resistance to CSC leads to a decrease in yield. The synthesis of three composites with good
levels of resistance to CSC was possible based on previous evaluations of populations and accessions in
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crosses. Higher yield level was reached by the composite formed with improved populations compared
to the other composites formed with accessions of the germplasm bank; the latter showed higher levels of
resistance and a lower expression of the additive genetic variance.

References
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Table 1. Identification of populations and accessions used for the synthesis of composites.

Composites Parents
COMPOSITE I Populations:

COMPOSITE II Early accesses:

COMPOSITE III Late accesses:

Com posite I
plant resistance

33%

[CMS 14C, IAPAR 51, PASCO 014] x P-3041

[SE 032, BR 105, CMS 24] x P-3041

[MAYA XVI, MS 007, BA 187, BA 032] x P-3041

Camposne II
plant resistance

!ill Low
I!IlIJ Med.
o High

33%

Composrte III
plant resistance

BLow

mMedium

OHigh

OLow

II1II Medium

OHigh

Figure 1. Graph of perfonnance of Composites I, II, and III with respect to plant resistance. Anhembi
(SP),2001.
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Introduction
Losses to the corn stunt complex (CSC) occur from the southern United States to Argentina. On a local
level 100% losses can occur, and in a 1986 esc epidemic in Nicaragua, national grain production was
reduced by 11 % (DGB-MIDINRA 1986; Hruska et a1. 1996). Leafhoppers of the genus Dalbulus, and
especially D. maidis, are vectors of the disease complex that involves the com stunt spiroplasma 5. kunkelii
(CSS), the maize bushy stunt phytoplasma (MBS), and maize rayado fino virus (MRFV) (Nault and
Bradfute 1979). All three pathogens are transmitted in a persistent manner, and more than one of the
pathogens can be transmitted at the same time (Gordon et al. 1985). Plants in the field often have mixed
infections (Henriquez et a1. 19%), and infection at the seedling stage leads to the most severe losses. An
artificial infestation technique has been developed for evaluating germ plasm for resistance to infection by
the components of the complex and together with regional evaluations has been used to produce CSC
resistant synthetics, inbreds, and hybrids.

Methods
Artificial infestation methods used for maize streak virus evaluations in sub-Saharan Africa (Leuschner et
al. 1980) were modified for CSC evaluations in Mexico. Populations developed for resistance to the CSC
are evaluated and advanced under CSC pressure. D. maidis nymphs are fed on plants artificially infected
with pure cultures of ess or MBS, the two most frequently isolated pathogens from plants severely
affected by the CSC in the tropical lowlands (Henriquez et a1. 1996). Following a one month latency
period, the leafhoppers are collected and applied in the field at a rate of 2-3 leafhoppers/plant. At two
weeks after female flowering the plants are rated for foliar symptoms, and at harvest for the number of
ears affected Oeffers et a1. 1997). During winter plantings in the tropical lowlands, D. maidis transmitting
CSS and MBS individually are applied on the same plants for use in the selection process. Summer
infestations use only CSS, which is more heat tolerant. Tropical highland and transition zone germplasm
is evaluated for resistance to MBS. Work has been initiated in evaluating highland germplasm for
resistance to MRFV, which is more important under highland conditions.

Results
Artificial infestations have allowed for the rapid characterization of germplasm for reaction to the CSC.
Resistance to dual infection by CSS and MBS occurs at a high frequency, and is used in the germplasm
development process (Fig. 1).

Conclusions
The use of artificial field infestations and evaluations in Central America under natural infection has led
to the development of several germplasm products including synthetics, inbreds and hybridS. The CSC
resistant hybrid HN 991 has been released in Nicaragua. Sources of resistance to biotic stresses induding
various insects and diseases have been combined in a synthetic hybrid, and biotic stress resistant inbreds
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are available for use in hybrid evaluations (Table 1). Add soil tolerant esc resistant germplasm is also
available (De Leon et al. 1999). Sources of resistance to MBS have been identified in both transition zone
and highland maize. Elite CIMMYT inbreds not developed under CSC evaluations have been
characterized for reaction to infection.
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Table 1. Evaluation of elite tropical and biotic stress resistant inbreds for resistance to the com stunt
complex (esC) (com stunt spiroplasma S. kunkelii and maize bushy stunt phytoplasma) under
artificial infestation. Agua Fria, Mexico 2003A cycle.

Pedigree
CL-G2309 G23C26H179-1-4-2-3B*4
[(P390bcoC3 F191-1-1-1-4-B-B-B-B) x (P73TLC3#-115-1-4-#)]-1-2-2
[(P390bcoC3 F191-1-1-1-4-B-B-B-B) x (P73TLC3#-96-3-4-#)]-2-2-3
P73TLC3# -74-2-6-1-3-#-#-1-B
P73TLC3# -153-1-1-#-#-B
P79RH -129-1-1-#-#
P79RH -133-1-2-#-#
CML 447 (P43F95*P21F219)1-BBB-l-#*4-B*9)
CML451 [(NPH28-1*G25)*NPH2]-1-2-1-1-3-1-B*5

Checks

CSC foliar
symptoms

(%)1

7.9
3.7

15.3
11.1
4.2

14.8
3.7

91.7
100.0

CSC ear
symptoms

(%)
8.1
6.9

10.7
7.2
7.7
4.2
7.7

86.9
100.0

Rl 0.0 3.4
CML 247 38.0 33.3
CML 288 87.8 80.4
Average of 100 inbreds evaluated 59.7 54.6
LSD (P=0.05) 21.9 37.0
Standard Error 11.1 18.7
1 An alpha lattice design with three repetitions was utilized. Plots were 25m long planted on a 0.25m
spacing. Adjusted means are presented.
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Introduction
Powdery mildew, caused by the pathogen Blumeria graminis Csp. trifici, is one of the major diseases in
several wheat growing areas of the world but has previously not been given much attention in the wheat
breeding program at CIMMYT since natural epidemics are not present in Mexico. However, the disease is
important in many areas where CIMMYT wheat is grown, in particular in China and the Southern Cone
of Latin America. Hence, there is a need to find new approaches to increase resistance in CIMMYT
germplasm. Resistance breeding at CIMMYT is largely based on van der Plank's (1963) concept of
horizontal, non-race specific resistance, which is characterized by retarding the rate of disease
development, and generally shown to be oligogenic in wheat (Singh and Rajaram 2002). Horizontal or
partial resistance to powdery mildew may involve one or several of the following components: increased
incubation or latent period (time from inoculation to symptoms appearing); reduced infection frequency
(number of colonies per unit leaf area); reduced infectious period Oength of time the colony produces
viable spores); reduced infection lesion size (colony size) and reduced spore production (number of
spores produced per unit leaf area over a particular length of time) (Kinane and Jones 2(00).

Methods
Background data on powdery mildew resistance in elite CIMMYT bread wheat was obtained from a total
of 64 global locations in the International Wheat Improvement Network (Figure 1). Promising lines were
selected for further disease testing at the following sites (name of collaborator in parenthesis): Bawburgh,
UK Games Brown); Vollebekk and Staur, Norway (Helge Skinnes); Griffin, Georgia, USA Gerry Johnson);
Palala, South Africa (Francois Koekemoer); and multi-location testing in China (coordinated by He
Zhong-hu) (Figure 1). The presence of major genes for powdery mildew resistance was elucidated at
CAAS in Beijing by testing seedling susceptibility to the following isolates of B. graminis f.sp. tritici: E06,
E07, E13, E20, E23, E26, E30, E18, E17, El0, E05, E03, E15, E01, E21, E32, E02, E42, E16 and E31 (Chen
Xinmin, personal communication.)

Results
Based on the powdery mildew data obtained from international CIMMYT bread wheat nurseries, SO lines
consistently showing low infection rates across environments were identified, and are presently being
further tested in several global 'hot spots' for powdery mildew. Final testing results are already available
from UK, South Africa and Georgia, USA, but data from more locations will be presented at the
symposium. About half of the lines originally selected from the international nurseries have shown a
good level of partial resistance at the selected 'hot spots' so far, and can be considered as potentially
useful sources of resistance in the breeding program, although genetic confirmation is still pending. The
same set of lines were also tested against a wide range of powdery mildew isolates, and 18 of the original
set of 50 lines were shown not to carry any common major resistance gene to powdery mildew. The five
most promising lines showing low infection rates across 'hot spot' environments and not carrying any
major resistance gene are listed in Table 1.
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Ongoing Activities
Based on data from the global'hot spots' and the confirmed absence of known major resistance genes, the
most promising partially resistant and high-yielding ClMMYT bread wheats will be further characterized
for their resistance mechanism (coordinated by He Zhong-hu). This will enable pyramiding of resistance
genes based on different components ofrcsistance. A genetic study involving the lines listed in Table 1 is
also being conducted to gain more information about the genetic control of partial resistance to powdery
mildew in ClMMYT bread wheat. Resulting populations will potentially be used to develop molecular
markers. In the bread wheat breeding program at CIMMYT, crosses are also made with other well
characterized sources of partial resistance to powdery mildew, among others the Gennan spring wheat
'Naxos', and the North American winter wheat 'Massey'. For 'Massey' some promising microsatellite
markers (Liu et al. 2001) arc now being validated for use in marker-assisted selection here at ClMMYT.
The breeding activities for powdery mildew are carried out in close collaboration with ClMMYTs
regional office in China and segregating populations will finally be sent to China for selection of powdery
mildew resistant lines after surviving at least one round of selection in the Toluca-Obregon shuttle in
Mexico.
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Figure 1. Geographical distribution of locations providing disease data on powdery mildew through
the International Wheat Improvement Network (.) and 'hot spots' (6.) used for final testing.

Table 1. Mean powdery mildew disease score (0-9 scale) for the most promising partially resistant
CIMMYT bread wheats and two susceptible checks. The three test locations were Palala (South
Africa), Bawburgh (UK) and Griffin (GA, USA).
Name Selection History
HUN CM97334-0M-14Y-030M-2Y-3Y-OM-OBOL
MILAN CM75113-B-5M-1Y-5M-2Y-3B-OY-OCF-OM-OCHL
SAAR CG25-099Y-099MAY-2M-4Y-OB
DULUS CMBW89M6350-0TOPY-030M-1 OY-010M-010Y-4M-OY-OPZ-OY
FIUN/MILAN CMSS93BOO479S-9Y-OlOM-OlOY-010M-2Y-2M-OY-3PZ-OY
INQALAB 91 (check) PB19545-9A-OA-OPAK
KARIEGA (check) -OZAF
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Introduction
Insect pests, of which stem borers are the most widely distributed, affect a Significant portion of the 96
million hectares of maize grown in developing countries (Pingali 2001). In Kenya, stem borers cause
about 15% maize grain yield loss annually (De Groote et al. 2001). The major species in Kenya are Chilo
partellus (Swinehoe), Busseola fusca (Fuller), Sessamia Caiamistis (Hampson), and Eldana saccharina (Walker).
The controls used to manage stem borer damage mainly consist of chemical, biological, cultural, and host
plant resistance. Chemical control methods are the most effective, but they are also the most expensive for
small-holder farmers. Pesticides also posses threats to humans, livestock, and the environment. Farmers
can easily adapt host plant resistance as it is encapsulated in the seed. However, developing insect
resistant maize using conventional means has been elusive due to limited genetic variation, difficulty in
maintaining the quantitatively controlled traits, and the fact that the procedure deals with two organisms:
pests and hosts. Using genetic engineering tools, modified novel genes from the soil dwelling bacterium
Badllus thuringiensis (Bt) have been introduced into crops, and hold great promise in controlling
lepidopteran stem borers (National Academy of Science 2000). The genes encode delta-endotoxin
proteins. On ingestion by the susceptible slem borer, these proteins are activated by the conducive
environment in insect guts and the effects of their release result in larval mortality (Gill et al. 1992). The Bt
toxins are active against lepidopteran pests but non-toxic to humans and livestock. The Insect Resistant
Maize for Africa (IRMA) project was developed by three core partners, KARl, CIMMYT, and the
Syngenta Foundation for Sustainable Agriculture, to meet the challenges in developing and deploying
elite and adapted insect resistant maize germplasm, induding Bt maize.

Methods
Developing, testing, and dissemination of Bt maize varieties required different approaches to those
employed when using conventional breeding methods, mainly to address technical and societal concerns.
The IRMA project was, therefore, comprised of a multidisciplinary team of scientists to ensure that the
insect resistant maize was effective in stem borer control, and fitted into the agricultural system in Kenya
without unfavorable effects on the farmers, their livestock, or the environment. The structure included
teams for product development and dissemination, impact assessment and socia-economics, as well as
documentation and communication. The products were Bt source line and insect resistant adapted maize
germplasm developed using conventional methods. Processes and achievements for dissemination to the
Kenyan public and other developing countries were planned, monitored, and implemented. Procedures
for providing the maize to resource poor farmers, involving sludies on effects on non-targets organisms
and the development of appropriate insect resistance management strategies, are being developed.

Results
A number of Bt events have been developed and characterized, with "clean gene events" (without
selectable markers) produced. These have been tested for their efficacy on Kenyan stem borers through
leaf bioassays carried out using straight and combination of events (KARl and CIMMYT 2002; Mugo et a!.
2003). Cut leaves from Bt maize grown in Mexico have been introduced into Kenya with the approval of
Kenya's national biosafety committee (NBC). From these bioassays, a prospective control was identified
for the most destructive borer, C. parte/ius (the most widely distributed in Kenya), using the straight
events. In the development of insect resistant germplasm using conventional methods, insect resistance
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from maize introductions has been identified, and transferred to locally adapted germplasm and open
pollinated varieties (OPV) and hybrids. Results from the evaluation of putative species in five maize
growing regions indicated that sorghum varieties, wild Columbus, and Sudan grasses, were effective
refugia, generating 2.5 to 4 times as many moths as maize. Bioassays were conducted to assess the
suitability of alternate hosts to maize stem borers with implications for synchrony of emerging adults
between the refugia and Bt maize, and to quantify the reproductive potential of moths reared on different
hosts. A vegetation survey protocol for insect resistance management (IRM) was carried out to quantify
the distribution and abundance of alternate hosts in Kenya. Adequacy of refugia differed by region and
increased from very little in the highlands to over 20 to 30% in the coastal lowlands. Characterization of
target and non-target arthropods of Bt gene-based resistance in four major maize growing regions in
Kenya has been done to establish the diversity and relative abundance of target and non-target organisms
associated with the maize cropping system (KARl and ClMMYT 2002). Field collections of non-target
organisms have been made, sorted, and identified (family and genus) and a database established to
enable targeted monitoring once BT maize is available in Kenya. Paticipatory rural appraisals describing
the farming systems in Kenya were conducted. Baseline data collection has been initiated, and the seed
industry, roles of NGOs and informal credit systems, consumer awareness on GMOs, and seed recycling
have been studied. Technology transfer has been advanced through biotechnology training of KARl,
Kenya Plant Health Inspectorate Service (KEPHlS), and extension staff and exposure to biosafety in
greenhouses and field sites. The IRMA project has developed an operational biosafety level 2 laboratory
and an open quarantine field site and is constructing a biosafety greenhouse complex, in addition to
eqUipping KARl labs with equipment for laboratory analysis.

Conclusions
The IRMA project is a model of how major scientific and development projects will be carried out in
future, through innovative partnerships and institutional and disciplinary collaborations. The
achievements made so far are encouraging. Products are being developed, as well as procedures to
ensure safety of Bt maize in Kenya. The use of Bt technology in maize has been demystified among
Kenyans through information dissemination (stakeholder meetings, seminars, etc.). More work is
required to ensure progress in developing partnerships in the region to transfer this technology safely in
Kenya and in other willing African countries. The success in IRMA endeavors depends on support from
science, favorable policies, the institutions involved, and all stakeholders.
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Introduction
Identification of a base maize population is a key decision in a maize breeding program.
Desired base populations should have a high grain yield and broad genetic variability in addition to good
agronomic traits and resistance to biotic stresses and tolerance of abiotic stresses. Prediction of the
population mean is useful if the number of available composites is large, because otherwise a large
amount of resources are needed for their estimation. There are different methods of predicting the
population mean (Gardner and Lonnquist 1966; and others). The objective of this study was the
estimation of population mean for grain yield and virus maize diseases of ten mai7..e populations.

Materials and Methods
Populations developed by public and private corporations in Brazil, (CMS-13, CMS-14 C BR-106, CMS
39, CMS-S7 N.F., ESALQ PB2 x ESALQ PB3-Amarelo, IAPAR-S1, BR-10S, CMS-4S4 and Composto
Dentado) were crossed to each of the follOWing testers, Cargill-909 (single cross), Germinal-SSO (three
way cross)/ Agroceres-122, Agromen-2012, and Cargill-701 (double crosses), to generate top crosses. Top
crosses were evaluated in a randomized complete block design with three replications per site in two
planting season. Grain yield and reaction to virus diseases are reported in this study. Top crosses were
analyzed using the model developed by Miranda Filho and Geraldi (1984), as follows:

were f.l. is the variety mean; a.= 0 for hybrid, a.=1 for varieties with the higher means, a.= -1 for varieties
with the lower means; d is the difference between population mean and tester mean; Vi and V jare the
heterotic effects of populations and testers, respectively; Sij is the specific heterosis for the ij cross; and eij
is the error term associated to Yi(

The composite mean was estimated according to Chaves and Miranda Filho (1997) as follows:
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were "i\ is the population mean formed by k populations; n is the number of parental populations; Vj and
Tj are the means of varieties and top-crosses; V and T arethe means of a pool of populations and top
crosses, respectively.

Results and Discussion
Differences for grain yield were found among top crosses. The highest grain yield was obtained by the
cross Composto Dentado x Agromen-2021, followed by CMS-14 C x Germi.nal-SSO, meaning that testers
with relatively more genetic variability produced the high yielding crosses. Top cross CMS-454 x
Agromen-2012 showed the lower mean values for virus infection. Information in this study allowed for
the development of a composite merging the populations ESALQ PB2 x ESALQ PB3 Amarelo, IAPAR-S1,
BR-10S, CMS-4S4.This population should have high mean grain yield, large genetic variability, and
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resistance to virus diseases. Agromen-2012 was the best tester for grain yield and resistance to virus
diseases.
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Introduction
Biotic stresses such as northern leaf blight, caused by Exserohilum turcicum, gray leaf spot (GLS), caused
by Cercopspora zea maydis, and maize streak, as well as abiotic stresses like drought and low soil fertility,
are the major maize production constraints in the medium altitude moist ecology of western Kenya. Yield
losses of 60% due to GLS have been reported in Kenya, although the loss depends on the time of attack.
Northern leaf blight can lead to 100% yield loss in susceptible varieties (Odongo 2000). An effective way
of combating these stresses is through the use of diverse source germplasm in varietal development, as
this helps to pyramid genes for resistance to more than one stress. Ojiem et al. (1996) reported that lack of
suitable variety was among the major causes of the gap between farmers' and researchers' maize yields in
western Kenya. In this region, seed companies mainly market three-way and double cross hybrids.
However, double top cross hybrids are cheaper to produce and are of greater benefit to farmers because
they are less sensitive to inbreeding compared to single crosses. There is a need for a breeding strategy to
identify single crosses and non-inbred parents with desirable qualities for use in developing double top
cross hybrids. The objectives of this study were to: 1) identify high-yielding adapted double top crosses
for use in the region; 2) identify heterotic patterns in the parental single crosses to serve as testers in the
region; and 3) estimate general combining ability (GCA) of the testers and specific combining ability
(SeA) of the single crosses.

Methods
One hundred and two single crosses formed from CIMMYT elite lines were crossed with two locally
adapted disea"e resistant synthetics, Z97SYNGLS(A) and Z97SYNGLS(B). These two synthetic testers,
resistant to GLS, E. turcicum, and maize streak virus, were from two opposite heterotic groups. The
resulting 204 double top cross hybrids were evaluated in four sets of trials comprising 50 to 52 entries,
along with local checks each, across nine sites in medium elevation zones in Kenya and Uganda. Six sites
were classified as optimum conditions, two as managed low nitrogen, and one disease trial in an alpha
lattice design, 2 row plots with two replications at a plant density of 53,000 plants per hectare.
Recommended agronomic practices were followed at each site to allow the genotypes to express yield
potential, except that screening for low nitrogen tolerance was carried out on nitrogen depleted blocks
with normal application of P20S. One trial set evaluated at Kakamega was artificially inoculated with
GLS. Inoculum was prepared from infected stalks from the previous season. Infected leaves were
collected, shredded into small pieces, and applied uniformly as a pinch into the whorl of young plants at
4-5 leaf stage. The recorded variables were analyzed following appropriate statistical models and line x
tester genetic analysis for GCA and SCA was undertaken on grain yield.

Results
Significant yield differences were observed in the two sets of trials evaluated under both low nitrogen
and optimum conditions. In one set, significant differences in grain yield were found only under
optimum conditions while, in the second set, significant differences in grain yield were found under both
optimum and low nitrogen conditions. Under optimum conditions, the best entry yielded 6.0 t/ha
compared to the best check with 4.2 t/ha across locations (Figure 1). Under low nitrogen, the best entry
yielded 2.7 t/ha and the best check 1.6 t/ha. The best performing double top cross hybrids also showed a
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better reaction to the prevalent diseases - namely, gray leaf spot, maize streak virus, and northern leaf
blight- than the best commercial check hybrids in the region (Figure 2).

Conclusions
The study classified the majority of single crosses into their respective heterotic eroups, except a few
which combined well with both testers, making them difficult to classify. Single crosses with high and
positive GCA effects for grain yield were identified. They represent potential parents in the development
of various hybrids including three-way, double cross, and double top cross hybrids for use in the moist
ecology of western Kenya and similar ecologies in the rebrion. The study also idenlified 14 high-yielding
double top crosses that performed better than the best check and which merit further evaluation and
possible release in the region.
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Figure 2. Yield (Jlha) and disease reaction (gray leaf spot-GLS, northern leaf blight-E.turcicum) of 6
selected streak and low nitrogen tolerant double top cross maize hybrids and 2 local checks tested
under optimum (OPT) and low nitrogen (LN) conditions across 9 sites in East Africa, 2002A.
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Introduction
Striga hermonthica, a parasitic weed, attacks cereal crops throughout sub-Saharan Africa and yield losses
are estimated between 30% and 60% (Kim et al. 2002). Open pollinated synthetic varieties of maize have
only moderate levels of tolerance/resistance (STR) to Striga hermonthica. Progress in developing new STR
materials is hindered by the variations in genotype-by-environment interactions (CxE) encountered
across this region and the limited range of genetic variation for tolerance/resistance (Devries 1999). To
develop high levels of tolerance/resistance to Striga, high STR parents must be identified and trials
introgressed into adapted materials. Tolerance and/or resistance to some lowland stress was identified in
mid-altitude germplasm (Berner 1995; The 1997). The objective of this study was to measure the breeding
values and combining abilities of mid-altitude maize germplasm under Striga hermonthica when crossed
to lowland lines and identify tolerant inbreds/hybrids for use in West and Central Africa.

Materials and Methods
A total of 160 F1 resulting from crossing 17 parents in a diallel were evaluated under artificial Striga
infestation at Ferke (COte d'Ivoire) and Caroua (Cameroon) in 1999 and Caroua in 2000. In Caroua, 2
planting dates were used in 1999 and 2000 to create additional environments. The parents used in diallel
crosses comprised 6 mid-altitude inbred lines developed at 1,300 m above sea level (masl) in Cameroon, 5
lowland lines developed at 600 masl in Cameroon, 5 lowland lines developed at the International
Institute of Tropical Agriculture, Ibadan, Nigeria and 1 CIMMYT line developed at Ferke. The 136 F1
tested consisted of 10 F1 resulting from crossing mid-altitude lines (MM), 66 from crossing mid-altitude
lines and lowland lines (ML), and 55 from crossing lowl311d lines (LL). All 136 F1 were evaluated under
two Striga infestation treatments, maize hills arlificially infested with 2,500 germinable Striga seeds and
maize hills without Striga infestation. Data collected consisted of Striga symptoms on the leaves (STR
rating), the number of Striga plants emerged per maize plot (STR count) and grain yield.

Results
Highly Significant (P<O.Ol) CxE was detected for damage under infestation indicated by rating scores and
grain yield under Striga infestation and non-infestation. Number of emerged Striga plants and host
damage were highest at Ferke in 1999, and resulted in the lowest grain yield under infestation.
Differences among the parents were indicated by the highly Significant general combining ability (CCA)
effects for all measured traits and highly Significant specific combining ability (SCA) effect for grain yield
under infestation and non-infestation. Three mid-altitude parents ranked among the 5 highest yielding
under Striga infestation (Table 1). The percentage of relative grain yield lost (%RCY) due to Striga ranged
from 6% obtained with mid-altitude line M131 to 75% obtained with Exp25. With the exception of mid
altitude line 88094, all mid-altitude parents experienced less than 20% yield loss under Striga infestation.
The 20 top yielding hybrids included 3, 9 and 6 hybrids from MM, ML and LL crosses respectively. 14
crosses among the top 20, representing 70% of the best hybrids had at least one mid-altitude line as
parent. The best F1 was 88094 x M131 which is an MM cross. The lowest Striga damage score on the
leaves was recorded in 4 MM, 12 ML and 4 LL hybridS. Thus 16 crosses among the 20 best, representing
80% of the 20 best hybrids, had at least one mid-altitude parent. Combining abilities across the 5
environments revealed the presence of both additive and non-additive gene action for grain yield and
Striga damage rating, with predOminance of additive gene action for Striga symptoms and grain yield
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under both Striga infestation and non-infestation. Six lines showed a positive GCA value for grain yield
under Striga infestation and a negative value for damage score. Four of these were mid-altitude lines.

Conclusions
Mid-altitude germplasm showed good performance under artificial Striga infestation for grain yield and
disease scores. Fl, having at least one mid-altitude parent, generally out-yielded the LL crosses. This
suggests that mid-altitude lines could significantly contribute to breeding for Striga hermonthica tolerance.
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Table 1. Top yielders under Striga infestation across environments.
Striga

Yield Yield under damages
under info non.Inf score Striga Cross

Hybrids (t.ha-1) .(t.ha-1) %RGY (1-9) count Type
88094 x M131 4.13 4.96 17 4.76 84 MM
88094 x Samaru Inb Y 4.08 4.46 9 5.23 102 ML
Mok. Pion x 9405 4.01 4.55 12 4.78 62 LL
87036 x 88094 3.88 4.4 4 4.42 120 MM
Sam Inb Y x EXP322 3.84 4.28 8 5.3 115 LL
88094 x 90301 3.79 4.61 18 4.7 113 MM
88094 x EXP25 3.56 4.23 16 5.65 114 ML
87036 x Samaru lnb 3.56 4.27 17 4.84 88 ML
87036 x NCRE gp211 3.48 4.19 17 5.05 78 ML
Samaru Inb x 90301 3.47 4.18 17 4.84 49 LM
88094 x NCRE gpl107 3.42 3.58 3 5.01 84 ML
Samaru lnb x Exp123 3.42 4.24 19 5.22 58 LL
88094 x NCRE gp211 3.36 3.81 12 4.95 61 ML
Mokwa Pion x Exp322 3.36 4.01 16 4.91 67 LL
87036 x Cmlci-IDR-STR 3.36 3.52 5 5.57 93 ML
Samura Inb. x M131 3.34 4.57 24 5.02 63 ML
88094 x Mokwa Pion 3.25 4.15 22 4.61 76 ML
Mokwa Pain x Exp123 3.25 3.75 13 3.27 53 LL
Samaru Inb x HLM7 3.2 4.13 23 5.31 74 ML
Samaru Inb x NCRE1107 3.2 3.37 5 5.04 69 LL
Means Trials 2.64 3.46 5.69 78
Mean Selected 3.58 4.1 5.26 81
c.v. (%) 32.58 27.96 12.64 41.63
LSD. (0.05) 1.07 1.2 0.95 52.27
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Introduction
Diseases are among the most significant maize production constraints. Grey leaf spot (GLS) disease
caused by Cercospora zeae-maydis is recognised as one of the most significant yield-limiting maize diseases
worldwide (Ward and Nowell 1998; Nutter and Jenco 1992). Recently, it has become the principal maize
disease in Ethiopia (Dagne et a1. 2001). Most varieties grown by farmers are highly susceptible to GLS.
Ethiopia's national maize research project initiated a series of experiments to evaluate and select maize
genotypes from local and exotic sources. We identified resistant entries, using artificial inoculation with
Cercospora zeae-maydis. Some of the advanced and commerdal inbreds with good agronomic performance
exhibited highly susceptible reactions to GIS. To date, no studies have been conducted to determine the
genetics of resistance to Gl,S in the lines identified in this program. Thus, this study was undertaken to
determine the inheritance of resistance to GLS in the resistant lines identified under Ethiopian conditions.

Methods
Eight maize inbred lines with contrasting reactions to GL5- resistant (143-5-1 and CML-387), moderately
resistant (Gotto LMSs, SC-22, and CML-395), moderately susceptible (CML-202), and susceptible (A-7016
and CML-197)-were obtained from the national maize research coordination center in Bako, Ethiopia
and CIMMYT. They were crossed in a diallel mating system. The resulting 28 F1s and eight inbred
parents were evaluated in a randomized complete block design with three replications at Bako in 2001
and 2002. Plots consisted of four rows of 5.1 m length with inter- and intra-row spacing of 0.75 m and 0.3
ill respectively. P20S at a rate of 100 kg/ha was applied at planting, while 100 kg/ha N was applied in
split. Artificial inoculation was achieved for GLS through application of infected, dry, and ground leaves
into the whorls of young maize plants. Data were recorded for days to initial symptom appearance,
disease severity (1-5 scale), and disease incidence (percentage of infected plants and infected leaves per
plant). Area wlder the disease progress curve (AUDPe) was calculated for disease severity and
percentage of infected plants following the formula suggested by Tooley and Grau (1984). Griffing's
(1956) Modell, Method 2 was used to estimate components of variance due to general combining ability
(GCA) and specific combining ability (SCA).

Results
Effects of entries, crosses, and parents were significant for all disease parameters (Table 1). There were
highly significant GCA effects for all parameters, whereas SCA effect was significant for AUDPC due to
disease severity. This suggesls that additive gene effects contributed to genetic variability for GLS
resistance. A significant genotype x year, parents x year, and crosses x year interaction was observed for
all GLS parameters. The interaction of GCA and SCA effects was also significant for most parameters.
Estimates of GCA effects (Table 2) showed that the parents A-7016 and CML-197 were poor combiners
while CML-387 was the best combiner for GLS resistance.

Conclusion
The contribution of additive gene action in the inheritance of GLS can be effectively exploited through
recurrent selection. The parents A-7016 and CML-197 should not be used in maize improvement
programs in areas where GLS is prevalent, since they demonstrated a tendency to increase susceptibility
to the disease. CML-387 was an ideal parent for the development of GLS resistant hybrids. These
observations have important implications in breeding for resistance to GLS.
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Table 1. Combined analysis of variance of diallel crosses among 8 maize inbred lines for GLS disease
parameters evaluated at Bako, Ehtiopia during 2001-02.

Mean Square
Incidence AUDPC

Source DF DISA DSS PIP IIjP DSS PIP
Year (Y) 1 679.1 0.70* 8260.3** 1436.5** 704.2* 5940881.5**
Replication/Y 4 127.5 0.08 187.5 57.57 79.25 295916.1
Entry (G) 35 257.9** 1.53** 1829.9** 2295.1** 1354.1** 2823598.6**

Parents 7 129.1* 2.24** 2606.7** 2907.5 2010.8** 3651000.9**
Crosses 27 300.3** 1.33** 1694.4** 2201.7** 1172.3** 2708941.6**
Parents vs crosses 1 14.31 1.96** 49.86 532.0** 1663.0** 127521.8
GCA 7 207.9** 1.96** 2169.0** 2513.8** 1751.0** 3216557.2**
SCA 28 55.50 0.14 220.2 324.0 126.5* 372360.5

G x Y 35 146.3** 0.31** 560.4** 5.48** 269.4** 892986.8**
Parents x Y 7 139.3** 0.48** 1403.5** 1791.1** 430.9 2033677.4**
Crosses x Y 27 153.5** 0.26** 354.5** 406.4 217.8** 618013.0**
GCA x Y 7 108.4** 0.21* 371.8* 559.6* 186.0* 637097.2*
SCA x Y 28 33.89 0.08** 140.6** 234.5* 65.76** 212803.2**

Error 140 60.4 0.04 55.42 126.2 34.40 64600.2
Grand mean 38.36 2.05 65.94 59.72 61.94 2313.6
CV (%) 20.27 9.21 11.29 18.81 9.47 10.99
*, **Significant at 0.05 and 0,01 level of significance respectively; GCA =general combining ability; SCA = speCIfiC combining
ability; DF = degrees offreedom; DISA = days to initial S1)mptom appearance, DSS = disease severin) score, PIP = percentage of
infected plant per plot, II-/p = percmtage of infected leaves per plant; AUDPC = area under disease progress curve calculated
using disease severity and % infected plant; CV = co-efficimt ofvariation.

Table 2. Estimates of general combining ability (GCA) effects for GLS disease parameters of diallel
crosses among 8 maize inbred lines for GLS disease parameters evaluated at Bako during 2001-02.
Parent Incidence AUDPC

DISA DSS PIP IIjP Severity PIP
143-5-1 2.85* -0.27** 0.08 -8.25* -8.04** 42.53
Gotto LMSs -0.25 -0.06 -6.65* -4.88 -1.67 -230.98*
A-7016 -4.07** 0.71** 15.67** 17.29** 21.25** 548.09*
SC-22 -0.77 -0.09 2.76 2.01 -3.08 147.15
CML-197 -1.44 0.12 10.54** 14.63** 3.63 425.06**
CML-202 -2.77 -0.02 -1.39 0.12 -0.71 -104.25
CML-387 6.13** -0.25** -18.50** -15.56** -7.42** -741.35**
CML-395 0.33 -0.13 -2.52 -5.36 -3.96* -86.25
SE(gi) 1.46 0.07 2.86 3.62 1.98 114.12
SE(gI - gj) 2.21 0.10 4.32 5.47 3.00 172.53
*, ** = Significant at 0.05 and 0.01 level ofSignificance respectively. DISA = days to initial symptom appearance; DSS = disease
severity score; PIP = percentage of infected plant per plot; fLjP = percentage of infected leaves per plant; AUDPC = area under
disease progress curve calculated using disease severity and percmtage of infected plant; SE (g;):, = standard error ofGCA effect
and SE (g, - gj):' = standard error of the difference ofGCA effects.
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Introduction
Apart from the continuous, long-term work to increase maize yield and improve disease resistance,
lodging, and many other desirable traits, maize breeding has also been employed to change usual
chemical kernel content i.e., to enhance the content of oil. Owing to its favorable chemical content, maize
kernel has multiple applications; it is used as feed, food, and raw material in the food-processing
industry. Besides developing high-yielding hybrids of standard kernel quality, hybrids have also been
developed for the specific purpose of increased oil, protein, and starch content. Most contemporary
breeding programs are aimed towards parallel improvement of the majority of the traits. In breeding
maize for specific properties, such as content and quality of oil and protein, it is also necessary to increase
kernel yield as well as other important agronomic conditions (Misevic 1989). This paper demonstrates the
long-term work and contribution of breeding towards increasing oil content in synthetic maize
population NSU1.

Methods
In order to develop lines for increased oil content, recurrent selection for phenotype was used. The work
on these lines commenced in 1967 through the establishment of the original population. The original
population was made of simple hybrids produced by crossbreeding eight domestic lines and four foreign
lines originating from the USA. Domestic lines, produced at the Institute for Field and Vegetable Crops,
were NSL 637,1006,1083,763,816,789,897, and 796. Foreign lines were R 30,38-11, C 103, and HOIl1
(Gajic and Savic 1973). The first cycle of selection started in 1968 with the sowing of the original
population. Each cycle lasted two years. In the first year, a population of 1,000 plants of F1 generation,
consisting of a mixture of equal quantities of simple hybrid seeds crossbred in the previous year, was
sown. Self-pollination of desirable habitat was performed on 500 to 600 FJ generation plants. From each
population, approximately 100 ears were analyzed for oil content. Ears were taken from the plants with
the best phenotype appearance. In the second year, 205J lines with the highest oil content were taken and
sown for the purpose of hybridization i.e., recombination in all the possible combinations to found the
population for the next cycle. Chemical analysis was conducted according to Soxlett and on a nuclear
magnetic resonance spectroscope (NMR).

Results
The original population in the first selection cycle recorded 5.72% oil. Oil content analyzed in 5J ears
ranged trom 5.17 to 6.91 %, with an average of 6.19%. Average oil content in kernels of selected S1 ears
amounted to 6.41 % (Table 1). The second cycle population (produced trom the first cycle hybrid
combinations) recorded 6.50% oil. Analyzed 5J ears had oil content trom 5.32 to 9.28%, with an average of
6.83%, while the average of 20 selected S1 ears amounted to 7.98%. Nineteen ears with the highest oil
content were selected from the fourth population. In order to expand genetic variability, oil synthetic Syn
D.O. with an oil content of 9.59% for further selection was included. Average oil content of 19 selected 51
ears together with Syn D.O. was 10.12% oil. The population from the 16th cycle recorded an average oil
content of 14.41 %. Oil content in analyzed ears ranged trom 10.52 to 16.62%, with an average 13.50%. In
the ears selected for recombination, average oil content was 14.90% (Table 1).
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Conclusions
Between the fifth and the tenth cycle, oil content increased in the population by 1.26%, representing 0.21 %
per selection cycle. The 51 progeny oil content increased by 2.45%, reflecting a 0.41 % increase per selection
cycle, while oil content in selected best 51 progenies increased by 2.64%, an increase of 0.44% per selection
cycle. After sixteen cycles of phenotype recurrent selection in population N5U1, genetic variability still
existed for genotype selection, with greater oil content in grain. It is possible to use this genotype to
maintain genetic variability for continued selection, and also to develop new inbred lines with favorable
alleles.
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Table 1. Oil content in the maize population and selected ~ progenies in population NSU1 through 16
cycles of recurrent selection.

Selection
Oil content (%)

cycle
Generation of selection S Range Average. for 20 ears selected

(from-to) for next generation
Population 5.72

1 51 selfed ears 6.19 5.17-6.91 6.41
Population 9.44

5 51 selfed ears 9.25 7.7-10.80 10.27
Population 10.71

10 51 selfed ears 11.70 8.11-13.97 12.91
Population 13.42

15 51 selfed ears 13.62 10.15-16.79 15.35
Population 14.41

16 51 selfed ears 13.50 10.52-16.62 14.90
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Introduction
In order to provide highly nutritional food to its people, the Mexican government has implemented a
program for production of QPM on a large scale since the middle of the 1990's, with an area estimated to
be 2.5 million ha by 2005. Nevertheless, only about 160,000 ha were grown up to the year 2000 (Pingali,
2001). Because of this, consumption of QPM as food by Mexicans will be delayed if they have to depend
on imports. Because the United States is the main source of maize supplies, it is important that it produce
QPM in the future for export to Mexico. The success of this program in the medium and long term will be
dependent on finding QPM hybrids with performance similar to conventional hybrids in the U.s. Com
Belt, which will be accepted by farmers. It is essential to obtain information on hybrids and of heterotic
relationships among inbred lines so that maize breeders can plan the strategies for improvement and type
of genetic material to use.

Material and Methods
Seventy eight QPM hybrids and their inbred lines, seven tropical and six subtropical, were planted in a
two separate trials at Agronomy Research Farm (Iowa State University) near Ames, IA. All materials
were modified opaque-2 with hard endosperm texture (Vasal, 2001). Each hybrid was grown in two row
plots (8.36 m2) and inbred lines in one row plot (4.18 m2). Each row (5.5 m spaced 76 em) was planted
with 30 seeds, giving plant density of 59,000 plants ha-]. Data were recorded for time to flower (TIF),
plant height (PLH) and ear grain yield (EGY), and the best 32 hybrids for EGY were analyzed to
determinate lYSine, tryptophan, and protein content. Lysine and tryptophan were measured from grain
endosperm (Villegas and Mertz, 1978; Opienska-Blauth et aI1963). The same flour was used for protein
determination (Larry and Charles, 1984). Griffing's (1956) analysis was used to obtain estimates of
combining ability among hybrids, and general (GCA) and specific (SCA) effects for each inbred and their
hybrids, respectively.

Results
Some crosses either did not produce grain or only a limited quantity; only 32 hybrids were analyzed for
grain quality and data are presented only for 32 hybrids. EGY among QPM hybrids ranged from 0.0 to
132.1g ear-] (Table 1). Hybrids that included CML177 were generally greater yielding. Hybrids from
subtropical x subtropical inbred lines were generally greater yielding. B97 x Bll0, the normal maize used
as check, had EGY of 141.3 g ear-1, which was 9 g higher than best QPM hybrid (CML147 x CML177).
Higher yield of B97 x Bll0 was due its origin from US Com Belt. Earliest hybrids for TIF were CML177 x
CML180 and CML173 x CML177 (68 and 69 days, respectively), and CML145 x CML146 the latest. Local
check (B97 x Bll0) was 69 days in TIF, similar to the earliest QPM hybrids. For PLH, hybrids ranged
from 233 to 329 em, with the shortest as the earliest hybrids and the tallest as the latest hybrids.
Tryptophan ranged between 0.1013 to .0581 % with CML144 x CML177 having the highest value.
Fourteen hybrids had statistical higher tryptophan content. Most of them involved tropical x subtropical
parents of which three were crosses with CML177.

Conclusions
Phenotypic and chemical results suggest some hybrids having subtropical X subtropical parents
performed relatively good in Central Iowa. Best hybrids included CML177, CML176, and CML159
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inbred lines. They also could be used as sources of white QPM germplasm in a breeding program for
hybrid development.
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Table 1. Ear grain yield (EGY), Time to flower (TTF), Plant eight (PLH) and protein, tryptophan and
I . f 32 b QPM h b ·d . ld d Am IA d . 2001Ivsme percent 0 est ly' n sin yle teste at es, unng

Hybrid EGY TTF PLH %
Protein Tryptophan Lysine

B97 x B110 141.3 66 233 9.70 .0688 0.2875
CML147 x CMLl77 132.1 72 257 9.52 .0810 0.2790
CML149 x CMLl77 124.7 73 267 8.55 .0788 0.2445
CMLl73 x CMLl77 116.8 70 257 8.82 .0856 0.2432
CMLl42 x CMLl77 115.3 73 260 8.87 .0815 0.2765
CML177 x CMLl80 115.2 68 233 9.00 .0831 0.2325
CMLl77 x CMLl86 113.6 72 250 9.60 .0816 0.2662
CML144 x CML177 113.1 71 254 10.52 .1013 0.3192
CML176 x CMLl77 105.3 72 226 8.52 .0815 0.2675
CMLl59 x CMLl77 102.9 76 252 9.02 .0818 0.2145
CML149 x CML158 101.9 77 283 9.30 .0910 0.2780
CML158 x CMLl76 101.1 76 281 8.45 .0853 0.2045
CML158 x CML177 100.4 71 235 9.40 .0868 0.2295
CML142 x CML153 99.1 81 252 9.05 .0755 0.2930
CML147 x CML176 93.4 78 261 8.35 .0928 0.2585
CML145 x CMLl77 93.3 77 265 8.30 .0818 0.2815
CML142 x CML176 90.4 83 253 9.82 .0785 0.2420
CML149 x CMLl76 89.9 29 277 8.35 .0818 0.2637
CML159 x CML176 89.2 81 270 7.15 .0826 0.2195
CML158 x CMLl80 88.2 74 243 8.77 .0951 0.3155
CML173 x CMLl76 87.6 74 269 9.47 .0886 0.2725
CMLl42 x CML186 84.6 81 293 11.12 .0860 0.2875
CMLl42 x CMLl58 84.3 81 294 10.60 .0961 0.3292
CML149 x CMLl80 81.1 74 288 8.15 .0820 0.2712
CML144 x CML186 78.6 78 264 10.45 .0931 0.3192
CML176 x CMLl86 75.8 79 280 8.32 .0736 0.2450
CML147 x CMLl58 70.0 80 264 8.20 .0920 0.2787
CML145 x CMLl76 69.3 80 282 7.75 .0815 0.2805
CML142 x CML180 67.1 81 301 8.97 .0840 0.2780
CMLl44 x CML176 65.6 85 258 8.65 .0828 0.2675
CML145 x CMLl58 63.9 83 296 9.97 .0950 0.3030
Pool Seq-c3 54.3 77 266 11.80 .0673 0.2777
CML142 x CMLl45 37.4 86 318 9.15 .0805 0.2450
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Introduction
Forty-two million hectares of white endosperm maize is planted annually throughout the developing
world. Ninety-five percent of this harvest is used for human consumption. Quality protein maize (QPM)
could provide a good source of quality protein and, thereby, reduce the impact of malnutrition for the 70
million people living in Africa, Latin America, and Asia. CIMMYT's newly developed QPM is receiving
increasing importance in the developing world. After five years of promotion of new QPM hybrids and
synthetics, 18 countries have released cultivars covering more than 600,000 hectares (Cordova 2001). The
availability of good QPM germplasm in the public and private sectors in the developing world will play
an important role in the future of QPM hybrid development efforts. Since CIMMYT first released 56 QPM
lines in 1992, no further releases have been completed. It is therefore necessary to accumulate information
on combining ability for future releases, as well as yield stability in the single cross hybrids. Design II
crosses have been used extensively in maize breeding research to: identify superior hybrids; investigate
general combining abilities (GCA) of the parents; differentiate the best parent for hybrid formation; and
determine material for new sources of heterotic groups (HG). The additive main effects and
multiplicative interaction analysis (AMMI) have been reported to understand the complex genotype x
environment (GE) interactions (Gauch and Zobel 1988; Ebdon and Gauch 2002).

Methods
Tropical late white QPM lines, eight from population 62 (heterotic group "B") and six from population 63
(heterotic group" A"), were crossed in the Design II mating scheme (Table 1). The crosses were made in
2000 (winter season) by mixing seeds from reciprocal crosses. A total of 48 crosses, together with four
reference hybrids and two local checks, were evaluated across six locations (Agua Fria, Cotaxtla, and
Uxmal in Mexico, Las Vegas in Guatemala, Canas in Costa Rica, and Palmira in Colombia) during 2000
(main season). The experimental design was 6 x 9 alpha lattice, with two replications, one row plots 0.75
m apart, and 5 m long. Planting and harvesting were done by hand. Plots were thinned to the desired
density (53,333 plants/ha). Grain yield for each plot was converted to Mg/ha and adjusted to 1SS g/kg
moisture. Endosperm hardness and ear rot were scored after harvest for each replication at all locations,
except for ear rot (total four locations). Trait performance was scored on a scale of 1 (good) to 5 (poor).
Common cropping practices for maize production were applied. An analysis of variance was performed
using PROC MIXED of SAS 8.1. Each individual location was analyzed separately, and then combined
across all six environments. Combining ability studies were made using line x tester analysis
(Kempthrone 1957). High and positive values of combining abilities were preferred for grain yield, while
negative combining ability effects were desirable for endosperm hardness and ear rot.

Results
The ANOVA analysis Design II showed Significant differences between entries for all three studied traits
(Table 1). The lines HG "B" showed highly Significant statistical differences for GCA estimates, while lines
HG "A" showed non-Significant estimates. These results reflected the presence of additive genetic effects.
The SCA of the crosses showed highly Significant differences and the contribution of non-additive genetic
effects. For endosperm hardness, all the effects of GCA and SCA were recorded as highly Significant,
demonstrating both additive and non-additive genetic contributions. For ear rot, only the GCA effects for
lines showed highly significant differences, indicating the presence of additive genetic variance for only this
trait. The AMMI analysis identified hybrids that showed yield stability across environments and hybrids
with adaptation to specific environments (Figure 1).
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Conclusions
The Design II model assisted in identifying highly significant statistical differences in GCA effects for
yield, endosperm hardness, and ear rot within the heterotic group "B" QPM lines. By comparison,
heterotic group "A" showed GCA estimates of statistical significance for ear rot and endosperm hardness
only. The new superior lines will be used as parents in hybrid combinations and in pedigree selection
projects. New QPM hybrids showing yield stability across locations will be increased and extensively
tested in the tropical mega-environment.
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Table 1. Estimates of general combining ability effects among 14 CIMMYT tropical quality
protein maize (QPM) lines in Design II crosses across 6 environments for grain yield and endosperm
hardness, and across 4 locations for ear rot.

CLQ-6204 0.142 0.023
CLQ-6200 -0.601* -0.005
CLQ-6208 -0.493* 0.182*
CLQ-620S 0.394* -0.054
CLQ-6207 0.157 0.134*
CLQ-6206 0.315* -0.200*
CMLl42 0.297* -0.089*
CLQ-6203 -0.211 0.009

Pedigree
Grain yield Endosperm hardnesst

(Mg(ha) (1-5)
Ear rott:

(1-5)
-0.148*
0.081
0.206*
0.008

-0.148*
-0.180*
0.237*

-0.055
CLQ-6313 -0.227 0.000
CLQ-6312 -0.251 -0.099
CLQ-6307 0.300 -0.208*
CLQ-6314 0.276 -0.146*
CML146 0.113 0.224*
CMLlSO -0.211 0.229*

0.063
0.109*

-0.188*
0.047

-0.078
0.047

•
Pa

2

-1

• Hybrids
2.5 • Locations

1.5

*Significantly different from zero at the 5% level. tl = hard, 5 = soft. :j: 1 = resistant, 5 = susceptible.
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Figure 1. AMMI analysis for eight of the best hybrids and two local checks.
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Introduction
Some essential amino acids are nutritionally limiting in maize-based diets. We have initiated a program
to alter the amino acid content in maize using the traditional plant breeding method of recurrent
selection.. The potential of this method to improve maize populations for their composition in two
nutritionally limiting amino acids, Methionine (Met) and Tryptophan (Trp), was tested. The objectives of
this study are (1) to determine the effect of selection on the amino acid composition in maize, (2) to
conduct divergent selection for both Met and Trp, and (3) to determine the effect of selection on the
nutritional value of the populations.

Materials and Methods
Initially two random-mated maize populations derived from BSll and BS31 were chosen for this study
on the basis of their protein content and variability. The Met content of the ground kernel samples was
quantified using a microbial assay, a procedure similar to that proposed by Wright and Orman (1995). To
assay Trp, a modified version of the colorimetric method presented by Sastry and Tummuru (1985) was
used. To determine if the nutritional value of the populations have been altered, a rat feeding trial is
underway. Diets of the divergent BS11 Met populations are being fed to rats, and rate of weight gain is
being monitored.

Results
The two populations were treated independently and selections were categorized as high Met, low Met,
high Trp, and low Trp within each population in Cycle 0 in 2000. The distribution of the initial
populations for both Met and Trp in BSll is presented in Figure 1. The first cycle of half-sib family
selection for Met and Trp was completed in the summer of 2002. The distribution of the Cycle 1
populations for both Met and Trp in BSll is presented in Figure 2. For the BSll population in Cycle 1, the
relative values for the high Met and Trp selections were Significantly higher than the relative values for
the low Met and Trp selections. For the BS31 population in Cycle 1, the relative values were not
Significantly different, although the high Met and Trp selections were higher than the low Met and Trp
selections. Table 1 shows the mean Met and Trp relative values for both populations. The results of our
rat feeding trial will be presented.

Conclusions
These data suggest that a divergent recurrent selection program is useful for producing populations with
altered Met and Trp content. Given that only one of the two populations showed significant differences
and given the narrower range of values in the BS11 C1 selections, it is likely that significant progress will
require a long-term breeding effort. Ultimately, we antidpate that these experiments will yield
germplasm with improved nutritional quality that will be a valuable resource for researchers interested
in the genetics and biochemistry of kernel amino acid content.

References
Sastry, C.5.P., and M.K Tummuru. 1985. Spectrophotometric determination of tryptophan in proteins. J.

Food Sci. and Tech 22:146-147.
Wright, A., and B. Orman. 1995. Rapid screening procedure for methionine levels in maize and soybean.

Crop Sci 35:584-586.

112



Breeding for Specialty Traits

Ul 35c
0 30
~

ro 25c:
(J) 20Ul

..Cl
150

......
100

L
(J) 5

..Cl
E 0
:::J
Z

~ i-

- i-

- '-- i-

i- i-

I 1111 ,-,

0.18 0.22 0.26 0.30 0.34 0.38

Met content (relative value)

35
30
25
20
15
10

5
o

i- ..

i-

f- i-

I-- I-

~IIi-

- ~
i i i i i

0.18 0.22 0.26 0.30 0.34 0.38

Trp content (relative value)

Figure 1. Distribution of Met content and TIP content in BSll. For BS11, the Met and Trp content are
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Table 1. Mean Met and TIP values for the High and Low categories in BSll and BS31 Cycle 1
populations. Signilicant differences were observed in BSll only. The Met and Trp content are relative
values that represent the optical density measurement corrected for the mass of the sample.

HM
Met content

LM HT
Trp content

LT
BSll
BS31

Cycle 1 population

Cycle 1 population

0.1643 *
0.1757

0.1533*

0.1736
0.3030*
0.2985

0.2849*

0.2916

* Significant at 0.05 level
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Introduction
In Mexico, maize silage generally has low energetic values in comparison to silage from the USA and
Europe. This has been attributed to the selection emphasis on forage yield without considering nutritive
value (Nliiiez et al. 2001). To improve silage quality, it is necessary to selecte the best hybrids with both
characteristics. There is suffident evidence of hybrid differences in protein, fiber, and dry matter
digestibility (Allen et al. 1995). The objective of this study was to estimate the general and spedfic
combining ability (GCA and SCA respectively) of eight lines and their 28 single crosses.

Methods
The study was carried out during 2001 in the Comarea Lagunera, Mexico; geographic area localized
between parallel 240 30' north latitude and 1020 40' west length of Greenwich meridian, at an altitude of
1,200 masl. The annual temperature mean is 21°C with a mean annual predpitation of 220 mm. All
possible crosses among eight quality protein maize (QPM) yellow endosperm lines were done using
CML162, CML164, CML165, CML168, CML169, CML170, CML171, and CML172 from the ClMMYT
tropical maize program. The resulting 28 crosses were evaluated in a randomized complete block design
with two replications. The experimental plot consisted of one row 3 m long with 75 em between rows.
Plant density was 80,000 plants per hectare. Height (HP) of five plants per plot was recorded. The fresh
forage production (FP) and dry matter yield (FDM) of 10 whole plants per plot were measured. A sample
of 300 g of dry matter was taken to determine forage quality. In vitro true digestibility (NTD), crude
protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), and lactancy net energy (NEL)
were determined by near infra red reflectance spectroscopy (NlRS), Goering and Van-Soest (1970). Diallel
crosses, as reported by Griffing (1956), were used to estimate GCA and SCA effects. Statistical analysis
was undertaken using Buron and Coors (1994) diallel program version 1.1. GCA effects of the lines and
SCA effects of the crosses were estimated with Griffing (1956) Method N.

Results and Conclusions
The mean squares of the diallel analyses for the variables were evaluated (Table 1). Table 2 shows the
GCA and SCA variance components. The line with the best GCA values was CML162 with 5.80,0.962,
and 1.722 for FP, ADF, and NDF respectively. CML168 obtained the best GCA value for HP. CML172
registered GCA values of 2.21, 1448, 3177.53, and 0.25 for FDM, NID, NEL, and CP. While CML169 x
CMLl72 scored the best for FP, FDM, NDF, NEw and PC with values of 16.55,6.95,3.42,9196.34, and 0.86
respectively. The best ADF SCA value was CML162 x CML170 with 3.391. The diallel cross analyses for
SCA effects were highly significant, while GCA expressed no Significant effects. The results showed
differences between crosses and SCA but not for GCA, suggesting that genetic non-additive effects were
important. The inbred lines showed no additive effects because GCA was not significant (Gutierrez et a1.
2002). The SCA and dominant variance were higher than the GCA and additive variances. Crossa et a1.
(1990) indicated that the non-additive effects increase in importance with the increase of inbreeding
effects because more homodgotic loci exist. The lines QPM162 and QPMl72 obtained high general
combining ability effects. CML169 x CML172, CML162 x CML170, and CML169 x CMLl71 showed the
highest SCA effects for FP and FDM. These crosses yielded 67.7, 61.8, and 60 t/ha (FP) and 27.9,26.7 and
24.9 t/ha (FDM). They also registered values of 24,28.8, and 25% for ADF; 46.2, 51.3, and 45.8% for NDF;
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70.7,66.5, and 66.5% for IVTD; and 1.61, 1.48, and 1.61 Meal/kg for NEL. These represent optimal values
for maize forage quality in northern Mexico (Herrera 1999).
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Table 1. Mean squares of the diallel analysis of Griffing (1956) design IV, for eight variables.
F V HP FP FDM IVTD ADF NDF NEL
Crosses 0.062** 274.25** 47.28** 2334** 3504** 11480** 87590**
GCA 0.037 238.27 38.02 1946 3218 11960 71140
SCA 0.071* 286.84** 50.53** 2470** 3604** 11310** 93350**
Error 0.058 15.67 2.5 116 179.30 553.80 4417
** Significant at the 0.01.

CP
500.16**
529.65
489.83**
19.35

Table 2. Estimates of the variance components of Griffing (1956) design Model IV for eight variables.
Components HP FP FDM IVTD ADF NDF NEL CP
Crosses 0.0022 129.29 22.39 11089 1662.26 5464.00 41588371 240.40
GCA -0.0029 -4.05 -1.04 -436 -32.18 54.17 -1851532 3.32
SCA 0.0066 135.58 24.01 11769 1712.33 5379.73 44468532 235.24
Additive -0.0057 -8.09 -2.08 -874 -64.37 108.34 -3703064 6.64
Dominance 0.0066 135.58 24.01 11769 1712.33 5379.73 44468532 235.24
Error 0.0579 15.67 2.50 1162 179.30 553.80 4416902 19.35
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Introduction
The Nicaraguan Institute of Agricultural Technology (lNTA), in coordination with the International
Maize and Wheat Improvement Center (CIMMYr), developed the variety Nutrinta-Amarillo with the
objective of dispersing it to some 35,000 Nicaraguan families living in rural areas. This variety would
specifically aim to enhance the diet through increased protein.

Methods
In spring 2002, the high quality protein maize (QPM) variety Nutrinta-Amarillo was evaluated in 32
small-holder farmer plots in Nicaragua. The local maize variety was NB-6. The objective was to
determine the favorable agronomic qualities of Nurtinta-Amarillo and to obtain guarantees for marketing
it within Nicaragua. The experimental plot was 500 m2 (useful plot 150 m2). AgronomiC handling was
carried out according to the techniques of the local commercial farmers. Through adaptability analysis
(Hildebrand and Russell 1996), analysis of simple regression was carried out to determine the adaptation
and stability of the grain yield of the Nutrinta-Amarillo variety.

Results
In the 32 farmer plots, the synthetic variety Nutrinta-Amarilla yielded 3.2 t/ha, an increase of 11 % over
NB-6 (2.8 tjha) (Table 1). In favorable farming conditions, Nutrinta-Amarillo obtained yields of 3.7 t/ha,
7% more than NB-6 (3.4 t/ha), while in unfavorable farming conditions, Nutrinta-Amarillo showed yields
of 2.6 t/ha, and NB-6 of 2.1 t/ha. The farming conditions in this study were influenced by the extent of
technology used by the farmer (for example, low density populations, limited fertilization, faulty controls
of pest and overgrowths, and scarce and irregular precipitations). The regression coefficient (r2 = 0.8)
calculated in favorable and unfavorable conditions recorded Nutrinta-Amarillo has having good stability
in terms of grain yield and good adaptation to the production systems of the small-holder farmers in
Nicaragua (Figure 1).

Conclusions
In the 32 agricultural plots, Nutrinta-Amarillo synthetic variety I demonstrated 11 percent better yields
than NB-6, the local check. Further, it showed good adaptation (r2 =0.8) to the production systems in
farmers' plots, as well as general acceptance by the farmers for its agronomic characteristics and added
protein value.
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Table 1. Grain yield (tjha) of the variety Nutrinta-Amarillo in 32 agricultural plots, Nicaragua, 2002.
Conditions
Favorable
Unfavorable
Half general
Minimum
Maximum
R2
CV (%)

Nutrinta-Amarillo
3.7
2.6
3.2
1.4
4.6
0.80

25.0

NB-6 (local variety)
3.4
2.2
2.8
0.9
4.8
0.89

25.0

Yield tjha
3.5
2.4
3.0

IA
+0.5
-0.6

Figure 1. Adaptability analysis of the variety Nutrinta-Amarillo in 32 small-holder farmer plots,
Nicaragua, 2002.
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Introduction
Bread-making and the baking quality of wheat have a crucial role in producing quality bread. Quality
raw materials reduce production costs due to decreased use of additives and other inputs that improve
the organoleptic characteristics of bread (Grausgruber et al. 2000). Quality of wheat depends on many
factors. In addition to factors that are under human control (genotype and cultural practices), there are
environmental factors which are not influenced by humans. These factors, which may modify qualitative
characteristics of wheat, differ from one location to another and from one year to another. The effect of
environment is complex and very difficult to separate into individual factors. The genetic potential of
wheat depends first of all on genotype and then on environment and the interactions between them
(Mladenov et a1. 2001). Genotype-environment (GxE) interaction represents the response of a genotype to
a certain event occurring during vegetative cycle (Yan et al. 2001). Genetic bases of adaptation and of
physiological changes due to influence of environmental factors are of great significance for
understanding GxE interactions and for selection of superior and stable genotypes (Crossa et a1. 1999).

Materials and Methods
Grain samples of 20 winter wheat cultivars (obtained from different breeding institutes in Serbia and
Montenegro) were grown in 1998, 1999, and 2000 at five locations (51 - Novi Sad; 52 - Indjija; 53 - Sremska
Mitrovica; 54 - Kragujevac; and 55 - Zitoradja) in Serbia and Montenegro. The wheat cultivars were
planted in a complete random block design with three replicates at each location. Elementary plots of
5m2, each with 10 rows spaced 10 em apart, were seeded at a density of 220 kg/ha. Quality tests were
performed on the harvested seed of each cultivar from each replicate. Grain protein content (nitrogen x
5.7, db) of whole meal was determined by the Kjehldal analysis and the loaf volume was measured by
rapeseed displacement. Data processing for determining GxE interactions was done using the additive
main effects and multiplicative interactions (AMMI) model. Statistical computations and estimates were
carried out by SAS procedures (SAS Institute Inc. 1996) using adjusted means.

Results
The GxE component of the AMMI model is based on the product of principal components analysis (PCA)
scores. An AMMI biplot involving the first two significant axes (PCA 1 and PCA 2) for protein content
showed that almost all of the genotypes were stable regarding this trait because most of the points were
grouped around zero (Fig. 1). Genotypes with more expressive interactions with other factors were
placed away from zero (7, 8, 18). Locations such as 51 and 53 expressed greater variability, while others
(54 and 55) were relatively stable. Highest values of this trait were achieved in those stable environments.
An AMMI biplot for loaf volume (Fig. 2) showed a greater dispersion of genotypes around the center of
the biplot in relation to the protein content. Genotypes 1, 4, 13, 12, and again 18 showed higher GxE
interactions than the others. Locations 54 and 55 were most distant from zero, showing highest variability
of results. It was interesting to note that both environments, 51 with the highest average value and 52
with the lowest mean value but with the highest effect of PCA 3 component (data not shown), were
stable.

Conclusions
The use of the AMMI analysis could provide details about GxE interactions, overcome the problems that
cause its presence, and improve the efficiency of the selection process. According to the AMMI biplots,
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none of the analyzed genotypes had satisfactory stability for either quality parameters (protein content
and loaf volume). Still, genotypes 2 and 6 are recommended for further work as parent components if
breeding is done for both traits. Genotypes 4 and 17 are recommended for protein content, genotypes 2, 7
and 8 for loaf volume. Also noteworthy were genotypes 1 and 4, which combined the highest average
values for both traits with high GxE interactions for loaf volume and low interactions for protein content.
Locations Sl and 55 were best for variability testing and GxE expression, because in these, the analyzed
traits expressed the highest stability. In every location there were dominant factors which caused
interactions. For correct evaluation of genotypes, it is necessary to choose environments which will enable
realization of genetic potential for the trait. GxE interactions may Significantly modify quality parameters
of wheat. Information on GxE interactions and stability of wheat cultivars are important because they
point to spedfic or general adaptations, that is, to their ability to grow in different conditions.
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Introduction
Nutritional value of silage maize is related to the kinetics of ruminal fiber digestion. A maize population
designated the Wisconsin Quality Synthetic (WQS) has undergone two cycles of 52-topcross recurrent
selection that included selection for reduced neutral detergent fiber (NDF) and increased in vitro NDF
digestibility (lVNDFD) measured after a 48 hour incubation in rumen fluid. We examined lVNDFD of the
first two cycles of selection of WQS over multiple periods of incubation in rumen fluid to determine
whether the selection protocol influenced rate and extent of fiber digestion.

Methods
Cycles 0, 1, and 2 of WQ5 were grown in two field trials in Wisconsin in 2001. Also included were three
commercial hybrids commonly harvested as silage in the northern USA Corn Belt: P33A14, a
conventional hybrid with high grain yield; Cargill F65?, a brown-midrib hybrid with high lVNDFD; and
Mycogen TMF1l3, a leafy hybrid with high forage yield. In each two-row plot, one row was stripped of
ears at harvest and the whole-plant and stover rows were harvested separately. Dried and ground
samples were incubated in rumen fluid for 0,3,6, 12, 24, 36, 48, 72, and 96 h, and then refluxed in neutral
detergent to determine NDF residue at each time period.

Results
On a whole-plant basis, the NDF residue ofTMF1l3 was greater (i.e., NDF was less digestible) than all
other entries at all time periods (Figure 1). The remaining entries were equivalent to one another until 36
h. After 36 h, the NDF residue of the brown-midrib hybrid, F65?, was lower than P33A14 (180 vs. 249
g/kg), and WQS CO, C1, and C2 were intermediate to F657 and r>33A14. WQS C2 had the second lowest
NDF residue and was not Significantly different from F657 at all time points. On a stover basis, both
P33A14 and TMFl13 had similar NDF residues at all time points (Figure 2). Initially, F657 was eqUivalent
to P33A14 and TMF113 (639 vs. 671 and 657 g/kg, respectively), and WQS CO, C1, and C2 had lower NDF
residues (582, 581, and 553 g/kg, respectively) than any hybrid. From 12 han, F657 had lower NDF
residue than P33A14 and TMF1l3. After 48 h, the NDF residues of F657 and all cycles of WQS were
equivalent. NDF residue of WQ5 C2 was within 26 g/kg of F657 from 48 han.

Conclusions
Two cycles of selection for low NDF and high lVNDFD in WQ5 have been successful in creating a
nutritious silage germplasm that is nearly equivalent to the brown-midrib hybrid F657 with respect to
NDF degradability over a broad range of rumen incubation times. The brown-midrib phenotype in most
current brown-midrib silage hybrids is conditioned by the bm3 allele, which lowers lignin and increases
NDF digestibility, but it also has a detrimental effect on most agronomic characteristics, including yield,
lodging, and maturity. Results from selection in WQS indicate that it is possible to achieve the same high
levels of fiber digestibility without using the bm3 allele.
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Figure 1. In vitro degradability of whole-plant neutral detergent fiber (NDF).
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Introduction
The objectives of the study were to develop Near Isogenic Lines (NILs) for amylose content (Ae) of rice
grain, and to get precise information for the inheritance pattern of AC and the relationship of AC with
several other characteristics of rice grain.

Materials and Methods
The plant materials used in the study were developed from two crosses, Dobongbyeol
Jakwangdo(D/J) and llpumbyeo/Jakwangdo(I/J). Dobongbyeo and llpumbyeo are the typical Korean
japonica non-waxy rices with low AC. Jakwangdo is a local Korean non-waxy rice variety with red
pericarp and intermediate AC. Successive selling of the heterozygous plants for AC was adopted to
develop NIls. The individual plants differing in AC in the same pedigree line were selected in each
generation for progeny tests from F5 to F8. Two sets of breeding lines in F5, of which one showed low AC
and another was intermediate, were crossed and their F2 plants were grown in the 1999 growing season.
F3 seeds harvested from the individual F2 plants were milled and measured for AC to determine the
segregation mode in F2. Amylose content of milled-rice flour was examined by the simplified iodine
coloration method Ouliano 1971).

Results and Conclusions
Two NIls, one low AC line and one intermediate AC line, were selected among F8lines from a cross of
D/J. Eight NILs, of which four lines showed low AC and another four were intermediate, were selected
from F9lines of the I/J cross. No difference of the growth characteristics was found between low and
intermediate AC NIls selected (Table 1). The frequency distribution of AC of F3 seeds was hi-modal with
a segregation ratio of 3 intermediate: 1 low AC plant in two crosses between F5 lines shOWing different
levels of AC (Table 2). This means that AC of the parental lines used is governed by a single major gene,
and intermediate AC is dominant over low. More intermediate AC plants were distributed in high alkali
digestibility group or in F2 plant group of the colored awn in both crosses observed.
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Table 1. Agronomic characteristics of F8 and F9 lines selected from the crosses, Dobongbyeo/
Jakwangdo and IlpumbyeolJakwangdo

Culm Panicle Ripening 1000
Parent or Heading length length No. of ratio gr.Wl. Amylose
pedigree line date (em) (em) panicle (%) (g) Awn (%)
Dobongbyeo Aug. 3 65.3 19.3 8.8 86.2 21.47 15.4
Jakwangdo Aug. 14 98.3 21.1 14.3 77.0 16.97 + 23.1
1. KR92002-1- Aug. 11 80.3 19.6 11.2 59.7 19.95 + 15.5
I-B-10-4-1
2. KR92002-1- Aug. 10 77.0 19.1 10.5 56.9 20.51 + 21.7
1B-I0-4-5
LSD (5%) 3.36 0.65 1.14 46.25 0.75 1.61
Ilpumbyeo Aug. 21 63.7 22.6 8.5 69.9 20.87 19.3
Jakwangdo Aug. 17 97.4 20.7 10.8 82.1 14.35 + 23.6
3. KR92037-85- Jul. 31 82.9 23.1 10.6 80.6 19.26 + 15.8
8-5-11-1-10-5
4. KR92037-85- Aug. 1 83.3 23.3 10.6 68.4 19.73 + 23.5
8-5-11-1-10-7
5. KR92037-85- Aug. 2 82.5 22.7 11.4 69.3 20.35 + 15.4
8-5-11-1-10-9
6. KR92037-85- Aug. 3 84.7 22.7 11.3 71.5 18.82 + 23.4
8-5-11-1-10-10
7. KR92037-85- Aug. 4 83.4 22.8 11.2 67.7 20.71 + 15.7
8-5-11-1-11-3
8. KR92037-85- Aug. 3 84.1 22.1 10.8 77.6 19.00 + 23.6
8-5-11-1-11-4
9. KR92037-85- Jul. 31 82.0 22.5 10.4 77.8 18.94 + 23.5
8-5-11-1-11-8
10. KR92037- Aug. 1 82.2 22.4 10.8 75.8 19.97 + 15.8
85-8-5-11-1-11-
10
LSD (5%) 2.45 0.76 1.11 12.72 1.70 0.67

Table2. Amylose content of the F3 grains in the crosses of KR92002-1-4B(P1)/KR92002-1-7-B(P2) and
KR92002-1-7-B(P3)JKR92002-1-8-B(P4).

Amylose content (%)
;S; 14.1 15.1 16.1 17.1 18.1 19.1 20.1- 21.1 22.1- No. of X2

Cross 14.0 -15.0 ~16.0 -17.0 -18.0 -19.0 20.0 21.0 -22.0 23.0 plants (1:3) P

PI 10 10
P2 1 9 10
PI/P2 27 36 8 2 28 64 51 26 25 247 2.27 0.1 ~0.5

P3 5 5 10
P4 10 10
P3/P4 9 24 16 10 7 44 63 39 35 3 250 0 > 0.99
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Introduction
In Ethiopia, millions of people depend on maize for their daily food. Since normal maize varieties are low
in two nutritionally vital amino acids, lysine and tryptophan, consumers who mainly depend on maize
do not meet their protein needs to sustain acceptable growth and adequate health (Olson and Frey 1987).
Low-income people have limited access to protein sources like meat, eggs, and milk. Quality protein
maize (QPM) could be a good source of protein for these people. Therefore, substituting the normal
maize grown in Ethiopia with QPM would substantially improve protein needs and greatly reduce the
malnutrition problem of subsistence farmers and resource-poor people depending on maize as their
staple food. The objective of QPM research is to identify and/ or develop varieties having comparable
yield potential to normal maize varieties in production and thereby improve the nutritional status of
those depending on maize as a staple food.

History
QPM research was started by testing introduced CIMMYT QPM pools and populations in 1980. Up to
1988 the work focused on evaluation of germplasm introduced from the same source. Results from
experiments conducted in different research centers revealed some QPM entries out-yielding local checks
indicating the possibility of developing QPM varieties locally without sacrifiCing yield. Systematic
research in QPM was, however, initiated in the early 1990s. The program had two phases: (1)
introduction and selection of suitable varieties among introduced QPM materials, and (2) conversion of
locally-adapted maize varieties to QPM versions. As part of the first phase of the program, open
pollinated (OPV) and hybrid varieties have been introduced annually from ClMMYT and national
research centers and evaluated under Ethiopian conditions. The Ghanaian hybrids introduced in 1995 in
collaboration with Sasakawa Global 2000 (SG2000) manifested unprecedented yield performance. Among
the hybrids, GH-132-28 showed yield advantages of 20% relative to the locally released normal hybrids.
This clearly indicated that QPM hybrids had the potential to out-yield their normal maize counter-parts
and discounted the common belief that opaque-2 maize was a lower yielder than normal maize. This was
in agreement with the similarly higher and better performance of QPM varieties reported in Ghana
(Twumasi-Afriyie et a1. 1996, 1999).

Current Status
QPM research has been gaining importance in Ethiopia and substantial amounts of resources are being
allocated for developing improved germplasm. Major activities include: introduction and evaluation;
development of synthetics and composites; an inbred line and hybrid development program; conversion
of adapted normal maize varieties to QPM; and population improvement.

Achievements
The achievement of QPM breeding is the release of a three-way cross hybrid, CML144 x CML 159 X
CML176. Five ClMMYT QPM hybrids were introduced and evaluated in a strip test in 2000 in
collaboration with SG2000. CML144 x CML 159 X CML176 showed better performance in the major maize
environments (Table 1) and was proposed for release. The release of this hybrid was officially announced
in February 2001 after being evaluated by the national variety release committee in September 2000. The
hybrid was named BHQP-542 after release.
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Strategies
Short term strategies: evaluating QPM germplasm developed by CIMMYT, other international centers
and national agricultural research programs in the target ecological zones in Ethiopia for subsequent
release to farmers; conversion of locally adapted open-pollinated varieties and parental lines of released
hybrids into QPM versions; strengthening agroecology-based QPM variety development.

Medium term sLrategies: developing QPM hybrids having similar yield potential as the popular late
maturing normal maize hybrids; adapting the nutritional benefit of QPM to the commercial benefits of
Ethiopian farmers and consumers; identifying opportunities and encouraging the use of QPM in
traditional food forms and in other formulated food and feed products for humans and animals in order
to stimulate QPM use.

Long term strategies: developing local capability to create additional sources of variability through
population improvement; hybrid development and conversion of locally-adapted maize varieties into
QPM; converting potential QPM materials introduced from CIMMYT and elsewhere for resistance to the
turcicum leaf blight, gray leaf spot, maize streak virus, and other biotic stresses in the country; improving
QPM materials for tolerance to drought and low-nitrogen and other abiotic stresses; developing heterotic
QPM populations for hybrid development.
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Table 1. Summary of major agronomic traits of QPM hybrids evaluated in strip test in 2000.

Gray
leaf spot

1.6(1-4)
1.2(1-3)

Rust Blight
1.7(1-2.5) 1.52(1-3.5)
1.6(1-3.5) 1.8(1-2.5)

215 104 15.0 1.9(1-4) 1.6(1-5) 1.0(1-2.5)
222 116 11.3 1.3(1-2.5) 1.7(1-3.5) 0.95(1-1.5)
212 105 12.8 1.9(1-5) 1.9(1-3.5) 1.4(1-4)
218 114 16.4 1.5(1-1.5) 1.37(1-2.5) 1.8(1-4)
216 110 11.7 1.7 1.6 1.3

8.5 85 210 110 3.6
8.0 86 216 108 11.3

Grain Days Plant Ear Diseases (1-5)*
yield to height height Lodging
(t/ha) silking (em) (em) (%)Pedigree

(P62,. X CML150) X CML140
(CML141 X CML144) X
CML176
(CML175 X CML176) 7.7 86
(CMll44 X CML159) X CML176 8.6 87
GH 132-28 9.1 77
BH-540 (Local check) 8.7 88
Mean 8.4 84
( ) indicates the range of scores for disease severity.
'I-clean, no infection and 5-severely diseased.
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Introduction
National and local surveys show that millions of people in West and Central Africa suffer from vitamin A
deficiency, which can result in blindness, poor immune systems, and early death (WHO 2000). Maize is
one of the main staple food crops in this region, and maize cultivars with high pro-vitamin A content
could serve as effective tools to deliver naturally fortified foods to malnourished populations in remote
rural areas, and to people with limited access to supplements or fortified foods. Some yellow maize
varieties contain substantial amounts of pro-vitamin A carotenoids, with all trans-~-carotene having the
greatest vitamin A activity. Characterization of elite yellow maize varieties for ~-carotene content is,
therefore, important in assessing the genetic potential for delivering cultivars with high vitamin A
content.

Methods
In 2000 and 2001, 17 late- and seven early-maturing elite yellow open-pollinated maize varieties
developed at IITA were grown W1der uniform conditions at lkenne, representing forested zones, Mokwa,
representing the southern Guinea savanna, and Saminaka, representing the northern Guinea savanna in a
randomized complete block design with two replications. Each variety was grown in six rows 5 meters
long, spaced 75 em apart. The second and fifth rows were hand-pollinated with bulk pollen collected
from the remaining four rows to produce the required quantities of seeds for laboratory analysis. Samples
from each plot were prepared following the official methods of analysis of the AOAC (1990) for the
determination of b-carotene content using HPLC.

Results
The analysis of variance shows that differences in ~-carotenecontent were significant (p<0.001) among
both the early- and the late-maturing yellow maize varieties (Table 1 and 2). The variety x location
interaction mean square was not significant for either maturity group. Analysis of samples collected from
the late-maturing varieties at the same locations for the second year also did not find significant variety x
location interaction for ~-carotene content.

Conclusions
The results from these studies suggest that the yellow maize varieties had consistent levels of ~-carotene
in their grain across test environments. Some varieties that combined high ~-carotenecontent with high
grain yield and other desirable agronomic features were identified from the two groups of varieties.
These results and a literature survey indicate that a significant genetic potential exists to increase the
concentration of ~-carotene in yellow maize through genetic manipulation. For countries in West and
Central Africa where yellow maize varieties are in demand, further enhancement of ~-carotene content
could have an immediate positive impact on dietary intakes (Simon 1991).
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Table 1. Mean percent ~-carotene, vitamin A equivalent, and agronomic traits of seven early-maturing
yellow maize varieties evaluated at Ikenne, Mokwa, and Saminaka in Nigeria in 2000.

Vitamin A Grain Days Plant Curvularia
~-earotene equivalent yield to height Rust Blight leaf spot

Variety ()lg/100g) (IV/I00g) (kg/ha) silk (em) (1-5)d (1-5)d (1-5)d
AK94-DMR-ESR-Y 328 547 4410 53 190 2.3 2.0 2.5
AK9331DMRSR 290 484 4385 50 168 2.0 2.0 2.0
POOL18SEQ.C4F2 236 394 4182 48 165 2.8 2.5 2.8
ACR94TZECOMP5-Y 230 384 4340 51 166 2.3 2.3 2.5
MAKA-SRBC5 224 373 3250 53 174 2.3 2.8 2.8
TZEEY-SRBCS 199 331 2550 48 163 2.8 3.3 3.0
TZESR-YC3 197 329 3750 52 172 2.3 2.5 2.3
Mean 243 406 4086 51 176 2.3 2.3 2.5
SE 17 29 459 0.8 10.0 0.2 0.3 0.3
CV (%) 23 23 16 2 7 10 11 10
Prob. of F Varieties *** *** *** *** ** * ** **

Prob. of F Variety x location ns ns ns ns *

d Foliar diseases, scale of 1-5, where 1= no disease symptom and 5= severe disease symptom

Table 2. Mean percent ~-carotene, vitamin A equivalent, and agronomic traits of 17 late-maturing
yellow maize varieties evaluated at Ikenne, Mokwa, and Saminaka in Nigeria in 2000 and 2001.

Vitamin A Grain Plant Curvularia
~-earotene equivalent yield Days to height Rust Blight leaf spot

Variety ()lg/100g) (IU/100g) (kg/ha) silk (em) (1-5)d (1-5)d (1-5)d
ACR91SUWAN-1-SRC1 212 353 5016 58 211 1.9 1.9 1.7
WESTERNYELLOW 206 343 2462 64 236 2.4 2.5 2.9
TZUTSR-SGY 196 326 4207 58 207 2.4 2.8 2.5
DMR-LSRY 189 314 3993 55 207 2.9 3.2 3.1
EV8728-SR 188 314 4647 57 207 2.2 1.9 2.6
SUWAN2-SRBC4 181 301 4459 54 207 2.2 2.4 2.5
AK9528-DMRSR 175 292 4531 58 234 2.3 2.1 2.5
POOL26SEQ.C4F2 171 285 4206 56 191 2.7 2.7 2.8
TZLCOMP3-Y 167 278 5150 58 219 1.8 1.7 1.9
ACR9128NN 167 279 4686 58 208 2.6 2.7 2.7
TZSR-Y-1C4 166 277 4338 60 224 2.6 2.7 2.9
OBASUPERII 163 271 4440 59 206 2.4 1.9 1.8
ACR%STRSYN-Y 160 266 3657 58 208 3.1 2.9 2.7
TZB-SRSGY 152 253 4606 60 209 1.8 2.1 1.7
ACR97STRSYN-Y 148 247 4036 57 202 3.0 3.2 2.8
TZBRSyn-YC1 116 193 4377 59 207 1.9 2.1 2.4
TZBRSes.-3C4-Y 46 77 3731 60 204 3.0 2.9 2.7
Mean 165 274 1480 20 73 0.8 0.8 0.9
SE 7 11 245 0.5 5.0 0.1 0.2 0.1
CV (%) 16 16 20 3 8 15.0 14.4 12.9
Prob. off Varieties *** *** **** **** **** **** **** ****

Prob. of F Variety x Envir. ns ns ns ns ns **** **** *

d Foliar diseases, scale of 1-5, where 1= no disease symptom and 5= severe disease symptom
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Introduction
The most important character of wheat grain related to grain quality is the total protein concentration.
Changes in protein composition and interaction during maturation may affect bread-making potential
Qohanson et al. 1994). Moreover, different varieties or cultivars vary in their protein quality. Depending
upon the variety and the development stage, wheat kernels have different protein composition. Keeping
this in view, the present investigation was undertaken to study the changes in protein and protein profile
during development of wheat kernels.

Methods
Four north Indian bread wheat cultivars (HD 2009, WH 291, WH 542 and C-306) differing in flour and
cooking quality were grown. Samples were collected at six developmental stages at seven day intervals
starting from seven days after anthesis (DAA). Considerable differences in carbohydrates and storage
protein profiles were found to exist in different development stages. Polypeptide patterns of total
proteins under reducing and non-reducing conditions, and of gliadins and glutenins, were examined.

Results
Non-reducing 50S-PAGE revealed 2 to 8 bands at 7 DAA and 15 to 18 bands at 42 DAA in different
cultivars. A 97 KD protein was present in all the cultivars from 28 DAA until maturity (42 DAA). Under
reducing SDS-PAGE, the band pattern was similar between 7 and 21 DAA. New bands appeared
afterwards, numbering 20 to 23 at maturity. Electrophoretic pattern of glutenins revealed delayed
synthesis of glutenin and clear bands did not appear until the fourth week of fertilization. HMW glutenin
bands became prominent only after 28 DAA, whereas LMWGS started disappearing at later stages of
development. HMW glutenin bands ranged from 68 KD to 97 KD. The gliadins were resolved into two
types of bands. The heavier bands of 64 KD-70 KD corresponded to co fraction, whereas 19 KD to 44 KD
corresponded to ex, ~, and y gliadin,>. The simultaneous appearance of co, ex, ~, and y fractions indicate the
coordinated expression of genes. This shows that at maturity, soluble polymers contribute up to 50
percent of total kernel proteins. However, at early stages of development, the proportion of soluble
proteins ranged from 16 to 25 per cent of total proteins. This is due to the fact that initially grain protein is
entirely composed of insoluble polymers. Variation in relative intensities of a few bands were noted and
these probably indicate a differential rate of accumulation of some of the components. This kind of
variation in band intensities of total proteins has also been reported in bread wheat cultivars (Benetri et
al. 1994; Stone and Nicolas 1996).

Conclusion
We conclude that the peak period of storage protein accumulation in developing endosperm of four
wheat cultivars was between the 3rd and 4th week after fertilization.
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Introduction
Human corn consumption in Mexico is about 150 kg per person per year. However, about 31.2% of the
population suffers nutritional problems, so it is important to increase the nutritional quality of the maize
kernel through the modified opaque-2 com or quality protein maize (QPM), as well as to develop hybrids
with high yield for tropical and subtropical areas of Mexico. It is also important to involve new
techniques such as molecular markers in order to reduce the time and effort to find parents with the best
general combining ability (CCA) for hybrids. The objective of this project was to determine the GCA of 14
QPM tropical lines from CIMMYT and find the best single crosses.

Methods
An NC design II was used to define the GCA of 14 QPM tropical inbreds from CIMMYT, five from Group
A and nine from Group AB. The crosses from the design were planted in an alfa lattice in six locations,
three in Mexico, two in Guatemala and one in Colombia in 2002. The 14 lines were marked with about 50
molecular markers in order to find the genetic distance and compare them with the traditional breeding
methods for GCA

Results
From Group A the best line for GCA was (CML147xCL-RCWOl)-B-4-1-2 and in Group AB the best parent
was (CLQ-6203xCL-04321)-B-I0-l-l. The best single cross similar to the normal check was (CMLI47xCL
RCWOl)-B-61-2-1 x (CLQ-6203xCL-04321)-B-21-1-2.

Conclusions
There were two lines with high GCA that could be used in QPM hybrid programs. With the best single
crosses it is possible to use hybrids per se or estimate the best three-way cross.
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Introduction
After an undesired recess, in 1996, CIMMYT renewed its offer of quality protein maize (QPM) and invited
Mexico and other countries to participate in the release and promotion of a coordinated and aggressive
program with the objective of obtaining and utilizing QPM varieties and hybrids. Maize (Zea mays)
constitutes the "backbone" of the Mexican agro-alimentary system with an estimated 32 to 50% of caloric
energy and 35 to 55 % of protein ingested by a large proportion of the population, particularly the poor,
attributed to the direct consumption of this cereal. In addition, one million tons of grain are required
annually to satisfy the demands of the stock feed industries in northwest Mexico. However, further
advances are needed to solve seed production problems in the existing parent lines, as well as the
development of new select inbred lines and hybrids with belter performance and adaptation in the areas
where they are expected to be utilized.

Methods
From 1997 (spring-summer cycle) to 1999-2000 (autumn-winter cycle), about 100 QPM hybrid and variety
trials, representing germplasm adapted to the Mexican tropical and subtropical regions (northwest and El
Bajio respectively), were conducted as a result of an inter-institutional cooperative agreement between
lNIFAP and CIMMYT. The trials aimed to identify the most productive single cross hybrids and to
promote the use of maize with higher nutritional quality. In addition, seed production technology was
developed for the best performing hybrids. The Fl and their parent lines were characterized. Information
on F1 and parent lines was integrated and registered in the Plant Variety Feasible of the Certification
Catalogue (CVe) with the follOWing codes: H-441 C 1374 - MAZ-604-090201jC; H-442 C 1314 - MAZ
557-010900jC; and H-469 C 1315 - MAZ-558-010900jC Registration in the CVC catalogue is a
prerequisite to produce and sell certified seed.

Results
Three new QPM hybrids were released: H-441 C, H-442 C, and H-469 C These hybrids yielded, on
average, about 10% less than the best commercial private or public hybrids. The lysine content varied
from 43 to 46% and tryptophan from 8.1 to 8.7%; both higher than in common maize where lysine content
is 29% and tryptophan is 5.9%. The quality index varied from 89 to 91 % in the QPM hybrids, as compared
to 52% in common maize. According to present milling industry specifications for nixtamalized flour, the
three new QPM hybrids complied with the percentage required for hectoliter weight, flotation index,
grain hardness, and pick (attached atrophied glumes which could be released during shelling) (Table 1).
In addition, these parameters slightly exceeded the grain pericarp percentage before the nixtamalizaci6n
or cooking process, and only the germ percentage in H-442 C was slightly higher. Grain yields obtained
in northwest Mexico are shown in Table 2 (Ortega et al. 2001). The evaluated rust reaction of outstanding
QPM hybrids and their parent lines, as well as the hybrids' lodging and yield performance in relation to
the means of the checks, are shown in Figure 1. Considering that rust and lodging were very hmiting
maize production factors in the northwest autumn-winter cycle, H-442 C is the sole QPM hybrid that can
be commercially competitive in this region, assuming the seed producer or grower solves the parent lines
production problems. H-442 C also has good adaptation to high elevation areas, attributed in part to its
rust resistance. H-441 C and H-469 C have shown to be competitive in Mexico's central subtropical
region. Characterizing the parent lines allowed the establishment of split planting differentials for seed
production in the autumn-winter cycle. For H-441 C (CML-142 x CML-186) and H-469 C (CML-176 x
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CML-186), the split was estimated in five days, and for H-442 C (CML-142 x CML-173), it was estimated
in twelve days, planting the seed parent first.

Conclusions
The rust susceptibility (Puccinia polysora) of CML-176 and CML-186 has reduced their potential use in
some combinations in spite of their excellent combining ability. CML-173 resulted in the most rust
resistant parent line, which confers resistance to H-442 C F] seed of this hybrid is being produced in
northwest Mexico to continue with its promotion.
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Table 1. Physical characteristics and grain Table 2. Tjha of grain 14% moisture of QPM
components of the new QPM hybrids, INIFAP- hybrids in northwest Mexico, cycles 0-1
CIRNO,2001. 1997-98 to 2001·02.

Characteristics H- H-442C H-469C Industry Valle del Valle del Valle de North
441C Hybrid Yaqui Fuerte Culiacan west

Hectoliter 81.2 81.6 81.4 >74.0 H-44lC 9.0 8.5 10.7 9.1

weight H-442C 7.9 6.6 10.1 7.5

Flotati6n index 11.6 12.1 11.6 < 15.0 H-469C 8.4 6.6 9.3 8.3

Grain hardness~ VH VH VH H-553C 8.4 8.7 10.3 9.1

100 grains 35.9 30.5 28.5 Means 8.6 8.0 10.0 86

weight Checks! 8.7 10.1 9.5 9.5

dic % 1.5 1.4 1.9 < 2.0 Checks H-438, 0-869, H-438,

Pericarp % 5.0 5.7 5.8 < 4.5 Tornado Pantera Pantera

Germ % 10.8 14.3 11.4 < 12.0 0-867, H-S16, H-368C,

Floury starch % 46.3 331 25.2 < 300 Pantera Tornado Fuego
Vitrious starch 386 45.5 55.8 > 50.0 A7573, Z-21, Tornado,

% Lobo P-30G54 Z-21

IVH = very hard; > = no less than; < = no more than. Fuego, H-438 P-30G54

Source: Vazquez, Griselda. Laboratorio de Calidad deIINIFAP. H-368C

tAverage.

Grain (t/ha) at 14% moisture
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Figure 1. Yield average of QPM hybrids in northwest Mexico, 1997-98 (autumn-winter cycle) to
2000-01, CIRNO-INIFA.
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Introduction
In the humid tropics of Mexico, approximately 2.5 million hectares of maize are planted with an average
yield of 2.0 t/ha. This yield is due largely to the limited use of improved seed varieties. Since 1996,
INIFAP and CIMMYT have been conducting research to produce high quality protein maize (QPM)
hybrids and varieties which contain 100% more lysine and tryptophan than the normal genotypes and
essential amino acids for human consumption.

Methods and Results
Since 1999, experiments and validation were carried out in farmers' fields. The best genotypes in yield
and agronomic characteristics were the three-way hybrids H-519C, H-553C, and the open pollinating
maize variety V-537C They registered yields of 7.5,7.8, and 6.5 t/ha respectively. They showed short
stature, had low levels of lodging, and were disease resistant. H-519C was formed by the single cross
CML144 x CML159 as female parent and CML176 as male parent, H-553C was formed by the single cross
CML142 x CML150 as female parent and CML176 as male parent, and V-537C was formed by a
recombination of the best 10 families selected in Poza Rica, Veracruz, during 1987 (spring-summer
season) in population 63 from ClMMYT. These materials contained 59, 44 and 74 % more tryptophan and
50, 46 and 47% more lysine respectively than the normal check (Table 1). Table 2 lists the grain yield of
these genotypes during 1999 and 2001 (spring-summer season). H-519C, H-553C, and V-537C, yielded
6.92,7.19 and 6.81 t/harespectively. Table 3 shows the grain yield for these genotypes during the
autumn-winter season under irrigation and residual humidity conditions. H-519C, H-553C, and V-537C
yielded 97, 100 and 91 % of the yield of the normal check H-513 (6.92 t/ha).

Conclusions
The high quality protein maize genotypes can be planted during the two agriculture cycles, under
rainted, irrigated, and residual humidity conditions.

Table 1. Quality protein maize H-519 C, H-553 C, and V-537 C, Veracruz State, Mexico.
Hybrid or Protein Tryptophan % over Lysine % over Quality
variety (%) (%) check (%) check index
H-519 C 9.56 0.094 40 0.436 50 0.98
H-553 C 9.35 0.085 27 0.426 46 0.91
V-537 C 11.88 0.0103 54 0.427 47 0.87
H-515 11.84 0.067 0.290 0.57
(Normal)
Source: CI.MMYT 2000.
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Table 2. Experimental grain yield (tfha) of H-519 C, H-553 C, and V-537 C. during 1999 and 2001 (spring
summer season), Centro de Investigacion Regional (ORGOC), Instituto Nacional de Investigaciones
Forestales, Agricolas y Pecuarias (INIFAP).

Cotaxtla
Genotype 1999 2001
H-519C 6.26 8.69
H-553C 9.20
V-537C 6.31 7.70
H-513 6.02 8.74
H-518 7.32
V5-536 5.34 7.77

Papantla
2001

5.80
5.18
6.23
4.9
5.43
7.35

Average
6.92
7.19
6.74
6.55
6.37
6.82

Relative %
101
105

99
96
93

100

Table 3. Experimental grain yield (tfha) of H-519 C, H-553 C, and V-537 C during 1998-1999,
1999-2000, and 2000-2001 (autumn-winter season), southeast Mexico, Instituto Nacional de
Investigaciones Forestales, Agricolas y Pecuarias (INIFAP).
Genotype 1998-1999t 1999-200Ott 2000-2001ttt
H-519 C 6.11 7.03
H-553 C 7.63 7.15 5.41
V-537 C 6.43 6.01
H-513 6.66 6.22 7.82
V5-536 7.58

Average
6.69
6.89
6.28
6.92
7.58

Relative %

97
100

91
100
109

t Average of nine locations: Cotaxtla and Papantla, Veracruz; Lorna Bonita, Oaxaca; San Gregorio and Villa Flores,
Chiapas; Iguala, Tierra Caliente, and Costa de Guerrero, Guerrero; and Apatzingan, Michoacan.
ttAverage of three locations: Cotaxtla and Isla, Veracruz; and Huimanguillo, Tabasco.
ttt Average of three locations: Cotaxtla and Oro Verde, Veracruz; and Huimanguillo, Tabasco.
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Combining Ability of Tropical White QPM Inbred Lines Selected by Molecular Markers

F, Recendiz H.l, H. C6rdova2, M.A. Garda V.l, and S. Mena Munguia1

lUniversidad de Guadalajara CUCBA. Apdo. Postal 39-82 Zapopan, Jal. Mex., email:
frecend@cucba.udg.mx
2Maize Program CIMMYT, Apdo. Postal 6-641 06600 Mexico D.F.

Introduction
Newly developed quality protein maize (QPM) hybrids with increased content of two essential amino
acids (tryptophan and lysine) are gaining importance in the developing world (Cordova et al. 2000).
Work on general combining abilities (GCA) of newly developed QPM inbred lines should enhance
selection between them and provide useful information for other QPM breeding programs.

Methods
During development of QPM lines by pedigree selection, all F2 plants were screened for the presence of
the opaque-2 (02) genes using microsatellites (Hoisington et al. 1994). Only plants with both 02 genes
were selected for future use. Later, based on early generation testing the best lines were chosen for Design
II type crosses. Five QPM inbred lines from heterotic group (HG) "A" were crossed in a Design II mating
scheme with nine lines of HG "B" in order to identify new high yielding QPM hybrids and select lines
with high GCA values for future use in breeding programs. All crosses were grown at six locations in an
a-lattice design with two replications per location. The GCA effects were calculated using line-by-tester
procedure (Kempthorne 1973).

Results
Six newly developed QPM hybrids outyielded the best reference entry hybrid CML144 x CML159 (Table
1). Hybrids L1 x Lll and L2 x L11 also had better endosperm hardness scores, lower ear position, and
better standability than CML144 x CML159. The general combining ability studies revealed that the best
combiner from HG"A" was L1 = (CML147xCL-RCW01)-B-4-1-2 inbred line (Table 2). This line had
positive GCA at each individual location (data not shown) and an estimated GCA of 0.448 t/ha across
locations. The highest breeding values from HG "B" (0.590 t/ha) came from L11 = (CLQ-6203xCL-04321)
B-21-1-2 inbred line.

Conclusions
Screening of the segregating generation by molecular markers facilitated selection of QPM inbred lines,
but cost Significantly more than conventional selection alone. Design II type crosses revealed the best
performing hybrids and inbred lines with the best GCA. These hybrids and inbreds will be extensively
used in CIMMYT and national QPM breeding programs.
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Table 1. Perlormance of the six best quality protein maize (QPM) white single crosses and check
hybrids across six locations in 2002.

Grain Ear Endosperm Plant
Yield Bck rot Hardness Ear ht/ Aspect

Pedigree (tjha) (%) (%) (1-5) plant ht (1-5)
Ll x L11 6.77 113 10.8 2.0 0.49 3.2
L2 x L11 6.61 110 9.6 2.6 0.47 3.1
L4 x L11 6.44 107 7.8 2.0 0.47 2.6
Ll x L9 6.40 107 10.0 2.1 0.48 3.1
L6 x Ll1 6.39 106 9.0 2.1 0.48 3.2
L7 x Ll5 6.13 102 5.9 1.4 0.48 2.9
CMLl44 x CML159 6.01 100 4.6 2.4 0.50 3.4
Local Check 5.84 97 9.3 2.3 0.49 2.9
Grand Mean 5.74 11.1 2.2 0.48 3.0
LSD 5% 0.69 5.6 0.4 0.1 0.4
CV% 16.7 9.9 21.4 32.3 16.8
Bck= % yield of the best check; Ear ht/ plant ht= Ear height / Plant height

Ear
aspect
(1-5)
2.7
2.7
2.7
2.8
2.9
2.3
2.8
3.0
3.0
0.3

16.0

Root
lodging

(%)
4.4
9.5
1.5

11.4
12.6
19.2

8.2
6.1
9.1

10.4
10.5

Stalk
Lodging

(%)
1.1
4.8
2.3
0.7
2.9
2.9

14.1
8.4
3.2
3.9

11.1

Table 2. The pedigree, means, and estimated general combining ability (GCA) for 14 tropical white
quality protein maize (QPM) inbred lines across six locations in 2002.

L8 L9 LlO Ll1 L12 L13 L14 L15

Ll 5.15 6.40 6.07 6.77 6.04 5.93 6.42 6.38
L2 6.01 6.19 6.34 6.61 5.74 5.62 5.80 5.89
L3 5.08 5.53 5.42 5.61 5.25 5.99 4.92 4.66
L4 5.96 5.59 6.15 6.44 6.01 6.12 5.88 5.36
L5 4.97 4.57 5.24 5.82 5.22 5.00 5.66 5.22

Mean 5.43 5.65 5.84 6.25 5.65 5.73 5.74 5.50
GCA -0.227 -0.005 0.183 0.590 -0.011 0.070 0.076 -0.159

GCA St. error Ll-1.5 = 0.079
GCA Sl. error 1..8 - L16 = 0.091

Line Pedigree
Ll (CMLl47xCL-RCW01)-B-4-1-2
L2 (CMLl47xCL-RCWOl)-B-10-2-1
L3 (CMLl47xCL-RCWOl)-B-39-1-1
L4 (CMLl47xCL-RCW01)-B-61-2-1
L5 (CMLl73xCL-RCW01)-B-15-3-1
L6 (CMLl47xCL-RCW01)-B-53-1-3
L7 (CML146xCL-RCW01)-B-27-1-2
L8 (CLQ-6203xCL-04321)-B-10-1-1
L9 (CLQ-6203xCL-04321)-B-15-1-1
LlO (CLQ-6203xCL-04321)-B-18-1-2
Ll1 (CLQ-6203xCL-04321)-B-21-1-2
U2 (CLQ-6203xCL-04321)-B-23-1
Ll3 (CLQ-6203xCL-04321)-B-24-1-2
Ll4 (CLQ-6203xCL-04321)-B-26-3-2
US (CLQ-6203xCL-04321)-B-7-1-2
Ll6 (CLQ-6203xCL-04374)-B-7-2
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5.81
5.04
5.19
5.27
4.39
5.14

-0.518

Mean
6.11
5.91
5.29
5.86
5.12

GCA
0.448
0.254
-0.366
0.204
-0.539
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Introduction
In Mexico, maize silage generally has low energetic values in comparison to silage from the USA and
Europe. This has been attributed to the selection emphasis on forage yield without considering nutritive
value (Nunez et al. 2001). To improve silage quality, it is necessary to select the best hybrids with both
characteristics. There is sufficient evidence of hybrid differences in crude protein (CP), neutral detergent
fiber (NDF), acid detergent fiber (ADF), and dry matter digestibility (DMD) (Allen et a1. 1995). The range of
25 to 35% for ADF; 40 to 52% for NDF; more than 1.45 Meal/kg for lactancy net energy (ENL); and more
than 65% of DMD are acceptable at the Comarca Lagunera (Herrera 1999). The objective of this study was to
evaluate quality protein maize (QPM) hybrids for silage production and quality in the principal milk
production region of Mexico.

Methods
The study was conducted during 2001 and 2002 at the Comarca Lagunera in Mexico; geographic area
localized between the parallel 240 30' north latitude and 1020 40' west length of Greenwich meridian, at
an altitude of 1,200 mas1. The annual mean temperature is 210C with an annual mean precipitation of
220 mm. We evaluated 22 QPM hybrids and the normal single cross CMS9330133 from the CHTTWQ
2000. The trials were evaluated in a randomized complete block experimental design with three
replications. The experimental plot consisted of two rows, 3 m long and 75 em between rows. Plant
density was 80,000 plants per hectare. Height (HP) of ten plants per plot was recorded. Fresh forage
production (FP) and dry matter yield (FDM) of 10 whole plants per plot were measured and expressed in
kg/ha. The contribution of ears to dry matter yield was obtained and expressed as a percentage (PMAZ).
A 300 g sample of dry matter was taken to determine forage quality as in vitro true digestibility (NTD).
CP, NDF, ADF, and NEL were determined by near infrared reflectance spectroscopy (NIRS) (Goering and
Van-Soest 1970).

Results
There were Significant differences among hybrids for all v·ariables. Table 1 shows the best six hybrids
with respect to fresh forage production. The FP of these hybrids were above mean production (around
45,000 kg/ha). Forage quality of these hybrids also met acceptable values in order to recommend their
use in that region. All the selected hybrids had NELvalues above the limit value of 1.45 Meal/kg. They
were also between the ranges for ADF and NDF, and had NTD above 65 %. Thus, all of the six selected
hybrids met the conditions to be used for forage production.

Conclusions
In practice, there are few commercial hybrids that meet forage quality standards for northern Mexico.
There are many with very good forage production but they lack quality. The QPM selection program is
selecting plant types which are small with bigger ears. This experiment demonstrated that it is possible to
find hybrids which meet the value ranges necessary for both high production and forage quality. For this
reason, the use of QPM hybrids for forage production is strongly recommended.
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Table 1. Fresh forage production and quality of QPM hybrids, Comarca Lagunera, Mexico, 2001-02.
Hybrid FP FDM PMAZ IVTD ADF NDF NEL CP

CMTQ983OS1 65,067 22,995 36 67.4 27.6 50.8 1.49 6.3
CMSQ983013 63,867 22,570 46 65.6 30.0 49.9 1.51 7.2
CMSQ993013 61,333 21,675 53 69.8 24.6 48.3 1.55 9.0
CMSQ993015 57,747 20,408 30 69.8 24.5 46.9 1.58 9.6
CMSQ983011 56,947 20,125 56 67.5 27.5 49.8 1.51 6.4
CMSQ983007 56,267 19,885 56 69.5 24.9 45.3 1.62 8.4
FP = fresh forage production; FDM = dry matter yield; PMAZ = % ears to dry matter yield; IVTD = in vitro true
digestibility; ADF = acid detergent fiber; NDF = neutral detergent fiber; NEL = lactancy net energy; CP = crude
protein.
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Adaptability of Quality Protein Maize Genotypes for the Humid Tropics of Mexico
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Introduction and Methods
The main objective of this study was to research the yield and agronomic characteristics of quality protein
maize (QPM) hybrids and their adaptability across four environments in the Mexican states of Veracruz
and Tabasco. The study was conducted during 2001 (spring-summer season) with four experiments
carried out in Cotaxtla, Papantla, and Isla (Veracruz) and HUimanguillo (Tabasco). The experimental
design consisted of: alpha lattice 8 x 8 with 64 entries and two replication plots with two rows 5 m long
and 80 em wide, planting two seeds each 20 em, and removing plants for a density of 62,500 plants per
hectare. The traits measured were plant and ear height, days to tassel and silkin!y plant and ear aspect
husk cover, ear rot, and grain yield adjusted to 12% of hUmidity. Individual analyses were conducted for
all traits and combined analysis performed and stability parameters assessed for grain yield.

Results
There were Significant differences in most traits analyzed. In the combined analysis for grain yield, there
were highly Significant differences for hybrids (H), locations (L), and the interaction H x L with a
coefficient variation of 13.20%, Signifying that the management of the experiment and the results were
reliable (Table 1). Thus, across the four locations, there were 13 hybrids that registered the best grain
yield to 0.05 probability: the quality protein maize hybrids CLQ62 x CML150, H-363C (CML141 x
CML144) x CML142, H-553C CML176 x CML144, H-555C (CML158 x CML144) x CML176, CML176 x
CML142, (CML149 x CML186) x CML142, and CML146 x CML142; and the normal hybrids H-520,
REMACO 37, and REMACO 38 which registered 5 to 18 %more grain yield than the check H-513 (6.37
t/ha). These hybrids were characterized as listable" except for CML142 x CML146, which performed well
in good environments, and H-555C which performed well in unfavorable environments (Table 2). With
respect to locations, Cotaxtla registered the best average in grain yield (8.58 t/ha), with an environmental
index of 2.38. By comparison, Papantla registered the lowest average yield (4.86 t/ha) and a negative
value for its environmental index (-1.34). In terms of agronomic characteristics, the hybrids with the best
yields had similar values for days to tassel and silkin!y and plant and ear height. In generat the hybrids
that suffered the most ear rot damage were those that contained two subtropical inbred lines..

Conclusions
Normal and quality protein maize hybrids exist which provide greater yield and demonstrate better
agronomic characteristics than the commercial check. The agronomic advantages of the quality protein
maize three-way hybrids can improve Mexicans' nutritional levels .
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Table 1. Combined analysis for grain yield of quality protein maize hybrids, Centro de Investigacion
Regional Golfo Centro (ORGOC), Mexico, 2001B.
Source of Free Sum of Mean
variation degrees square square FCALC Significance
Locations (L) 3 1040 346.7 454 0.000**
Replications 4 3.05 0.763
Hybrids (H) 63 174.13 2.764 4.12 0.000**
Interacti6n (LxH) 189 222.39 1.177 1.76 0.000**
Residual 252 168.94 0.67
CV =13.20%.

Table 2. Grain yield and stability parameters of quality protein maize hybrids across fourlocations,
Centro de Investigacion Regional Golfo Centro (ORGOC), Mexico, 200lBI.

Grain yield ReI
Entry Hybrid t/ha % Bi S2 Di TCALC Description t

33 CLQ 6203 x CML150 7.51* 118 1.3 -0.54 2.42 S
43 H-363C 7.33* 115 1.19 0.07 0.64 5
59 REMAC037 7.33* 115 1.08 -0.41 0.47 5
58 H-520 7.23* 113 1.66 -0.44 3.95 5
1 (CML141 x CML144) x CML142 7.20* 113 1.15 0.34 0.43 5
60 REMAC038 7.05* 111 1.24 -0.39 1.3 5
53 H-553 C 6.87* 108 0.98 -0.6 -0.21 5
40 CML176 x CML144 6.80* 107 0.91 1.27 -0.18 5
11 H-555C 6.76* 106 0.91 -0.49 -0.58 5
17 (CML158 x CML144) x CML176 6.76* 106 0.67 -0.67 -13.43 VE
39 CML176 x CML142 6.72* 105 1.21 -0.26 0.93 5
12 (CML149 x CML186) x CML142 6.71* 105 1.11 -0.43 0.65 5
36 CML146 x CML142 6.71* 105 1.45 -0.63 6.1 GE
20 (CML175 x CML176) x CML142 6.66** 105 1.16 -0.31 0.74 5
26 (CML177 x CML186) x CML142 6.65** 104 0.91 -0.03 -0.32 5
55 H-559C 6.65** 104 1.24 -0.03 0.87 5
62 PANTERA 6.46** 101 1.15 0.57 0.39 5
63 H-513 6.37 100 1.04 -0.65 0.82 5
50 H-519C 6.29 99 0.94 -0.41 -0.35 5
56 H-516 5.67 89 0.84 -0.66 -4.45 5
61 TORNADO 5.64 89 0.56 0.94 -1 S

Mean 6.21
CV 13.20
OMS 0.05 0.802
OMS 0.01 1.06

*Significance of treatments to 0.05 of prObability.
**Significance of treatments to 0.01 of probability.
tS = stable; GE = better response in good environments and consistent; DE = better response in unfavorable
environments and consistent.
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Introduction
Conventional maize is poor in quality protein, especially lysine and tryptophan. Quality protein maize
(QPM) lines have been produced by the introgression of the opaque-2 gene which regulates the expression
of zein, and the modifier genes for hard endosperm. The content of lysine and tryptophan is, therefore,
greatly improved. Compared with conventional methods, marker assisted selection allows the
identification of QPM individuals in an early breeding cycle by identifying the presence or absence of 02
prior to pollination, and the breeders can distinguish between homozygous recessive plants 0202 and
heterozygous plants 0202. In order to reduce the cost of field evaluation and facilitate the QPM breeding
program, simple sequence repeat (SSR) markers were employed in the QPM breeding program to transfer
02 alleles and their associated modifier genes into the normal elite lines (NEL).

Methods
In order to improve the agronomic characters of a QPM line, we crossed QPM x NEL, backcrossed the Fl
offspring with the QPM line, and then selected the homozygous 0202 plants with SSR markers. The BC1F1
backcross population (CA33S x HZS) x CA335 was characterized with the SSR primers. The template
DNA was extracted from the young plants at the 3-4 leaf stage. Three SSR markers, phi057, phi112, and
umcl066, were used for polymerase chain reaction (PCR) amplification. The PCR reaction mix consisted
of 20 mM primer mix, 0.75 U Taq polymerase, 511M dNTP, 2.O].1L PCR reaction buffer, 20 ng template
DNA, and H20. The PCR reactions were performed in a 96-well plate using a PTC-200 Programmable
Thermal Controller (MJ Research Inc.), and the template was amplified according to the following
program: a denaturation step at 94°C for 4 min, followed by 35 cycles of 94°C for 1 min, 60°C for 1 min,
and noc for 2 min, and finally terminated with an extension step at noc for 5 min. The denatured
amplicons were analyzed on 4.5% denaturing polyacrylamide gels in a model Bio-Rad electrophoresis gel
apparatus. Thereafter, the gel was silver-stained as described by the manufacturer's instructions (Key
Gene version 2.1, 1994) with a slight modification. The kernel lysine content of the self-pollinated plants
was examined in Biochrom 20 amino acid composition analyzer.

Results
Good polymorphisms were present between normal and QPM lines when using the SSR primers phiOS7
and phil12, while no polymorphism was detected in 02 locus with the primer umc1066. The primer
phiOS7 was codominant, whereas the primer phi112 was dominant. Therefore, phiOS7 and phi112 were
used to discriminate the heterozygous genotypes 0202 and homozygous genotypes 0202. In the BC1Fl
population (CA33S x HZS) x CA33S, 87 individuals were homozygous 02/02, 104 were heterozygous
02/02, and the ratio of the two groups in the backcross population accorded with the proportion 1:1 by
Chi-square test (X2 = 2.460X2oos = 3.84). All the individuals were self-pollinated, and the kernel lysine
content of the ears examined. The lysine content of the seeds of 30 heterozygous 02/02 plants varied from
0.27 to 0.44, whereas the lysine content of the seeds of 30 homozygous 02/02 plants varied from 0.38 to
0.50 (Table 1). All homozygous plants were marked for further agronomic selection. The specific band for
02 locus in phiOS7 was absent in some QPM accessions, such as Qi20S, which suggested the evaluation
could have been more accurate by using two primers at the same time. About 100 accessions from the
new QPM lines were evaluated with the two primers, and the result was consistent with expected lysine
content. With the QPM lines CA33S and CML193 as donors, homozygous 0202 individuals were also
selected in the F2 generation directly, and the progenies containing 02 screened. Overall genetic
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fingerprints using amplified fragment length polymorprusms (AFLP) markers most resembled that of the
recurrent parent.

Conclusions
A number of QPM materials have been developed successfully through marker assisted selection in our
breeding program. Specifically, this study showed that lines selected by SSR markers contained higher
lysine content demonstrating that SSR markers linked with 02 gene can be effectively used in QPM
breeding efforts.
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Table 1. Lysine content (%) of 02/02 and 02/02 genotypes in the BC1 F1 backcross population.
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0.40 0.45

0.40 0.38
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Introduction
The maize crop in the central Andes of Peru indudes almost 99% amilaceous landraces. The climate in
this zone corresponds to semi-arid conditions with 500 mm of annual precipitation falling within a six to
seven month period; many of the precipitations have less than 10 mm. Otherwise, the traditional
agricultural maize used is the open pollinated variety (OPV) because of the feasibility to retain a fraction
of the product to sow the subsequent crop. Maize fields produce a mean yield of 700 to 1,000 kg/h. Since
the 1990s, there has been a growing market for fresh cobs (locally named"chodo"); this market needs to
buy new seed each year. The principal problem has been that material has not been developed for this
purpose. Also, the inbreeding depression resulted in dramatic slow-down characteristics with depression
ranges of 25 to 60% in yield and other characteristics adversely affecting growth and development
(Aguirre and Acuna 1995). This study, by the Departments of Junun and Huancavelica, was carried out
between 2,800 and 3,400 masl in the central Andes of Peru, to overcome this lack of information and lay
the basis for an effective hybrid program.

Methods
Three studies were conducted to generate the information necessary to commence a hybrid program
between two OPV varieties from San Geronimo (SC) and Cusco (CU) maize landraces. Firstly, in 1998, a
study was undertaken to examine the effect of manipulating the male flowers in the two varieties. Three
treatments were applied: de tassel at tassel emergence; detassel at % tassel emergence; and check without
de tasseling. Secondly, in 1999 and 2000, F1direct and reciprocal hybrids were made between these two
landraces. F1performance for yield characteristics was tested and the best methods for producing hybrids
for the future hybrid program was explored (modified from Torregroza et al. 1977). Finally, in 2002,
inbreeding tolerance began to accumulate in six local maize landraces, induding four local varieties of the
same grain type. A participative model in farmers' fields was then introduced.

Results
SC suffered a strong negative effect with emergence detasseling, with reductions of complete ear
production of 5,000 ears. If detasseling was made at % emergence, SG produced 10,000 more ears
(164 kg/h) over the check. For CD maize, detasseling at % tassel emergence resulted in 268 kg/ha more
grain. Thuse, these studies identified the better stage and method for detasseling for hybrid formation in
both parents (Table 1). In the second study, which explored the hybrid formation from the genetic
viewpoint, the maternal effects for a few characteristics important for yield were examined in order to
define the best method for hybrid generation. Direct and reciprocal F1S produced yields of 2.467 and 2.033
kg/plot respectively; both greater than the mid-parent value of 1.235kg/plot. These results showed
heterosis expression with high values. The vegetative period tended to be similar to the early parent and
the type of grain and ears reflected the proportions of the parents (Table 2). The third study, aimed at
solving the inbreeding tolerance of local maizes, including 5G, CU, plus four others, is being conducted in
six fields in different areas with traditional "chodo" production. During this cyde, 1,45051 families have
been developed which will be used to identify the inbreeding tolerant progenies to create the next
generation (a recombination of the families within the 20% low depression set), and to continue to S2in
the superior 10% for inbreeding tolerance.

144



Genetic Resources and Prebreeding

Conclusions
This integrated approach identified a more effective technique for manual detasseling at 3f4 tassel
emergence. In future, SG will be used as the female parent because no different reciprocal effects were
evident and it was a more cost-efficient and effective option; less labor was required for detasseling.
Future work will also include the study of 1,42551 families, including prebreeding, in order to develop
more amilaceous material for future hybrids.
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Table 1. Effects of different detasseling treatments on grain yield in Andean maize using open
pollinated varieties San Geronimo (SG) and Cusco (CD), 1998.

4,658a -197

Grain yield Difference over
(kWh-a) check

SG detasseled at emergence of
tassel

SG detasseled at 3/4 emergence
of tassel

SG check
CU detasseled at emergence of

tassel
CU detasseled at 3f4 emergence

of tassel
CU check

5,019b

4,855a
5,203d

5,219d

4,951c

164

o
252

268

o

No. developed ears per
hectare
74,867

81,562

78,125
55,000

55,250

45,000
a,b: significant differences for P>O.Ol for SG.
c,d: significant differences for P>O.Ol for CD.

Table 2. F1 hybrids and parents between San Geronimo (SG) and Cusco (CD): Yield and production
performance, Huancayo, Pem (4 m2 plots), 1999-2000.

Grain yield Days to No. ears per
(kWplot) anthesis plot

Predominant ear type
CD SG

SG 1.933b 92.7a 27b
CU 0.536a 120.3c 22b
SG x CU 2.467b 103.6b 26b
CU x SG 2.033b 10S.6b 2Sb
a,b: significant differences for P>O.OS.
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Introduction
Plant genetic diversity is a key component of any agricultural ecosystem. Ex situ conservation, as
conducted in germplasm banks, botanical gardens, and breeding programs is the main method of
conserving genetic resources for agriculture worldwide (Evenson et al. 1998). The genetic resources of
maize (Zea mays L.) from Latin America have been intensively studied. Grain texture is an important
discriminatory trait (Gutierrez et al. 2(03). Goodman (1976) proposed that the importance of grain texture
is due to the characteristics of the domestication of maize. American Indians used popcorn, flint, floury,
and dent maize for different purposes and maintained them in isolation. From an evolutionary and a
breeding perspective, it is of interest to find the traits that might be associated with texture. The objective
was to test the association between grain texture and other relevant traits in South American maize
germplasm collections to elucidate the role of grain texture in classifying maize genetic resources.

Methods
Data from maize genetic resources evaluations and characterizations from Uruguay (Fernandez et al.
1983) and Brazil (Feldman and Silva 1984) were used. Uruguay's maize landraces collection consists of
852landraces evaluated for 27 variables in 1978-1979. The Brazilian collection consists of 600 landraces
evaluated for 26 variables in 1980-1981 and 1983-1984. Grain texture was considered the classificatory
variable (with four states: popcorn, flint-semiflint, floury and dent-semident), and the other variables
were used as independent variables. Each collection was evaluated by univariate (analysis of variance)
and multivariate analysis (discriminant analyisis) (Franco et al. 1998). We also conducted a genetic
correlation analysis for the Brazilian data.

Results
Both the Brazilian and the Uruguayan collections have similar mean and standard deviation values for
most of the continuous variables (Table 1). However, when grouped by grain texture, the results from the
univariate and the multivariate analysis are quite different between the collections. In the Brazilian
collection, grain texture made significant differences in four variables for the univariate, and six for the
multivariate analysis. In the Uruguayan collection, grain texture made Significant differences for all 13
variables in the univariate, and for 12 in the multivariate analysis. AImost all the variables were highly
correlated in the Brazilian collection (P < 0.0001), probably as a result of the large number of accessions
evaluated.

Conclusions
There is a Significant association between grain texture and some agriculturally relevant traits. Although
we did not find the same result in the Brazilian and Uruguayan collections, there are some common
patterns. The sequence of agriculturally relevant variables associated with grain texture is the same: grain
variables, plant height, and ear length. More research is needed because these results may be biased due
to the absence of popcorn grain texture in the Brazilian collection.
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Table 1. Statistical description for the continuous variablest from the Uruguayan and Brazilian maize
landraces collection: univariate and multivariate analysis.

Brazil Uruguay
Variables Mean Stdt Uni§ Multi~ Mean Stdt Uni§ Multi~

10
2
4

5
9

12
7
3
NE

SI 71.7 7.7 NS NE 82.8 7.4 **
PHT 254.2 37.8 NS 4 169.7 14.5 **
EHT 128.1 30.8 NS NE 107.5 14.4 **
ELHT 17.9 2.2 NS 3 15.3 1.9 **
EDI 4.3 0.5 ** NE 4.0 0.5 **
NROW 14.1 2.5 NS NE 13.4 2.4 **
GWI 8.6 1.0 ** NE 8.9 1.2 **
GTH 4.1 0.4 ** 2 6.0 0.9 **
GLE 10.9 1.6 ** 1 10.4 1.3 **
NRMI 21.5 3.5 NS 6
TOTFOL 15.3 2.0 NS 5
STDI 29.5 3.2 NS NE
AN 77.5 5.6 ** 8
EWE 1.0 0.3 ** 6
eWE 0.7 0.2 ** 11
W100 26.1 6.1 ** 1
t SI = days to silking, PHT = plan height, EHT = ear height, ELHT = ear length, EDI = ear diameter, NROW = number
of rows per ear, GWI = grain Width, GTH = grain thickness, GLE = grain length, NRtvlJ = number of ramifications of
the male inflorescence, TOTFOL = total number of leaf, STDI = diameter of the stalk, AN = days to anthesis, EWE =
ear weight, GWE = grain weight, WI00 = weight of 100 kernels.
tStd = Standard deviation
§ Uni = result from the univariate analysis of variance using each variable as independent variable, and grain texture
as claSSificatory variable. NS = Non significant, ** = Significant (P < 0.001)
Multi = result from the multivariate analysis using stepwise discriminant analysis with a 15% significance level. The
numbers indicate the order in which the variable entered, and NE indicates that the variable did not enter.
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Introduction
Wheat (Triticum aestivum) is one of the three major food crops in the developing world, together with
maize and rice, and demand for high yielding, high quality, and stress-resistant wheat cultivars is
increasing. Although genetic diversity in existing germplasm stills seems conSiderable, expanding it
through novel means may help meet this demand. One method of introducing novel genetic variability
into the bread wheat gene pool is through synthetic hexaploid wheats produced from crosses between
tetraploid T. turgidum species and diploid Aegilops tauschii. This paper summarizes the evaluation of the
genetic diversity found in a group of synthetic hexaploid wheats derived from T. dicoccum and Ae.
tauschii. References including detailed information on methods and results are listed.

Materials and Methods
Fifty-eight synthetic hexaploid wheats were produced by making interspecific crosses between 22 T.
dicoccum and 15 Ae. tauschii accessions. All the T. dicoccum parents had previously been selected for their
resistance to Russian wheat aphid (RWA, Diuraphis noxia); the Ae. tauschii parents were randomly selected
from the collection in the CIMMYT gene bank. Genetic diversity at the molecular level of the synthetic
hexaploids and their parents was estimated using the amplified fragment length polymorphism (AFLP)
technique. Phenotypic diversity of the T. dicoccum parents and their synthetic hexaploid progeny was
further evaluated by measuring 18 morphological and agronomic traits. Resistance to RWA and another
aphid, greenbug (Schizaphis graminum), was evaluated in the field and greenhouse, respectively. Selected
synthetic hexaploids identified as resistant to one or both aphids were further evaluated under controlled
conditions for their resistance categories. Resistance to common wheat diseases (leaf and yellow rust,
septoria tritici, and powdery mildew) was assessed under field conditions at CIMMYT and at Ris0
National Laboratory in Denmark. Industrial quality was estimated by determining total protein content
and grain hardness using near-infrared reflectance; protein quality was evaluated with the sodium
dodecyl sulfate sedimentation test. Grain weight and plumpness were also determirJed.

Results
Dendrograms constructed using AFLPs grouped the T. dicoccum parents according to geographical origin.
No grouping was apparent for Ae. tauschii (Lage et a1. 2003g). The geographical clustering of the T.
dicoccum parents was also reflected in the dendrogram of their derived synthetiCS. When evaluated based
on morphological and agronomic traits, the diversity of the T. dicoccum parents and their derived
synthetic hexaploids also reflected geographical origin. However, comparisons of genetic distances
obtained from AFLPs and from agronomic data showed no correlation between the two diversity
measurements, although the two systems did identify similarities among major clusters. Field evaluation
of the synthetic hexaploids and their parents confirmed the RWA resistance in the T. dicoccum parents
and indicated that the Ae. tauschii parents were susceptible to moderately susceptible (Lage et a1. 2001,
2003d). Although RWA-resistant, the synthetic hexaploids showed higher levels of damage than their T.
dicoccum parents. However, no differences were observed in reduction in plant height and grain weight,
indicating that the synthetic hexaploids constitute a valuable source of RWA resistance, successfully
derived from their T. dicoccum parents. Laboratory studies showed that the synthetic hexaploids were
RW A resistant mainly due to their antixenotic properties (Lage et a1. 2003c). Greenhouse screening for
resistance to greenbug showed large differences among the synthetic hexaploids (Lage et a1. 2003a). All
the T. dicoccum parents were susceptible, while high levels of resistance were observed in some of the Ae.
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tauschii parents. Of the synthetic hexaploids derived from greenbug-resistant Ae. tauschii parents, a high
proportion showed levels of resistance comparable to those of the resistant parent. The resistance in all
the synthetic hexaploids proved to be the result of a blend of antibiosis, antixenosis, and tolerance (Lage
et a1. 2003b). Field evaluation for resistance to leaf and yellow rust, septaria tritici, and powdery mildew
identified resistant synthetic hexaploids (Lage et a1. 2002). In the case of rusts, resistance appeared to be
derived from both parents, though the resistance level in the synthetics was often partially or completely
suppressed. None of the synthetic hexaploids showed symptoms after inoculation with septaria tritici,
indicating high levels of resistance. From the powdery mildew screening, susceptible, intermediate, and
resistant synthetic hexaploids and T. dicaccum accession..<; were identified (unpublished). Grain quahty
evaluation revealed significanl phenotypic variability for all traits (Lage et a1. 2003e, f). Synthetics with
high protein content, good protein quahty, high grain weight, and plump grains were identified. Parent
offspring regression on corresponding values for the T. dicaccum parents for protein content and quality
explained a significant part of the variation observed in the synthetics, indicating that improved grain
quality from T. dicaccum can be expressed in a hexaploid background.

Conclusions
The study of AFLP and agronomic diversity in synthetic hexaploid wheats indicates that they are an
efficient means of introducing novel diversity into the bread wheat gene pool. The lack of correlation
between these two diversity measurements emphasizes the fact that a single method should not be used
for classifying germplasm, and new strategies for diversity assessment (e.g., in gene bank collections) are
called for. Evaluation of resistance to various biotic stresses confirmed the advantages synthetic
hexaploids have in resistance breeding: (1) they are easy to work with; (2) they do not require
vernalization; (3) their spikes do not shatter, as do those of both their parents, particularly Ae. tauschii;
and (4) they can enter a bread wheat breeding program just as any other hexaploid wheat. Disadvantages
are minor and usually easily overcome. In a breeding program they include tall stature, hybrid necrosis
in a certain percentage of the crosses with common wheats, hard-thrashing, carrying undesirable major
genes for rust resistance, and intermediate to poor industrial quahty. From a relatively small population
of synthetic hexaploid wheats we were able to identify resistance to the two aphid species tested and to
four common wheat diseases, as well as obtain sources for improving industrial quality. The above
advantages clearly demonstrate the potential of using synthetic hexaploids as a 'bridge' for transferring
genetic diversity from related wild species to bread wheal.
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Introduction
Genebank catalogues have a huge amount of data, but the most important parameters relating to yield,
inbreeding depression and combining ability are missing. New methodologies of practical
characterization/evaluation are needed to fit this "pre-breeding gap". This paper intends to be one of the
first attempts at achieving this goal.

Methods
During the 1996 season, the regional maize variety Verdial de Aperrela was collected in the Portuguese
Sousa Valley using Lima's (1995) method. It was assumed that pollination occurs only by gravity, so that
when the plant has the hypothesis of flowering overlapping, this selling probability will have a direct
effect on the inbreeding depression. This method enables the researcher to determine the the relative
amount of theoretical allogamy versus autogamy in a population. A set of 826 plants was used for
measuring 4 sets of plant-to-plant data: the number of days from planting to the beginning (a) or end (A)
of male flowering and to the beginning (b) or end (B) of female flowering. In order to evaluate the overlap
index (01), the follOWing formula, derived by Pego, was used:

01= (B-b)+(A-a)-1 B-A I-I b-a I
2(B-b)

This allows one to conclude that 01 is: limited to 1 (100ro overlapping); is positive (some overlapping); or
negative (overlapping does not occur). In population improvement, maize breeders always to look for
high functional allogamy, so the selection for negative values of 01 is pursued. In spite of the work
required, the proposed evaluation must be conducted within a year, based on 13 possible overlapping
types (T1-T13) (Fig. 1).

Results
Verdial de Aperrela can be characterized by the data summarized in Figures 1 to 5, so that breeders can
tell relative weight of each type of pollination overlap in this population, and describe it by four main
characteristics.

1. Verdial de Aperrela is represented by this frame: -19ro of no overlapping (01 ~ 0, complete
allogamy); -15ro of complete overlapping (01 =1, possible selfings all along the ear); -66ro of
partial overlapping (0 < 01 < 1, possible sellings in specific parts of the ear).

2. More than 50 ro of the population exhibits partial overlapping of the type T11 (52.3 ro). Even in
this case (Tll), our results show that 46.3ro of the kernels could have been selfed, while 53.7 ro are
hybrids.

3. An unexpected amount of complete allogamy (01 = 19.16ro) constitutes a selection potential for
increasing allogamy at the expense of possible autogamy.

4. Figures 4 and 5 present some differentiated peaks, showing that this population is not well
recombined and suggests it is composed of at least three sub-populations which almost do not
overlap. This represents the potential for both recombination and further genetic diversity
implementation.
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Conclusions
The methodology described has a significant potential for evaluating open-pollinated accessions of maize
germplasm, in terms of their state of possible inbreeding, depression consequences in yield and the
overture it brings for selection procedures at the ear level. It also possesses the capability for sub
population discrimination, allowing further recombination among them with consequent genetic
diversity implementation. One big question still remains: what about combining ability? Is it possible to
relate these data with the most important parameter breeders want to know? Further studies will be
required to answer this question.
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Introduction
ClMMYT's maize genetic resources program has a mandate to conserve tropical maize genetic resources.
It currently conserves more than 21,000 landrace accessions from the Americas. The seed is conserved
both in active and base storage conditions at international standards. Also, related information such as
passport and regeneration data is compiled when ClMMYT receives new accessions from collaborators.
PhenotypiC diversity has been evaluated among landrace accessions of some of the Latin American maize
races and their preliminary breeder core subsets have been developed for use in maize improvement.

Methods
Since the late 19808, C1JV1MYT has evaluated landrace accessions by grouping them into maize races.
Firstly, the accession's race classification was recorded during seed regeneration. Evaluation trials were
then performed on the Mexican dent races, the Caribbean flint and dent races, Cateto and its related
races, and the Brazilian flint and dent races at ClMMYT experiment stations. Data was compiled on agro
morphological traits. PhenotypiC diversity was analyzed employing ordination and classification by
means of multivariate analysis. Neither the Andean nor the Central American highlar1d races were
included, as they would have required on-farm evaluation in their region of adaptation. To date, 7,762
unique accessions have been evaluated and summary data compiled (available on CD-ROM liThe
CIMMYT Maize Collection: Evaluation of Accessions and Preliminary Breeder Core Subsets").
Multivariate cluster analysis following the Ward-Normix method (Franco et a1. 1997) was used to form
non-overlapping homogeneous clusters of the accessions in the trial based on plant and ear traits. The
number of non-overlapping clusters that were formed by cluster analysis indicated the phenotypic
diversity among the accessions in the trial. Using the adjusted means of the traits from the trial, canonical
discriminant analysis was then performed to plot the accessions on the canonical variables (Can 1 and
Can 2). The CD-ROM contains summary data of the individual field evaluation trials, passport data of the
accessions, and figures showing phenotypic diversity among the accessions by ordination and
classification. Ear and plant traits studied included: days to anthesis (AN), days to silking (51), plant
height in cm (PH), ear height in cm (EH), percentage of seed moisture at harvest (MO), tillers per plant
(TI), ear length in em (EL), ear diameter in em (ED), kemellength in em (KL), kernel width in em (EW),
kernel row number (KRN), shelling percentage (SH), ears per plant (EP), leaf senescence (LS - number of
days from silking to ear leaf senescence). Yield (Y), root lodging (RG), shoot lodging (SG), and ear rot
percentage (ER) were not included in the multivariate cluster analysis. Instead, they were used to
calculate a selection index in choosing accessions with good agronomic performance. Seed moisture was
used for both cluster analysis and the selection index.

Results
Preliminary breeder core subsets were developed to indicate probable useful racial diversity by: selecting
the best 20% of the accessions from each of the non-overlapping clusters identified via multivariate
cluster analysis; using high scores of selection index values and agronomic performance ratings; and field
observations. Because trials were evaluated in few environments (mostly CIMMYT experiment stations)
with two replications, genotype x environment interactions (GxE) were not adequately taken into account
for choosing breeder core subsets. Some trials were conducted in many environments and breeder core
subsets were chosen from the combined analysis. Preliminary breeder core subsets included a wider
spectrum of diversity within the race or race complex that was under evaluation. The evaluation trials
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have a UIuque field book number, as recorded in the CD-ROM, which is associated with the maize race(s)
under evaluation.

Conclusions
Preliminary breeder core subsets should help farmers, breeders, and research scientists to locate useful
genetic diversity in a cost-effective manner. They are particularly helpful when no information is
available on probable sources in search for resistance to a new pathogen strain or a new pest biotype, as
well as incorporation of useful genetic diversity in prebreeding or germplasm enhancement programs.
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Introduction and Methods
Accessions from the germplasm bank were grouped by race and/or adaptation and evaluated for
agronomic and plant and ear traits. The data were analyzed using multivariate cluster analysis. The best
20% of the entries in each cluster, based on agronomic potential (Taba et al. 1998), were used to create a
breeding core subset for that group of material. The breeding core subset limits the number of entries for
further evaluation while maintaining the genetic diversity present in the germplasm bank. The subset
was evaluated with testers from both heterotic patterns (one flint and one dent tester) and then divided
into two groups, one for each heterotic pattern, follOWing the principles of Dudley's theories (1982, 1984).
The single crosses from the two groups (flint donor x flint tester and dent donor x dent tester) were then
crossed to another elite inbred of the same heterotic pattern to form triple cross enhanced germplasm
containing 25% accession and 75% elite germplasm. Backcrossing to an elite inbred is also important,
since enhanced material undergoes relatively limited selection before being incorporated into the
breeding pools, and it is necessary to prevent dilution of favorable attributes of the pool with unfavorable
alleles present in the donor populations. The use of two different elite inbreds provided greater potential
for recombination of favorable alleles from different germplasm sources. 5election for important
agronomic traits (plant height, ear height, etc.) was performed dUring the development of 52 lines from
the enhanced germplasm, which were then testcrossed to elite testers or the breeding pool from the
opposite heterotic group and evaluated in at least two locations for several plant, ear, and agronomic
traits. The best entries were included in evaluation trials of the breeding pools into which they were to be
incorporated. A description of these trials follows.

51 and 52 lines were formed in each population, under selection for ear and plant traits and resistance to
insects and pathogens. Generally, 300 to 400 50 families were selfed and 600 to 800 51 ears were selected
and planted ear-to-row, with 300 to 400 52 ears selected and planted ear-to-row for testcross formation.
These 52 lines were crossed to testers of the opposite heterotic group and evaluated for: agronomic traits
such as: yield and agronomic aspect; plant traits such as days to anthesis and silking; and ear traits such
as ear rot and ear aspect. Usually 250 to 350 entries were evaluated in the trial (plus new enhanced
germplasm) and 100 to 125 were selected for recombination in the next cycle. Multivariate cluster analysis
was performed on the plant and ear trait data to create clusters representative of the genetic diversity
within the pool, and selection of the best entries in each cluster was based on agronomic performance.
Previously, cluster analysis was performed using the data from each environment separately, but in
future the analysis will be performed using data combined across environments, with each trait in each
environment representing a separate variable in the analysis. The recombination was performed in a
diallel format with forced recombination between the different clusters. For example, pollen from the
male rows representing clusters "b" and "c" was bulked by cluster and used to pollinate individual
plants in female rows representing cluster"a"; pollen from the male rows representing clusters"a" and
"c" were bulked by cluster and used to pollinate individual plants in female rows representing cluster
"b"; and so on.

Results and Conclusions
One of the goals of the program was to incorporate new enhanced germplasm after, at most, three cycles
of pool improvement (preferably more frequently), and also to maintain the introduced materials at less
than 5% of total lines recombined in order not to dilute the improved germplasm in the breeding pool.
The best 10 or so lines derived from each cycle have been increased in the field to create 53 families that
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can be distributed to breeders in other programs or outside CIMMYT for use in inbred line development
or to increase genetic diversity in populations under selection. In this way, other breeding programs can
utilize the best germplasm derived from the pools.
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Utilization of Geographical Diversity for Yield, Wider Adaptation and Multiple Resistance in
Chickpea (Cicer arietinum L.)

s.s. Yadav1,]. Kumar], B. Redden2, D. McNeil2, and M. Metrne2

]Pulse Research Lab, Division of Genetics, IAR!, New Delhi-110012, India, email:
shyamsinghyadav@yahoo.com
2Agriculture Victoria- Horsham, Victorian Institute for Dryland Agriculture, Australia

The chickpea crop is predominantly cultivated in dry areas in various continents throughout the world.
This crop is also confronted with both biotic and abiotic stresses. Importantly, the cultivated
environments are varying for different factors in various continents. Therefore, the incorporation of wider
adaptation and multiple resistance is important for higher, more stable and more profitable yields under
drought proven environments. This idea was conceptualized from the successful wheat breeding
program carried out at CIMMYT, Mexico, during the last two to three decades, and in chickpea the
specific adaptation is playing a predominant role. The present investigation was carried out at the
Division of Genetics, Indian Agricultural Research Institute, New Delhi, India during 1990-2002.
Numerous crosses were developed involving more than 5-6 parents in a cross, all having geographically
different origins and backgrounds. The segregating populations were advanced using a shuttle breeding
approach for selection and advancement up to F6 gene rations under raWed plantings. The preliminary
yield test, advance yield testing and multilocation yield testing were also carried out under raWed
environments during these years. Out of a large number of crosses important crosses of both Desi and
Kabuli types, which were found to be Significantly higher performing, have been selected for this
presentation. The material generated with this approach possesses wide adaptability, multiple disease
resistance and high yield potential compared to local and adapted cultivars under varying agro
ecosystems.
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Utilization of Genetic Resourres for Chickpea Improvement
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Chickpea is one of the most important grain legumes cultivated in Southern Asia, Mediterranean
countries, northern Africa, Central and South America. However, its genetic yield potential is not
satisfactory due to poor plant type and biotic and abiotic stresses faced by this crop. This problem can be
solved to a great extent by proper utilization of genetic variability in land races and wild species available
in germ plasm collections which have not been fully exploited by breeders. To this end, an extensive
breeding program has been carried out at Indian Agricultural Research Institute for the last two decades
to increase the productivity of chickpea by developing high yielding and disease resistant cultivars
suitable for different agro-climatic conditions and farming systems of India. Also, we utilized available
genetic resources for germplasm enhancement to develop genetic stocks with a high degree of expression
for specific desirable traits, even those that may nol be promising in terms of yield. These lines may be
used as donor parents in breeding programs for transferring desirable traits into high yielding or good
agronomic bases by chickpea breeders. In the high-yield program, we have developed 16 varieties of
chickpea since 1980 for different agro-climatic zones and farming systems of India. In the germplasm
enhancement program, we have developed 30 genotypes with distinct desirable traits.
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Maize Germplasm Enhancement and Improvement
The first bmiting factor influencing maize breeding efforts in China is the lack of genetic resources. At the
same time, the genetic background of hybrids is becoming increasingly narrower. Only five predominant
hybrids cover 53 % of total maize acreage, and in 1995, more than 61 % of maize area relied heavily on just
five lines: Mo17, Ye478, Huangzao 4, Dan 340, and E28 (Zhang et al. 1998a). Most of the lines used have
been derived from only four germplasm sources. More than 73% of the lines were recycled from single
crosses, three-ways and synthetics (Peng et a1. 1994). There is a need to exploit germplasm from the center
of diversity of maize. Tropical and subtropical germplasm developed by CIMMYT has been introduced
and utilized by a number of national agricultural research programs around the world. These materials
possess large genetic diversity, and therefore can broaden the genetic base of hybrid maize breeding,
preventing genetic vulnerability and enhancing the level of heterosis in temperate zones. The CAAS
initiated a project of maize germplasm enhancement, improvement and development in 1995, wruch was
financed by the Ministry of Agriculture in 1996, 1999 and 2003. Maize pools and populations were
introduced to broaden the genetic base of hybrid maize breeding and develop new lines with rugher
combining ability and hybrids with superior performance and resistance to diseases and abiotic stresses.
Germplasm enhancement is the prerequisite, population improvement the key strategy, and
development of new lines and hybrids the end point of this project.

Why Do We Need this Project?
Annual demand for maize in China was forecasted at 220 million tons in 2020 (Huang et al. 2(00),
requiring an increase in the annual supply by 67%. Meanwhile, the maize area will decrease by 15%. The
strategies to ensure food security being considered are: (1) increase yield potential, especially in the
marginal and stressed areas; (2) enhance the quality of maize products; and (3) increase the effiCiency of
maize consumption as feed and an industrial raw material. Maize production is confronted with many
challenges such as drought, poor soils, disease epidemics, lack of rugh quality varieties, narrow genetic
background of germplasm, and weak capacity for technological innovation. These problems have been
restricting the efforts to increase yield potential. Most of the challenges stem from the genetically narrow
germplasm base and the low efficiency of germplasm utilization. Germplasm enhancement,
improvement and development have rugh priorities in our maize breeding efforts. The genetic diversity
of maize germplasm is rugh in Mexico. We have therefore introduced such germplasm into the Chinese
Com Belt for use in maize breeding programs and continue to evaluate, improve and utilize these
materials.

Methodology Used in Germplasm Enhancement and Improvement
CIMMYT is analyzing 450 CML lines (CIMMYT maize lines) for genetic diversity using Simple Sequence
Repeats (SSR). The AMBIONET- China Laboratory will complete the same kind of analysis with 300 lines
in China soon. The data will be sent to CIMMYT for pooled analysis. Genetic diversity has been tested
with Design II between 27 populations (14 from CIMMYT, and 13 domestics) and 4 common testers
(Huangzao 4, Dan 340, Ye 478, and Mo17). The evaluation trials were done in five sites in 2001, and eight
in 2002. Semi-exotic composites will be produced based on heterotic groups and patterns among
populations. In addition, two dozen tropical and subtropical populations were improved evolutionarily
under temperate long-day conditions using a bi-parental mass selection method (Zhang et al. 1995),
wruch permits an improvement in adaptability with little loss of genetic variance. Seven populations
(Pobl0l, Pob45, Pob46, Pool33, Poo134, Pob69 and Pob70), have been exposed to this improvement

162



Genetic Resources and Prebreeding

procedure and have been adapted to long-day conditions in the northern most province. Exploiting semi
exotic materials is another available approach to using tropical genes in temperate areas. More than 300
CML lines were introduced from CIMMYT and some of them were selected for crossing with domestic
lUles based on heterotic groups and patterns. The improved semi-exotics have been released to breeders
after one cycle of selfing and two or more cycles of bulk pollination. Composites between exotic and
domestic open pollinated varieties or synthetics will be produced based on heterotic groups and patterns.
Breeders are in the process of deriving new lines from improved populations and semi-exotic materials.
In fact, breeders have developed Jines and hybrids based on CIMMYT populations, such as CAU 108,
which contains 25% Tuxpefio germplasm, and occupies 11% of tolal maize area in the country in 2001 and
2002.

Heterotic Groups and Patterns
Germplasm enhancement and improvement will depend on understanding heterotic groups and
patterns. The AMBIONET-China Laboratory analyzed more than 150 lines and mosl of the commercial
hybrids. They concluded that there were three groups among commercial lines, and six common testers
for the sub-groups, respectively:

Heterotic Group
D (Dam)

A (Reid)

B (non-Reid)

Sub-Group
Sipingtou
Luda Red Cob
BSSS
PA
Lancaster
PB

Common
Tester
Huangza04
Dan340
B73
Ye478
Mo17
Qi319

Breeders tend to exploit two heterotic patterns. The first one is DomxLan and expresses itself as two
models. Luda Red CobxLan is late and available in the spring maize area of north and northeast China.
The typical hybrids are Danyu 13 (E28 xMo17) and Zhongdan No 2 (Mo17xZi330). SipingtouxLan
matures early and is an important model for northeast provinces and part of the summer maize areas.
The typical hybrid is Huangza04xMo17. Another pattern available in summer maize area consists of
Dom xPA. This pattern expresses itself as two models. One model is PAXSipingtou, and a typical hybrid
is Yedan No 4 (U8112xHuangzao 4). Another model is Luda Red CobxPA, with a typical hybrid such as
Yedan 13 (Ye478 xDan340). Many recycled lines and hybrids were developed based on these pattems, and
are being used commercially in maize production. A new pattern between AxB is becoming available
with the development and dissemination of PB germplasm. A typical hybrid is CAU108 (HCxX178).
Another new line, 01319 is PB germplasm and is under dissemination in the country. This germplasm
will promote the adoption of the AxB pattern.
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Introduction
Cassava (Manihot esculenta Crantz) is the second most important staple food crop in sub-Saharan Africa,
providing an average 285 calories per person per day. It is also an important food and cash crop in
Malawi. A prerequisite for any genetic improvement program is knowledge of the extent of genetic
variation present between cultivars, and genetic distances between them and closely related species. This
can be achieved through characterization of germplasm either using morphological, biochemical, or DNA
markers. This study was, therefore, initiated with the aim of determining the genetic distances and
relatedness of commercial cassava varieties in Malawi and identifying promising clones using amplified
fragment length polymorphism (AFLP) DNA markers and morphology descriptors. It also aimed to
compare morphological and molecular marker (AFLP) technologies in characterizing cassava genotypes.

Results and Conclusions
Trials with 16 cassava genotypes were planted in the 2000-01 season. This study revealed that the genetic
distances for the local cultivars, locally bred clones, and introduced genotypes were equally divergent.
This was supported by the distribution of the genotypes in different clusters despite their origin. Genetic
distances determined by morphological characterization correlated to similar values using AFLP
fingerprinting (r = 0.98). It is, however, a prerequisite that morphological characterization be based on
constant traits, and the conversion of the morphological data into binary characters needs careful
consideration in order to achieve meaningful results.
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Expression of a Synthetic Porcine Transgene Increases Lysine Levels in Maize Kernels
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Introduction
Cereal grains are major sources of nutrition for humans and other animals. The major cereals are deficient
in one or more of the essential amino acids such as lysine and tryptophan and, therefore, do not provide a
well-balanced diet. These deficiencies limit the nutritional value of the grain. Recent advances in genetic
engineering and improvements in transformation technology have provided new opportunities to modify
the nutritional composition of the maize grain. In an effort to elevate the amount of lysine in maize grain,
a codon-adjusted version of a gene encoding the porcine milk protein a.-lactalbumin was synthesized and
used to transform maize. The goals in this study were: (1) to determine if the synthetic porcine a-La
transgenes were integrated and functional in the maize genome; (2) to characterize the inheritance and
expression patterns of the transgenes; and (3) to determine the levels of the a.-La protein and the
correlated changes in amino acid composition of transformed maize kernels.

Methods and Results
Polymerase chain reaction (PCR) analysis of F1 plant DNA revealed a-La DNA sequences among the
events analyzed from three constructs (P64, P45, and P5n indicating that the transgene was integrated
into the maize genome and transmitted to the Fl generation. The hybridization patterns of progenitor F1,

F2, and F3 progenies in Southern blots were identicat suggesting that no new major rearrangements
occurred during meiosis and indicating a stable transmission and inheritance of the transgene. Western
blot analysis detected the accumulation of the synthetic porcine a.-La protein in the endosperm
demonstrating that the transgene was functional in the maize kernel. Segregation analysis of the
transgene phenotype by Western blot showed that the transgene was inherited as a single locus. In P64,
five of six events demonstrated consistent expression of the porcine a.-La protein and stable inheritance of
the transgene for three successive generations. Conversely, five of six events of P45 and all four events of
P57 displayed transgene inactivation from the BC1F1 to the F3 generations, demonstrating irregular
patterns of expression and inheritance of the synthetic porcine a-lactalbumin transgene. The levels of the
synthetic porcine a.-La protein in the maize endosperm ranged from 0.02 to 0.09 g/100 g as measured by
ELISA. A 20% increase in the amount of lysine, as determined by complete amino acid analysis, was
detected among events that expressed a-La when compared to their null siblings. This increase was
confirmed when lysine levels were measured by a bacterial assay using E. coli auxotrophs. The levels of
lysine in transformed kernel" ranged from 0.15 to 0.24 g/100 g.

Conclusions
The results demonstrated that a transgenic approach using a gene that encodes a protein, such as the
porcine a-La, can be an effective means of improving the nutritional quality of the maize grain.
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Marker Assisted Pyramiding of Bacterial Blight Resistance Genes in Parental Lines of Hybrid Rice
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Introduction
Hybrid rice technology is being used to increase rice production, farm incomes, and agricultural jobs in
the Philippines. The government's banner program for agriculture is the Hybrid Rice Commercialization
Program (HRCP). Most of the hybrid parental lines used by HRCP, however, are susceptible to the
bacterial blight (BB) disease caused by Xanthomonas oryzae pv. oryzae (X.o.o), leading to lower yields in
both hybrid seed and commercial production, particularly in the wet season. Breeding resistant parental
lines, therefore, is a vital concern. The use of biotechnology tools to allow for faster breeding, as well as
pyramiding of different blight resistance genes leading to more stable resistance, is deemed very
necessary. This study reports on the marker assisted introgression of single and pyramids of two to three
bacterial blight resistance genes in five maintainer lines, and the optimization of three new polymerase
chain reaction (PCR) based markers linked with the Xa7 gene that facilitated selection for the gene.

Methods
Five maintainer or 'B' lines (IR58025B, IR62829B, LianB, 913B, and BoB), along with two restorer or 'R'
lines (IR34686-179-1-2-1R, and IR29723-143-3-2-1R), the 'Mestizo' hybrid (PSBRc72H), and two BB donors
(IRBB4/7 and IRBB21) were phenotyped with nine Philippine Xo.o races. Marker assisted backcrossing of
Xa4, Xa7, and Xa21 resistance genes in various combinations to IR58025B, IR62829B, LianB, 913B, and BoB
was undertaken using IRBB4/7 and IRBB21 as donors. The Xa21 sequence tagged sites (STS) marker was
used to detect the Xa21 gene (kinase domain). Also, the restriction fragment length polymorphisms
(RFLP) marker CI091 on chromosome 6 and three newly developed and optimized PCR markers from
Kansas State University, AFLP21-10, AFLP1415 and P3, were used to detect the Xa7 gene. The resistance
gene analog (RCA) marker, NLRRlnvl/Inv2, was used to determine percent recovery of the recurrent
parent genotype in the backcross progenies.

Results
The five B and two R lines, and the Mestizo hybrid were found to be susceptible to most of the Philippine
XO.o races. LianB was the most susceptible, followed by the R line IR29723-143-2-1R, which showed very
long lesions to all the Xo.o races. The Xa21 STS marker showed the expected ~1.4 Kb and a slightly lower
molecular weight allele which co-segregated with the resistant and susceptible progenies in the different
B line/ donor crosses involving Xa21. The PCR based Xa7-linked markers AFLP312-10, AFLP1415, and P3
showed the expected segregation of the resistant and susceptible alleles in the progenies of the different B
line/ donor crosses. Selection for the Xa7 gene was greatly facilitated with the tightly linked STS marker
P3. With selection for the presence of linked markers coupled with phenotyping with three diagnostic
races (PX061 to detect Xa4, PX086 for Xa7, and PX099 for Xa21), individual and/ or pyramids of two to
three resistance genes were introgressed to five susceptible B lines (Table 1). B lines containing two to
three gene pyramids had much shorter lesions to diagnostic Xo.o races, indicating increased resistance to
BB and a wider resistance spectrum compared to those containing single genes. The NLRRlnvl/Inv2
RCA marker fingerprinting revealed a high similarity between the B line parents and the progenies with
the introgressed resistance genes.
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Conclusions
Five Blines used for hybrid rice production were found to be susceptible to most Philippine Xo.o races
and were improved for resistance to BB with the introgression of single and/or pyramids of Xa4, Xa7 and
Xa21 resistance genes. Introgression of the R genes was greatly facilitated by the Xa21 STS marker and, in
particular, the newly developed and optimized Xa7-linked P3 marker. The RGA marker NLRRlnvl/Inv2
was useful for detecting advanced lines with the introgressed resistance genes with high similarity to the
recurrent parent.

Table 1. Maintainer lines and the different Xa genes of generated gene combinations.
Maintainer Xa gene/Gene combinations
lines Xa4 Xa7 Xa21 Xa4/7 Xa4/21 Xa7/21
913B ~ ~ ~ ~ ~ ~

IR58025B ~ ~ ~ ~ ~

IR62829B ~ ~ ~ ~ ~

LianB ~
.,

~

BoB ~
., .,
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Introduction
Identification and development of heterotic groups is the key to successful maize hybrid breeding
programs. Empirical results from combining ability studies and experience have generally been used as a
means of classifying inbred lines into heterotic groups. These approaches, although effective, are time
consuming and expensive. More recently, the use of molecular markers in classifying and refining
heterotic groups has been reported with success in temperate maize germplasm (Dubreuli et al. 1996) and
is in its infancy stage in tropical maize germplasm (Warburton et al. 2002). The advantage of molecular
markers over other techniques to assign lines and populations into heterotic groups is reflected in the
large numbers of markers in the genome of crop plants, lack of environmental interaction, and their
ability to be organized into linkage groups. This study evaluated the potential usefulness of molecular
markers in identifying and refining heterotic groups of inbred lines commonly used in Zimbabwe.

Methods
Forty-four inbred lines and two open pollinated varieties (S. White and Tuxpeno) were chosen to
represent the maize germplasm widely used by the Department of Research and Specialist Services,
CIMMYT-Zimbabwe (CML or CZL lines), and the Biotechnology Research Institute (LMS lines). DNA
was extracted from a bulk of ten plants from each line using a modified CTAB method (Saghai-Maroof et
al. 1984). Polymerase chain reaction (PCR) amplifications were done using twenty-three simple sequence
repeat (SSR) primers selected from the maize database (www.agron.missouri.edu/ssr.html). Genetic
similarities (Sij) between two inbred lines (i and j) were estimated using the simple matching coefficient
(Sneath and Sokal1973). Cluster analysis was done using the unweighted pair group method of
arithmetic means (UPGMA) algorithm and multi-dimensional scaling (MDS) using the statistical program
NTSYS-pc version 2.1 (Rolf 2001).

Results
A total of 135 alleles at 23 SSR loci with an average of 5.87 alleles per locus across the 44 inbred lines were
obtained. The number of alleles per locus ranged from 2 to 14. The genetic similarity among the inbred
lines and open pollinated varieties ranged from 0.63 (S. White and HS253) to 0.98 (N3 and N3222) with a
mean of 0.75. Grouping of inbred lines by UPGMA algorithm identified five heterotic groups with three
major clusters. Ouster 1 was comprised of inbred lines in the NAWand K heterotic groups. Ouster 2 was
composed of inbred lines belonging to the SC and N3 heterotic groups, while Ouster 3 was comprised of
a small number of unrelated lines (Figure 1). N3 and SC heterotic groups were also known as the A and B
heterotic groups respectively. With MDS analysis, three heterotic groups were identified (Figure 2). The K
and NAW groups were merged together and lines from the AlB group were classified either in the A or
B group. The majority of the CIMMYf lines were classified into the Bheterotic group.

Conclusion
Molecular markers, especially SSR, appear well suited for assigning inbred lines into heterotic groups.
With only 23 SSR primers, five major heterotic groups were detected using UPGMA clustering algorithm.
These groups were reduced to three major heterotic groups with MDS analysis, suggesting opportunities
for the use of SSR markers in establishing heterotic groups of core inbred lines in the region.
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Introduction
Miaosatellite markers have revealed a specific genome distributed randomly along the linkage map of A,
B, and D genomes of bread wheat. Also, mapping of microsatellite markers in hexaploid wheat (T.
aestivum) has been successfully applied to assess the genetic diversity of germplasm, including in
commercial European varieties (Roder et a1. 1995; Plaschke et a1. 1995; Roder et a1. 1998). Many varieties
have been developed using several restricted elite lines, implying a narrow genetic background. An
approach using molecular markers could provide an effective method to assess the genetic background of
each cultivar and provide information to breeders in order to broaden the genetic variations in their
breeding programs.

Methods
Twenty-one wheat cultivars were used for DNA isolation (Table 1). The materials included the earliest
varieties, Yugoku 3 and Norin 4, developed in 1936 and 1942 respectively. Most of cultivars were used as
the parents for artificial crosses in breeding programs to develop new cultivars. All the accessions were
provided from the gene bank of the Rural Development Administration in the Republic of Korea. Total
genomic DNA was extracted from all the cultivars using six-week-old seedlings according to the
phenoljchloroform method described by Devos et a1. (1992). Analysis of microsatellite polymorphisms
was conducted using 13 primer pairs, including WMS 120 and WMS154.

Results
The variety pairs with similarities below 0.5 were ]inkwang/ Alchanmil (0.421), Yugoku 3/Tapdongmil
(0.447), Norin 4/Alchanmil (0.474), and Olgeurumil/ Alchanmil (0.474), indicating great genetic
difference within each paired cultivar. The variety combinations with extremely high genetic similarities
(>0.9) were Wonkwang/Namkwang (0.974), Urimil/Cheongyemil (0.947), Norin 4/0lmil (0.947), and
]inkwang/Yeongkwang(0.947). These results indicated mostly shared genetic backgrounds within paired
cultivars, as well as shared parents in their pedigree. All the cultivars were grouped into two main
groups (Group I and Group II). Group I included most of the cultivars developed before the 1980s, except
Olgeurumil. Most of the cultivars developed after 1980 were grouped into Group II, and were further
classified into three sub-groups (IIa, lIb, and IIc).

Conclusions
The genetic background and phylogenetic relationships of 21 Korean wheat cultivars were assessed using
microsatellite DNA polymorphisms after amplifying with the 11 simple sequence repeat (SSR) primer
pairs. The average allele number per primer pair was 3.55. Genetic similarities from every paired cultivar
ranged from 0.42 to 0.97, with an overall average estimate of 0.68. Korean cultivars were divided into two
major groups based on miaosatellite DNA polymorphisms. Group I consisted of relatively old cultivars
developed until the 19705, and Group II contained the recent cultivars developed in the 1980s and 1990s.
Amongst the old elite cultivars/lines, Yugoku 3, Norin 12, and Norin 72 contributed to the genetic
backgrounds of cultivars belonging to Group I, while Norin 4, Norin 12, Norin 43 and Norin 72
contributed to the backgrounds of Group II. The phylogenetic relationship of Korean wheat cultivars
coincided with the genealogical data of each cultivar.
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Table 1. Description of plant materials, including their pedigrees and year of development, used in
analysis of microsatellite DNA polymorphisms of Korean wheat cultivars.

Designation
A
B
C
D
E
F
G
H
I

J
K
L
M
N
o

p

Q
R
S
T
U

Name of cultivars
(Line ID)

Yugoku 3 (Yugoku 3)
Norin 4 Gookoku 2)
Jinkwang (Sugye 108)
Yeongkwang (Sugye 118)
Wonkwang (Sugye 146)
Namkwang (Sugye 147)
Sinkwang (Sugye 158)
Olmil (Milyang 5)
Chokwang (Sugyeo 189)
Geurumil (Suwon 215)
Dahongmil (Milyang 7)
CheongyemiI (MiIyang 9)
NaemiI (Suwon 217)
Saemil (Suwon 220)
EunpamiI (Suwon 224)

Tapdongmil (Suwon 236)
NamhaemiI (Milyang 24)
UrimiI (Suwon 250)
Olgeurumil (Suwon 253)
Alchanmil (Suwon 257)
SaeolmiI (MiIyang 29)

Pedigree
Quality/Suwon 13
Eushyogi 347/Nongdosypre 3
Yugoku 3/12 SE
Yugoku 3/12 SE
Suwon 85/ Norin 12
Suwon 8/ Norin 72
Yeongkwang/Norin 72
Norin 72/Norin 12
Jaekwang/Norin 72
Strampelli/69D-3607/ /Chokwang
Norin 72/Wonkwang
Norin 4/Sharbatisonora
Study/Scout/ /Strampelli/Bb-CNO
Strampelli/69D-3607/ /Chokwang
Jungguk81/ / /Tob-CNO/ Yugoku
3/ /Suwon 185
Chugoku 81/ /Suwon 158 /Toropi
OlmiI/Calridad's
Geurumil/OlmiI
SW76426-B77/Seohae 143
Suwon 210/Tapdongmil
Sirogane/ /Norin 43/Sonalika

Year of
development

1936
1942
1959
1959
1969
1969
1973
1976
1976
1978
1979
1979
1980
1980
1982

1986
1988
1991
1993
1994
1997

IT

no.t

010793
010739
159623
151086
151082
151081
165995
87053
176238
014348
175539
87056
151085
014335
175521

175524
87054
172221
175570
175574
87057

t IT no. refers to the management numbers of the Rural Development Administration gene bank in Korea.
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Introduction
Studies of the genetic structure of the Iowa Stiff Stalk Synthetic (BSSS) and Iowa Com Borer Synthetic #1
(BSCB1) maize populations are significant because these are the heterotic groups that form the basis of
the modem hybrid maize industry (Senior et a1. 1998). Previous work in these populations (Labate et al.
1997, 1999) has demonstrated that examining changes in allele frequendes is an ideal approach to
exploring genome-wide changes resulting from redprocal recurrent selection. Reciprocal recurrent
selection is a cyclical process of developing a population, evaluating individuals, and selecting desirable
individuals as parents to begin the next cycle of selection. This method of inter-population improvement
proposed by Comstock et a1. (1949) has been used to improve the BSSS and BSCBl populations. The
objective of this method was to improve the performance of the population cross by increasing the
frequency of favorable alleles within the populations, without losing genetic variability.

Methods
Thirty plants from seven time points (CO, Cl, C3, C6, C9, C12, and C15) were sampled in both BSSS and
BSCBl populations along with the sixteen progenitors of BSSS and twelve progenitors of BSCB1. One
hundred and five fluorescently labeled simple sequence repeat (SSR) primers were used to genotype the
448 samples. An initial set of 48 primers was chosen based on previous experiments. These primers have
been used extensively and shown to work well in multiplex reactions. The remaining 57 primers were
chosen based on map positions to fill gaps between the sites of the initial set of primers along maize
chromosomes. All primers were grouped into multiplex sets prior to polymerase chain reaction (PCR).
Automatic DNA sequencers (ABI377) were used to collect PCR data and produce a gel image using
GENEScAN software. GENOTYPER software was then used to identify the different primers and their
specific allelic products at each locus.

Results
A preliminary diversity analysis of nine polymorphic SSR loci showed the total number of alleles ranging
from three to seven per locus, with an average number of alleles of 5.56. Each set of cycles and
progenitors from both populations was highly differentiated. The proportion of the total variation
attributable to differences amongst sets was 0.221. The Nei genetic distance between BSSS and BSCBl
tended to increase with subsequent cycles and was greatest (D = 0.607) when comparing C12 of each
population. Observed heterozygosity for alliod (Hobs =0.327) was less than the expected heterozygosity
(Hexp = 0.503).

References
Comstock, RE., H.R. Robinson, and P.H. Harvey. 1949. Journal Am Soc Agron 41: 360-367.
Labate, J.A., K.R Lamkey, M. Lee, and W.L. Woodman. 1997. Crop Science 37: 416-423.
Labate, J.A., K.R Lamkey, M. Lee, and W.L. Woodman. 1999. TAG 99: 1166-1178.
Senior, M.L., et a1. 1998. Crop Science 38: 1088-1098.

174



Molecular Approaches to Plant Breeding

Table 1. Obsetved and expected heterozygosity calculated over 25 simple sequence repeat (SSR) loci
analyzed in seven cycles each of the Iowa Stiff Stalk Synthetic (BSSS) and Iowa Com Borer Synthetic
#1 (BSCB1) populations.

HeterozYI osity
BSSS BSCB1

Cycle obsetved expected obsetved expected
00 0.341 0.498 0.439 0.556
01 0.277 0.423 0.429 0.536
03 0.290 0.422 0.364 0.461
06 0.224 0.353 0.285 0.398
09 0.187 0.273 0.241 0.320
12 0.193 0.272 0.234 0.327
15 0.136 0.205 0.229 0.259
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Figure 1. Distribution of alleles identified from 25 simple sequence repeat (SSR) loci among the
number of Iowa Stiff Stalk Synthetic (BSSS) and Iowa Com Borer Synthetic #1 (BSCB1) progenitor
lines in which they originated.

175



Hallauer Symposium. Book of Abstracts
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Introduction
Early vigour improvement is a relevant breeding goal for the adaptation of maize (Zea mays L.) to the
spring conditions of central Europe and the northern Mediterranean climate because early sowing is an
important strategy to avoid summer drought. Apart from uniform germination and seedling
establishment, at least two factors are considered to be of major importance for vigorous early seedling
development under long-term mild chilling stress. These include functional photosynthetic apparatus
and a well differentiated root system. The scope this study was the examination of morpho-physiological
traits at long term chilling stress to elucidate their phenotypic and genetic relationship.

Methods
Two parents (Lo964 and Lo1016) of known differing root structural traits (Sanguineti et al. 1998) and
germination cold tolerance (E. Frascaroli pers. comm.) were chosen. A linkage map on 171 F2:3 families,
together with the allelic characterization, was provided by Tuberosa et al. (2002). The same families were
grown in a sand-vermiculite substrate at 15/13 DC day/night in a growth chamber until the I-leaf stage.
Temperature conditions matched the early field conditions of central Europe. Joined quantitative trait loci
(QTL) analyses of two independent experiments were performed using composite interval mapping
(CIM) (Zeng 1994). Germination at 25 DC was recorded after 7 days and a germination index (GI) was
calculated as the time to 50% germination. Root lengths were measured with a digital root image analyses
program (Root Detector, ETH Zurich) and quantum yield of electron transfer at Photosystem II (<DPSII)
and greenness (SPAD values) were recorded on the second leaf.

Results
Cluster analysis was used to elucidate the relationships amongst traits on the phenotypiC level (Figure 1).
QTL association on the genetic map was used to elucidate their relationship on the genetic level (Figure
2). On the phenotypic level, SPAD and <DPSII clustered separately from all other traits. However, amongst
all traits (except leaf area), <DPSII was most closely correlated to plant dry weight (r =0.46). In contrast to
observations on a set of inbred lines (Hund, unpublished), the primary lateral root length (PrLat) was not
closely related to plant dry weight and photosynthesis. PrLat clustered together with germination traits,
while seminal root traits were more closely related to plant dry weight and leaf area. On the genetic level,
between two and eight QTL (germination and SPAD-values respectively) were detected. QTL accounted
for 7 to 41 % (<DPSII and SPAD-values respectively) of the phenotypic variability. The phenotypic
observations were largely confirmed on the genetic level. SPAD and <DPSII were not related to root
length, except in one case. A negative association between PrLat length and GI (i.e., positive association
with germination speed) was observed on chromosomes 5(109 cM) and 8(56 cM). Seminal lateral root
length was positively associated with leaf area on chromosomes 1(80-83 cM) and 1(159 cM).

Conclusions
In the population examined, traits related to seedling vigor were, to a large extent, independently
inherited. Several key loci were identified where the plant dry weight was positively associated, either
with germination speed on chromosome 5(109 cM) or with <DPSII on chromosomes 10(61 cM) and 10(82
cM). No root type was especially related to plant dry weight and photosynthetic traits. Although, the
PrLat structure was associated with germination characteristics.

176



Molecular Approaches to Plant Breeding

References
Tuberosa, R. t et al. 2002. Plant Molecular Biology 48: 697-712.
Sanguineti, M.C., et al. 1998. Maydica 43: 211-216.
Zeng, Z.B. 1994. Genetics 136: 1457-1468.

o
o

o
<x::
Cl.
if)

I

m n
g ro (3 x - x S til

if) <x:: til
~ ~---.J ---.J 0Cl. Q) 0= Q) Q) Cl. me 0

if) if) c -til til

0::
Q)

---.J

Figure 1. Hierarchical cluster analysis on vigour related traits perfonned on the correlation distance
matrix using the Ward clustering method.
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Figure 2. Map position of quality trait loci (QTL) at LOD > 3 for the cross of L0964 x Lo1016,
based on the allelic segregation of 135 loci in 171 F2:3 families.Chromosomes with overlapping QTL
are displayed. Frames combine QTL peaking within 10 cM, listed according to map position. Vertical
bars represent the distance between the two furthest peaks. Trait labels in bold indicate an increase of trait
values due to alleles of LolO 16. Traits displayed: root length of primary axile (PrAx), primary lateral
(PrLat), seminal axile (SeAx) and seminal lateral (SeLat) roots; shoot measures for SPAD-values
(SPAD), quantum yield of photosystem II (<DPSII), leaf area and plant dry weight (plant DW);
germination percentage (Germ.); and germination index (GI).
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Introduction
The systemic disease of downy mildew (DM) caused by Peronosclerospora maydis Shaw has been an
important constraint for maize production in Indonesia. Resistance against P. mmJdis is a necessary
characteristic for developing high-yielding cultivars for release in the country. A molecular assisted
selection (MAS) scheme had already started when the Indonesian maize breeding program involved the
Asian Maize Biotechnology Network (AMBIONET). The strategic objective of the network was to
enhance and support the capacity of the breeding program to adopt bioteclmology tools for maize
improvement. The main focus of the country research activities included improvement of maize for
downy mildew resistance (DMR) and the study of the genetic diversity. In the second phase of the
AMBIONET, the country team also initiated quality protein maize (QPM) work.

Methods
A mapping population was developed using two lines 01-46-2-2-3F, an elite inbred developed by ICERI
but susceptible to OM as recurrent parent, and AMATLCOHS-9-1-1-1-1-1-2-3, a resistant CIMMYT inbred
as donor parent). The analysis of simple sequence repeat (SSR) markers screened for mapping
populations indicated that there were 126 markers which were polymorphic between the inbreds. The
markers were distributed across all ten chromosomes, namely, 9 markers at chromosome 1; 28 at
chromosome 2; 14 at chromosome 3; 7 at chromosome 4; 10 at chromosome 5; 20 at chromosome 6; 11 at
chromosome 7; 5 at chromosome 8; 12 at chromosome 9; and 10 markers at chromosome 10.

Results
This genetic diversity study was aimed at continuing efforts to understand the Indonesian maize inbred
population in terms of diversity and heterotic grouping. A total of 35 lines, collected from Indonesia
(Maros, Bogor, Malang), Thailand, and Mexico (CIMMYT), were analyzed with 50 SSR primers (3-6
nucleotide repeats) that were distributed over the ten chromosomes of the maize genome. The diversity
study successfully identified 225 alleles, ranging from 2 to 8 alleles per locus, with an average of 4.4. The
PIC value ranged from 0.14 (phi121) to 0.87 (umc1196) with an average of 0.59. Cluster analysis placed the
inbred lines in 4 groups (A, B, C, and 0), with three inbreds (GM19, GM15, and W65) not belonging to the
five groups. Group A had six subgroups that had levels of confidence ranging from 20 to 100%, based on
bootstrap analysis. There were three lines in the outer layer (CA00108, P4G12, and W39). The coefficient
cophenetic (r) was 0.868, showing a good fit on the dendogram with the similarity matrix using SSR data.
The result showed that there was an increasing degree of confidence on several groups compared to the
first dendogram using 30 SSR primers.

Conclusions
The QPM work is aimed at combining opaque-2 gene with DMR. Two yellow QPM lines and five OMR
lines have been crossed. Polymorphism surveys of the best parents will be done and the F1 seeds will be
advanced before the next backcrossing stage.
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Introduction
Characterization of maize germplasm is essential to a hybrid maize breeding program. Moll et al. (1962,
1965) observed a linear correlation between mid-parent heterosis of F1 generation progeny and parental
genetic distance within a certain distance level. Analysis of genetic diversity is of great benefit to maize
breeders in assigning heterotic groups and patterns, and consequently in the selection of inbred lines and
making crosses. During the last decade, molecular markers have successfully been used to detect the
genetic diversity in maize (Smith and Smith 1991, and others). In particular, Simple Sequence Repeats
(SSR) loci have many advantages in genetic analyses due to: (1) known map location and a high level of
polymorphism (Smith et al. 1997; Pejic et al. 1998); (2) availability in public databases such as MaizeDB
(http://nucleus.agron.missouri.edu/cgi-bin/ssr_bin.pl); (3) effiCiency in data collection and analysis by
using multiplexes and automated systems (Mitchell et al. 1997; Warburton et al. 2002); and (4) accuracy
and repeatability (Pejic et al. 1998).

Methods
Warburton et al. (2002) developed a large scale fingerprinting method to analyze the CIMMYT maize
populations and inbred lines with 85 SSR markers, and found that the heterotic groups of 7 tropical late
maturity populations classified with molecular data were in agreement with those based on field data.
We used the above-mentioned 85 SSR primers to analyze 14 CIMMYT maize populations and 13 Chinese
domestic populations, and also tested the genetic diversity with Design II and 4 common testers
(Huangzao 4, Dan 340, Ye 478 and Mo17). DNA was extracted with CTAB method. Polymerase chain
reaction and gel running were performed with the method described in CIMMYT Protocol (2001). The
common testers were chosen from different heterotic groups based on a previous study (Yuan et al. 2001).
The evaluation trials were done in 5 locations in 2001, and 8 sites in 2002.

Results
A preliminary analysis revealed a large genetic diversity between CIMMYT and Chinese domestic maize
germplasm. High specific combining ability was found between CIMMYT and Chinese maize
populations as well as with the tester lines. Semi-exotic composites will be developed based on heterotic
groups and patterns among these populations.

Conclusions
The results of this study suggest that molecular markers are a useful tool in the analysis of genetic
diversity to differentiate Chinese maize germplasm from exotic materials, which was proved with a
supplementary field test. Molecular marker analyses may be valuable to hybrid maize breeding in
combination with breeders' experience and field experiments.
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Introduction
Selection for grain yield under drought conditions has often been considered inefficient because of low
heritability, especially as yield decreases. Selection for secondary traits correlated to grain yield and
having relatively high heritabilities may increase selection efficiency. Anthesis silking interval (ASI) is a
precise secondary trait (Edmeades et a1. 1999). With the development of molecular markers, it is possible
to identify major quantitative trait loci (QTL) regulating specific drought responses, and thus provide an
efficient way to improve drought tolerance in maize germplasm (Veldboom et al. 1996). In this study, the
QTL loci conferring the expression of ASI and yield components were characterized, and the resulting
information was adopted to improve grain yield under drought conditions.

Materials and Methods
An F2 population derived from the cross Huangza04 x Ye107 was used to construct the genetic linkage
map. The 184 corresponding F3 families were evaluated for drought response in Linfen City, Shanxi
province in 2001 where there is less rainfall during the growing season. The experiment was arranged in
a complete block design with two replicates under two water regimes, well-watered (WW), and severe
stress (SS). The plot consisted of one 4m row with 0.76m spacing between rows. Water was applied by
furrow irrigation. All the treatments received the first two irrigations (1 and 20 days after planting). After
this period, irrigation was applied every 20 days to the WW regime. Drought stress was obtained in the
SS regime at 65 days. After flowering period (about 90 days after planting), both two treatments were
irrigated to encourage adequate development of the kernels that had been set. For all the trials, ASI was
calculated as the difference of family means between the male and female flowering. The number of ears
was recorded per plot and included all ears having five kernels or more. Harvested ears were air-dried
until the moisture of all the samples reached 12%. Grain yield was expressed at 12% of moisture. The
mean value of each trait was used for QTL analysis. The polymerase chain reactions (PCR) were
performed using a PTC-200 Thermal Cycler (M] Research, Watertown, MA). The Simple Sequence
Repeats (SSR) protocol described by CIMMYT ABC Lab was followed. Linkage analysis of SSR markers
was conducted by multipoint analysis using the computer program MAPMAKER (version 3.0). Mapping
QTL and estimation of their effects were performed using composite interval mapping by QTL
cartographer software (Zeng 1994).

Results
Genetic linkage maps were constructed which contained 89 SSR marker loci and covered 1543cM on a
total of ten chromosomes with an average interval length of 17.3 cM (data not shown). ASI and ear setting
were both Significantly correlated to grain yield under drought stressed conditions. Under well-watered
and drought stressed regimes, 3 and 2 QTL involved in the expression of ASI were detected on
chromosomes 1,2 and 3, and 2 and 5, respectively (Table 1). Under the well-watered regime, 2 QTL for
ear setting were detected on chromosomes 3 and 6, explaining about 19.9% of the phenotypic variance,
and displayed additive and partial dominant effects, respectively (data not shown). Under drought
stressed conditions, 4 QTL for ear setting were detected on chromosomes 3, 7 and 10, responsible for
interpreting 60.4 % of the phenotypic variance, and showed dominant or partial dominant effects. Under
well-watered condition, 4 QTL controlling grain yield were identified on chromosomes 3, 6 and 7, while 5
QTL were identified wlder drought stress on chromosomes 1, 2, 4 and 8 (Table 2). The gene action was
additive or partial dominant, and each QTL could explain 7.3 % to 22.0 %of the phenotypic variance,
respectively.
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Conclusions
Investigation of the inheritance was a prerequisite for germplasm improvement for drought tolerance.
The results showed that under drought conditions, ASI and ear setting were highly correlated with grain
yield, which can be used as the secondary traits for grain yield selection. Based on linked markers detected
and gene action analyzed, a marker assisted selection stralegy for yield improvement under drought
conditions during flowering time could be established, consisting of QTL contributing to decreased ASI and
to increased ear setting and grain yield, respectively.
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Table 1. Quantitative trait loci (QTL) involved in the expression of anthesis siIking interval detected in 184
F3 families of Huangza04xYel07 (Linfen,. S i. 2001).

1ap Gene effect#
Chromo- distance+ Gene Phenotypic

Trial some Interval Marker (eM) LOO a d Id/a I action' variance

WW 1 phi056--umc1160 umc1160 +18.8 2.25 0.37 -0.5 1.35 00 12.9
2 umc1555~bnlg1175 umc1555 +4 3.55 0.45 -0.61 1.36 00 11.4
3 umc1970~phil04127 umc1970 0 2.28 -0.34 0.06 0.18 A 6.0

OS 2 phi96100~mc1265 bnlgl017 0 2.27 -0.2 -0.24 1.2 0 6.4
5 phi311888~mcl019 umc1822 -0.9 2.45 0.55 -0.44 0.8 0 7.2

'the distance between the nearest simple sequence repeat (SSR) loci and the max LaD loci of the QTL. A positive
value means QTL loci below the nearest SSR loci, while a negative value means QTL loci above the nearest SSR loci
#a: additi ve effect; d: dominant effect; [dl a): dominant degree
• A: additive (dominant degree=O-O.2); PD: partial dominant (dominant degree=O.21-0.80); D: dominant (dominant
degree=O.81-1.20); aD: over-dominant (dominant degree>1.20)

Table 2. Quantitative trait loci (QTL) involved in the expression of grain yield detected in 184 F3
families of Huangzao4 x Ye107 (Linfen, Shanxi, 2001).

Trial

WW

OS

Map Gene effect
Chromo- distance a d Id/a Gene Phenotypic

some Interval Marker (cM) LOO I aclion variance

3 phi374118~bnlg1144 phi099 0 3.67 0.05 0.05 1.00 A 11.1
3 bnlg1350~bnlg197 bnlg197 -2 2.19 -0.11 0.09 0.82 0 7.3
6 umc1143~hi075 umc1143 0 4.75 0.12 0.03 0.42 PO 15.2
7 phi091-phi328175 phi114 -1.8 3.2 -0.12 0.01 0.08 A 11.4
1 umc1596~hiOll umc1128 -2 2.48 0.14 -0.12 0.86 A 11.5
2 bnlg1555~umc1560 umc1065 -0.6 3.38 -0.09 -0.02 0.22 PO 14.6
4 bnlg1621~bnlg490 bnlg490 -2 2.49 0.15 -0.10 0.67 PO 14.4
8 umc1858-phi014 umc1858 0 2.43 -0.11 0.11 1.00 A 9.0
8 phi119-umc1663 phi23337 -16.1 2.4 -0.07 -0.03 0.43 PO 22.0

+the distance between the nearest simple sequence repeat (SSR) loci and the max L loci of the QTL. A positive
value means QTL loci below the nearest SSR loci, while a negative value means QTL loci above the nearest SSR loci
#a: additive effect; d: dominant effect; [dl a): dominant degree
• A: additive (dominant degree=O-O.2); PD: partial dominant (dominant degree=O.21-0.80); D: dominant (dominant
degree=O.81-1.20); aD: over-dominant (dominant degree>1.20)

183



Hallauer Symposium, Book of Abstracts
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Introduction
Crops were established through landraces which were selected from wild species of plants by farmers.
The landraces have been subjected to hybridization with wild relatives and mutations. Weedy forms of
crop species, which are characterized as intermediate types between cultivars and wild species, are
products of continuous changes of genetic compositions of crop species. The populations of wild types
are genetically heterogeneous in various genotypes whereas cultivars are relatively homogeneous (Allard
1989). The Korean rice collection is composed of weedy forms, landraces and bred varieties. The weedy
forms of rice in Korea were divided into four different groups based on Japonica, Indica and their
combinations with wild relatives, arising from out-erossing events by isozyme and random amplified
polymorphic DNA markers (Cho et a1. 1995; Suh et a1. 1997). This study was conducted to develop DNA
finger-prints of Korean rice collections. This genetic information might reveal the phylogenetic
relationships between landrace, weedy rice, and bred varieties.

Methods
The Korean rice collection consisted of 24,673 accessions including weedy forms, landrace, bred
varieties/lines, and foreign-introduced accessions. 2,700 accessions were selected based on the passport
data to subject DNA finger-printing project. The phylogenetic relationships among all the accessions was
assessed by DNA polymorphisms of simple sequence repeats (SSRs) using 6 primer pairs (Table 1)
selected from the database of rice microsatellite markers according to PIC values from the previous report
ai et a1. 1998).

Results
The genetic and phylogenetic relationships were assessed by microsatellite DNA polymorphisms using
52 representative accessions, which include weedy form, landrace, and bred varieties. Clustering was
conducted by an NTSYS program and the phylogenetic dendrogram is shown as figure 1. Korean weedy
rice has two distinctive groups known as 'Red Rice' and 'Share'. Landrace and 'Red Rice' were clustered
into the close sub-groups, separated from the 'Share' collection. 'Red Rice' is a kind of weedy form which
has been developed from the crosses between pre-existing weedy forms and cultivars, and there is
continuous interaction between them called'co-evolution'. Most of the landraces are closer to 'Red Rice'
than to 'Share'.

Conclusions
The 'Share' population appears to be an ancestor form of Korean cultivated rice according to this
experiment. If 'Share' is a primitive type of Korean rice, then both Indica and Japonica types were
introduced to the Korean peninsula beforehand. Later, Japonica type became predominant by natural
selection. This phylogenetic evidence might provide the information for the establishment of cultivated
rice in Korea. The remaining accessions are under the analysis of ONA profiling using SSR
polymorphisms as a national project. This will provide a useful database adding to the pedigree data of
Korean rice collection.
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Table 1. The microsatellite primers used for developing DNA finger-print profiles of the Korean rice
collection
Primer Name
RM21

RM48

RM206

RM214

RM247

RM249

Sequence
5'-acagtattccgtaggcacgg-3'
5'-gctccatgagggtggtagag-3'
5'-tgtcccactgctttcaagc-3,
5'-cgagaatgagggacaaataacc-3'
5'-cccatgcgtttaactattct-3'
5'-cgttccatcgatccgtatgg-3'
5'-ctgatgatagaaacctcttctc-3'
5'-aagaacagctgacttcacaa-3'
5'-tagtgccgatcgatgtaacg-3'
5'-catatggttttgacaaagcg-3'
5'-ggcgtaaaggttttgcatgt-3'
5'-atgatgccatgaaggtcagc-3'

No. of alleles1

18

38

49

35

19

21

lThe DNA profiling is undergoing. This data were based on 492 accessions finished.
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Figure 1. Diagram of the phylogenetic relationship among the accessions of Korean rice collection. Out
of 492 accessions, 52 accessions were selected and analyzed using UPGMA of the NTSYS-program (1-13:
bred varieties, 14-26: land-race, and 27-52: weedy rice).
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Introduction
Anthracnose stalk rot (ASR), caused by Colletotrichum graminicola (Ces.) Wils, and European com borer
(Ostrinia nubilalis Hubner) first generation (ECB1) and second generation (ECB2), are two of the principal
causes of reduction in maize yields in the United States. In this study, quantitative trait loci (QTL)
significantly affecting resistance to ASR, ECB1, and ECB2 were identified with the assistance of restriction
fragment length polymorphism (RFLP) and simple sequence repeat (SSR) markers.

Methods
Two hundred and fourteen BCzS1plants developed from a cross between inbred MBR86406 (donor
parent) and the recurrent parent inbred RD6502 (Mo17 type), were evaluated for 142 segregating
molecular markers (RFLP and SSR). Field data on resistance to ASR and ECB were collected for 214 BCzF1
families derived from testcrossing individual BCz plants to the tester B73. These F1progenies were
evaluated in single row plots (ten plants per plot) at Aurora, NY, for resistance to ASR and, in a similar
separate trial, for resistance to first (ECB1) and second (ECB2) generation European com borer. Single
point analysis was used to determine the significance and effect of each marker on ASR resistance, ECBl
(leaf feeding damage), and ECB2 (stalk boring damage). The presence of a QTL near a marker locus was
judged based on significant effects for a single trait-marker combination with p<0.05 and significant
effects in the expected direction (i.e., MBR86406 alleles for the QTL in question assodated with a positive
effect). Resistance to ASR was assessed on ten plants per plot by rating tissue discoloration in the
lowermost eight elongated internodes based on a 0 to 5 visual scale (White et al. 1979). The percentage
midpoint of each range was then determined and scores were averaged for all internodes to give ASR
severity of the plant. ASR mean values were calculated as a percentage of damaged stalk tissue per family
and these values were used for the QTL analysis. In the trial for resistance to ECB, ten plants from each of
214 BCzF1families were infested with 40 neonate larvae per plant at the mid-whorl stage. The plants were
rated at anthesis for leaf feeding damage using a visual rating scale (Guthrie 1978) based on lesion
number and size. The mean value of eight plants rated was calculated for the QTL analysis. For resistance
to ECB2, the same 214 BCzF1 families were infested at anthesis with 40 neonate larvae per plant. At
harvest, stalks were split lengthwise and the length (em) of ECB tunnels (LTECB2) and number of tunnels
(NTECB2) were recorded for eight plants per plot. The plot means were calculated based on individual
plant measurements.

To verify levels of resistance, testcross families carrying QTL identified from this analysis (p<O.05) and
showing good levels of resistance for ASR or ECB were evaluated again at Aurora in randomized
complete block design trials with three replications each. Analysis of variance was performed for each set
of selected testcross families. In addition, the BCzS1 families corresponding to these testcrosses were
evaluated in similar, but independent, trials to assess the resistance of the BCz parents. Analysis of
variance was performed using the Minitab 13 program for each trial. Least significant difference tests
were used to compare the treatment means.

Results
Six QTL were Significantly assodated (p<0.05) with resistance to ECBl in the RD6502/MBR86406
population. They were located on chromosomes 5:06 (2 QTL), 7:04, 8:08, 9:03, and 10:07. The phenotypic
variance explained by these QTL ranged from 2 to 3.1% and their phenotypic effects ranged between 13.7
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to 22.9%. When these QTL were analyzed using linear regression with permutations (LRP), all of them
had peaks below the threshold significance level except the alleles from RD6502 linked to the markers
uaz330 located on chromosome 3:04 and phi01S on chromosome 8:09, which had LOD scores of 2.86 and
2.90, respectively. The significance threshold for single point analysis was calculated based on a
permutation test at 0.05 experimentwise significance level (Doerge and Churchill 1996). Two QTL from
the donor parent were identified using composite interval analysis (CIA): umc168 and uaz278 located on
chromosome 7:05 and 7:04, identified at LOD scores of 3.17 and 3.46 respectively. The phenotypic
variances explained by these QTL were 14.5 and 14.7% respectively. Only two QTL from MBR86406 were
identified for resistance to ECB2 (p<0.06): one for length of tunnels located on chromosome 1:04 (uaz248)
and the other for number of tunnels located on chromosome 7:04 (uaz278). The phenotypic variances
explained by these QTL were 3 and 2%, and their phenotypic effects were 53.9 and 54.4% respectively.
These QTL were also analyzed using LRP and all of them had peaks below the threshold significance
level. One QTL from the donor parent was identified using CIA: uaz256a located on chromosome 6,
identified at LOD score 3.89 for length of tunnels and 3.21 for number of tunnels. The phenotypic
variances explained by these QTL were 15 and 23.2% respectively. For ASR, six QTL were significant
(p<0.05), located on chromosomes 1:10, 5:5, 7:03, 8:02, 9:03, and 9:04. The phenotypic variance ranged
from 2.3 to 3.1%. The effect of the QTL identified varied between 17.2 to 25.7%. When these QTL were
analyzed using LRP, all of them had peaks below the threshold significance level.

In the confirmation of QTL, the selected families containing the putative QTL for ECB1 (single or in
combination) in BC2F1and BC2S1 backgrounds did not show any significant differences. Two of the BC2F]
families, carrying the MBR86406 introgressed QTL uaz278 (7:04), were statistically different from the
original check RD6502xB73 for ECB2. Similar results were observed with the corresponding BC2S]
families when these were compared with the original recurrent parent RD6502. This introgressed QTL
was located on chromosome 7:04 and has shown pleiotropic effects against both Diatrea grandiosella Dyar
and Diatrea saccharalis Fabricious. For ASR, both the BC2F] and BC2S] families, containing the MBR86406
introgressed QTL csu147 located on chromosome 9:04, were statistically different from the hybrid and
inbred checks.

Conclusions
These results suggest that a few promising QTL for pest resistance were identified using this approach,
which aimed to combine QTL identification and introgression into a single, relatively efficient process
that could be performed as part of an on-going breeding effort.
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Introduction
Developing excellent dwarf parents or semi-dwarf varieties is a main solution to producing high yield
wheat varieties and hybrids. Zhao (1985) reported the dominant dwarf lines with Rht3 were developed
after comparing 4 different dwarf gene sources: Norin 10 with Rhtl and Rht2; Oleson dwarf, Aibian No.1
with RhtlO; and Tom Thumb with Rht3. Plant height of hybrid wheat produced by using dominant dwarf
sterile male lines was almost equal to the mid-parent value of the same, and different plant height of
hybrids could be obtained by utilizing R-lines of different plant height. The results suggest a way to solve
the problem of plant height heterosis in hybrid wheat. Gale et al. (1987) indicated that the gene Rht3 may
offer an optimum genotype with a more suitable plant height for hybrid wheat. However, the
homozygote of Rht3 in north China was only 40-45 em and was prematurely senescent, as the hybrid
occasionally was too. So more suitable sources of genes for reducing plant height should be found.

Development of BAU3338
BAU3338 was derived from 7660/xiaoyanhui/3/R5(76A-4-14-3)/ Aidong 3/ /Jingshuang 2/L13.
7660/ xiaoyihui was a dwarf T-type restorer line, 45 em high, with large ears and good mature
appearance. R5(76A-4-14-3)/ Aidong 3/ /Jingshusang 2/L13 was a also a dwarf T-type restorer line. The
cross was made in 1985 in a greenhouse with the aim of pyramiding dwarf genes and restorer genes to
reduce the plant height of restorer lines. After 5 generations of selection, a line numbered 3338 with dwarf
status and good maturity was selected and later named BAU3338.

Inheritance of Dwarf Gene in BAU3338
The first cross using BAU3338 as female parent was BAU3338/Jinghua 5 in 1990. It was found that the
plant height of F1 was reduced Significantly compared with tall parent Jinghua 5. BAU3338 was crossed
with 11 tall parents and the results showed the heterozygote of the dwarf gene from BAU3338 reduced
plant height by around 12% to 15% compared to Rht3/rht3 genotype, which reduced plant height by
around 20%-25%. The results also showed that the effect of reducing plant height of BAU3338 was larger
than that of 0002 with Rht2l. That means the Rht gene in BAU3338 might be different from Rht2l. To
study the dwarf genes, two tall varieties, 5180 in 1992 and F390 in 1996, were crossed with BAU3338 and
the plant height of their F2 generations was surveyed in 1994 and 1998 repectively. The F2s were then
divided according to plant height into groups of 5 em intervals. From distributions of plant height in the
F2 population (Figs. 1 and 2), we discovered that height of BAU3338 is controlled by more than 2 genes.
Our hypothesis, based on pedigree analysis, that one gene similar to Rht2l controlled plant height in
BAU3338 may be not correct (Zhang 1996).

To detect quantitative trait loci (QTL) controlling plant height in BAU3338, the plant height of 240 F2:3
lines derived from the cross BAU3338/F390 was assessed in field trials with three replications at two
locations in 2000 and 2001. Microsatellite markers were used to construct a framework linkage map
containing 215 loci with 21 linkage groups, and covering the whole genome of about 3600cM. With the
method of interval mapping, seven putative QTL affecting plant height were detected on chromosomes
1B, 4B (two regions), 6A (two regions), 6D and 7A, respectively. Phenotypic variations explained by each
QTL ranged from 5.2% to 50.1 %, and in each environment the total putative QTL explained about 64.8%
to 75% of the total phenotypic variation- respectively. A major QTL located on chromosome arm 4BS near
the locus Xgwrn113, around the Rht-Blb locus, explained a large part of the phenotypic variation (27.8%
36.2% depending on the years or the locations). Except for the QTL on chromosome 7A, all the other QTL
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from BAU3338 decreased the plant height, varying from 0.94 cm to 9.33 em. The identified QTL were
consistent in all or most of the environments
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Figure 1. Distribution of plant height in the F2 population of BAU338jF390.

Figure 2. Distribution of plant height in the F2 population of BAU3338jS180.
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Introduction
Cowpea Vigna unguiculata (L.) Walp is a major food legume in West Africa. It is a major component of the
farming system in Ghana; the grain and leaves are consumed by humans (Ahenkora et al. 1998) and the
fodder fed to livestock. A significant amount of work has been conducted on the use of cowpea as grain,
resulting in the release of 10 cowpea varieties in Ghana. Only a few of these varieties have been widely
adopted by farmers. Involving farmers during the goal setting, planning, and selection stages of crop
development enhances the rate of adoption (Ahmkinders and Louwaars 1999). Following a series of
planning workshops with farmers, they requested multi-purpose varieties (leaf, grain, fodder, and the
ability to suppress weeds). A study was initiated to involve farmers in the planning, evaluation, and
selection of a multi-purpose cowpea variety.

Methods
The participatory rural appraisal technique was used to assess farmers' needs. Two communities each
were selected from three districts in Ghana. Semi-structured interviews were conducted with fifty women
and fifty men. Following the needs assessment, twenty local and improved genotypes were selected and
re-evaluated on-station for two years. The split-plot design with four replications was used on 5-row
plots spaced 60 x 20 em. Main plots were leaf picking and no leaf-picking. Cowpea lines were the sub
plots. Leaves were picked using the Ahenkora et al. (1998) method. Thirty farmers (15 men and 15
women) were invited to select based on their own criteria at f10wering and harvesting on-station. Two
sets of five cowpea genotypes, selected by the farmers, were evaluated by ten farmers from each district.
The trials were planted and managed by farmers on two 10 m 2 fields. Farmers' observations on traits of
interest were noted. Farmers were interviewed after harvest in an open-ended questionnaire. Farmers'
rankings of entries were established using the pair wise and matrix ranking according to Ashby (1987).
Eighty farmers were interviewed for their selection criteria. Farm-walks and field days were also
organized.

Results
Farmers' mean rankings of genotypes for leaf, grain, and fodder yields and weed suppression differed for
different genotypes. Soronko gave the overall best performance (Table 1). Farmers and researchers
differed in their criteria for the selection in five traits (Table 2). Significant genotypic differences were
observed in the traits when the twenty entries were re-evaluated on-station.

Conclusions
Farmers ranked cowpea as a cash crop, especially during the dry season. Eighty-five percent of farmers
indicated a preference for multi-purpose cowpea. Soronko ranked the best as a multi-purpose variety.
Farmers did not consider disease resistance an important trait because most of them were not aware of
diseases attacking cowpea. Farmers in southern Ghana considered seed color a very important trait.
Soronko, a brown-seeded variety, had a low adoption rate in the south, while farmers in the upper west
region ranked it the best variety with a high adoption rate. This supports the assertion that involving
farmers in planning and selection enhances adoption and diffusion (Mekbib 1997). Involving farmers also
complimented the selection criterion used by researchers and would improve breeding efficiency.
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Table 1. Farmers' mean ranking of cowpea genotypes for leaf, grain, and fodder yields, and weed
suppression, Ghana.

Weed Preference
Genotype Leaf Grain Fodder suppression ranking t

TV x 1948-01F 3 4 5 4 5
IT87D-566-6 4 2 4 5 4
Soronko 2 1 3 1 1
Legan Prolific 1 6 1 2 2
Omandaw 5 3 2 5 3
Dapialkambo 6 5 6 6 6
tRank 1 =liked most, Rank 6 = did not like at all.

Table 2. Farmers' and researcher's criteria for evaluation of cowpea lines for multi-purpose use,
Ghana.

Criteria
Germination
Growth habit
Disease reaction
Pest reaction
Earliness
Maturity
Seed colour
Grain yield
Seed size
Weed suppression
Fodder yield
Marketability
Leaf size
Ease of harvesting
Drought tolerance

Farmer
+
+

+
+
+
+
+
+
+
+
+
+
+
+

Researcher
+
+
+
+
+
+

+
+
+

+
+
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Introduction
The reduced use of improved maize varieties is still a constraint to maize production in the developing
world. In Latin America in 2000, only 50% of the 25 million hectares planted to maize were sown with F1

seed, reducing the potential of the maize growing regions. The use by farmers of existing germplasm
hybrids and open pollinated varieties resistant to biotic and abiotic stresses could easily duplicate the
yields of the marginal areas planted with native cultivars (Cordova 2003). The most important constraint
to the adoption of new improved varieties in Latin America is seed availability. The seed industry has not
shown an interest in areas where the return to investment is low, yet these areas constitute more than
60% of the two million hectares planted to maize in Central America (CIMMYT 2000). These small
farmers need a different type of seed production scheme associated to their of circumstances of
production (Cordova 1989). The objective of this study was to estimate the yield stability of the synthetic
varieties and identify the superior variety for further release in Guatemala.

Methods
The regional maize program for Central America (PRM), coordinated by CIMMYT, has worked closely
with national programs over the past 25 years to develop technologies to increase maize productivity in
the region. In 2000, PRM visualized the need to focus more on small farmer production systems and
initiated a strategy that included evaluation of synthetic varieties resistant to biotic and abiotic stresses,
such as insects, drought, low nitrogen (N), foliar diseases, and examined the seed production schemes for
small farmers. In 2001, 30 on farm sites in replicated trials were conducted. The AMMI model provided
information to identify the superior three synthetics that yielded up to 30% more that the local checks
(Table 1) (Espinoza et al. 2002). In 2002, 300 on farm strip tests were carried out in four countries
(Guatemala, Honduras, EI Salvador, and Nicaragua). In Guatemala the three selected synthetics (Synt.
ITS1, S99TLW BNS, and S99TLW GH A&B), were established in 34 non-replicated strip tests, randomized
at each location with farmers located in marginal sites (Fuentes et al. 2003). The plot size consisted of 20
rows, 20 meters long. At harvest, information using the yield regression model was collected and used to
effectively identify the best yield-performing synthetics during the growing season. Field days were
conducted with the active participation of farmers.

Results
Table 1 shows the performance of all the synthetics across nine locations in Guatemala, 2001. The
regression analysis of variance across locations detected significant statistical differences for
environments, synthetics, and synthetics x environment interactions. Synthetic S97TLW A&B showed the
highest yield potential over the rest of synthetic,> and the local check (Figure 1).

Conclusions
Direct participatory research with farmers allowed the identification of the superior cultivar. Synthetic
S99TLW GH A&B outperformed the best farmer checks and regional check ICTA B-5 by 1 t/ha,
representing 35% more yield. This new cultivar was highly accepted by 90% of the farmers. This
demonstrates that the use of new released varieties could increase maize productivity in Guatemala.
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Table 1. Grain yield (tjha) of synthetic maize varieties tested across 9 locations in Guatemala, 2001.
Entry Genotypes LOl(--) L02(02) L03(04) L04(05) 05(06) L06(09) L07(10) L08(ll) 09(12) Mean
12 Synt ITSIGrplBulk 9.8 28 4.1 5.1 5.6 2.9 7.6 5.8 6.9 56

4 S99TLWBN SEQ(2) 103 2.4 3.8 4.1 66 27 7.9 6.8 5.9 56
9 S97TLWGH A&B 6.9 2.6 36 4.6 6.2 2.8 8.2 6.9 68 5.4

11 Synt ITS2GrplBulk 102 21 3.9 4.5 52 2.5 6.8 5.9 6.3 5.3
3 S99TLWBN SEQ(1) 8.4 1.7 43 4.6 62 28 7.3 6.0 6.0 5.2
7 PR 8763 TLWQ 7.5 2.4 3.3 3.7 61 2.4 7.9 7.2 56 5.1

10 TS SINT 8.2 2.0 4.2 4.9 59 2.6 6.1 5.5 5.1 50
5 S99TLWQ 8.3 2.4 3.3 38 4.9 1.8 6.9 6.2 6.2 49
8 S97TLWGH(A) 9.1 2.1 3.6 32 6.0 30 5.9 4.4 5.8 48
6 S99TLWQ-l 7.0 1.5 3.8 4.4 5.2 1.7 6.2 6.4 5.7 4.7
1 P73NIC-2 7.3 1.4 3.2 3.1 5.0 1.9 5.0 5.2 5.1 42
2 P76SAL-l 5.3 0.8 3.0 3.4 4.9 1.9 5.7 4.3 47 3.8

14 Local check (2) 2.7 2.5 4.2 2.0 2.5 1.7 4.1 4.7 5.0 3.6
13 Local check (1) 5.2 1.0 2.2 3.1 3.7 1.6 4.1 5.7 31 3.3
Mean (tjha) 7.8 2.0 06 3.9 53 2.3 6.4 5.8 5.6 47
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Figure 1. Regression lines of white maize synthetics.

195



Hallauer Symposium, Book of Abstracts

Participatory Selection of Maize Varieties Using the Mother and Baby Scheme

M.5. Mwalal, J. de Meyer2, and M. Banziger1

lMaize Program, International Maize and Wheat Improvement Center (CIMMYT), Zimbabwe,
P.O. Box MP163, Mount Pleasant, Harare, Zimbabwe, e-mail: m.mwala@cgiar.org
2Maize Program, CIMMYT, Apdo. Postal 6-641, 06600 Mexico D.F., Mexico

Introduction
One of the important objectives of CIMMYT in the Southern African Development Community (SADC) is
the provision of improved maize varieties to small-holder farmers, but their adoption of new varieties has
lagged behind varietal development (Morris 2001). In collaboration with national maize programs,
CIMMYT has promoted the "mother and baby" trial scheme, a participatory variety selection (PVS)
concept, which assesses the socio-economic and physical adaptability characteristics of a variety and
accelerates the dissemination of improved, adapted maize cultivars (Bfu17--.iger and de Meyer 2002).

Methods
The mother and baby trial scheme (Snapp 1999; Banziger and de Meyer 2002) was based on dual
experimentation. The mother trial (MT) provided a reference for evaluating varieties under
recommended management and farmer-representative input practices. The baby trial (BT) provided the
actual environment of a small-holder farmer's field. The experimental design of both trials was an alpha
lattice (a, 1) with 3 replications for the MT and 2 replications for the BT, with each BT consisting of an
incomplete block of 4 varieties. The cultivars evaluated were released and pre-released hybrids and
varieties. Farmers' perceptions were obtained through semi-structured personal interviews and informal
discussion. Their responses were disaggregated by gender, recorded as a specific perception, and
calculated as general perceptions. The most important information recorded was the selection criteria
used by farmers to choose a variety, as well as farmers' ratings of the experimental cultivars in the BTs.
Every MT experiment was analyzed individually using the software package ASREML (Gilmour et al.
1999). Site results were combined in a yield stability analysis (Banziger and de Meyer 2001)

Results
Some cultivars performed better under low-yielding conditions; others under high-yielding conditions
(Table 1). Some cultivars (ZM 421 and ZM521) performed well under all conditions. Farmers' perceptions
(Table 2), calculated using the responses of 83 farmers (30% female), showed that some varieties seemed
to be appreciated for all traits (DK8031), and perceptions of yield (KEP and ZM 421) were not necessarily
consistent with actual yields. Varieties were evaluated under conditions representing all the biophysical
and socioeconomic aspects of the target environments in which the varieties would be released. Farmers
played a pivotal role in providing the final decision on the suitability of a variety.

Conclusions
The mother and baby trial scheme started as a pilot project 3 years ago and has since been adopted
throughout most countries in southern and eastern Africa. Results from the trials have led to the release
of ZM 421 and ZM 521 in South Africa, Malawi, Tanzania, and Zimbabwe and an additional variety (ZM
621) in Malawi. New varieties continue to be identified. The ultimate benefidaries of the scheme are the
farmers who, through their active participation, are being rewarded by accessing improved maize
varieties at an earlier stage. The uptake and utilization of these varieties is making an impact in southern
Africa in the fight against poverty and food insecurity. Last year, up to 100,000 ha of ZM 421, ZM 521,
and ZM 621 were planted in the region and, this year, over 1,000 ha of seed of ZM 521 alone is being
produced for Malawi's next season.
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Table 1. Stability analysis of 47 mother and 83 baby trial experiments across 16 different geographical
locations, Zimbabwe, 2000-01.

2.84 9.29 12 271 2.9 11 0.71 0.98 1.61 3.40 5.19 6.99 10.57

Days to Mother trial Stability analysis: Yield levels (l/ha)

Name flower Av yiel Rank Av ll/ha .3l/h 2l/ha 4l/ha 6l/ha 8 tjha 12 t/h

i ~~~:4 ~.~ g{~iP] l!II'~'X$ ill%~~!~~~!!:!ii n'~~~;i
:r: ZS257 727 6.19 8.30 12.51

PAN31 68.7::lWtt:%'$W 3\ ::%@f)) 2.0 2:::JiMi: :)£#~ :fltr?l:MiWf$$i1\ 8.40 12.52

:: ..:; :::'~:':I :ii.4.;?::: 317 7.37 9 0.87 1.16 183 3.74 5.65 7.56 11.39

I'.,•.,.,•.,i,•.,•.:.::•. ::'..;!,.:l:.,.l.,l.,•.,r.
z
::!.::.•::.• ·.~:i.•.•.•.r.m.!·.:,•..::•..ul.r:].·:.l:.i:$.,:.,•.,l.,A.,.,·.,i:ii;I"'·i~" ill. <,Jim 2.5 9 t.~it;; amm,mi .·,~w!lf$wmit:m

;:, w>>.t",,'::0HM:@@f)n 7.55@Q::::fMM:f@M:/H~ •• ::::?Q@j: .W@t.!{@ij::¥;iij.' :@J71:::0$i:::U:;;M
Rank (first colunm) represents the avg across all experiments based on 12 cultivars. Stability analysis represents the linear
regression between the avg grain yield of a variety (y-axis) and the trial (x-axis) at each site. Coloring is based on farmer preferences
(black = relatively poor, gray = relatively.good).

Table 2. Farmers' perceptions of the maize varieties planted in the baby trials (1 = good, 0.5 = average,
and -1 =bad), Zimbabwe, 2000-01.

Specific fanner preferences General perception
Name Husk Ear Lines Cook Ksize Weev Mat Dis Color Yield Lodg All Female Male

SC403:WAA:;:W~t 0.76 ..~:~~:@@t: 055 0.76 ••Pim\ 0.78 080 0.77
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Mean (Hybrid) 0.77 0.71 0.79 0.79 0.76 0.65 0.83 0.72 0.80 0.79 0.75 0.74 0.76 0.75 0.75
Mean (OPY) 0.72 0.46 0.66 0.83 0.60 0.73 074 0.76 0.80 0.79 059 066 0.69 0.70 0.67

Farmer preferences: black = relatively poor, gray = relatively good. The general perception is calculated by multiplying the specific
perception by the farmers rating of the importance of the judging criterion. Husk = husk cover, Ear = ear aspect, Lines = no. of lines,
Cook = palatability, Ksize = kernel siZE:, Weev = weevil resistance, Mat = days to maturity, Dis = disease resistance, Color = kernel
color, E rot = ear rot, Yield = yield perception, Lodg = plant lodging.
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Introduction
Maize is an important crop in Rwanda, ranking sixth among food crops (FRSP and DSA 2002). However,
maize yields are very low and one way to increase productivity is to release improved varieties. The
release of maize varieties requires testing across seasons and sites and on-farm trials. Yield stability is an
important factor to consider when releasing a cultivar. The method used to analyze yield stability was
developed by Eberhart and Russell (1966). It involves regressing the genotype mean from several
locations on the environmental value (environmental index). A stable genotype has a regression
coefficient close to one and a deviation from regression close to zero. Stable varieties are easily adopted
by farmers.

Materials and Methods
Forty-two materials from CIMMYf Mexico and Zimbabwe were screened at Rubona station (29°46E,
2°295, 1650 masl, 1171 mm/year, 18.7°C) in 1997. Among them ZM607, POOL32 and HARARE94501F2
were selected based on the following criteria: yield> 4t/ha, anthesis < 80 days after planting, turcicum
leaf blight score <3, polysora rust score < 3. They were compared to released varieties (i.e., Bambu,
Nyirakagoli, and Katumani) in multilocation trials. These trials were conducted in three sites, Rubona,
Karama (300 16E, 2°175, 1400 masl, 853 mm/year, 20.8°C) and Nyagatare (300 20E, 1°205, 145Omasl,
831mm/year, 22.4°C) and in four seasons: 1998A, 1998B, 1999A and 1999B. Yield stability was assessed
according to Eberhart and Russell (1996). ZM607 and POOL32 were found more stable and higher
yielding and were then compared to the checks Bambu and Nyirakagoli in on-farm trials managed by
several small-scale farmers in the mid-altitudes of Rwanda.

Results
Combined analysis of variance showed significant interaction between locations and seasons, varieties
and seasons and varieties and locations (Table 1). The three materials selected through screening trials
(Table 2) were stable across environments (Table 3). ZM607 and POOL32 were not only high yielding (>5
t/ha) but also out-yielded other materials by least 1 t/ha (Table 2). They were highly appreciated by
several small-scale farmers (Table 4). The two varieties derived from CIMMYT germplasm were
proposed for release in 2001.

Discussion and Conclusions
The materials were selected in sites representing the environments of the target zone (Odongo and
Bockholt 1997). Thus, the selected materials were stable across locations and across seasons. Furthermore,
a yield-stable variety is likely to be adopted by farmers (Ombakho et al. 1999), although it is not easy to
develop (Reeder 1997). Yield stability can be even more important than higher yields based on specific
adaptation (Wolde et al. 1999). ZM607 and POOL32 were high yielding and stable across several
environments, therefore they were highly appredated and easily adopted. This testing has made it
possible to identify high yielding and stable varieties from CHv1MYT germplasm for small-scale farmers
of mid-altitude Rwanda.
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Table 1. Combined analysis of variance over four seasons and over three locations.
Sources DF MS F P
Locations (L) 2 12539101.8 39.15 0.00
Seasons (S) 3 9629673.6 30.06 0.00
LS 6 1982234.2 6.19 0.00
R (I.S) 24 176432.5 055 >0.05
Varieties (V) 5 59616491.1 186.1 0.00
LV 10 1390539.9 4.34 0.00
SV 15 7166859.0 2.24 0.01
I.SV 30 430785.0 1.34 0.13
Error 120 320309.1

Table 2. Performance of ZM607, POOL32, HARARE94502F2 in screening trials comprising 42 materials
from CIMMYT at Rubona in 1997.

Anthesis Leaf blight Rust (P. Grain
Anthesis silking interval Plant height (E. turcicum) polysora) yield

(d) (d) (cm) (Score 1 to 5) (Score 1 to 5) (kg/ha)
ZM607 71.0 2.25 253 2.10 2.12 7120
POOL32 698 2.75 245 200 2.22 5868
HARARE94501F2 76.5 3.50 235 250 3.00 5020
Mean 723 383 218 313 2.45 3567
C.V 8.43 209 10.2 30.2 23.1 21.5
F 29.8 2.99 11.2 2.19 5.79 561
P 0.00 0.00 000 000 0.00 0.00

Table 3. Mean grain yield and stability parameters over 12 environments (4 seasons x 3 locations).
Variety Yield (t/ha) b 52d r2

ZM607 6.11 1.31 0.03 0.82
POOL32 5.53 133 -001 0.87
HARARE94501F2 3.31 0.56 0.72* 0.34
Bambu 3.36 1.08 0.16 0.72
Nyirakagoli 3.14 1.09 0.18 0.70
Katwnani 3.65 0.63 0.73* 0.34

Table 4: Performance of ZM607 and P00L32 in on-farm trials managed by small-scale farmers in 2000
in mid altitudes of Rwanda.

Anthesis silking Diseases
Variety Anthesis (d) interval(d) (Score 1-5) Yield (t/ha) %FB %FR
ZM607 71.3b 2.9 2.0b 5.15a 95.5 96.4
P00L32 66.8 c 2.7 1.8 c 4.32 ab 93.2 96.3
Bambu 74.1 a 3.1 3.0 a 3.35 b 10.2
Katumani 66.2 c 3.3 3.3 a 3.25 b 23.2
Mean 69.9 3.0 2.5 4.02
F ** NS
CV 1.50 1.62 12.19 11.34
%FB - percentage of farmers that proposed the variety as the best
%FR - percentage of farmers that may adopt the variety in replacement of their own materials
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Introduction
The agricultural systems in the mid-altitudes of Nepal are complex. Subsistence farmers in these systems
need a range of technological options and need to be able to observe these options in their own
environments. Past experience has shown that participatory variety selection (PVS) can effectively offer
farmers new varietal options. In Nepal the mother-baby (MB) model of PVS was first used at ARS
Pakhribas to test new varieties (Tiwari 2(01). The Hill Maize Research Project (HMRP) expanded this
approach with its traditional partners (Nepal Agriculture Research Council and Department of
Agriculture), non-traditional partners (CARE-Nepal and Plan International), and the private sector. The
objective of this paper is to briefly summarize the implementation and impact of the mother-baby
approach in Nepal.

Approach
In order to integrate the MB approach into the national system, a national level workshop was conducted
for personnel from governmental and non-governmental organizations. The four major steps of PVS
(Witcombe and Joshi 1996) we included were: identification of what farmers need in a variety, a search
for suitable materials, experiments by farmers, and dissemination of outcomes. Once farmers' criteria
were determined, suitable release and pipeline varieties were selected. Two types of trials were
conducted: the mother trial and the baby trial. Mother trials contained all the new varieties (5-10) to be
tested and were planted in a centrally located PVS village where farmers had sufficient land for the
experiment. We usually used one replication per farm and two farms per village. The baby trial consisted
of a single new variety and the farmers' local variety. Seed of the new variety was given to farmers, who
planted it beside their own varieties. Each variety was given to 4 or 5 farmers within a location to ensure
some level of replication. All baby trials were located within 20-30 minutes walking distance of each
other. Mother trials were evaluated by farmers using a matrix ranking for multiple traits and focus group
discussions; once approximately 80 days after sowing and another 2 to 3 months after harvest. During the
first evaluation, participating farmers visited all baby trials in the village as well as the mother trial. For
baby trials, individual farmers reported their perceptions through a household level questionnaire (HLQ)
that solicited the participation of both male and female household members. Qualitative data were
summarized in graphical format and ranks were presented in a tabular form (see Table 1). For
quantitative data, a paired t-test and ANOVA were used.

PVS has little meaning and impact if the seed of farmers' preferred varieties is not available. Two types of
open pollinated variety multiplication can be carried out: a revolving seed multiplication program for
resource-poor farmers and a community-based seed multiplication program. Experience in Nepal has
shown that PVS enhances the variety uptake process, thereby increasing research efficiency.
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Table 1. Ranking of varieties at different sites scored by different groups of fanners based on pre
harvest traits (n=5-6 farmers in each group).

Score
Sites Marga Patle F/ mara M/ dhunga

Var.\Group r5 <i2 r5 <i2 Both Both Both
Pop-22 1 1 1 1 1 1 1
Arun-1 2 2 2 4 2 2 4
Mana-1 2 5 3 2 5 4 3
BA-93 4 3 5 5 4 3 5
Locals 3 4 4 3 3 5 2
Note: 1 = Best and 5 = worse on 1-5 scoring system; Both = male and female farmers.
Source: Tiwari, 2001.
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Participatory Maize Breeding in the Development of Intervarietal Hybrids for Small Farmers Using
Half-Sib Reciprocal Recurrent Selection

R. Valdivia Bernal, V.A. Vidal Martinez, F,J. Caro Velarde

Joint Research of Experimental Station Santiago Ixcuintla, Instituto Nacional de Investigaciones
Forestales, Agricolas y Pecuarias (INIFAP), Apdo. Postal 100, Santiago Ixcuintla, Nayarit, and Faculty of
Agriculture of the University of Nayarit (UAN), Mexico, email: bet049_2000@yahoo.com.mx

Introduction
Because of the increasing cost of improved maize seed, 20% of the 65,000 ha sown in Nayarit, Mexico is
sown with advanced generation seed, despite 20% losses of maize grain (Valdivia and Vidal 1995). Small
farmers have decided a better choice is developing their own improved seed. This abstract describes the
experience of a group of small farmers in developing, prodUCing and planting their own maize hybrid
seed.

Methods
The participatory maize breeding methodology used is based on the farmer-experimenter model
(Valdivia et al. 2000). The program was initiated in 1996 in the community of Buckingham, which has 200
farmers. A technical committee (TC) of six farmers was selected by the community for their leadership,
and abilities in innovation, and transferring technology. The farmers were responsible for conducting the
experiments, and the researcher for training, technical assistance and data analysis. Both participated in
the analysis of results and made plans and decisions together. Each farmer on the TC planted a maize
genotype experiment. During the growing phase and harvest, all six experiments were observed by the
TC to select the best genotype. The main traits considered were yield and specific plant and ear
characteristics. Once a year, a general presentation was delivered by the TC to announce the best results
to the communities and farmers from all the main maize growing regions. The development of improved
maize varieties has had three phases. First, an intervarietal maize hybrid, formed by crossing two F2
commercial hybrids (Valdivia and Vidal 2003), was developed and used. In the second phase, two
heterotic populations were formed to study diallelic crosses between 12 hybrids F1 and F2 (Valdivia et a1.
2002). The third and present phase is the improvement of the two heterotic populations by using half-sib
reciprocal recurrent selection (HS-RRS). In 2001, the progenies of cycle 1 were evaluated.

Results
In 1996, the farmers found that an intervarietal cross had the same yield performance as the best
commercial maize hybrid. From 1998 to 2000, the farmers developed some intervarietal crosses and
Simultaneously produced seed and evaluated them. Finally, the farmers decided to select their best cross,
which they called B-2002. The performance of B-2002 is presented in Table 1. The genetic quality of B
2002 was demonstrated in the presentation, accepted by most of the farmers, and planted in 3,500 ha in
different maize areas of Nayarit during 2000. However, the original program was to develop and to plant
a seed only by the same farmers. To develop a commercial hybrid, two heterotic populations were
formed (Valdivia et al. 2002) based on heterotic and combining ability studies. These populations are
being improved using the HS-RRS, which is in process and the second cycle is being obtained. On
average, the selected progeny of cycle 1 performed well compared to commercial hybrids (Fig. 1). The
farmers are still involved because they don't need pollination bags to make the crosses.

Conclusions
The farmer-experimenter model has been effective in implementing participatory maize breeding that has
permitted the development of improved maize hybrids. The improved seed is adapted specifically to the
particular systems of production of the small farmers, and will contribute to increasing yield capacity and
the profitability of farmers.
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Table 1. Performance (tonfha) of the intervarietal maize hybrid B-2002 compared to commercial
hybrids. Nayarit, Mexico.

Hybrid 1998 1999
A-7573 5.8 4.4
B-2002 6.3 4.3
P-3028 6.1 4.6
H-359 5.8 4.2

2000
7.3
6.1
7.4

Mean
5.8
5.6
6.0
5.3
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Figure 1. Average performance of the half-sib reciprocal recurrent selection (HS-RRS) progeny in
cycle 1.
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Introduction
The CIMMYT highland maize program develops improved germplasm for approximately 6.3 million
hectares of highland maize in the developing world (Beck 2001). Almost half of the developing world's
highland maize is found in Mexico. Maize is an important staple food crop in the major highland
growing areas worldwide, typically located at 1,800 masl or higher. Major abiotic constraints of highland
maize include cold temperatures, frost, hail, and drought. Prindpal biotic constraints are Puccinia sorghi
rust, E. turcicum leaf blight, and Fusarium ear and stalk rots (Eagles and Lothrop 1994). Grey leaf spot
(Cercospora maydis) can be a major problem in transition zone environments. Insects are not usually a
problem in highland environments, although com earworm can cause significant damage, particularly on
soft endosperm materials. The myriad of highland environments and resulting genotype by environment
(G x E) interactions, coupled with farmer requirements for grain texture, color, and size, present
Significant challenges for breeding. At present, in most highland environments there is widespread use of
unimproved local varieties and limited use of improved open pollinated varieties (oPY) and hybrids.

Methods
CIMMYT's highland maize breeding program has short, medium, and long-term goals. The long-term
goals involve new population formation, including accessing previously underutilized germplasm bank
accessions and farmers' landraces. The medium term goals focus on population improvement using
selection schemes which are beneficial for both OPY and hybrid development. These methods include
reciprocal recurrent selection using inbred progenies, and top cross evaluations using heterotic testers.
The highland program's short-term goals include developing elite inbred lines, synthetics, and hybrids.
An important emphasis in all the selection work is to develop robust maize with a broad range of
tolerance/resistance to the major biotic and abiotic constraints common in highland environments.
Developing highland adapted quality protein maize (QPM) source populations is also a high priority for
the program. The breeding work is done in collaboration with numerous public and private sector
partners. The program seeks to assist these collaborators, not only with germplasm, but also with training
and other technical support, to facilitate the adoption and utilization of improved highland maize
materials by developing country farmers.

Results
Numerous populations, synthetics, inbred lines, and hybrids have been developed by the CIMMYT
highland program in recent years. These covered a range of adaptation, maturity, and grain color/texture
combinations. The program recently formed two highland early yellow-grained heterotic populations.
During the past three years, the highland program has developed over 40 synthetics based on the use of
elite lines with good combining ability. Most of these synthetics have or are currently being tested in a
series of experimental variety trials (EVT17) as part of the maize program's international testing system.
Inbred lines released by the highland program include seven early white and one early yellow lines in
1993 (CML239-246), eight early white lines in 1997 (CML349-356), and 10 early and late white and yellow
lines in 2002 (CML455-464). The most recent release included, for the first hIDe, a Significant number of
late-maturing inbreds and a broader selection of yellow-grained lines (Table 1). Many of these and other
lines are being tested in hybrid and synthetic combinations in CIMMYT's international maize trials (Table
2). The highland inbred lines released by CIMMYT have been a major stimulus to the commerdalization
of highland hybrids, particularly in Mexico. In the past five years, over 30 white-grained highland
hybrids, containing one or more highland CMls, have been released in the Mexican market.
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Conclusions
CIMMYT's highland program, in collaboration with various partners, has developed and released a
range of maize germplasm useful for farmers located in approximately 6 million hectares of highland
maize growing areas worldwide. Impact has been most exciting in Mexico where many highland hybrids,
involving CIMMYT highland germplasm, have been released in recent years to the benefit of Mexican
farmers. However, much work remains given that the use of improved maize remains low in most
highland areas worldwide. The forthcoming release of highland QPM materials hopefully will help
stimulate the use of improved materials by highland farmers worldwide.
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Table 1. CIMMYT highland maize lines (CML) released in 2002.
Grain yield Ear rot Heterotic GCA Specific

CML (per se, tjha) (1-5) group for yield heterotic
number Pedigree patterns
CML455 (P85C2FC27-2 x CML242)-B-l- 2.7 2.0 A Good CML349

1-3-1TL-B
CML456 (INIFAP single cross) x BATAN 3.0 2.0 B Good CML349

8585-6)-B-1-1-1-2-BTL-B
CML457 P87C5F95-24-1-1-2-1-B-B-B 2.8 2.0 A Good CML311,384,

458,459
CMU58 (P87C2F72 x P87C2FI07) 5-1-2- 2.6 3.0 B Excellent CML457

1-4-4-1-3-B-1-B
CML459 (P940C3NF31-1 x P87C4F17-4) 1.9 2.0 B Excellent CML457

16-B-1OTL-1-1-1-B-B
CML460 P88C5F81-3-1-1-1-4-B-B 2.9 3.4 A Good CML461

CML461 (P88C1F30-2 x P88COF23-5) 2.3 1.5 AlB Excellent CML245,
2(3)-3-4-2-2TL-I-I-B-B-B 323,460,462

CML462 (P960C3IF5-1 x G13AC2H 2.0 2.5 B Good CML245,
383(2)-3-1) 32-3-2-1-3-B-B 460

CML463 Poo19AC6RL6-1P-IP-IP-2P-1 P- 3.8 3.0 A Good CML311
2P-B-B

CML464 Poo19AC6HM3-1-3-1-1-2P-2P- 3.4 1.5 AlB Good CML311,
1-1-2-1-B-B 384

Table 2. CIMMYT international maize trials, highland ecologies, 2003.

Trial name Trial description Maturity Grain color Entries

EVT17EW
EVT17 EY

CHTH-HIW
CHTH-HIY
CHTH-HTZLW
CHTH-HTZLY

Varietal trials
Highland early white variety trial
Highland early yellow variety trial
Hybrid trails
Highland intermediate white hybrid trial
Highland intermediate yellow hybrid trial
Transition zone late white hybrid trial
Transition zone intermllate yellow hybrid trial
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Inbreeding Depression in Recycled Seed of Highland Hybrids Sown Under Optimal and Nitrogen
Stressed Conditions
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Introduction
Many farmers in developing countries do not replace their seed annually with newly purchased
commercial seed. Instead they rely on recycled seed saved from their own harvest or obtained from other
farmers. Smale and Phiri (1998) recommended that maize breeders working for areas where farmers
commonly recycle seed should consider inbreeding depression as a criteria in their hybrid releases.
Highland maize is grown on about 6 million hectares worldwide with aImost 3 million hectares in Mexico
(Beck 2001). In Mexican highland areas, only about 10% of the area is planted with improved hybrid
cultivars. It is a common practice for farmers in these areas to recycle their seed. Average maize yields in
the Mexican highlands are about 2.5 t/ha. Yields are constrained by various factors including drought,
low soil fertility, hail, and lack of availability of improved seed at accessible prices. The objective of this
trial was to evaluate the inbreeding depression in various highland hybrid types by comparing the F1 to
the F2and F3 generations under both low soil nitrogen and non-stressed conditions.

Methods
Two Single crosses (SC), three three-way crosses (TWC), and two double crosses (DC) were used, along
with four open pollinated variety (OPV) checks. Most of the hybrids were based on advanced generation
highland inbred lines developed at CIMMYT. Several of these hybrids have now been commercialized by
various public and private sector organizations in Mexico. The F2 and F3 seeds were formed by making
plant-to-plant crosses and then bulking ears for each material. Attempts were made, particularly in the F3
formation, to sample a minimum of 100 plants per entry. The trial was evaluated at the CIMMYT
experiment station, EI Batan, Mexico, under both low nitrogen (N) and non-stressed conditions in 1999.
The low N block was developed by first selecting a relatively unifoml field at EI Batan, and then growing
continuous crops of maize in the summer and oats in the winter for several years (Banziger et al. 2000).
No N fertilizer was added to these crops. In most seasons, the stover was removed, rather than
incorporated after harvest. Each trial (low N and non-stressed) consisted of 25 entries in a 5 x 5 alpha
lattice with three replications. Plot sizes were two 5-m rows, spaced 75 cm apart, with 20 cm between hills
for a final plant density of 66,666 plants per hectare. Plots were hand harvested and grain yield (t/ha)
was calculated at 80% of the ear weight and adjusted to 155 g/kg moisture. Analyses of variance
(ANOVA) were completed for all traits using plot mean data. Environments were initially analyzed
separately and then in a combined ANOVA.

Results
Trial mean yields averaged 4.1 and 11.6 tjha under low N and non-stressed conditions respectively.
Interestingly, the percentage of inbreeding depression (ID) was similar under both low N and non
stressed conditions (data not shown). Combined over the two environments, yields declined 27.8% from
the Fl to F2generations, with a small non-significant decline from the F2 to F3 generations (Table 1). As
expected, the SC hybrids demonstrated the highest ill from the F1 to F2generations (35.5%), followed by
TWC (31.2%), and DC (14.9%). Amongst the SC hybrids tested, CML246 x CML242 had a 39.9% yield
reduction from F1 to F2, while CML244 x CML349 showed a 31.1 % decline. Among the TWC evaluated,
ID ranged from 26.2% in (CML239 x CML242) x IML-6, to 34.3% in (CML239 x CML241) x CML349. The
lowest yield decline from the Fl to F2 generations (12.7%) was observed in the DC hybrid (CML246 x
CML242) x (P.85C4F54-1-3-1T-1-lT-1-# x CML349). In most cases, yields of the F2 and F3 generations of
the hybrid types tested were similar to the OPV checks. Exceptions included the F2 and F3 generations of
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the SC hybrid CML246 x CML242, which yielded significantly less than the OPV checks. BA96902+N
significantly out-yielded all checks and was also competitive with the Fl of various hybrid types.

Conclusions
10 in F2 seed derived from F1 highland hybrids ranged from 12 to 40%. The ID percentage was similar
under low N (simulating typical Mexican farmer conditions) and non-stressed conditions. Among hybrid
types, SC hybrids showed the highest levels of 10 followed by TWC and DC hybrids. Significant
variation was observed in 10 within hybrid types. Farmers should expect major yield reductions when
recycling seed of C1MMYT highland single and three-way crosses. The yield decrease in F2 seed will vary
depending on the source inbred lines included in the hybrid. Fanners who commonly recycle seed may
be better off sowing OPVs where initial seed costs are generally lower and ID in recycled seed is often
minimal.
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Table 1. Average grain yield and inbreeding depression in highland maize hybrids sown under low
nitrogen (N) and non-stressed conditions, EI Batan, Mexico, 1999.

Grain yield (t/ha) Inbreeding
depression (%)

F2 F3
39.9 36.2

31.1 32.7

34.3 33.4

Pedigree

CML-246 x CML-242

OvfL-244 x CML-349

(CML-239 xCML-241) x
CML-349
(CML-239 x CML-242) x
CML-349
(CML-239 x CML-242) x
1ML-6
(CML-246 x CML-242) x
(BPVCBA90185-2-1-2-1
3T-B-# x CML-349)
(CML-246 x CML-242) x
(P85C4F54-1-3-1T-l-lT
1-# x CML-349)
Mean per generation

Checks
BATAN 9585
TOLUCA 9785
BATAN 96902 +N
BATAN 96903 +N
OVERALL MEAN
C.V.(%)

F1
8.0

10.9

10.4

10.6

10.6

8.4

8.6

9.7

F2
4.8

7.5

6.8

7.1

7.8

7.0

7.5

7.0

7.4
7.0
9.4
7.4
7.8

11.3

F3
5.1

7.4

6.9

6.9

7.6

6.7

7.6

6.9
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12.7
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28.1
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Single cross = 35.5
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Introduction
The different selection methods applied to tropical maize populations have efficiently increased the
favorable gene frequency. However, there are Significant differences among methods and it is important
to compare them in order to emphaSize the best one. The objective of this study was to determine the
selection progress in the Tuxpefio and ETa populations and to determine the heterosis effect in the
crosses among different Tuxpefio and ETa population cycles.

Methods
Thirty-three materials (populations and crosses among Tuxpefio by ETa heterotic pattern) were tested in
trials using alia lattices TSPPLW02-1 and TSPPLW02-2. In Tuxpefio, there were cycles 0, 6, 11, 16 and 19
and, for ETa, cycles included 0, 11, 16 and 19, as well as the crosses among them. The trials were planted
in Coquimatlan (Colima), Mexico.

Results
The population 21C19 (HRRS) had the higher selection gain with 34.38% and scored better than
population 32C19 (HRRS) with 33.63% (Table 1). Population 21Cll (FS) recorded a better response than
population 32C11 (FS). In population 32, there was a positive linear response following the cycles from 0
to 19, whereas in the Tuxpefio population, cycle 6 showed no increase.

Conclusions
The use of the selection methods was effective in increasing the yield in each population. The average
selection gain in each population was better in the half reciprocal recurrent selection than in full-sib
methods. As expected, the best cross was population 21C19 (HRRS) x population 21C19 (HRRS).
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Table 1. Yield and selection gain of 21 and 32 populations, Coquimathin, Colima, Mexico,
cycle 2001A.
Cycle Population Pedigree

1
2
3
4
5
1
2
3
4

21

32

Pop 21C19 (HRRS)
Pop 21Cll (FS)
Pop 21 C16 (FSR)
Pop 21CO (F)
Pop 21C6(F)
Pop 32C19 (HRRS)
Pop 32C16 (FSR)
Pop 32Cll (FS)
Pop 32CO (F)

Yield
(tonjha)
11.06

9.73
9.43
8.23
8.19

10.37
8.75
8.15
7.76
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Gain
(%)

34.38
18.23
14.60

0.00
-0.49
33.63
12.76

5.03
0.00



Hallauer Symposium. Book of Abstracts

Controlling Pollen-Mediated Flows of Maize Transgenes by Cytoplasmic Male Sterility

B. Feil and P. Stamp

Institute of Plant Sciences, Federallnstitute of Technology Zurich, Universitatstr. 2, CH-8092 Zurich,
Switzerland, e-mail: peter.stamp@ipw.agrl.ethz.ch

Introduction
The advent of genetically modified (GM) crop varieties has raised great public concern and political
debate in many countries. Besides the acceptance of GM products themselves, the dispersal of GM pollen
is of major ecological and agronomic interest for the follOWing reasons: (1) contamination of non-GM crop
plants on adjacent fields with grave consequences for the product acceptance or the seed purity, (2)
vertical gene transfer by GM pollen to related weed species, and (3) possible adverse effects of GM pollen
on non-target organisms. In the last few years, a considerable number of GM maize (Zea mays L.) and
rapeseedjcanola (Brassica napus L.) varieties have been released worldwide. Both crops produce large
amounts of pollen which can be transported over long distances by wind or insects.

Methods and Results
The problems linked to the release of GM pollen have been reduced, or even eliminated, by growing male
sterile GM plants in a mixture with male fertile non-GM plants acting as pollen donors for the GM plants
(Feil and Stamp 2002; Stamp and Feil2001). This method does not require future progress in gene
technology (e.g., insertion of transgenes into chloroplast DNA) and the feasibility of this approach has
been demonstrated by the fact that male sterile varieties of rapeseed and maize have been cultivated
successfully in mixtures containing 20% or less male fertile pollinator varieties. The male sterile varieties,
based on systems of cytoplasmic male sterility (CMS), were originally introduced for the production of
cheap hybrid seed; for the approach outlined in this paper, they have to be used without fertility
restoration. It appears that, to date, their potential for preventing or reducing the problems linked to the
dispersal of GM pollen has not been noticed. Cytoplasmic male sterile maize plants often produced
higher yields than their is0 genic male fertile counterparts, representing a positive side-effect (Stamp et a1.
2000; Weingartner et al. 2002a; Weingartner et a1. 2002b). This benefit would facilitate the introduction of
the proposed system for the prevention or reduction of GM pollen release. In cases like transgenic
herbicide-resistance, male fertile GM plants could replace the non-GM pollen donors in the mixture. The
dispersal of viable GM pollen from GM crop stands would not be fully prevented by this approach, but it
would be reduced by about 80%. Mixtures of 80% male sterile Bt-maize and 20% male fertile non-GM
maize may help avoid the formation of Bt-resistant insect populations.

Conclusion
It is strongly recommended that GM varieties be grown in male sterile versions to prevent or reduce the
release of viable GM pollen. Hopefully, this will contribute to a more rational public debate since some of
the controversial problems associated with gene technology will be eliminated. The method outlined in
this paper can be applied to crop species that produce a sufficient surplus of pollen.

References
Feil, B., and Stamp, P. 2002. AgBiotechNet. www.agbiotechnet.com/reviews/nov02/html/

abno99.htm.
Stamp, P., S. Chowchong, M. Menzi, U. Weingartner, and O. Kaeser. 2000. Crop Sci 40: 1586-1587.
Stamp, P., and B. Feil. 2001. Seed composition and method for reducing and preventing the release of

GMO pollen from crop stands. International Patent filed PCT jCH01j0040.
Weingartner, U., O.Kaeser, M. Long, and P. Stamp. 2002a. Crop Science 42 (in print).
Weingartner, U, T.]. Prest, K.H. Camp, and P. Stamp. 2002b. Maydica 47 (in print).

212



Plant Breeding Studies, History, and Current Issues

Table 1. Male sterility, xenia, and plus-hybrid effects on grain yield of the cytoplasmic male sterility
(eMS) hybrid Silpro in pure stands, tested in small plot trials, Switzerland, across 9 environments.

Yieldt Male sterility Xenia Plus-hybrid
Hybrid Pollinator (tjha) (%) (%) (%)
SILPROms SILPRO 12.2 A +2.1

BANGUY 13.1 B +7.6 +9.9

DELPRIM 13.7 B +12.6 +15.0

Percentage of yield changes are presented in relation to the fertile (male sterility and plus-hybrid effect) and to the
sterile (xenia) hybrid, respectively. 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.
tGrain yield adjusted to a moisture content of 15.5 g/kg.
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Introduction
In the Mexican state of Veracruz, farmers usually receive maize grain yields of 2.0 t/ha. This yield
indicates there are several technological management problems, including limited use of improved seed
and inadequate use of fertilizers. Thus, an experiment was carried out in Cotaxtla, Veracruz, during 2002
(spring-summer season) under rainfed conditions, with the main purpose of improving production
technology to increase productivity.

Methods
The experimental design included randomized blocks arranged on split-split plots, where the main plots
received eight treatments of biofertilizers (B) using combinations of 0 and 360 g, 0 and 1 kg, and 0 and 20
ml/ha for Azospirillum brasiliense, Glomus intraradix, and Brasinoesteroids respectively. Sub-plots received
24 treatments using chemical fertilization (F), based on a matrix using double hypercube, which varied
from 0 to 60, 0 to 120, and 0 to 120 kg/ha of N-P-K. The sub-sub-plots included the high quality protein
maize hybrids H-519C, H-553C, and H-558C (H), and the normal hybrids H-518 and H-520. The grain
yield was considered a parameter of evaluation.

Results
There were Significant differences in the principal effects of chemical fertilizers and hybrids, but there
were no Significant differences due to the application of biofertilizers. None of the interactions B x F,
B x H, F X H, and B x F x H were found to be significant. In the best 14 treatments, some yielded more
than 6.0 t/ha, such as 160-120-00, 160-120-120, 160-00-00, 129-60-60, 129-23-97, and 129-97-97. There were
some treatments with grain yield less than 4.0 t/ha, such as 00-120-120,00-00-00,00-00-120, and 00-120
00. In general, the best yields were those with high levels of nitrogen (Table 1). In relation to genotypes,
there were Significant differences, whereas the high quality protein hybrids H-553C and H-519C were
statistically similar to the normal hybrids H-518 and H-520 (Table 2).

Conclusions
The use of biofertilizers had no Significant effects on grain yield. However, the addition of nitrogen
fertilization of about 129 kg/ha was a determinant for increasing grain yield. The hybrids H-520, H-518,
H-553C, and H-519C represent alternative options for planting maize during the rainy season in the state
of Veracruz.
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Table 1. LSD to 0.05 of probability for maize grain yield under different doses of chemical
fertilization, Cotaxtla, Mexico, 2002.

Entry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
LSD 0.05-1.5758.

N
o
o
o
o

160
160
160
160

31
31
31
31

129
129
129
129

31
129
80
80
80
80
80
80

o
o

120
120

o
o

120
120

23
23
97
97
23
23
97
97
60
60
23
97
60
60
60
60

o
120

o
120

o
120

o
120

23
97
23
97
23
97
23
97
60
60
60
60
23
97
60
60

Grain yield
(t/ha)
3.29 gh
3.63 gh
3.73 £gh
3.04 h
6.19 ab
5.90 abed
6.45 a
6.33 ab
4.11 efgh
4.14 e£gh
4.15 efgh
4.39 defgh
5.94 abed
6.05 abc
6.31 ab
6.04 abc
4.58 edefgh
6.18 ab
4.82 bedefg
5.23 abedef
5.31 abede
5.30 abedef
5.82 abed
5.27 abedef

Table 2. LSD to 0.05 of probability for grain yield for normal and quality protein maize hybrids,
Cotaxtla, Mexico, 2002B.

Entry
1
2
3
4
5
6

LSD 0.05-0925.

Hybrid
H-518
H-520
H-519 C
H-553 C
H-558 C
C-343

Grain yield
(t/ha)
5.30 a
5.51 a
4.74 ab
5.38 a
4.04 b
5.81 a
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Introduction
This year follows a century of major advances in maize breeding, genetics, and now, genomics. These
advances are a product of a dedicated group of researchers. What is the origin of the development and
training of maize breeders and geneticists that have produced the bountiful maize lines, hybrids, and
genetics that has lead to the current thrust into maize genomics? How has this group impacted plant
genetics research? The Mendelian rediscovery did not influence maize breeders' strategies, as maize
selections were well underway by the turn of the century. Maize line development had a unique
beginning. Following the maize lines that have had some permanence in the current period, it is evident
that Perry G. Holden was a leading figure in maize improvement in 1895. Much of his early selected
germplasm went into the development of Iowa Stiff Stalk Synthetic (BSSS) populations. Those early
maize breeders participated in eyeball selection, as ear to row selection was yet to be practiced (Hallauer
2002). However, the training of maize breeders and geneticists in the 20 th century had its beginnings with
a bequest by the Boston philanthropist Benjamin Bussey, when he endowed the Bussey Institute to
Harvard University for the development ofhorticultural pursuits. This Institute was a focus of genetic
activity in the early part of the 20th century and the descendants of that early beginning are some of the
leaders in plant investigations today. This activity in plant breeding and genetics is destined to continue
well into the future as graduates of these descendants continue leading edge pursuits in plant genetics
(Peterson 1999).

Early 20th Cenhtry
In the first decade of the 20th century, Yale University, as well as others, was seeking to learn about the
emerging field of genetics that was "rediscovered" in 1900. These institutions brought numerous visitors,
especially from England (i.e., Bateson in the Silliman lectures) to learn about this field. Seeking then to
find leadership at the Bussey Institute to incorporate this new field into research programs, the Bussey
directors sought the advice of one of these visitors (Bateson) who recommended a young researcher at the
Connecticut experiment station. This maize researcher was E.M. East, who was to become a major
contributor to the proliferation of breeders and geneticists of the 21 st century (Figure 1) (Peterson and
Bianchi 1999). A pedigree tree evolved into the 20th and 21st century with leaders in maize breeding,
genetics, and genomics. This pedigree tree now numbers into the hundreds and they are spread
throughout many countries of the world. This paper features individuals and their programs that are
currently developing new concepts and products. They all illustrate the kind of drive that was typical in
the early days of East's efforts in the Bussey Institute. Many have left legacies that represent the future
thrusts in plant breeding, genetics, and genomics. The Hallauer legacy is illustrated in Figure 2.
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Figure 1. Pedigree tree illustrating the development of maize breeders
and geneticists.

Figure 2. The Hallauer legacy.
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Introduction
Transposons have a definable structure and activity. In a general sense, there is the terminal inverted
repeat (TIR) and a target-site-duplication (TSD). Importantly, each transposon has a specific nucleotide
sequence that codes for a specific protein that recognizes its own, and only its own, TIR (Figure 1).
Excision of transposons occurs at the terminal ends of the TIR and this is followed by reinsertion (during
insertion, a TSD is reconstituted) at another site. In this excision process, the TSD is left behind as a
remnant (or some derivative of it) at the previous site.

Maize populations and their transposons
In a 2002 presentation at the University of Illinois Corn Breeders School, Professor Arnel Hallauer (AH)
described the sequence of selections in the origin of the BSSS population. Reviewing this origin, it was
evident that Reid yellow dent (RYD) was a key feature of the original population. In a survey of various
components of the BSSS population, two transposons (Uq and Mrh) were present in various cycles of the
BSSS population. A specific inbred was the carrier of the two transposons. Fu and Dooner (2002) made a
detailed comparative analysis of one gene region (Bz) of two lines, a well-used genetic line, and a well
used inbred line (B-73). In Bz, 13 predicted genes, and in a 32 KB stretch of this DNA, 10 genes in
continuous order were uncovered. Large retrotransposons were inserted between the genetic linear
orders. Two retrotransposons were different indicating different insertions. They did not have the same
origin. B73 had a number of mobile elements in a long stretch that were not present in the McC line. B73
genes 3,4, 5,6, and 7 were in linear continuity. In B73, another element separated these genes from genes
8 and 9. In McC, gene 10 was separated from 11 by mobile elements and another element separated 11
from 12 and 13. Genes 10, 11, 12, and 13, present in McC, were missing in this sequence in B73. Fu and
Dooner probed ten lines with five probes that were between the bz and taelOn sites located on the
opposite ends of the studied fragment. The five probes fell into four groups. Alignment of the members
of each group fell into related pedigrees. The Reid yellow dent line was a major contributor to group two.
Mo17 was from the Lancaster sure crop line, distinct from the RYD line. Most of these inserts occurred
approximately 2 to 3 MYA.

Changes in the current period
In the IRMA case, Muszynski et al. (1993) determined that a second factor Mod was a "helper" in the
expression of En in inducing mutability in the e2m allele. An I/dSpm element "captured" a 1.8 KB DNA
fragment and inserted this complex fragment into a C2 allele causing the e2 m allele.
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TSD

Figure 1. Diagram of a typical transposon (TIR = terminal inverted repeat and TSD = target-site
duplication).

McC

Figure 2. Diagram of the BZ region in a comparison ofbzMcC and bzB73. (Fu and Dooner 2002, mdified
from Bennetzen 2002).
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Introduction
Maize is the second most important cereal crop of Nepal. Yields are low compared with those of other
Asian countries, largely due to a lack of high-yielding, broadly adapted hybrids. Research on the
development of superior hybrids is now receiving greater attention. Several hybrid maize yield trials at
Nepal Agricultural Research Council (NARC), Khumaltar, resulted in high yielding maize hybrids
suitable for Nepal's varied cropping settings. Hybrids with high yield potential and higher levels of
typtophan and lysine in the grain would help accelerate maize production and reduce malnutrition.

Methods
Various crosses were made with selected inbreds and population lines. Developed F1 with commercial
(Indian) hybrids were tested and evaluated at different locations (research farms as well as in farmers'
fields) in the mid-hills of Nepal.

Results
Some of the hybrids were found to be better or on par with Indian hybrids. But farmers and researchers
selected KYM33 x KYM35 as the best among hybrids, based on high yield, color, and taste. After
conducting several hybrid maize yield trials for the last four years at NARC's Agriculture Botany
Division, KYM33 x KYM35 hybrid maize has been developed for mid-hill conditions of Nepal. The
hybrid research data show that this hybrid performed better than other tested hybrids and composites in
various yield trials conducted in Khumaltar conditions. In summer 2002, the maize hybrid was tested at a
research station and in farmers' fields in three sites (Khumaltar, Thankot, and Banepa). There, KYM33 x
KYM35 was better than or on par with commercial hybrids in terms of yield and other agronomic traits.
This F1 single cross hybrid yielded as high as 14 t/ha. KYM33 x KYM35 is proliiic (high ear to plant ratio)
and has an orange kernel color. Inbred lines of this hybrid also performed better than other tested inbreds
in seed setting and other agronomic traits.

Agromorphological characteristics of new hybrid KYM33 x KYM35
1. Intermediate maturity (115-130 days)
2. Stay-green leaf at harvest so useful as fodder
3. Plant Height: 250-280 em
4. Ear Height: 140-160 cm
5. Tolerance to rust, curvularia and very low turcicum infection
6. Tight husk cover
7. Tolerance to ear rot
8. Kernel row number: average 14
9. Kernel number per ear: average 560
10. Ear length: average 21 cm
11. Grain color and type: orange flint and bold
12. 1,000 grain weight at 15% moisture: 435 gm
13. Physiological maturity: average 122 days
14. Emergence days: 8 days
15. Lodging tolerance
16. Grain yield at 15%moisture: 12 ton ha-1

17. Nutritional analysis: Protein -10.88 %, Typtophan -1%
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Conclusions
It is clear that hybrid maize is important for Nepalese society from an economic and social point of view.
Nepalese hybrids will certainly compete with Indian hybrids. Fegular testing of available germplasm and
developing inbred lines is indispensable for developing hybrids and will certainly help raise living
standard of poor farmers in Nepal. KYM33 x KYM35 hybrid could help accelerate maize productivity
under good management conditions in the mid-hills of Nepal.
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best

Farmer
reaction

80 240 140 1.5 12.93

76 238 113 1.5 10.13

82 247 149 1.5 10.33

KYM 33 X KYM 35

BIOSEED (check)

KYM 33 X KYM 25

Genotypes

Table 1. Top three F1 hybrids from various trials (conducted during 1999-2002)
Days to Plant Ear Adj. Yd. at

50% height height Disease 1-5 15% moist.
silking (em) (em) scale, NLB (tonjha)SN

1

2

3
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Introduction
Iowa Stiff Stalk Synthetic (BSSS) and Iowa Corn Borer Synthetic No.1 (BSCB1) were established at Iowa
State University in the 1930s and 19405. In 1949, G.F. Sprague initiated a reciprocal recurrent selection
(RRS) program with these two populations, a process that still continues today. Each population has
undergone 15 cycles of RRS, with selection focusing on increased grain yield, reduced moisture at
harvest, and reduced root and stalk lodging. This selection program has contributed to the establishment
of new breeding populations and has been very successful in releasing public inbred lines. We highlight
here some of the accomplishments and contributions of the original BSSS and BSCB1 populations over
the past 50 years.

Background
BSSS and BSCB1 were derived from 16 and 12 inbred progenitors, respectively. The first 5 cycles of
selection consisted of hall-sib selecLion of reciprocal SO crosses. Based on the evaluation, ten selected S1
lines were intermated to form the next cycle. For cycles 6 and 7, the hall-sib progeny were made from S1
lines, and the S2s of the ten selected lines were intermated to form the next cycle. A similar procedure
was followed for cycles 8 and 9, except 20 lines were selected for intermating. From cycle 10 to the
present, evaluation has been based on full-sib crosses of S1 plants in the two populations. Again, 20 lines
are selected for intermating. In a 1979 survey by Zuber and Darrah (1980), it was estimated that about
19% of the total hybrid seed needed to plant the 1980 maize acreage was made from inbred lines derived
out of BSSS. This was, however, a minimum estimate, because it did not include related inbred lines or
proprietary lines derived from BSSS.
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1935 1945 1955 1965 1975 1985 1995

Figure 1: A timeline showing the cycles and year of evaluation of the reciprocal recurrent selection
program of BSSS and BSCB1. A few selected important events during the tenure of the program are
also indicated. (Figure adapted from Lamkey 2002.)
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Figure 2. Diagrams showing the crossing patterns and inbreds used for the formation of Cycle 0 of the
BSSS and BSCB1 maize populations. (Figure from Lamkey 2002.)
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The Vision
A healthy and productive nation in harmony with the land - this is the vision of the United States
Department of Agriculture. Plant breeding is part of making this vision real; in fact, without plant
breeding, the vision would be unattainable. Moreover, this is true all over the world. Every country or
region has these twin needs: economic advantage and environmental sustainability. Plant breeding is one
of society's tools to help reconcile these needs.

The Method
Plant breeding uses quantitative genetics and statistics to develop crop varieties with outstanding
characteristics. As the primary delivery technology for modern investments in plant biology, plant
breeding also uses advances in genomics and transgenic methods. The extent to which a plant breeding
program uses quantitative methods, genomics, or transgenics will vary widely. It will depend on the state
of the science, on the specific breeding objectives defined by stakeholders in a particular breeding
program, and on how close pre-existing plant germplasm resources are to the product required.

The Goal: A Healthy, Well-nourished Population
Plant breeding provides an affordable food supply, including fruits and vegetables, basic staple foods,
and feeds for prodUCing nutrition-dense meat and milk. In the future it will deliver scientific advances
that merge preventive medical care with foods.

The Goal: A Safe and Secure Food System
Plant breeding is the technology that delivers genetically robust crops capable of withstanding or
recovering from unknown future pests and diseases that could threaten food security. Plant breeding is
also the technology that would allow food production to continue on a regional or local basis should
transport networks be disrupted. Productivity achieved through plant breeding prOvides essential food
reserves that help the U.s. and other governments to meet emergencies.

The Goal: An Agricultural System that Can Compete in the Global Economy
Competitive agriculture requires continual access to robust, high-quality crop varieties. Plant breeding is
the only source of these varieties, and the only way to ensure that the right varieties are ready when they
are needed. It also provides a tool for differentiating agriculture, to create complementary advantages
between regions and countries.

The Goal: Enhanced Economic Opportunities for Rural Populations
Plant breeding is the avenue whereby research advances that add value to agricultural production or
create new products are delivered in usable form. It will be the delivery technology for a "back to the
future" bio-based economy of renewable feedstocks for energy and industry - for example, from cassava
or tropical grasses. At the same time, plant breeding will be needed to keep up productivity so that land
area for food production remains adequate, and natural resources are conserved.
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The Goal: Harmony Between Agriculture and the Environment
Plant breeding will merge advances in environmental science and genomics to develop crops that
provide specific environmental benefits, such as pollutant trapping, and improving water and air quality.
Plant breeding allows the U.s. to enjoy today the benefits of soil, water, and wildlife conservation, as a
result of agricultural productivity that reduces pressure on natural resources.
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Introduction
Security, opportunity, and flexibility for U.s. agriculture are dependent on continual access to robust,
high-quality crop varieties. Crop varieties are produced through plant breeding. The only way to ensure
that the right varieties are ready when needed is sustained investment in plant breeding. The only
comprehensive data set on investment in plant breeding in the u.s. is the 1996 publication by Iowa State
University in cooperation with CSREES, "National Plant Breeding Study 1. Human and Financial
Resources Devoted to Plant Breeding Research and Development in the United States in 1994" (1<.J. Frey).
This report is still the most recent data set available. It is not known how well the 1994 data reflect current
investment. Both rapid progress in technology, and extensive structural changes in U.s. plant breeding
are thought to have impacted plant breeding investment.

Methods
During 2000 and 2001, a list was prepared of all organizations in the U. S. that conduct any type of plant
breeding or variety development activity. The list was used as the basis of a study conducted during 2002
and early 2003 to obtain new information on investment in plant breeding.

Results
This poster will present the first summary from the new study.
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Introduction
Spectral reflectance (SR) can be used to estimate a range of physiological traits, including leaf area index
(LA!), water index, chlorophyll concentration, and photosynthetically active radiation. The normalized
difference vegetative index (NDVI) is the most widely used spectral vegetative index, and is positively
correlated with crop dry matter, LA!, and green area index (GAl) (Fernandez et a1. 1994). It has been used
to estimate photosynthetic capacity (Seller 1987). In-season grain yield can be predicted based on the
canopy reflectance (NDVI) in winter wheat (Raun et al. 2001). The use of SR in plant breeding to
distinguish genotypes has been limited and undertaken primarily in drought conditions. NDVI becomes
ineffective when LAI exceeds three (Aparicio et a1. 2000; Gamon et al. 1995). The purpose of this study
was to determine if other wavelengths were better correlated with the yield and biomass variability of an
array of spring wheat genotypes under irrigated conditions.

Methods
Three different experiments were conducted, two under full irrigation and one under reduced irrigation,
at the CIMMYT research station in the Yaqui Valley of northwest Mexico. The experiments were planted
in a lattice design with two replications. Spectral reflectance data were taken by using a UVjVNIR ASD
spectroradiometer (350 to 1050 nm) at vegetative and reproductive growth stages. Data were collected at
50 cm above the canopy using a 250 field of view. For biomass, an area of 0.4 m2 was harvested and yields
were obtained from a 4.8 m2area. Five spectral indices were calculated based on a combination of
wavelengths using information from the literature, plus other permutations considered promising.

Results
Significant genotypic variations were observed among the genotypes for all the indices. More than 50% of
the variations in yield (Figures 1 and 2) were explained by the spectral indices under irrigated and
reduced irrigation conditions. A very strong relationship was observed between biomass and some of the
different indices, explaining more than 60% of the observed variations (Figures 3 and 4).

Conclusions
Spectral indices explained a considerable amount of the variability among the genotypes for both yield
and biomass. Indices were more predictive at the later growth stages. Biomass showed a higher
correlation with spectral indices than grain yield. These results demonstrate the potential use of spectral
indices under full and reduced irrigation conditions for differentiating genotypes for yield and biomass.
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Introduction
In 1956, the Central American Cooperative Program for the Improvement of Crops and Animals
(PCCMCA) began its regional evaluation of maize as a collaborative effort to evaluate cultivars generated
by national programs and private companies operating in Central America, Mexico, and the Caribbean.
In the analysis and interpretation of this research, the interaction genotype x environment (G x E)
deserves special attention for the selection and recommendation of genotypes under different systems or
production conditions. The best characterization of the stability of the genotypes evaluated in different
places and years was achieved through the additive main effects and multiplicative interactions (AMMI)
model (Zobel et al. 1988). Normalized response (RNi), or reliability, is a methodology that allows the
comparison of the cultivars against the check using the data of several years (Eskridge and Mumm 1992;
Eskridge et al. 1993). The objective of this study was to determine the genetic advances of new maize
hybrids of white grain in relation to yield, stability, and reliability and normalized response compared to
the regional check (HB 83), throughout different environments and years.

Methods
Data were obtained from the PCCMCA's uniform trials for yield (1998-2000) using the experimental
protocol as described by Fuentes and Queme (1999; 2000; and 2001). One hundred hybrids of white kernel
maize (76 belonging to private companies and 24 from PNIA, supported by PRM-CIMMYf) were
evaluated in 48 different environments in nine countries across the region. The stability and reliability of
12 cultivars over three years was studied. The value of RNr represented the probability of a specific
genotype outperforming the average level of production of the check in the group of environments and
years where the evaluations were made. The reliability of the genotypes response can be classified into
four categories according the estimated RNi: (1) superior 0.9 ~ RNi < 1.0; (2) good 0.8 ~ RNi < 0.9;
(3) average 0.6 ~ RNi 0.8; and (4) lower < 0.6 (C6rdova et al. 1993).

Results
Genotypes were identified with yields superior to the check (HB-83) (5.81 Mg/ha), and with low
interaction with the environment. The reliability test identified three categories compared to the check.
Cultivars CMS-933133, XM-7708, and XM-7706 showed good reliability; the normalized probabilities of
these three hybrids indicated that, in at least eight of every ten environments, they would have superior
responses than the check. Six hybrids presented average reliability, and three expressed low. The hybrids
with reliability below 0.60 to 0.50 represented a relatively similar risk to the grower in relation to the
check (HB-83) (Table 1). The variation in the reliability of the genotypes within a given differential yield
was related to the difference in magnitude of the standard deviations through environments (Figure 1).
The use of both statistical tools in plant breeding helped reduce the risk associated with the uncertainty of
recommending new hybrids.

Conclusions
The new white maize kernel hybrids present genetic advances given their superior yield, low interaction
with the environment, and good average normalized response compared to HB-83. HB-83 continues to be
an effective and competitive regional check because of its high grain production and good stability
throughout different environments and over years.
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abl 1. Ave ge yield, yield differences, standard deviation, AMMI score (PCA1), and F bility
(RNI) of twelve hybrids of white grain maize, PCCMCA, 1998-2000.

Avg yield Yield dif Standard dev AMIVIT Reliability+
Hybrids (Mliha) (Mliha) (Mliha) score R'I>O

CMS933133 6.889 1.08 0.974 -0.24 0.86A

XM-7708 6.832 0.94 0.956 0.80 0.83A

XM-7706 6.765 0.87 0.957 -0.55 0.82A

CB-HS-9 6.373 0.48 0.709 -0.50 0.758

H-59 6.284 0.47 0.789 -0.22 0.738

30F-94 6.244 0.43 0.867 -0.40 0.698

CB-HS-ll 6.265 0.37 0.834 0.01 0.678
Trap E 103 6.098 0.29 0.777 -0.15 0.648

HN-12 6.175 0.17 0.577 0.14 0.618

Trap E 101 6.172 0.16 0.821 -0.59 0.58c

HR-99 5.745 -0.15 0.823 0.92 0.43c

HR-93 5.072 -0.74 1.261 -0.40 0.28c

HB-83 (Check) 5.813 -0.05
tGrade reliability: A = good, B = average, c = lower. AMMI score next to zero < G x A.
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Figure 1. Relationship of reliability to magnitude of difference in yield and standard deviations of 12
maize hybrids evaluated in the PCCMCA, 1998-2000.
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Exploiting Modified Single Crosses in Maize to Facilitate Hybrid Use in Developing Countries
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L6pez l
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2Universidad Aut6noma Agraria Antonio Narro, Saltillo, Coahuila, Mexico
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Introduction
The development and dissemination of maize (Zea mays L.) hybrids has been an important factor in
meeting the increasing worldwide demand for this cereal over the past 30 years. Most national and
private breeding programs are investing in hybrid development to increase domestic maize production,
both for domestic consumption and export (Castellanos et al. 1998). One of the main problems facing
breeders of maize hybrids is the inbreeding depression usually expressed in the inbred lines used as
parents. Modified Single-cross hybrids, in which either one or both parents are crosses of related lines
(Hallauer and Miranda 1988), offer a potentially attractive alternative to lower the costs of hybrid seed
production. This study was designed to generate information about this approach, as a way of
accelerating the use of maize hybrids in developing countries.

Methods
A three-phase study was led by CIMMYT dUring 1996 to 1999 to assess the usefulness of modified single
cross hybrids as a means of accelerating the adoption of maize hybrids by farmers in developing
countries. During Phase I, elite, conventional, Single-cross hybrids were evaluated and selected. In Phase
II, different versions of related crosses between sister lines used in the elite single crosses identified in
Phase I were formed and tested. Finally, in Phase III, the results of Phase II were used to form different
versions of modified Single-crosses and test them together with the original conventional single crosses.

Results
From Phase I, 13 selected conventional single-cross hybrids yielded an average 11.2 t/ha. The best three
averaged 11.9 t/ha, out-yielding the best check, A-7545 (11.5 t/ha) (Table 1). From Phase IL the 18 related
crosses selected yielded an average of 6.7 t/ha, while the 25 lines involved in these crosses yielded 4.5
t/ha, an average difference of 50%. The related crosses selected expressed an average 37% high-parent
heterosis. Finally, in Phase III, we found non-significant differences in yield between the original
conventional single crosses and the corresponding modified single crosses (both averaged 9.6 t/ha). This
confirms that modified single crosses can produce yields comparable to those of corresponding
conventional crosses.

Conclusions
This study confirmed the potential value of modified Single-cross maize hybrids for developing country
production settings, where many farmers earn little cash and are reluctant to purchase relatively
expensive hybrid maize seed. Modified single crosses can offer farmers yields comparable to those of
conventional single-cross hybrids, but at a much lower cost. So, in addition to developing three-way
crosses, maize breeders targeting tropical settings should form and test modified Single-cross versions of
the elite, conventional Single crosses they identify during routine hybrid development. In this way, with a
small additional investment, breeders can greatly increase the value of their work on Single crosses.
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Table 1. Yield (f/ha) of conventional, subtropical (parental lines from populations 501 and 502), and
single-cross maize hybrids grown at seven locations, Mexico, 1996.
Entry Cross Site It Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Mean
132 12 x 23 17.80 11.27 12.93 8.41 12.69 11.21 9.95 12.04
109 10 x 22 15.81 9.88 11.77 9.24 11.27 1383 12.22 1200
66 6 x 23 18.14 10.00 11.41 9.57 11.24 11.81 9.54 11.67
50 5 x 18 15.68 10.53 12.13 819 11.13 1308 9.03 1139
93 9 x 17 15.36 10.15 12.12 9.40 1119 11.94 9.35 11.36
108 lOx 21 15.12 9.09 10.51 5.55 10.98 12.50 12.20 11.28
88 8 x 23 15.85 7.77 11.55 8.96 1301 11.37 985 11.20
43 4 x 22 1530 7.05 1309 8.68 11.31 11.20 9.73 1118
83 8 x 18 12.82 10.25 12.14 9.56 9.76 11.51 9.59 1081
55 5 x 23 15.18 9.61 12.67 6.57 10.47 11.29 9.87 1081
64 6 x 21 14.66 9.42 9.60 8.93 10.56 12.19 9.49 10.69
99 9 x 23 15.26 10.58 12.25 840 747 10.22 1000 10.60
120 11 x 22 14.31 7.59 11.03 7.63 11.56 11.10 10.07 1047
133 A-7545 1459 8.71 12.01 9.18 1441 11.47 1020 1151
134 CML78 x CML 322 12.75 8.44 11.98 880 13.20 10.00 889 1058
135 Local check 16.21 9.26 11.96 7.39 1466 10.20 9.71 (11.34)

LSD# 313 210 2.27 1.94 2.10 16J 186 082
Maxtt 18.14 11.27 13.75 10.51 14.65 14.38 1256 12.04
Mean 12.71 7.67 10.45 763 10.18 10.45 9.13 973
Min 7.52 2.96 2.69 3.54 4.67 7.46 6.25 616
+Site 1 = Celaya, Guanajuato; Site 2 = Tlajomulco, Jalisco; Site 3 = Aguascalientes, Aguascalientes; Site 4 = CD.Obregon, Sonora; Site 5 =

Modus, Sinaloa; Site 6 =TIaltizapan, Morelos; Site 7 = Ameca, Jalisco.
##LSD = least sign.ificant difference (a = 0.05). ttThe values maximum (Max), minimum (Min) and mean, consider the 135 entries by location
and 134 combined (local check not included).
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Introduction
Inbred lines (F:=1.0) are used for the production of commercial maize single cross hybrids (SCH). Low grain
yield of inbred lines caused by inbreeding depression increases the price of seed and, thereby, limits the use
of SCH by most farmers in developing countries. One way to address this problem is through the use of
partly inbred lines (0.0<F<1.0) selected for their combining ability and uniformity. Stangland and Russell
(1981) reported no differences between S2XS2 and S7XS7 SCH. The S2X-S2 hybrids were more uniform than
double cross hybrids and compared favorably to modified sll1gle and three-way crosses. Theoretically, the
genetic correlation (rG) of single crosses from S:3lines and their inbred line counterparts is fairly high (r=0.94).
The amount of increase in expected rG diminishes with additional selling; therefore, increases in rG are small
beyond the S:3 generation (Bernardo 1991). Furthermore, the differences between the genetic variances of
hybrids from S:3lines and inbred lines are small (Souza Jr. 1992). The performance of selected single crosses
from S:3lines would be similar to single crosses from inbred lines. However, the main difficulty in SCH
production from partly inbred lines .is the maintenance of genetic integrity due to the variability within
themselves (Carlone and Russell 1988; 1989). This research studied the feasibility of producing SCH using S:3
liJ1es.

Methods
Eight original S:3lines from BR-I05 and 10 from BR-I06, two heterotic maize populations (selected for
combining ability and uniformity), and their counterparts (maintained by sib-mating and mild selection
for five generations), were evaluated. Seventy-five plants per line were used to maintain the lines. The
original S:3lines, maintained lines, and their crosses with testers from different heterotic groups, were
evaluated in four environments during 1999-2000. The S:3lines were genotyped with amplified fragment
length polymorphism (AFLP) molecular markers to estimate the genetic siJn.ilarity (GS) between them
and their counterparts.

Results
Only two out of the twelve traits evaluated in the evaluation of lines per se showed significant changes
from the original lines to the maintained counterparts. The genetic siJn.ilarity (GS) estimates were high
and the upper boundary of the confidence interval for most of the lines reached the limit value (1.0)
(Table 1). The maintenance of the S:3lines was effective and, thus, the genetic integrity of the lines was
maintained. Therefore, it may be feasible to use partly inbred S:3lines for the commercial production of
maize single crosses.

Conclusions
The S:3lines, after five generations of maintenance by a sib-mating system and mild selection within lines,
did not change in performance of the lines per se and in testcrosses with testers of broad and narrow
genetic bases. The genetic integrity of the S:3lines has been maintained by five multiplication generations;
consequently, the production of commercial single crosses from S:3lines could be feasible. The use of S:3
lines in a maize breeding program is cheaper than inbred lines because of reduced time and lower costs.
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For limited-resourced farmers in tropical areas, where the uniformity of a single cross is not so important
(Borrero et al. 1992), the best alternative could be the production of this type of highly productive hybrid.
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Table 1. Number of significant changes between means obsetved in field evaluation for twelve traits
pooled across four locations, and genetic similarity (GS) from AFLP data, for original and maintained
53 lines.
Original vs.
maintained 53 lines

Significant changes Jaccard's genetic similarity
53 per se Testcrosses GS Lower Upper

01-4B
05-2A
17-1A
18-6A
19-1B
23-2B
33-5B
34-2B

03-5B
06-3A
08-1A
08-2A
14-4B
24-7B
28-1A
29-7B
37-5B
44-1B

o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
2

o

------------------------ BR-105 Population ------------------------
o 0.84 0.74
o 0.85 0.76
o 0.96 0.90
o 0.95 0.88
o 0.92 0.84
o 0.96 0.89
o 0.96 0.89
o 0.96 0.90

----------------------- BR-106 Population -----------------------
o 0.90 0.82
o 0.91 0.82
o 0.96 0.91
o 0.98 0.94
o 0.92 0.84
o 0.96 0.91
o 0.87 0.77
o 0.94 0.86
o 0.86 0.77
o 0.93 0.85
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0.94
0.94
1.00
1.00
1.00
1.00
1.00
1.00

0.98
0.98
1.00
1.00
1.00
1.00
0.96
1.00
0.94
1.00
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Use of Combining Ability of Tropical Inbred Lines and Single Cross Estimates as Tools to Identify
Superior Parents for Three-Way Cross Maize Hybrids
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Introduction
The selection of superior parents is one of the most important steps in a well-organized maize hybrid
breeding program. This selection criteria will lead the way to achieving consistent progress in yield and
agronomic traits. Most developing countries in Latin America and Africa still use three-way or double
cross hybrids. Therefore, it is very important to develop the proper germplasm adapted to maize growing
conditions. A three-way cross hybrid should meet three important conditions: (1) yield potential and
standability in farmers' fields, (2) good seed yield and standability of the single cross female in seed
production fields, and (3) good plant height, pollen shedding, and standability of the male parent and
ability to compete with the single cross female (Cordova and Trifunovic 2001). The use of combining
ability estimates for selection of outstanding progenitors is a very common practice in any hybrid
breeding program. Nevertheless, the general combining ability (GCA) estimates are very seldom used for
identifying single crosses with potential for use in three-way cross hybrid combination. The objectives of
this study were to estimate the GCA and CE effect, to identify superior single crosses and inbred line
progenitors, and to evaluate the yield potential and agronomic responses of three-way cross hybrids.

Methods
Five single crosses from heterotic group A*B were crossed to five inbred lines initially selected for their
general combining ability; lines involved in the single crosses were used as female parents and crossed in
NC mating Design II. The 25 three-way crosses, 12 single crosses, 24 three-way cross hybrids, and 3
checks were tested in alpha lattice 5 x 13 with 2 replications in each of 7 locations in Mexico, Guatemala,
lndia, and Colombia. The general and specific combining ability (SCA) estimates were performed under
the Design II model proposed by Kemthorne.

Results
The ANY A for yield showed significant difference for location entries and the G x E interaction (location
x entries). The Design II model detected significant statistical differences for GCA of single crosses
(female) and (male) and significant differences for SCA. Among the single crosses used as females, CML
448 x CML-449 was identified as the cross with the highest and significant GCA value (0.317). This value
was three times the standard error for single crosses. Two lines, CL-RCW40 and CL-RCW37, showed the
highest GCA estimates for males (Table 1). The superior three-way cross hybrids yielded up to 9 ton/ha
across locations, representing 28 % more yield than the best local seed industry check (Table 2).

Conclusions
CML-448 x CML-449 scored the highest and significant GCA estimates for yield (three times the standard
error for GCA), and was identified as the most competitive single cross for future three-way cross hybrid
formation. The combined ability analysis identified inbred progenitors CL-RCW40 and CL-RCW37 as the
best males for three-way cross hybrid formation. The new three-way cross hybrid showed a maximum
yield (13.3 ton/ha) in Comayagua, Honduras (data not shown).
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Table 1. Combining ability for yield of maize lines and single crosses in 5 locations.
L6 L7 L8 L9 LtO Mean GCA

CSl
CS2
CS3
CS4
CS5

Mean
GCA

8.17 7.57 7.72 8.47 6.57 7.70
7.63 7.29 7.52 7.44 6.29 7.23
7.57 7.19 7.52 7.23 7.59 7.42
6.47 7.45 6.72 7.32 6.98 6.99
8.24 6.08 7.94 7.82 7.80 7.57

7.62 7.12 7.48 7.66 7.05
0.232* -0.269 0.100 0.274* -0.338

0.317*
-0.150
0.039

-0.396*
0.191

Error St CS = 0.140; Error St lines = 0.137.

Females (single crosses)
C Sl CML448 x CML449
C S2 CML449 x CML447
C S3 CML449 x CL-RCWOl
C S4 CL-RCWOl x CML447
C 55 CML264 x CML269

Males (lines)
L6 CL-RCW40
L7 CL-RCW41
L8 CL-RCW38
L9 CL-RCW37
UO CL-RCW39

Table 2. Tropical white three-way cross maize hybrids across 5 locations, 2002.

Yield %best ER FF EH/ EA RL BM Rust
Pedigree (Mglha) checko (%) (days) PH (1-5) (%) (%) (1-5)
(CML269 x CL-02181) x CL-RCW42 8.71 128 2.7 55 0.54 2.4 11.6 4.3 3.0

(CML448 x CML449) x CLRCW36 8.71 128 4.0 54 0.53 2.3 4.5 2.9 2.5

(CML448 x CML449) x CL-RCW37 8.46 125 2.3 52 0.52 2.4 7.4 9.0 3.0

(CML269 x CL-02181) x CL-RCW43 8.44 124 4.6 54 0.54 2.7 4.4 5.9 3.0

(CML264 x CML269) x CL-RCW40 8.23 122 2.9 52 0.50 2.5 12.4 2.3 2.4

(CML448 x CML449) x CL-RCW44 8.30 115 4.2 52 0.51 2.5 7.9 4.5 2.5

CML448 x CML449 7.57 111 4.5 52 0.48 2.5 7.8 8.4 2.9

CML247 x CML254 RE 7.36 108 1.7 54 0.57 2.5 9.8 10.2 3.0

(CML247 x CML254) x Rl 7.23 106 4.6 52 0.50 2.9 20.7 22.9 2.7

Local check # 1 6.83 100 7.3 53 0.52 2.8 15.7 10.9 3.8

Mean 7.60 5.7 53 0.52 2.8 12.4 10.1 2.9

DMS5% 0.75 3.6 0.8 0.0 0.3 10.6

CV (%) 10.56 7.2 1.7 7.8 13.8 8.3 66.9 17.8

ER = ear rot, FF = female flowering, EH/PH = ear height/ plant height, EA = ear aspect, RL = root lodging, BM =

bipolaris maydis.
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Introduction
Mexico has the potential to produce some 270,000 hectares of quality protein maize (Espinosa el al. 2003).
Since 1998, a significant number of researchers from the National Research Institute of Forestry,
Agriculture, and Livestock (INIFAP) have been working with CIMMYT researchers to obtain some
quality protein maize (QPM) varieties and hybrids. As a result of this effort, some high-yielding materials
with good agronomic characteristics have been developed. However, it has proven difficult to convince
farmers to use the new materials. In 1999, INIFAP released 26 hybrids and varieties, but only a few of
these are used. One Significant problem is that the national seed producing company, PRONASE, is
bankrupt (Espinosa el al. 2002). One means to increase the seed adoption rate of QPM hybrids is to use
andro-sterility. INIFAP researchers have been working for many years with the progenitors of the
hybrids of normal quality. Three new hybrids with the andro-sterile scheme have been released recently
(Tadeo et al. 1999; Tadeo et al. 2001) and mixed (H-48, H-50, H-153). It is necessary to have a complete
andro-sterile scheme (Partas 1997) and work is currently under way to achieve this, as well as to identify
and develop inbred lines that have fertility-restoring capaCity (Espinosa et al. 2003). In the case of QPM
hybrids, work began in 1999 through the introduction of andro-sterility to the basic lines, and by trying to
identify restoring lines. Progress has been achieved and now the program has second and third inbreds
towards developing quality protein in elite lines. Restoring lines have also been identified and these are
used as restoring donors to the QPM lines.

Methods
In 1999-2000 (autumn-winter cycle), incorporation of andro-sterility to QPM materiales commenced.
Initial work was done at the Iguala Research Station, using andro-sterility donor sources from UNAM
(Tadeo 1997; Tadeo et al. 1999; Tadeo et al. 2001). In 2001 (spring-summer cycle), tests were performed at
19uala, Rio Bravo, Valle de Apatzingan, Centro de Chiapas, and Valle de Mexico research stations. These
resulted in the first inbreds towards QPM materials with andro-sterility. In 2002 (spring-summer cycle),
the second inbreds towards developing QPM were obtained. Several combinations with promising
restoring materials were tested. From these, three materials were identified that restored 100% fertility.
These restoring materials were then combined with lines at the second inbred level towards producing
QPM/andro-sterility, to verify their fertility-restoring capaCity during 2003 (spring-summer cycle). At the
Valle de Mexico research station, the restoring lines were crossed with lines used as male parents in
normal maize hybrids (H-48, H-50, H-153, H-33) and in QPM hybrids (H-553 C, H-519 C, H-441 C, H-442
C, H-367 C, H-363 C, etc). The lines used were CML176, CML186, CML144, CML141, CML159, CML173,
CML165, and CLQ6203.

Results
Second and third andro-sterile inbreds towards the QPM source were obtained from the elite lines used
in hybrids released by INIFAP/CIMMYT. At least three materials with fertility-restoring capacity were
identified and this was confirmed in 2002 (spring-summer cycle). New crosses are available to confirm
the restoring capacity for the third cycle. Crosses are also available from the fertility restoring materials
with male lines, and these will be advanced towards a second inbred towards prodUCing QPM material in
2003.
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Conclusions
If fertility-restoring materials can be identified, andro-sterility in QPM could be used in the complete
scheme. AndIo-sterile versions of basic QPM lines are currently available, such as CML141, CML144,
CML150, CML176, CLQ6203, CML159, and CML165. In the next several cycles, QPM lines with fertility
restoring capacity will be available. One could expect that the andIo-sterility scheme will serve to engage
the interest of seed companies in QPM materials and, thereby, facilitate the availability of this type of
maize hybrid to the wider community.
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Introduction
Sweetcom is one of the most popular vegetables in the USA, Europe and other advanced countries of the
world and its consumption is growing in Eastern Asia (Tracy 1994). The ears are picked at an early green
stage, and used for caIU1ing or fresh consumption. Approximately 40% of sugar com is frozen and the
rest is caImed after processing. In India, it is gaining importance, particularly in quality hotels in urban
areas for the preparation of special soups, jams, cream pastries and other delicacies. Sweetcom differs
from dent com by one recessive gene, Su, on the 4th chromosome which prevents the conversion of some
of the sugars into starch. (Kempton 1928; Linderstrom 1929; Smith 1955). The variety Madhuri was the
first sweetcorn variety released in India by the Agricultural Research Station (Maize) in Amberpet,
Hyderabad in 1990. This variety has become popular in Andhra Pradesh and in many other states of
India. It contains about 9% total sugar on a dried-seed basis, while up to 33% on a milky- or fresh-grain
basis, along with 16% fat and 15% protein. Improvement of sweetcorn yields while retaining quality is
one of the major challenges faced by the sweetcorn breeders (Hunsperger and Davis 1987).

Methods
This study was conducted at College Farm, College of Agriculture, Rajendranagar during the rainy
season of 2001 using 121 inbred sweetcorn lines collected from Agricultural Research Station (Maize),
Amberpet, Hyderabad. The experiment was laid out in simple lattice design with three replications.
Seeds were sown on ridges and furrows with a spacing of 20 em between plants and 75 em between rows.
Each genotype was grown in a Single row, 5 m in length. The application of fertilizers and other
agronomic practices were carried out as per normal recommendations. Five competitive plants were
selected at random in each entry for recording of the following observations: plant height (cm), ear height
(em), ear girth (cm), 100-grain weight (g), number of seed rows per ear and number of seeds per row.
Data relating to days to 50% tasselling, days to 50% silking, days to 50% maturity and grain yield (kg)
were recorded on a whole plot basis. In every treatment five plants were allowed for selfing by controlled
pollination for the purpose of studying the quality characters viz., sugar percent and protein percent. The
procedure described by Dubios et al. (1956) was followed for estimation of total sugar in the grain.
Protein percent in the grain was determined by multiplying the total nitrogen content of the grain
(estimated by Kjeldahl's method) by a factor 6.25. The genotypiC correlations were calculated by
employing variance and co-variances as suggested by Johnson et al. (1955). Path coefficients were
calculated as per Dewey and Lu (1959).

Results
Genotypic correlations indicated inherent associations between various characteristics studied (Table 1).
Grain yield per plot was positively correlated with 100-seed weight (0.47), followed by protein percent
(0.45), ear length (0.39) and the number of seeds per row (0.22). Path coefficient analysis revealed a large
positive direct effect on days to 50% tasselling (0.59), protein percent (0.44), 100-seed weight (0.41),
followed by ear length, number of seed rows per cob and number of seeds per row on grain yield.
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Conclusions
Based on this study, desired genotypes should be individually selected for higher values of l00-seed
weight, protein percent and ear length with moderate levels of sugar percent and early maturity, in order
to improve the grain yield in sweetcorn, before initiating elite line selection and establishing a heterosis
breeding program.

References
Dewey, D.R., and K.H. Lu. 1959. Agronomy Journal 51:515-518.
Dubios, M. et a1. 1956. Analytical Chemistry 200:350-356.
Hunsperger, M.H., and D.W. Davis. 1987. Crop Science 27:1173-1176.
Johnson, H.W. et a1. 1955. Agronomy Journal 47: 477-483.
Kempton. 1928. Journal of Heredity. 17:35.
Linderstrom, E.W. 1929. American Nature 63:317-327.
Smith, C.M. 1955. Sweetcom: Com and Com lmprovement. Academic Press: New York.
Tracy, W.F. 1994. Sweetcom. In A. Hallaucer (ed.) SpeCialty Corns. CRC Press: London. Pp.148-187.

Table 1. Correlation coefficients between yield and agronomic characteristics and direct effects of path
coefficient analysis on agronomic characteristics.

Characteristics
Days to 50% tasselling
Days to 50% silking
Days to 50% maturity
Plant height (em)
Ear height (em)
Ear length (em)
Ear girth (em)
100-seed weight (g)
Number of seeds per row
Number of seed rows per
cob
Sugar %
Protein %
* Significant at 5% level
** Significant at 1 % level

Correlation coefficients of
characteristics on grain yield per plot

-0.11
0.09

-0.20
0.10

- 0.08
0.39**
0.17
0.47**
0.22*
0.14

- 0.37**
0.45**
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Direct effects of path
coefficient analysis

0.59
- 0.42
- 0.19
- 0.20

0.04
0.30

- 0.07
0.40
0.01
0.07

- 0.36
0.44
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Introduction
The effectiveness of a product evaluation system largely depends on the genetic correlation between
multi-environment trials (MET) and the target population of environments (TPE) (Comstock 1977).
Previous classifications of maize environments relied mainly on climatic and soil data (e.g., Pollak and
Corbett 1993; Runge 1968). While useful to describe environmental variables affecting crop productivity,
these efforts did not quantify the impacl of these variables on the genetic correlations among testing sites.
Consequently, plant breeders have more extensively used classifications of environments based on
similarity of product discrimina tion in prod uct evaluation trials (e.g., Cooper et al. 1993). However, these
efforts frequently fail to provide a long-term assessment of the TPE, mainly due to the cost and
impracticality of collecting empirical performance data for long-term studies. Using a crop simulation
model, Chapman et al. (2000) integrated soils and long-term weather data to classify highly variable
sorghum environments in Australia. For a subset of six testing locations, they found that three drought
stress environment types had a consistent relationship with simulated yield. The purpose of this study
was to investigate the applicability of this approach to the characterization of the milder US maize
environments.

Methods
To describe the TPE, we performed crop simulations for each township in the US com-belt for the 1952
2002 period using a modified Maize CERES model and standard model inputs (Ritchie 1986).
Precipitation and temperature data from all reporting weather stations for the period of interest were
provided by the National Oceanic And Atmospheric Administration (NOAA). Solar radiation was
estimated using Bristow and Campbell's (1984) procedure. Data were pre-processed using a Geographic
Information System (GIS, in this case MapInfo) so that for each township, model inputs were identified
and geo-referenced. METs were classified using a similar procedure, except that model input data were
collected at or near the trial sites. Data on biotic stresses were collected at these sites to supplement the
simulated data. Experimental data for validation were collected from 17 maize hybrids planted in 2-row,
five m rows in a Randomized Complete Block (RCB) design with 2-4 replicates per site in 57, 66, and 77
sites, respectively, in 2000,2001, and 2002. Standard data collection protocols used for product
advancement trials were applied to this experiment, and grain yield data and com borer infestation
scores were used for our analyses. Statistical analysis was performed using ASREML for the computation
of variance components and Pioneer proprietary software for the generation of GGE biplots.

Results
Based on the prevailing conditions during key simulated growth stages and known patterns of hybrid
by-environment interaction, environments were classified as temperate, temperate humid, temperate
dry, high latitude, and subtropical. For each of the five environments, modifying biotic conditions were
evaluated, and com borer was identified as having a Significant effect. Temperate environments
historically occurred in over half of the total maize hectares (Fig. 1), but relative frequencies of each
environment varied greatly from year to year (Figs. 1 and 2). Stratification of grain yield data by
environment class accounted for 39% of the hybrid X location variance component measured in our data
set.
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Conclusions
Our environmental classiIication system provided a useful description of both the TPE and MET
environments. It explained a significant portion of the repeatable hybrid-by-environment interactions for
grain yield observed in field trials over a three-year period, thus it could help improve product
performance predictability.

References
Bristow, K.L. and GS. Campbell. 1984. Agricultural and Forest Meteorology (31): 159-166.
Chapman, S.C, M. Cooper, G. Hammer, and D. Butler. 2000. Ausl. J. Agric. Res, 50:209-222
Comstock, R.E. 1977. Proceedings of the lntemational Conference on Quantitative Genetics, August 16-

21, 1976. Ames, USA: Iowa State University Press. Pp. 705-18.
Cooper, M., D.E. Byth, and I.H. DeLacy. 1993. Field Crops Res. 35:63-74.
Pollak, L.M., and J.D. Corbett. 1993. Agron. J. 85:1133-1139.
Ritchie, J.T. 1986. In CA. Jones and J.R. Kiniry (eds.), College Station, TX; Texas A&M Univ. Press. Pp 1-6.
Runge, E.CA. 1968. Agron. J. 60:503-507.

100

90

80

70

~ 60

c:
50QJ

~
40QJ

Q.
30

20

10

0

Temperate Temperate Dry Temperate
Humid

High Latitude SUbtropical

Environmental

Figure 1. Frequency in percent of total hectares of CRM 108 maize environments in the USA for 1952
2002, compared to frequencies in 2002.

(19~2 . 2002;
<:Ri"[ lOB

T..m[W'r"",.. \I'u~"Itl',
P"'c."tN<lt."O,,m'''ontEC

Ill:S 2~t>oO)O (222')
;:;:; ,1,,7:6 (0001)
.. O($I.bl_) (2U:')

T'lIf11pt>l~.DI>,\I=-hll)'ll.Y

P.t""ntN,,1 in 0""""4"'£:C

::::. ~,,"cKI (,011
.... 'loU (1:31)

o (S"~I.) (tt.2"3)

'~'f>.,....... H...lII<JV.rIIlll"'",
P.,.... "tH". ", Dominol'1EC

• 2~h:lO (111;10)

• '\02:5 enO)
... o (:lol.l".) (I)

ttlQh .... ..u\\II.l. V'tIIlQDllky
,..'c.nlNol ... 0".....' ... roIIIlC

R:R 26'..~ ("'104)

o ~ :;,~~,.) r.=~
SuI>l·Of,k ..IVfWl ••hllty
P,,~.,,'N.I ,.. OO"',....I\1~(

I ~::~ ~;;:~
~~ O('iw~l.l (1f411

Figure 2. Variability of dominant CRM 108 maize environments in the USA.

243



Hallauer Symposium, Book of Abstracts

Genotype-by-Environment Interaction in the Characterization of Rainfed Areas for Wheat in Mexico

J.E. Rodriguez Perez1, J. SahagUn Castellanos\ H.E. Villasenor Mir2, J.D. Molina Gahin3, and A. Martinez
Garza3

ICrop Science Department, Universidad Aut6noma Chapingo, Chapingo, Mexico, email:
jerodrig@taurus1.chapingo.mx
2Wheat Program, Instituto Nacional de Investigaciones Forestales y Agropecuarias, Chapingo, Mexico
3IREGEP and ISEt respectively, Colegio de Postgraduados, Montecillo, Mexico

Introduction
Wheat production in rainfed areas of Mexico exhibits great variation between different sites and years. It
is necessary to characterize the variations to provide information for broad areas and to define zones that
demand particular breeding programs. These approaches define breeding strategies for evaluation and
selection of genotypes (SahagUn 1992), and demand genotypic evaluations under different conditions to
estimate yield potential and genotypic stability (Crossa 1990).

Methods
The grain yield data from 50 experiments of seven wheat varieties between 1988 to 1996 in 24 states of
Mexico were analyzed. Four multivariate analyses were performed and compared: cluster UPMGA
without data transformation (CA), the method proposed by Fox and Rosielle (1982) (FR), additive main
effects and multiplicative interactions (AMMI), and SREG.

Results
Environments accounted for the greatest variation (93.7%), of the total sum of squares for genotypes,
environments, and genotype-by-environment interaction (GxE). The CA analysis discerned five groups of
sites showing similar yield to fuse. The FR, AMMI, and SREG methods, based on GxE analysis, gave
similar results and identified three groups, although SREG allowed the easiest interpretation. 57% of the
first two principal components could be explained, which is insuffident. In the SREG biplot (Fig. 1),
Temporalera, Verano, and Zacatecas varieties were distant from the origin, with high GxE effects, which
is why they were used to characterize the environments (Yan et a1. 2(00). The varieties with the highest
yields (Batan, Romoga, and Temporalera), are in a sector together, and show positive GxE effects in
environments with high rainfall and long growing seasons. In a second sector, Zacatecas and Galvez,
early varieties showed positive GxE effects in sites with drought, short growing seasons, and low yield
(less than 2800 kg/ha). The positive GxE effects of Verano and Pav6n were associated with intermediate
yield (less than 4400 kg/ha). The combination of both principal environmental effects and GxE effects,
suggests the presence of high variability in response across years, caused probably because the methods
used do not take into account the factor of variation (SahagUn 1992). Batan showed the highest yield with
lowest GxE effects, and is thus a stable variety. By contrast, Temporalera performed well in 50% of the
evaluations when it had high GxE effects in favorable and regular sites. Both performance types, like
Batan or Temporalera, could be desirable. This implies that the genotype principal effect (mean of the
variety), and the GxE effects are important selection criteria for wheat. There were no sites with high
principal component 1 values ("repeatable" GxE effects) and low values in the second component (no
"repeatable" GxE or "noise") in which it is possible to identify stable and productive genotypes (Yan et
al. 2000). However, in sites close to these conditions, Batan showed high performance.

Conclusions
The rainfed wheat production areas of Mexico can be classified into those with low (less than 3000
kg/ha), intermediate (3000 to 4500 kg/ha), and high (more than 4500 kg/ha) yields. It is possible to
define characteristics for breeding strategies according to this classification. The results suggest that
selection of wheat varieties for rainfed areas in a high number of sites is the best strategy.
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Introduction
Frequently, it is necessary to subdivide a growing region into several relatively homogeneous mega
environments where germplasm will perform similarly. Mega-environments (ME) are defined by factors
such as rainfall, highlands, lowlands, irrigated, or dry land. Identifying MEs is rendered difficult due to
the fact that over the years plant breeders change genotypes and locations due to poor performance of
certain genotypes and lack of resources in other locations. These changes result in imbalances or
incomplete designs that are difficult to analyze. DeLacy et a1. (1994)/ using multivariate techniques,
analyzed data from CIMMYT's International Spring Wheat Yield Nursery (ISWYN) from 184 locations.
The methodology proved useful in grouping 184 sites into 6 ISWYN MEs. The objective of this study was
to revise maize growing environments in the SADC region based on three years (1999-2001) of regional
maize yield trials data and Geographical Information Systems (GIS) parameters.

Methods
Regional maize yield trials were conducted over 3 years (1999-2001) and 94 maize testing sites in the
SADC region. The GIS data were based on long-term averages of rainfall, temperature, and soil
characteristics from the Food and Agriculture Organization (FAO) soils maps (Hodson et a1. 1999). 290
well-adapted genotypes from CIMMYT, national agricultural research programs, and private seed
companies were used in the regional trials. Four different types of trials were carried out based on
maturity and four separate management schemes. The analysis of data was implemented using the
SEQRET package Version 1.1 (DeLacy et a1. 1998). Analysis parameters employed in the clustering
strategy were incremental sum of squares (ISS) algorithm (Ward 1963)/ weighted averages and standard
error of difference (SED). The adequacy of the model was calculated from the R2 statistic (DeLacy et al.
1996) which is a measure of the effectiveness of the model. After identifying the clusters with the SEQRET
package, GIS parameters and trial management information were allocated to different sites in different
clusters and a t-test revealed which parameters differed significantly among clusters. The entire SADC
region was then mapped and classified using different combinations of the following levels for these GIS
parameters: maximum temperature: <24°C, 24-27°C, 27-30°C and >30°C; seasonal precipitation: < 700
mm, >700 mm; sub soil pH (water): <5.7, >5.7.

Results
Cluster analysis grouped the 94 maize testing sites into seven major environments based on yield data
(Fig. 1). The classification of the sites yielded an R2 of 70. The seven major environments differed in the
GIS parameters such as rainfall, maximum temperature, soil pH, and soil nitrogen (Table 1). The GIS
parameters divided the SADC region into 16 possible combinations. The 16 possible combinations were
mapped into seven zones equivalent to those identified by cluster analysis (Fig. 1, Table 2). An eighth
zone (Zone H) was added for the coolest zone «24°C) which was not represented by maize trial sites
(Table 2). The percentage area of each zone in each country was then calculated.

Conclusions
This analysis differentiated between maize growing environments in the SADC region, leading to
different rankings of maize germplasm. The results provide a basis for choosing key benchmark sites in
each mega-environment for future evaluation and release of maize germplasm across the SADC. The
environmental classification provides a rationale for national agricultural research programs and regional
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breeding programs to move towards maize breeding programs lhat are more resource and time effIcient
in developing and delivering improved maize varieties to farmers in the SADC region.
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Introduction
Discovery of maize mutants in the mid-1960s containing the opaque-2 (02) gene (Mertz et al. 1964), which
enhances levels of lysine and tryptophan in endosperm protein, opened a completely new area in maize
breeding. Despite a general flagging of interest in 02 maize because of deleterious traits (Vasal 1993),
ClMMYT scientists conducted two decades of work to incorporate modifier genes that remedied most
drawbacks. The result, 33 tropical and 22 subtropical quality protein maize (QPM) lines, has recently
captured attention in the developing world for its potential to improve the nutrition and livelihoods of
the poor who grow and consume maize, and for the outstanding yields of newer QPM hybrids (C6rdova
et al. 2000). The objectives of this study were to estimate general combining abilities (GCA) between the
best white tropical QPM lines, to see their strengths, disadvantages, and indicate lines for continued
work.

Methods
Six tropical QPM lines were used in this study. Three of them (CML146, CML150, and CML159) belong to
the CIMMYT heterotic group (HG) " A" (dent type). The other three lines (CML142, CML144, and CLQ
6203) are flint type (i.e., HG "B"). The head-to-head analysis of inbred lines (Trifunovic et al. 2003) was
used for pairwise comparisons between the lines from the same heterotic group. For these analyses the
data from ClMMYT tropical QPM trials grown between 1999 and 2002 were used. The head-to-head
analysis of inbred lines compares the lines (usually two, but can be more) in crosses with the same or
other lines or other genotypes, such as hybrids. The requirements are that the crosses are grown in the
same experiment. One comparison of lines in crosses with the same or other parent in one experiment is
considered to be one data point. The higher number of data points, the higher the confidence in the
results obtained.

Results
Head-to-head analyses between dent lines (Table 1) were based on 125-312 data points. These
comparisons showed that CML150 had better combining abilities for grain yield than CML159, and made
hybrids with shorter plants and ear position than the other two lines. CML146 had better root strength,
less incidence of bad husk cover, and less moisture at harvest than CML150 and CML159. Comparisons
between flint lines (Table 2) were based on 21-319 data points. CLQ-6203 had better combining abilities
for grain yield than CML144, made shorter plants with shorter ear position, but had higher incidences of
bad husk cover than the other two lines. CML142 showed better grain yield than CLQ-6203 in crosses
with the same lines, while CML144 had low incidence of bad husk cover as an advantage over the other
two lines.

Conclusions
Based on these comparisons, inbred lines CML150 and CLQ-6203 are used as first testers in tropical white
QPM breeding programs, while all studied tester lines will be improved through pedigree selection using
an appropriate donor(s) for traits for which the lines are lacking favorable alleles. Applied method (head
to-head analysis of inbred lines) enabled simultaneous examination of data from different years and
experiments, and can easily be incorporated into any breeding program.
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Table 1. Head-to-head comparisons between CML150/ CML146/ and CML159 for 12 different traits.
CML CML Diff- CML CML Diff- CML CML Diff-
150 146 erence 150 159 erence 146 159 erence

Yield (Mg ha·1) 5.399 5.502 -0.103 5.957 5.627 0.330** 6.241 6.338 -0.097
Endosperm
hardness 2.60 2.66 -0.06 2.36 2.03 0.33** 2.57 2.31 0.26**
Ear rot (%) 11.46 11.26 0.20 11.73 12.47 -0.74 8.15 9.55 -1.40
Root lodging (%) 20.8 16.0 4.84** 51.0 53.9 -2.94 14.7 21.7 -7.00*
Stalk lodging (%) 10.3 11.5 -1.17 1.7 2.4 -0.74 5.0 4.8 0.13
Male flowering 59 60 -0.24 55 56 -1.33** 62 62 -0.15
Female flowering 58 59 -0.71** 55 57 -1.49** 62 62 0.03
Plant height (em) 217 227 -10.5** 232 237 -5.0** 224 224 0.0
Ear height (em) 109 111 -3.0** 114 119 -5.0** 108 109 -0.7
Ear aspect (1-5) 3.43 3.36 0.07 3.16 3.19 -0.03 3.29 3.29 0.00
Plant aspect (1-5) 3.16 3.04 0.11** 3.10 3.14 -0.04 3.04 3.07 -0.03
Grain moisture (g
kg·1) 17.9 16.7 1.12** 19.5 18.8 0.69** 17.3 18.2 -0.92*
Bad husk cover
(%) 12.1 8.1 3.98** 7.9 11.1 -3.22** 5.8 14.5 -8.68*
*, ** Significant at the 0.05 and 0.01 probability levels, respectively (based on t test)

Table 2. Head-to-head comparisons between CML142/ CMLl44/ and CLQ-6203 for 12 different traits.
CML CML Differ- CML CLQ- Differ- CML CLQ- Differ-
142 144 ence 142 6203 ence 144 6203 ence

Yield (Mg ha·1) 5.620 5.690 -0.070 5.908 5.511 0.397** 5.464 5.803 -0.339**
Endosperm hardness 1.92 1.81 0.11 2.05 2.00 0.05 1.98 1.94 0.03
Ear rot (%) 8.58 7.08 1.50 8.35 7.43 0.91 7.17 7.16 0.01
Root lodging (%) 46.4 33.0 13.38 25.5 19.7 5.75** 21.8 22.6 -0.73
Stalk lodging (%) 11.5 16.4 -4.92 10.8 14.2 -3.40** 4.7 3.7 1.00**
Male flowering 55 55 -0.01 59 59 0.00 56 56 0.46**
Female flowering 55 55 0.17 58 58 0.21* 57 56 0.52**
Plant height (em) 237 232 5.0 233 218 14.6** 232 225 7.3**
Ear height (em) 123 120 3.3 127 109 18.1** 118 112 6.4**
Ear aspect (1-5) 2.79 2.80 -0.01 2.98 3.06 -0.08 2.88 2.83 0.05
Plant aspect (1-5) 3.25 3.37 -0.12 3.21 3.00 0.21** 3.20 3.16 0.04
Grain moisture (g kg·1) 18.4 18.4 -0.05 17.7 17.5 0.17 18.8 18.7 0.08
Bad husk cover (%) 5.8 2.5 3.30** 6.1 10.3 -4.21** 4.6 12.2 -7.61**

*, ** Significant at the 0.05 and 0.01 prObability levels, respectively (based on t test)

249



Hallauer Symposium, Book of Abstracts

Subtropical x Tropical Maize Hybrids: A Technological Option for the Colombian Coffee Growing
Area

Henry Vanegas A.1, Carlos De Le6n2, Luis Narro L.2 and Argemiro Moreno B.3

1 FENALCE. Regional Palmira, Valle (Colombia). Tel: (57-2)2755477, 2 CIMMYT. AA 6713 CIAT. Cali.
Tel: (57-2)4450025, 3CENICAFE Chinchina, Caldas, (Colombia).

Introduction
The Colombian coffee growing region lies between 1,200 and t800 mast with volcanic soils high in
organic matter, high rainfall (t7oo to 2,100 mm/year), and cool nights (12-14 C). These are high (> 10
ljha) yield potential environments for maize, making this maize a viable alternative either for
intercropping with coffee ratoons or as a monocrop (Vanegas y Polania, 2002). But maize genotypes better
adapted to this environment are required. One approach is to select and utilize the subtropical x tropical
genotypes generated by CIMMYr.

Materials and Method
Six trials of subtropical x tropical maize entries from CIMMYr were grown at four locations in the
Colombian coffee growing area, two CENICAFE's research stations (La Catalina, Depto. Risaralda and
Paraguaicito, Depto. Quindio). Trials were jointly evaluated by FENALCE, FEDERACAFE and CIMMYT
during the 2002A (Apr-Aug), and B (Oct-Feb) planting seasons. Entries were identified as "Exptl
Hybrids" (HE).

Results
Table 1 describes the results of the combined analysis for grain yield (tjha) for the four different
environments (two seasons x two locations). Figures 1 and 2 describe the performance of the five highest
yielding white and yellow endosperm entries selected across locations and planting seasons, respectively.
These findings have led to validation and registration procedures being started by the Instituto
Colombiano Agropecuario (lCA) for the superior varieties from the triat a prerequisite for their official
release and distribution.
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Table 1. Combined analysis of grain yield in subtropical x tropical white endosperm single cross
planted at 4 locations in coffee growing areas. Colombia 2002 A B.
#M~$, iUhW.,h}Wn:' trtrlit;mi'MU#iM.:iMI.'i.tW!#XMtt::tiill:

ZC02A31S ZC02AJ16 ZC02BJlS ZC01BJ16 Aa"ou of lAc

1 EH 1 11.20 9.87 4.62 8.63 8.72

2 EH 2 11.67 6.85 8 11 6.63 8.58
11 EH 11 14.64 8.37 6.41 7 17 9.64
12 EH 12 10.84 8.22 10.47 739 9.23
14 EH 14 2.81 5.16 6.32 6.65 4.49
15 EH 15 8.66 6.85 5.45 2.67 5.90
16 EH 16 7.53 5.60 4.96 435 5.50

18 EH 18 11.09 4.35 4.94 5.03 6.57
21 EH 21 11.20 9.69 5.19 8.49 8.81
23 EH 23 9.62 7.52 6.69 5.93 6.81
24 Check 1 (CA V30S1 9.08 6.14 2.88 1.06 3.81
25 Check 2 (Across 7.83 8.77 4.52 2.23 5.81

Mean 9.51 6.88 5.95 5.78 6.99
Max 14.64 9.87 10.47 8.63 9.64

Min 2.81 4.01 2.88 1.06 3.81
LSD (0.005) 3.41 2.33 2.48 3.07 1.91

cv 16.90 15.98 18.67 23.74 19.48
CME 2.58 1.21 2. 58 1.21 3.76
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Figure 1. Selected white endospetm hybrids planted in 4 locations in coffee growing area. Colombia,
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Figure 2. Selected yellow endospetm hybrids planted at four locations in the coffee growing area of
Colombia, 2002A, B.
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Introduction
Modeling has always been of interest to plant breeders as a way of indirectly comparing efficiencies of
different breeding methods. QUCIM is a QU-GENE (Podlich and Cooper 1998) application module
originally designed to model CIMMYT's wheat breeding program (Wang et al. 2003) but which can
model most breeding methods, including mass selection, pure-line breeding, pedigree selection, bulk
population selection, Single-seed descent, back cross breeding, top cross breeding, doubled haploid
breeding, marker-assisted selection, and any combination or modification of these methods.

Experiment Design
CIMMYT's bulk selection method for wheat breeding (Wang et al. 2003) was used to study the effect of
different genetic models on selection. Twelve genotype-by-environment (GxE) systems are built by
stipulating differences in dominance, epistasis, linkage and pleiotropic effects. The genetic effects of yield
genes are sampled from a uniform distribution from 0.0 to 1.0 while the simulation is running. The effects
of other genes for other breeding traits are considered to be additive and fixed. Linkage, dominance and
epistasis are only considered for yield genes. If linkage is absent the yield genes are considered unlinked,
and if linkage is present, the yield genes are supposed to be evenly distributed on a few chromosomes
with a recombination frequency of 0.50 between two neighbouring genes. Three kinds of yield genetic
effects are considered: additive (A) with no dominance and epistasis; additive and dominance (AD) with
no epistasis; and additive and dominance and epistasis (ADE). If epistasis is present (ADE), interaction
effects are considered to be di-genic. Pleiotropy is conSidered for genes controlling traits other than yield.
QUCIM makes 1,000 crosses at the beginning of each cycle and selects 258 advanced lines at the end of a
breeding cycle. It executes the breeding program for 20 cycles and repeats this process 100 times for each
of the 12 GxE systems. The initial population consists of 200 parents and gene frequency is 0.5 for every
gene.

Results
The response to selection for yield is greater in the first six cycles, after which the response slows down,
regardless of the presence of pleiotropy, linkage, dominance or epistasis. In the case of yield (Figs. 1.1a-c),
the presence of pleiotropy can improve the genetic rate at which the population approaches the target
genotype because positive pleiotropic effects on yield exist for traits such as lodging, stem and leaf
resistance, etc., in the specified GxE system. The Hamming distance decreases and both gene frequency
and number of fixed yield genes increase after selection (Figs. 1.2a-c). Some yield genes become fixed
(Figs. l.4a-c) after three cycles of selection, causing an increase in the average gene frequency (Figs. 1.3a
c), and an assodated decrease in genetic variance and genetic gain. After 20 selection cycles about half the
yield genes become fixed in the selected population and the rate of response to selection decreases
considerably. Pleiotropy, linkage, dominance and epistasis seem to have little effect on the number of
crosses retained after one cycle of selection (Figs. 1.Sa-c). Dominance (AD) and di-genic epistasis (ADE) in
this experiment slow yield advance compared to the pure additive genetic model (A) (Figure 1.lb). AD
and ADE resulted in similar genetic response in the adjusted yield, but with differences in Hamming
distance and gene frequency (Figs. l.2b, 1.3b). Under epistasis, the trait performance for an individual
genotype depends on the genetic constitution of all the interactive lod rather than a single locus. Due to
the complexity of interactions between alleles, it becomes less clear which allele at a locus is favourable
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or unfavourable. Hamming distance, in the cuse of epistasis, may no longer be the preferred index for the
distance of genotype or a population to the target genotype; a small change in Hamming distance can
cause a large change in trait performance. Linkage does not have a significant effect on selection response
in the breeding program (Figs. 1.lc-l.5c) where many parents are involved in crossing, because some
parents have genes linked in couphng phase, while other parents may be linked in repulsion phase.

Conclusions
QUCIM provides a flexible way to define a GxE system containing linkage, epistasis, multiple alleles,
pleiotropy, molecular markers, and genotype by environment interaction. Modifying the definition of the
system and selection strategy allows other breeding programs to be simulated with QUClM and selection
methods to be compared for their relative efficiency.
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Heterosis and Combining Ability for Yield and Related Traits in Maize
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Introduction
Amongst cereals in Ethiopia, maize (Zea mays L.) ranks first in terms of total production and grain yield
(CSA 1997). Despite its importance, the national average for maize yield was low (only 1.7 t/ha). This was
attributed to several production constraints, including the lack of improved maize varieties (Abera 1982).
After the release of improved open pollinating and hybrid varieties, the national average yield increased
to 1.93 t/ha. Due to an increasing interest in hybrid maize production, the national maize research
program began various activities related to hybrid development, including the determination of heterotic
patterns and combining ability amongst different maize germplasms, and the identification of the most
desirable crosses for exploiting heterosis. Heterosis receives considerable attention because of its marked
effects on grain yield improvement. The amount of heterosis depends largely upon the genetic
divergence of the parental materials (Hallauer and Miranda 1988).

Methods
The 10 parents comprised eight maize populations and two F2 hybrids. They were crossed in a diallel
mating design at Awassa, Ethiopia, in the 1996 main cropping season. Bulk pollen collected from a
random sample of at least 100 plants was used to pollinate a minimum 100 plants to obtain the seeds for
the crosses, as well as the parents. The parents and their crosses (totalling 55 entries) were planted at
three locations - Awassa, Areka, and Bako - during 1998, following a randomized complete block design
with three replications at each location. The experimental unit consisted of two 5.1 m rows spaced 0.75 m
apart. Data were recorded for days to silking, days to tasseling, days to maturity, ear length (em), ear
diameter (cm), number of kernel rows per ear, number of kernels per row, 1000 seed weight (gm), plant
height (cm), ear height (em), and grain yield (t/ha). Grain yield was calculated using ear weight at
harvest, assuming 80% shelling and adjusted to 12.5% moisture. Analysis of variance was completed for
all data collected using individual plot data. Locations were initially analyzed separately and then in
combined analysis. Griffing's (1956) Model I and Method II analyses were used to obtain estimates of
combining ability among crosses, and general (eCA) and specific (SCA) effects for each parent and their
crosses, respectively. The combined analysis of variance for combining ability and its interaction with
locations was calculated following the procedure suggested by Singh (1973).

Results
Mean squares due to GCA were significant for all traits. SCA was significant for all traits except days to
tasseling and number of rows per ear. Mean squares due to eCA by location interactions were significant
for most of the characteristics except days to tasseling, days to silking, ear length, and number of rows per
ear. SCA by location interactions were non-significant for most of the traits, except for days to maturity,
ear height, 1000 seed weight, and grain yield (Tablel). The estimates of eCA effects in combined analysis
showed that Z78442 and ZM606 were good general combiners for days to tasseling, silking, ear length,
and number of kernels per row. Similarly, the estimates of eCA effects in combined analysis indicated
that PH3253F2 was a good general combiner for ear diameter, 1000 seed weight, and grain yield (Table 2).
The highest grain yield (9.61 t/ha) was obtained from the cross Z78441 x PH3253h Amongst the parents,
the best yield (7.57 t/ha) was recorded by A511-C2. The remaining crosses ranged from 6.73 to 8.99 t/ha.
High parent heterosis for grain yield among the crosses ranged from 3.1 to 42.0% with Z78443 x Z82639
scoring the highest (42%). Vasal et a1. (1992b) found that high parent heterosis ranged from -16.7 to
10.2%. Many of the crosses showed negative heterosis over high parents for days to silking. Maximum
heterosis was exhibited by Z58695 x BH140F2 over the better parent, in terms of days to silking.
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Conclusions
Predominantly, an additive type of gene action was present, indicated by the Significant square mean due
to GCA for all the characteristics. However, for some of the characteristics, including yield, appreciable
amounts of non-additive gene action were also noticed, as indicated by the mean square due to SCA. The
crosses with high SCA effects and heterosis, involving one of the parents as a good general combiner and
the other as an average general combiner, can be utilized to formulate composite varieties. Similarly, the
crosses with high SCA effects and heterosis, involving parents with average or poor GCA, could be used
for production of inbred lines after one or two cycles of recurrent selection for hybrid production.
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Table 1. Combined analysis of variance for combining ability for grain yield and other traits across
locations, Ethiopia.

Mean squares combined across locations
GCA SCA GCAxL SCAxL Error CV

Trait df9 df 45 df 8(9) 90 (45) 324 (216) %
OT 14.2* 1.4 1.3 1.1 1.01 2.41
DS 14.7* 1.8* 0.9 1.3 1.03 2.36
OM 10.8* 2.3* 2.8* 2.6* 1.20 1.35
PH (cm) 388.8* 125.2* 123.2* 54.77 44.87 5.95
EH (cm) 150.2* 93.55* 108.9* 57.6* 19.84 8.08
EL (cm)+ 3.1* 0.7* 0.5 0.3 0.33 5.20
ED (cm) 0.2* 0.1* 0.03* 0.01 0.02 5.01
RPE 2.6* 0.2 0.2 0.2 0.20 5.18
KPR 15.7* 3.9* 3.4* 1.8 1.50 5.34
TSW (gm) 6533.2* 953.5* 597.5* 657.8* 284.6 785
GY (t/ha) 203.6* 129.9* 101.2* 65.9* 39.05 19.12
*Significant at 0.051evel of probability. + = combined over two locations (df in parenthesis).

Table 2. Estimates of general combining ability (GCA) effects among 10 maize populations and F2

hybrids for grain yield and other traits combined across locations, Ethiopia.

Trait 278441 278442 278443 282639 282640 2M606 258695 BH-140Fz A511-Cz PH3253 SE(gi) SE(gi-gj)
F2

OT 0.411* -0.709* 0.272 0.291 -0.358* -0.431* -0.988* 1.171* 0.161 0.180 0.175 0.237

OS 0.618* 0.586* 0.221 0.276 0.344 -0.520* -1.057* -1.119* 0016 0.258 0.177 0239

OM 0.560* -0681* -0078 0.087 -0348 -0.552* -0.802* 0.912* 0.319 0.429* 0.189 0.256

PH (cm) -2.614* -3.310* 0.469 -3.190* 2.114 4.905* -2.019 1.474 -2.908* 5.079* 1.166 1.579

EH (cm) 1.143 -1.033 0.013 -0.533 0.591 -1.579* -3.000* 3.580* -1.814* 2.634* 0.775 1.0sa

EL (em) 0.139 0.347* 0.179 -0.530* 0.306* 0.429* -0.519* -0.269* -0.239 0.160 0.122 0.166

ED (cm) 0.033 -0.073* 0.011 -0031 -0013 -0.097* -0.028 -0.026 0.020 0.204* 0.025 0.034

RPE 0058 -0.251* -0.174* 0.472* -0.089 -0.426* -0.058 0.028 -0.048 0.388* 0.072 0.097

KPR 0.476* 1.024* 0.900* -0.920* -0.476* -0.203 -0.832* 0.131 -0131 0.031 0213 0.289

TSW(gm) 1.326 -0.521 -1.164 -32.693 7.304* 2.041 3916 -3.013 0.933 21.870* 2.937 3976

GY(t/ha) 1004 -3.030* 1.123 -2.552 -0.309 -0034 -5.284* 2.593 2.059 4.406* 1.332 1.804

*Significant at 0.05 level of probability. + = combined over two locations.
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Introduction
Alfalfa, Medicago sativa L., is an important forage plant for livestock and dairy production. An
agronomically undesirable trade-off exists between yield, particularly in autumn, and winter hardilless.
An understanding of the genetic control of plant growth and winter hardmess using a combination of
quantitative genetics and l.inkage analysis could help improve both characters simultaneously (Brummer
et al. 2000). The specific objective of this experiment was to determ.ine the heritability and genetic
correlations of winter injury and several morphological components assodated with autumn dormancy.

Methods
An F1 population of 200 individuals from a cross between two autotetraploid genotypes, ABI408 (M.
sativa subsp. sativa) and WISFAL-6 (M. sativa subsp. falcata), was evaluated in field trials at Ames, Iowa,
planted in May 2001 and May 2002 in a 14 x 15 lattice design with three replications. In both years,
morphological evaluations were conducted in August and November of the establishment year and an
assessment of winter survival made the following April. In August and November, shoot, root, and
crown mass, and plant height were measured. In August, stem number and plant maturity were also
evaluated. The autumn growth components measured at each harvest date were estimated across years
with all effects in the model considered random. Orthogonal linear contrasts were computed to
determine differences between offspring and parents. To estimate broad-sense heritability and its
standard error on an entry-mean basis, the progenies alone were analysed under a random model in
PROC MIXED (Littell et al. 1996). The LSMEANS of individual traits across harvest and years were used
to calculate variances and co-variances with the MANOVA statement in SAS, which were then used to
compute genetic correlations (Falconer and Mackay 1996).

Results
In general, ABI408 showed higher biomass accumulation than WISFAL-6 (Table 1). The progeny had
considerable variability for all biomass components. It showed mid-parent heterosis for shoot and root
mass and maturity in August, and root, shoot, and crown mass in November. Root biomass accumulation
in both August and November showed high parent heterosis. The high variability in all traits produced
transgressive segregation in the progeny, as reported for some traits by Brummer et al. (2000) and Riday
and Brummer (2002). Broad-sense heritability on an entry-mean basis was moderate to high for most of
the morphological components. Genetic correlations indicated that the biomass of the three plant
components was highly correlated. A strong correlation of plant height with shoot biomass was noted in
August, but not in November (Table 2). Winter injury exhibited non-significant or small genetic
correlations with traits measured in August, but stronger, negative correlations, particularly with root
and crown mass, were noted in November. These results suggested that winter injury was less severe in
plants with larger roots and crowns. In this population, the genetic correlation between plant height and
winter injury was negligible, as noted in a prior year (Brummer et al. 2000). The results showed that
breeders can modify fall biomass accumulation and winter hardmess independently, at least in this
population.

Conclusions
Although extensive research has been undertaken in the autumn growth and winter hardiness using a
broad number of genotypes, little is known about the genetic basis of these traits. This study
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demonstrated that in this population, high biomass production and plant height can be realized together
with low winter injury. Locating genetically important lod controlling these traits will help selection of
agronomically superior individuals. Thus, further research is focusing on the analysis of the metabolites,
including proteins, carbohydrates, lipids, and amino adds, in these populations and in genetic mapping
of quantitative trait loci for the physiological and morphological components of winter hardiness.

References
Brummer, E.C, et al. 2000. Crop Science 40: 971-977.
Falconer, DS, and T.F.C Mackay. 1996. Introduction to quantitative genetics. Essex: Longman.
Littell, R.C, et al. 1996. SAS system for mixed models. Cary, NC: SAS Institute.
Riday H., and E.C Brummer. 2002. Crop Science 42: 1081-1087.

Table 1. Auhtmn growth components and winter injury of the parents (alfalfa autotetraploid
genotypes) and F1 population averaged across 2001 and 2002 in Ames, Iowa.

Parents F1 Population

Progeny mean vs.

TraW ABI408 WISFAL-6 Con Mean ABI WIS MP§ Range HZ

August

Shoot mass (g) 12± 2 4± 0.6 --
Root mass (g) 1.3± 0.3 0.9± 0.3 NS
Crown mass (g) 1.2± 0.2 0.5± 0.2 *

Maturity 5.5± 0.5 2.7± 0.4 *

Height (on) 15± 1 14± 1 NS
Stem no. 13± 1 5± 1 **

9.4± 0.2
1.6± 0.2
0.9± 0.1
4.3± 0.3
14± 1.0
9± 1.0

* -- ** 2 -19 0.61± 0.05
NS * ** 0.5 -2.7 0.45± 0.08
NS ** NS 0.3 -2.0 0.48± 0.08
** -- * 2.4 -6.3 0.65± 0.05

NS NS NS 9 -19 0.40± 0.09

-- ** NS 4 -15 0.51± 0.08
November

April

0.52± 0.07
0.41 ± 0.08
0.56± 0.06
0.55± 0.06

4 -69
2 -11
1 -12
7 -25

**
**

**

NS

*

NS*

*
*

--

22± 3.3 NS *

NS 5.7± 0.6
NS 4.5 ± 0.6 NS **

14± 1

10±3
4± 1

2.3± 1
12± 3

26± 6
4± 1

3.4±1
18± 3

Shoot mass
Root mass
Crown mass
Height (on)

Winter Injury 2.8 ± 0.4 2.3 ± 0.4 NS 2.5 ± 0.2 NS NS NS 1.05 - 4.25 0.49 ±0.06
*, **Means are Significantly different at 5% and 1% level respectively; NS =not Significantly different
(P<0.05).
~Maturity scale: 1 = vegetative to 9 = mature; Winter injury scale: 1 = no damage to 5 = dead.
§ MP =mid-parent (sativa+falcata)/2.

Table 2. Genetic correlations of alfalfa auhtmn growth components and winter injury averaged across
two years for August (above diagonal) and November (below) in Ames, Iowa.

Shoots Roots Crowns Maturity Height Stem no. Winter injury
-0.08 NS

-0.17
-0.11 NS

-0.07 NS

0.14
-0.02 NS

0.74 0.77 0.38 0.57 0.92
0.81 0.02 NS 0.33 0.57

0.07 NS 0.47 0.81

0.39 0.24
0.31

Shoot
Roots 0.58
Crowns 0.81 0.813

Maturity N/D N/D N/D
Height -0.09 NS -0.59 -0.24 N/D
Stem no. N/D N/D N/D N/D
Winter injury -0.22 -0.34 -0.39 N/D -O.015NS N/D
NS =no statistical significance; numbers without this sign were statistically different from zero (P<0.05).
N/D =not determined in the November harvest.

259



Hallauer Symposium, Book of Abstracts

Relationship between Phenotypic and Commercial Heterosis in Irrigated Spring Bread Wheat Hybrids

K. Ammar1, B. Cukadar2, and S. Rajaram1

lWheat Program, International Maize and Wheat Improvement Center (CIMMYT), Apdo. Postal 6-641,
06600 Mexico D.P., Mexico, e-mail: k.ammar@cgiar.org; 2Monsanto Co, Springfield, Illinois, USA

Introduction
A collaborative project between CIMMYT and Monsanto Co. was conducted to explore the commercial
potential of irrigated spring bread wheat hybrids in northern Mexico. Cukadar et a1. (2000) and Cukadar
and Van Ginkel (2001) reported moderate yield advantages in CIMMYT hybrids versus conventional
CIMMYT lines. The highest yielding parents tended to produce the highest yielding hybrids. This report
summarizes the findings from testing more recently produced hybrids.

Methods
A total of 350 hybrids were tested in two independent experiments, one sown in 2001 (125 hybrids
between 25 females and 5 males) and the other in 2002 (225 between 45 females and 5 males), under
optimal irrigation near Obregon in northern Mexico. The same 4 males (M1, M2, M4, and M5) were used
in the production of both sets of hybrids, while M3 was replaced by M6 in the 2002 set. Different females
were used in the production of the different sets. Hybrids were produced using the chemical
hybridization agent GENESIS® (Monsanto Co.) and sown at a constant density of 200 live plants/m2,

corresponding to an average seeding rate of 70 kg/ha.

Results and Conclusions
Overall, yields were markedly different between the 2 sets, including for genotypes planted in both years.
The average yield advantage of hybrids over parental lines was 3% in 2001 (not significant) and 9% in the
2002 (significant at the 0.05 level). High-parent heterosis (HPH) levels were highest in the lowest yielding
set/year (2002), and varied depending on the male involved in the hybrid combination in both sets. The
proportion of hybrids exhibiting statistically significant heterosis was very similar in both sets. However,
the proportion of those which Significantly out-yielded the long term commercial check RAYON was
more than 7-fold higher in 2001 than 2002. In 2001, many of the hybrids out-yielding RAYON did not
exhibit significant HPH, indicating a better performance of some parental lines compared to RAYON
during this "high-yielding" year. In 2002, males resulting in significant HPH were not those that
produced the commercially interesting hybrids. Finally, when the newly released commercial check
KAMBARA 1 was considered in calculating commercial heterosis, whatever statistically-significant yield
advantage hybrids had over the commercial check was eliminated. Parental performance was found to be
an unreliable predictor of hybrid performance (0.20<r<0.42) in both sets. There was a low to moderate
(-0.21<r<-O.66) negative association between parent performance and HPH, indicating that, in some
instances at least, greater HPH tended to result from the relatively lower yielding parents. The general
combining ability (GCA) of the parents was weakly (r = 0.51 in 2001) to poorly (r = 0.35 in 2002)
associated with parental performance. While the highest yielding males were generally the best
combiners, the correlation based on all parents did not justify considering performance as a reliable
indicator of GCA in the present sets of parental lines.
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Table 1. Grain yield, high-parent heterosis (HPH), and commercial heterosis (CH) in two sets of hybrid
spring wheats produced by GENESIS® and evaluated in replicated trials in 2001 and 2002 near
Obregon in northern Mexico.

Hybrid Maximum
Grain %HPH
Yield

(Range
t/ha)

Hybrids
wi

significant
HPH

Maximum
%

CHRAYON

Hybrids
wi

significant
CHRAYON

Maximum
%

CHKAMBARA

Hybrids wi
significant
CHKAMBARA

8.0 - 9.1
3.4 - 7.3

7.9 - 9.9
5.9 - 7.5

7.8 - 8.8
5.4 - 6.9

Male 1
2001 set
2002 set

Male 2
2001 set
2002 set

Male 3
2001 set 7.6 - 8.9
2002 set Not used

Male 4
2001 set 7.3 - 8.8
2002 set 5.2 - 6.9

MaleS
2001 set
2002 set

Male 6
2001 set Not used
2002 set 5.2 - 7.1

6
7

13
2

NO
Not used

11
21

-1
13

Not used
31

o
a

4
o

ND
Not used

3
6

o
3

Not used
8

12
12

22
14

10
Not used

8
5

8
6

Not used
8

6
1

17
9

8
Not used

2
o

4
o

Not used
o

NA
5

NA
7

NA
Not used

NA
2

NA
-1

Not used
1

NA
o

NA
o

NA
Not used

NA
o

NA
o

Not Used
o

All
2001 set 7.3 - 9.9 13 7 = 6% 22 37 = 30%
2002 set 5.2 - 7.5 31 17 =8% 14 10 =4%

NA
7

NA
o

2001 set: 125 hybrids produced using 2:J females and 5 males, evaluated in 2001,
2002 set: 225 hybrids produced using 45 females and 5 males, evaluated in 2002.
CHRAYON: commercial heterosis with reference to long-term and most Widely grown commercial
check RAYON,
CHKAMBARA: commercial heterosis with reference to newly released commercial check KAMBARA 1,
ND: not determined because male parent yield could not be obtained.
NA: not applicable, as KAMBARA was not included in trial.
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Introduction
The identification or formation of heterotic groups and tester lines are important elements in the
development of successful hybrid maize breeding programs. This study was designed to evaluate yield
performance in a diallel set of hybrids formed with 12 advanced inbred lines derived from Pool9A. The
relationship between genetic distance, based on simple sequence repeat (SSR) markers, and grain yield
was also examined to investigate the potential usefulness of molecular marker information to improve
the efficiency of inbred and hybrid development in Pool9A type material. Pool9A was originally
developed by CIMMYT in the eastern African region and adapted to transition zone conditions,
commonly ranging from 1,500 to 2,000 masl (Beck 2001). It was initially formed as a broad-based gene
pool for use in developing widely adapted open pollinated varieties (OPVs) for transition zone ecologies.
Various heterotic patterns were combined in this pool including Kitale Synthetic, Ecuador 573, Tuxpeno
de Altura, and SR52. Pool9A (white-grained) and the sister Pool9B (yellow-grained with origins of about
50% of PooI9A), are the only populations that CIMMYT has developed for transition zone ecologies. In
the 19905, population improvement in Pool9A was largely conducted in Mexico. More recently, inbreds
from this material have been developed including the first release of two CIMMYT transition zone maize
lines (CML463 and 464) in 2002. As this hybrid work is still in its infancy, there is much to learn about
heterosis, heterotic patterns, and tester lines in material derived from Pool 9A.

Methods
The 12 advanced generation (5<;+) inbred lines used in this diallel study were derived from Pool9A
through pedigree breeding using selling and ear-to-row. These lines were first screened for general
combining ability (GCA) at the S:3 stage in cross combinations to the source population. The 12 lines
showed both good per se and cross performance across a range of environments. The diallel was formed
at CIMMYT's subtropical research station in the 1999-2000 winter season using paired row crosses. The
resulting 66 hybrids were tested in four Mexican environments in the 2000 summer season. The
experimental unit was one 5-m row, spaced 75 an apart, with 20 cm between hills for a plant density of
66,666 plants/hectare. At each location, data were taken on various agronomic traits (only grain yield is
presented in this paper). Plots were hand harvested and grain yield (t/ha) was calculated at 80% of the
ear weight and adjusted to 155 g/kg moisture. ANOVA was completed for all traits using plot mean data.
Environments were initially analyzed separately and then in a combined ANOVA. Environments were
considered random and genotypes considered fixed effects. Griffing's (1956) Method II analysis was used.
DNA was extracted from inbred lines using a sap extractor according to the Applied Biotechnology
Center's Manual of Laboratory Protocols (www.cimmyt.cgiar.org/ ABC/Protocols/manuaIABC.html).
Fifteen fluorescently labelled SSR loci were amplified under multiplex conditions and run on an ABI 377
DNA sequencer. Fragment sizes were automatically calculated with GeneScan 3.1 (Perkin Elmer/Applied
Biosystems) using the Local Southern sizing method. The GeneScan data were assigned to the proper
alleles using the category function of Genotyper 2.1 (Perkin Elmer/ Applied Biosystems). Genetic
distances (GO) between all pairs of lines were calculated using the simple matching coefficient. Distances
were visualized using a dendogram created using the unweighted pair group method with arithmetic
mean (UPGMA) algorithm. Specific genetic distances (SGD) were calculated according to Griffing's
Model II (1956) as proposed by Melchinger et a1. (1990). Pearson's correlation coefficients between GO
and hybrid grain yield, SCA, and SGD were calculated from the means across environments.
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Results
Mean grain yield ranged from 5.1 to 11.0 t/ha among the four Mexican environments. Both GCA and
SCA for grain yield were significant across environments (data not shown). The average number of
alleles amplified by the 15 SSR markers was 4.5 with a range from 1 to 8. This is similar to other published
reports with both tropical (Betran et al. 2003) and temperate (Melchinger et al. 1991; Lu and Bernardo
2001) maize. The average GO among the transition zone inbred lines was 0.74 with a range from 0.38 to
0.94. Most low-yielding hybrids included lines with small GO values. However, a broad range of GO
values were observed among line pairs in top-yielding hybrids (Table 1). SCA effects were frequently
large and positive in the best yielding combinations. The overall correlations between GO and grain yield
(r=0.31), SCA (0.29), and SGO (0.29) were positive and significant, although relatively low. Similar trends
have been found in other published studies (Betran et al. 2003; Melchinger 1999).

Conclusions
Good hybrid yields were observed in selected combinations of advanced generation transition zone lines.
Both GCA and SCA contributed to the high yields in these F1 hybrids. The level of genetic diversity in
this set of lines was fairly high with an average of 4.5 alleles per locus and a range from 1 to 8. Positive
and significant correlations were found between GO and grain yield, SCA, and SGO although, in general,
these values were too low to be of practical predictive value. Investigations are continuing with other sets
of elite transition zone and highland lines to evaluate further the potential of SSR markers to improve the
efficiency of the breeding program.
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Table 1. Grain yield, specific combining ability (SCA) effects, genetic distance (GD), and specific
genetic distance (SGD) values for selected transition zone late white-grained single cross maize
hybrids evaluated in four Mexican environments in 2000.

11.74 1.08 0.58 -6.9

11.03 2.22 0.86 16.2

10.78 0.74 0.88 -9.8

4.67 -2.48 0.50. 11.1

2.19 -4.81 0.38 -22.5

8.64 0.00 0.74 0.00

Pedigree Grain yield
(t;ha)

(P5) G9AC6HM3-1-3-1-1-2P-2P-1-1-2-1-B-B x
(P9) Sint.TSR BTZT-4P-2P-3P-1P-2P-1P-B-B
(P9) Sint.TSR BTZT-4P-2P-3P-1P-2P-1P-B-B x
(P11) BTZTVCPR93A-1-2P-1-2-2-1-B
(P6) G9AC6HM3-1-3-1-1-2P-3P-4P-1-1-1-B-B x
(P10) Sint.TSR BTZT-8P-5P-2P-2P-1P-4P-B-B
(P4) BTZTVCPR92A 27-7P-1-1P-1P-4P-B-B x (P11)
BTZTVCPR93A-1-2P-1-2-2-1-B
(P6) G9AC6HM3-1-3-1-1-2P-3P-4P-1-1-1-B-B x (P7)
G9AC6RL.2-1P-1P-1 P-1P-1P-1P-B-B
(P5) G9AC6HM3-1-3-1-1-2P-2P-1-1-2-1-B-B x
(P6) G9AC6HM3-1-3-1-1-2P-3P-4P-1-1-1-B-B
Mean of all crosses

263

11.74

seA effects
(t;ha)
2.64

GD
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Introduction
In Mexico, maize silage generally has low energetic values in comparison to silage from the USA and
Europe. This has been attributed to the selection emphasis on forage yield without considering nutritive
value (Nunez et at 2001). To improve silage quality, it is necessary to selecte the best hybrids with both
characteristics. There is sufficient evidence of hybrid differences in protein, fiber, and dry matter
digestibility (Allen et a!. 1995). The objective of this study was to estimate the general and specific
combining ability (GCA and SCA respectively) of eight lines and their 28 single crosses.

Methods
The study was carried out during 2001 in the Comarca Lagunera, Mexico; geographic area localized
between parallel 240 30' north latitude and 102° 40' west length of Greenwich meridian, at an altitude of
1,200 mas1. The annual temperature mean is 21°C with a mean annual precipitation of 220 mID. All
possible crosses among eight quality protein maize (QPM) yellow endosperm lines were done using
CML162, CML164, CML165, CML168, CML169, CML170, CML171, and CML172 from the CIMMYT
tropical maize program. The resulting 28 crosses were evaluated in a randomized complete block design
with two replications. The experimental plot consisted of one row 3 m long with 75 em between rows.
Plant density was 80,000 plants per hectare. Height (HP) of five plants per plot was recorded. The fresh
forage production (FP) and dry matter yield (FDM) of 10 whole plants per plot were measured. A sample
of 300 g of dry matter was taken to determine forage quality. In vitro true digestibility (IVID), crude
protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), and lactancy net energy (NEd
were determined by near infra red reflectance spectroscopy (NIRS), Goering and Van-Soest (1970). Diallel
crosses, as reported by Griffing (1956), were used to estimate GCA and SCA effects. Statistical analysis
was undertaken using Buron and Coors (1994) diallel program version 1.1. GCA effects of the lines and
SCA effects of the crosses were estimated with Griffing (1956) method IV.

Results and Conclusions
The mean squares of the diallel analyses for the variables were evaluated (Table 1). Table 2 shows the
GCA and SCA variance components. The line with the best GCA values was CML162 with 5.80,0.962,
and 1.722 for FP, ADF, and NDF respectively. CML168 obtained the best GCA value for HP. CML172
registered GCA values of 2.21, 1448, 3177.53, and 0.25 for FDM, IVTD, NEr..., and CP. While CML169 x
CML172 scored the best for FP, FDM, NDF, NEG and PC with values of 16.55,6.95,3.42,9196.34, and 0.86
respectively. The best ADF SCA value was CML162 x CML170 with 3.391. The diallel cross analyses for
SCA effects were highly Significant, while GCA expressed no Significant effects. The results showed
differences between crosses and SCA but not for GCA, suggesting that genetic non-additive effects were
important. The inbred lines showed no additive effects because GCA was not Significant (Gutierrez et al.
2002). The SCA and dominant variance were higher than the GCA and additive variances. Crossa et a1.
(1990) indicated that the non-additive effects increase in importance with the increase of inbreeding
effects because more homocigotic loci exist. The lines QPM162 and QPMl72 obtained high general
combining ability effects. CML169 x CML172, CML162 x CML170, and CML169 x CML171 showed the
highest SCA effects for FP and FDM. These crosses yielded 67.7,61.8, and 60 t/ha (FP) and 27.9, 26.7 and
24.9 t/ha (FDM). They also registered values of 24,28.8, and 25% for ADF; 46.2, 51.3, and 45.8% for NDF;
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70.7,66.5, and 66.5% for lVTD; and 1.61, 1.48, and 1.61 Mcal/kg for NEL. These represent optimal values
for maize forage quality in northern Mexico (Herrera 1999).
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Table 1. Mean squares of the diallel analysis of Griffing (1956) design IV, for eight variables.

FV HP FP FDM IVTD ADF NDF NEL CP
Crosses 0.062** 274.25** 47.28** 2334** 3504** 11480** 87590** 500.16**
GCA 0.037 238.27 38.02 1946 3218 11960 71140 529.65
SCA 0.071* 286.84** 50.53** 2470** 3604** 11310** 93350** 489.83**
Error 0.058 15.67 2.5 116 179.30 553.80 4417 19.35
** Significant at the 0.01.

Table 2. Estimates of the variance components of Griffing (1956) design model IV for eight variables.
Components HP FP FDM IVTD ADF NDF NEL CP
Crosses 0.0022 129.29 22.39 11089 1662.26 5464.00 41588371 240.40
GCA -0.0029 -4.05 -1.04 -436 -32.18 54.17 -1851532 3.32
SCA 0.0066 135.58 24.01 11769 1712.33 5379.73 44468532 235.24
Additive -0.0057 -8.09 -2.08 -874 -64.37 108.34 -3703064 6.64
Dominance 0.0066 135.58 24.01 11769 1712.33 5379.73 44468532 235.24
Error 0.0579 15.67 2.50 1162 179.30 553.80 4416902 19.35

265



Hallauer Symposium, Book of Abstracts

Yield Combining Ability and Genetic Relationships among Tropical, Subtropical, and Temperate
Maize Inbreds in China1

X.M. Fan2, J. Tan, and J.Y. Yang

1This research was funded by the Natural Science Foundation and Key Science and Technology
Development for the tenth 5-year plan, Yunnan Province.
2Institute of Food Crops, Yunnan Academy of Agricultural Science, Kunming 650205, Yunnan Province,
China, e-mail: fanxingrn@public.krn.yn.cn

Introduction
Tropical and subtropical maize germplasms are usually more stress tolerant and display greater genetic
diversity than temperate gerrnplasm. The new introgression germplasm, between tropical and
subtropical gerrnplasms and temperate germplasm, has displayed greater adaptability and stress
tolerance. This will help to establish new heterotic patterns and develop new hybrids with higher yield
and multiple tolerances. In order to achieve this, the genetic relationship between exotic tropical and
subtropical maize germplasms and domestic temperate maize germplasm must be identified. Tropical
populations such as Suwan1, Pop 21 (Tuxpeno), Pop 32 (ETO), and Pop 28, and land races such as
Antigua have high combining ability. Therefore, this study has analyzed the gene~c relationship and
combining ability of lines from these populations with temperate maize germplasm to assist in the
creation of new heterotic patterns.

Methods
Four temperate maize inbreds commonly used in China - Huangzaosi, Mo17, B73, and Dan340 - were
used as testers and crossed with 25 tropical and subtropical maize inbreds extracted from five main
tropical and subtropical maize populations and land races (Suwan1, Pop 21/Tuxpeno, Pop 32/ETO, Pop
28, and Antigua). An NC2 mating design was used in the first season. One hundred crosses were then
evaluated in Jinghong (tropical and low altitude area), Dehong (subtropical and low altitude area), and
Baoshan (subtropical and high altitude area), in the second season using a randomized complete block
experimental design with three replications in each environment, and a density of 66,667 plants/ha. Each
experiment had two checks. Grain yield (kg/ha) was calculated using the single plant weight of each
environment. MSTATC software was used for analyses of yield variance. The yield combining ability was
calculated by the NC2 method (Singh and Chaudhary 1979) .The average yield of five crosses made from
five lines extracted from the same population or land race with each tester was used to test yield for the
corresponding population. Relative heterosis was used to analyze heterosis for the 100 crosses.

Results
Suwan1 scored the highest specific combining ability (SCA) value with Huangzaosi (583.81) and the
lowest with Dan340 (-470.24), suggesting it was closer to the Ludahonggu group than Tangsipingtou in
terms of the genetic relationship (Table 1). Antigua was genetically closer to Reid than Tangsipingtou.
Pop 21 (Tuxpeno) was closer to Reid than Lancaster. Pop 32 (ETO) was closer to Ludahonggu than Reid,
while Pop 28 was closer to Tangsipingtou than Ludahonggu.

Conclusions
The results indicated that the GCA values from Suwanl and Pop 28 lines were generally higher than the
other lines. It is possible to select elite lines from these two populations and breeding efforts should,
therefore, be intensified. While the yield GCA effect of Pop 32 was negative, its SCA effect with B73 was
the highest in this study. Thus, it would be advisable to cross the lines from Pop 32 with the Reid group.
The lines from Antigua generally had lower GCA effects as well as lower heterosis with Huangzaosi and
Dan340; Antigua could be used to improve the lines from the Reid and Lancaster group. No significant
SCA effect was observed among the lines from Pop 21. B73 had the highest GCA effect among the four
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temperate testers, which suggested benefits in crossing tropical and subtropical maize germplasms with
the Reid group. The SCA performance of crosses made from different lines of one population or land race
with the same tester was different. The cross with the highest SCA value was Pop 32 x B73, Signifying
that the genetic relationship between ETO and Reid was not close. The cross Pop 21 x B73 had the lowest
SCA and the crosses Pop 21 x Mo17 had the highest SCA. Therefore, Tuxpeno had a closer genetic
relationship to Reid and than to Lancaster. The heterotic patterns ETO x Reid, Pop 28 x Reid, Pop 28 x

Ludahonggu, and Suwanl x Lancaster were discovered. Suwanl x Reid has been used widely by
breeders in China. However, other patterns were found to be of equal quality and should be considered
in maize breeding programs in China.
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Table 1. Estimates of general and specific combining ability (GCA and SCA respectively) for yield
(kglha) among five tropical, subtropical populations or land races and four key temperate lines.

SCA
Population GCA Huangzaosi Mol7 B73 Dan340
Suwan1 1010.64 583.81 166.11 -279.69 -470.24
Antigua -904.59 425.48 -245.57 -487.26 307.35
Pop 21 -143.85 -6.08 219.69 -354.14 140.53
Pop 32 -228.77 -60.45 -392.99 879.29 -425.85
Pop 28 266.57 -942.77 252.76 241.80 448.21
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Introduction
CIMMYT Maize Program has been providing the national maize program in Venezuela with normal and
quality protein maize (QPM) lines and populations developed by this institution. In the last years several
white com hybrids formed from CIMMYT lines and several maize populations have been evaluated in
different environments, allowing us to identify high yield genotypes well-adapted to the main producer
regions of the country. The main objective of this study was to determine the yield stability of nine maize
cultivars, both normal and QPM endosperm, evaluated in major Venezuelan com producing states, using
the additive main effects and multiplicative interactions (AMMI) model.

Methods
The trials involved seven experimental cultivars and two checks. Five hybrids of the Portuguesa series
and Turen-2000 normal variety endosperm and the high quality protein INIAQPM-2 hybrids were the
experimental genotypes. Cargill-114 and Pioneer-30R92 were the check hybrids. Experimental sites were
in Agua Blanca, Sabana del Medio, Colonia de Turen, Las Caramas, and Martilar (in Portuguesa state)
and EI Socorro, Yaritagua and Punta Gorda (Guanco, Yaracuy and Barinas states, respectively), and trials
were conducted during the 2002 rainy season. A randomized complete block design with four
replications was used. Experimental units were two rows 5.0 m long, with 0.70 m between rows, and 0.20
m between plants. A combined analysis of variance was performed for yield (12% grain moisture) in
kg/ha at eight locations. When a genotype by environment interaction (GxE) was detected, the stability
parameters of the AMMI model were estimated (Gauch and Zobel 1989; Crossa 1990). A linear simple
correlation analysis between the stability parameters and hybrid mean yield was also performed.

Results and Discussion
Multiplicative effects were more important in explaining the GxE interactions than the linear effects
(Table 1). Similar effects was found by Cabrera et al. (2001). The PC-1 was a good estimator of the mean
deviation, which explained 71 % of the variance and 61 % of the GxE interactions (Table 1). We found a
clear association between the PC-1 and the mean yield (r=O.77), indicating the model was appropriate for
explaining GxE interactions. A similar interpretation of the AMMI model ANOVA was made by Gauch
(1985). The Portuguesa-2002, P-30R92 and Portuguesa-2012 resulted in hybrids with higher yields and
high stability throughout the locations (Fig. 1). At the same time, the INIAQPM-2 hybrid and the Turen
2000 variety outyielded the general mean and performed highest in the Agua Blanca and Marfilar
locations (Fig. 1).

Conclusions
The multiplicative effects explained the GxE interactions better than the linear effects. The PC-1 was a
good estimator of the general mean deviation and explained a high proportion of both the model
variance and the GxE interactions. Portuguesa-2002, P-30R92 and Portuguesa-2012 hybrids can be
recommended for all main producer areas in Venezuela. INIAQPM-2 hybrids and Turen-2000 can be
recommended only for some specific locations.
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Table 1. Analysis of variance table for the linear and multiplicative effects according to the additive
main effects and multiplicative interactions model (AMMI) carried out in nine com cultivars at eight
Venezuelan locations during the 2002 rainy season.
Source of Degrees of
variation freedom
Location (Loc) 7
Blocks/Loc 24
Genotype (Gen) 8
Gen x Loc 56

Joint regres. 1
Gen regres. 7
Loc regres. 6
Residual 42

Error 192
Total 287

Mean squares

69.77**
1.92**

14.63**
1.68**
1.16
0.86
4.30**
1.46**
0.57

Source of
variation

Loc
Blocks/Loc
Genotype
Gen x Loc

PCl
PC-2
Residual

Error
Total

Degrees of
freedom

7
24

8
56
14
12
30

192
287

Mean squares

69.77**
1.92**

14.63**
1.68**
4.07 **
1.77**
0.53

0.57
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Figure 1. Representation of the yield stability of nine com cultivars evaluated at eight Venezuelan
locations during the 2002 rainy season.
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Introduction
Recurrent selection schemes designed to improve the cross between two populations are known as
reciprocal recurrent selection (RRS). At the University of Wisconsin, J.H. Lonnquist initiated the W577
full-sib RRS program in the early 1970s. W577 is a double cross hybrid [(W64A x A295)(0h43 x W374R)].
Six cycles of the W577 RRS program have been completed, starting with the F2 of each single parental
hybrid as the original A (W64A x A295) and B (Oh43 x W374R) populations. Selection was based on
increased grain yield and decreased grain moisture. Direct and indirect responses of selection and
estimated inbreeding depression for several agronomic traits were examined.

Methods
Two experiments were conducted in four environments in Wisconsin in 2001 and 2002. Experiment 1
assessed the selection responses through six cycles for the A, B, and A x B populations. Experiment 2
evaluated the extent of inbreeding depression using the non-inbred (So) and the selfed bulks (St, S2t and S:3
generations) from cycles 0 and 5 of each population. Both experiments were planted in a randomized
complete block design with three replications and a planting density of 59,280 plants per hectare. Two
row plots and 4-row plots were used for Experiment 1 and 2 respectively. Results were reported for plant
height (PH), mid-pollen (MP), moisture, and grain yield at 15.5% moisture.

Results
Direct and indirect responses showed that PH increased over cycles in populations A and A x B, but
decreased in population B (Table 1). The mid-pollen date became earlier in all three populations. Grain
moisture decreased linearly for all three populatiOns. Grain yield increased, but not in a linear fashion for
A, B, or A x B. Estimates of inbreeding depression were Significant for PH, mid-pollen date, and yield in
all three populations (Table 2). Only moisture was not significantly affected by selling (except in
population A x B, cycle 5). The inbreeding depression for yield was lower in cycle 5 than in cycle 0 for A,
B, and A x B. Inbreeding depression (expressed as a percentage) was greater in A and B than in A x B.

Conclusions
Results obtained thus far show that RRS selection for increased grain yield and decreased grain moisture
has been effective in the W577 RRS program. The fact that the estimates of inbreeding depression in cycle
5 were lower than in cycle 0 suggests that perhaps genetic diversity has been reduced over cycles. It is
possible that lod are becoming fixed, either through genetic drift or selection, in both parental
populations. Studies of genetic diversity in these populations using molecular markers are underway to
further investigate these observations.
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Table 1. Direct and indirect responses per cycle (%)t of selection to full-sib reciprocal recurrent
selection in W577 A, B, and A x B populations.

Plant height (cm) Mid-pollen (days) Moisture (%) Yield (&,plant)
Populations bO % bO % bO % bO %

W577 AXB ns (CO=183.9) 0.7 72.6 -0.3 25.2 -2.0 ns (CO=129.7) 2.6
W577 A 160.0 1.0 ns (CO=75.4) -0.1 25.3 -2.5 ns (CO=77.7) 4.9
W577 B 162.0 -1.4 76.5 -0.7 27.7 -2.6 ns (CO=69.9) 2.6
Intercept of the linear regression equation indicated only when linear regression was significant (P::; 0.05). Otherwise,
CO value provided.
IResponses per cycle expressed by linear regression coefficient as a percentage of the intercept. Otherwise, an average
response per cycle was calculated as [(C6-CO)j6] expressed as a percentage of CO.

Table 2. Estimates of inbreeding depression by the 53 generation expressed as a percentage of the non
inbred generation (So) for each combination population and cycle in the W577 full-sib reciprocal
recurrent selection program (calculated from least square means across environments).

Populations Plant height Mid-pollent Moisturett Yieldtt

W577 A x B

Cycle 0 -23.4 4.1 ns -70.9

Cycle 5 -18.5 7.5 14.5 -64.5

W577 A

Cycle 0 -15.0 3.7 ns -64.6

Cycle 5 -17.0 3.8 ns -47.1

W577B

Cycle 0 -13.7 ns ns -66.0

Cycle 5 -8.3 5.3 ns -44.2
Percentages of inbreeding depression indicated only where difference was significant (P::; 0.05).
tEvaluated in two environments.
ttEvaluated in three environments.
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Categorizing Inbreds Derived from Related Backgrounds for Combining Ability and Other
Agronomic Traits

J. Ininda

Kenya Agricultural Research Institute, P.O. Box 40148, Nairobi, Kenya, e-mail: jininda@todays.co.ke

Abstract
Seventy-nine inbred lines derived from related sources DCS8, DC31, and DC96 were crossed to three
inbred line testers CML202, CML204, and CML206. The objective of this experiment was to identify lines
of opposite heterotic groups for use in the development of hybrids. Experiments were planted in three
locations and two replications in Kenya in 2001. A selection index was applied on the Single crosses for
grain yield, maturity, anthesis-silking interval, ear height, husk cover, ear rot, gray leaf spot, and turcicum
blight. The results of the selection index and the general and specific combining ability (GCA and SCA
respectively) effects were used to predict the potential use of particular inbred lines in single, three-way
or double cross hybrid combinations. No clear-cut pattern for combining ability was observed from lines
in any particular background. Inbred line 347-2-2 had particularly high GCA, while line 244-2-1 had a
high SCA with CML206. The combined results of the selection index and SCA effects identified lines that
indicate potential top performance in a single cross hybrid combination. The best single cross was
predicted to be line 244-2-1 x line 249-1-4. An additional six lines with high GCA effects (302-1-2, 326-2-2,
340-3-2,348-1-2,52-348-1-3, and 348-3-2) were identified to be of value in the development of a synthetic.
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Introduction
The partition of the hereditary variance was outlined by Fisher (1918) on the basis of the genetic
covariation and correlation between relatives. Comstock and Robinson (1948; 1952) provided mating
designs for the estimation of the variance components on an experimental basis. Cockerham (1954) and
Kempthome (1954) extended Fisher's theory by prOviding general formulations that included an
unlimited number of alleles per locus, arbitrary inbreeding, and epistasis. Hallauer and Miranda Filho
(1995) presented the details of the genetic statistical procedures for the estimation of the components of
genetic variance in maize populations. The mating scheme, known as chain crosses, was suggested by
Lonnquist (1961) as a variation of recurrent selection based on full-sib progenies. However, the
components of genetic variance expressed amongst progenies from chain crosses have not been studied.
This study provides the statistical models and procedures for interpreting the analysis of variance for the
estimation of the components of the genetic variance from chain crosses in random mating populations.

Methods
The mating scheme is based on plant-to-plant crosses (Lonnquist 1961). Each plant (genotype)
participates in two crosses, once as male and once as female, thus generating two progenies. The chain
crosses are represented by: 1 x 2,2 x 3, ..., (1-1) x 1, and 1x 1. In an experiment without replications where
the error term is ignored, the intrinsic genetic properties of the proposed mating scheme will be
presented as functions of only the genetic effects, so that any other environmental effect is ignored in the
first model. The model is:

Yijk =m + Si + Pij + Wijk [1]
Yijk is the observation of the kth plant of the jth progeny in the ith set (chain); other components are the
general mean (m), set effect (Si), progeny effect (Pij), and plant effect within progeny (Wijk). The analysis of
variance follows the conventional procedure of the nested design and the expected mean squares are

functions of variances cr;, cr~, and cr~, referring to the respective sources of variation. The expected

mean squares will be functions of the components of genetic variance. The expected values of squares
and products follow the relations:

E( YiIk) = cri, representing the total genetic variance in the base population;

E(Yijk Yijk') = CovFS = covariance between full-sibs;
E(Yi)k Yij'k' ) = CovHS = covariance between half-sibs; for j'= j+1;
E(Yijk Yij'k' ) = 0 for j'> j+1; and
E(Yijk Yi'j'k' ) = 0, where i and i' represent independent sets of J plants.

The expected mean squares are shown in Table 1 and rearranged in Table 2. For a non-inbred population

(F=O), CovFS = t cr;" +1 cr~, and CovHS = 1cr;" (Cockerham 1963), where cr;" is the additive genetic

variance and cr~ is the dominance variance in the reference population. Epistasis is neglected. When the

IJ progenies are evaluated following an experimental design with replications, some sources of variation
other than those of genetic nature must be included in the model and in the analysis of variance. For
example, in a completely randomized block design with T replications, the model is:
Yijkt = m + Si + Pij + bt + eijt + Wijkt [2]
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The added effects in [2], in relation to [1], are bt (effect of the tth replication) and eijt (error effect of the ijt
plot). The analysis of variance follows the conventional procedure. If the experiment does not include
variation among plants within plots, then the analysis of variance is as shown in Table 3.
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Table 1. Expected mean squares in the analysis of variance for progenies from chain crosses.
Source of variation df MS Expected mean squares

IJ(K-l)

10-1)

Plants/PIS

Progenies (P)/S

Sets (S) I-I M1 2a gw + K CovFS + K CovHS

a~w + K CovFS - K_2_ CovHS
1 -I

2 2
aT - CovFS = a gw

2 .. . hin full 'b . I 2 3 2a gw : .genetic vanance WIt -SI progemes = "2 a A +"4 aD'

Table 2. Expected mean squares in the analysis of variance for progenies from chain crosses expressed
in terms of both variance components and genetic variances and covariances.

MS
Expected mean squares

Variance components Genetic variances and covariances

2 2
aw+Kap

2a w

a~w + K (CovFS - _2_ CovHS) + JK_2_ CovHS
1-1 1-1

2a gw + K (CovFS - CovHS)

2 2
aT - CovFS = a gw

Table 3. Expected mean squares (MS) in the analysis of variance for progenies from chain crosses
according to the hierarchical model with T replications.
Source of variation d.f. MS Expected mean squares<%>
Replications T-l M1

~~~ ~ ~

Progenies (P)/S 10-1)

2 2
0 2 +Tap + IT a s

2
0 2 + Tap

Error (IJ-l)(T-l) M4 0 2

<DVariance components are expressed on plot total or plot mean basis.
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Introduction
A key factor in most applied breeding programs is the establishment of a heterotic pattern (HP) among
varieties for selecting inbred lines as potential seed stock in hybrids. Lines obtained from respective HP
tend to complement one another in maximizing hybrid performance. HPs provide a logical choice of
testers based on origin of lines. Also breeders can take advantage of knowledge about pedigree origin
and relations among lines by evaluating experimental crosses between lines derived from identified HPs.
After HPs have been established, breeding efforts are planned to enhance and optimize the selected HP.
The selected HP has a strong impact on breeding materials chosen for selection. Reid Yellow Dent (RYD)
and Lancaster Sure Crop (LSC) represent a well-known worldwide HP. Most public and private maize
breeding programs are based on this HP for temperate regions and the use of an alternate HP for them is
not practical because most applied programs are heavily involved with line recycling (Hallauer and
Miranda 1988). For lowland tropical regions, Wellhausen (1978) suggested using the existing HP between
flint and dent complexes. Nevertheless, because a broad genetic variation is involved in those sources,
tropical and subtropical breeding projects should define their own HP to group their germplasm
involved in hybrid development. Efforts to classify germplasm into HPs at INIFAP was initiated in 1987
for tropical lowland, and in 1993 for subtropical regions. The objective of this poster is to present results
and advances of these efforts.

Methods
For lowland tropical regions in Mexico, 690 experimental tropical inbred lines from different sources
were crossed by testers TIl and TI2, parents of the high potential tropical single-cross hybrid, H511.
Crosses were formed in 1986-87 at Ebano and Cotaxtla Experimental Stations winter nursery and were
evaluated at Cotaxtla and 19uala Experimental Stations in the summer of 1987, with the objective of
grouping the experimental inbred lines according their heterotic response. With a similar objective, the
Subtropical Maize Breeding Program at Bajio Experimental Station initiated their work in 1993 and 1998
with 300 and 588 experimental subtropical inbred lines from different sources crossed by testers B39 and
1340, parents of the high potential subtropical Single-cross hybrid H358.

Results
Experimental inbred lines from both regions were grouped according their heterotic response. Positive
spedfic combining ability (SCA) values for tropical testers TIl and TI2 were used to group the tropical
experimental inbred lines which were identified by heterosis with each tester. Similar interpretation can
be done for B39 and B40 for the subtropical experimental inbred lines (Table 1). Positive general
combining ability (GCA) values of some inbred lines from both tables are useful for identifying parents
for developing three-way hybrids that can still be useful in tropical and subtropical regions.

Conclusions
The methodology to separate unknown heterotic inbred lines, using as testers the parental inbred lines of
the best regional hybrid, were useful for classifying experimental inbred lines from different sources of
germplasm into heterotic groups.
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Table 1. Specific and General Combining Ability values from the experimental subtropical inbred
lines crossed and grouped into both subtropical testers B39 and B40. (Bajio Experimental Station
Summer 1998.)

x B 39 x B40 diff.
gr. yield gr. yield gr. yield SCA

Pedigree (t/ha) rank (t/ha) rank (t/ha) GCA B39 B40
B 39 Group
HC47-1-1-1-1-0's 13.16 (25) 7.79 (96) 5.36 -0.95 2.16 -2.16
H353-363-8-2-30-1-2 17.88 (1) 13.08 (6) 4.80 4.05 1.87 -1.87
LRB34-31-18-4 15.21 (2) 10.49 (67) 4.72 1.42 1.83 -1.83
PABGTC12-48S3-2 14.90 (5) 11.05 (55) 3.85 1.55 1.40 -1.40
HCC-343-1 12.05 (48) 8.53 (92) 3.51 -1.14 1.23 -1.23
Gto. 287(8)-1-2-2-2-1-0's 13.85 (11) 10.55 (63) 3.30 0.77 1.12 -1.12
V385PBS4956-1 13.47 (15) 10.19 (70) 3.28 0.40 1.12 -1.12
B 40 Group
AC-20(8)-1-3-1-1-1-0's 3.81 (121) 9.72 (76) -5.91 -4.66 -1.16 1.16
V385PBS4-423 11.57 (62) 12.84 (12) -1.28 0.77 -1.15 1.15
REMACO (7x8)-1 9.28 (108) 10.53 (66) -1.25 -1.53 -1.01 1.01
H353-363-8-2-30-2-2 12.19 (43) 13.15 (5) -0.97 1.24 -0.92 0.92
(B17x(B17xJala)]xB17 13.26 (20) 14.05 (1) -0.80 2.23 -0.81 0.81
PABGCC5S3-1275 8.89 (110) 9.45 (82) -0.56 -2.26 -0.66 0.66
H353-363-8-2-30-3-5 11.21 (70) 11.47 (42) -0.26 -0.09 -0.65 0.65
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Introduction
Selfing has been suggested as a means of evaluating crosses from diallel mating designs for crop species
with low artificial seed production. Since the populations whose genetic potential is under study are
frequently randomly mated or the result of crosses among three or more parents, and since resources for
research are limited, a theoretical study was planned to derive the estimators of genetic variance
components of a population, based on a multiple-allele model and the selfed crosses from the Design 2 of
the diallel teclmique (Griffing 1956)

Methods
The population under study was defined as a set of bisexual diploid individuals at linkage and Hardy
Weinberg equilibrium. Assumptions were: random mating, and absence of migration, mutation,
selection, maternal effects, and epistasis. The p(p-1)j2 crosses among the homozygous parents, generated
from a random sample of the population, were advanced n generations by selfing. With inbreeding, the
genetic variance, besides additive 01A) and dominance 01D) variances, includes three more components:
the variance of the dominance deviations of homozygous genotypes (02), the covariance between these
deviations and the gene effects (D1), and the square of the mean inbreeding depression (A) (Weir and
Cokerham 1977). To estimate these causal components (Falconer 1989), five equations, for the five
observational components of phenotypic variance, were considered: three for the variance among

genotypic values of families, selfed full-sibs (CJ§FS ), selfed half-sibs (CJ§HS ), and selfed direct crosses

(CJ§DC ), one for the covariance between parents and their selfed half-sib families (CJp,SHS ), and one for a

contrast (Co)(parents vs. crosses), related to the squared mean inbreeding depression (A ). The solution
of this system of equations gave an expression for the estimator of each causal component in terms of the
observational components, which can be estimated on the basis of the data from the field evaluation of
the selfed crosses. The expression of this solution is too long to be written here. However, the estimators
were expressed for each combination of two inbreeding coefficients (F=O.5, 0.75), four replicates, and 9,
la, and 12 parents.

Results
It is noteworthy that the system of equations was consistent even for unselfed crosses among parents.
Thus, the selfing could be required for a seed increase only. On the other hand, with F=l, it was not
consistent with the contrast between parents and progenies because the genotypic means of the selfed
crosses and parents are equal. Also, with F=l, the estimation ofVD was impossible. For each combination
of F=O.5, 0.75, and 9, 10 and 12 parents, except for A, each estimator of a causal component of genetic
variance was a linear combination of the estimators of the five observational variance components and
the error mean square, and the absolute value of the coefficients for F=0.75 was never smaller than those
for F=O.5 (Table 1).

Conclusions
For the direct crosses (advanced n generations by selfing) among p homozygous parents and a multiple
allele model, estimators for the five causal variance components of the inbred population were derived.
Even with n=O the estimation of each causal component was possible, provided that there is enough seed
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for the field evaluation of the crosses. On the other hand, for the estimators derived in this study, the
estimation of the dominance variance and the square of the inbreeding depression is impossible if the
inbreeding coefficient of the crosses was 1.
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Table 1. Coefficients of 0§FS ' 0§DC ' 0P,SHS' 0§HS and error mean square (EMS) in the expression for

the estimators of the causal components of the genetic variance of an inbred population (VA, VD, D1,
D2, and A. ). Estimators were based on the evaluation of the selfed (one or two generations) direct
crosses of p homozygous parents in four replicates.

VA D1 VD D2 A.
Coefficients 0.5 0.75 0.5 0.75 0.5 0.75 0.5 0.75 0.5 0.75

p=9

0§FS -3.682 -10.212 3.07 6.33 4.35 17.550 0.57 0.60 0 0
A 2 3.012 8.355 -2.51 -5.179 0.03 0.04 -0.473 -0.493 0 0CiSDC

O"P,SHS -0.276 -0.390 0.37 0.44 0.07 0.08 -0.945 -0.986 0 0

O"§HS 4.342 8.504 -2.43 -4.528 -8.155 -32.359 1.05 1.10 0 0

Co 0.019 0.053 -0.01 -0.033 -0.011 -0.044 -0.002 -0.003 0.110 0.439
EMS -0.017 -0.046 0.01 0.02 0.00 0.03 0.00 0.00 -0.099 -0.396

p=10

0§FS -3.682 -10.212 3.07 6.33 4.35 17.550 0.57 0.60 0 0

0§DC 3.012 8.355 -2.51 -5.179 0.03 0.04 -0.473 -0.493 0 0

O"P,SHS -0.276 -0.390 0.37 0.44 0.07 0.08 -0.945 -0.986 0 0

0§HS 4.342 8.504 -2.43 -4.528 -8.155 -32.359 1.05 1.10 0 0
Co 0.017 0.046 -0.01 -0.029 -0.009 -0.036 -0.003 -0.003 0.099 0.396
EMS -0.017 -0.046 0.01 0.02 0.00 0.03 0.00 0.00 -0.099 -0.396

p=12

0§FS -4.094 -11.574 3.46 7.19 4.27 17.271 0.83 0.87 0 0

0§DC 3.464 9.793 -2.93 -6.087 0.05 0.05 -0.709 -0.739 0 0

0P,SHS -0.270 -0.387 0.37 0.44 0.06 0.07 -0.945 -0.986 0 0

0§HS 4.320 8.473 -2.41 -4.507 -8.122 -32.268 1.03 1.08 0 0
Co 0.013 0.037 -0.01 -0.023 -0.006 -0.025 -0.003 -0.003 0.083 0.331
EMS -0.013 -0.037 0.01 0.02 0.00 0.02 0.00 0.00 -0.083 -0.331
Genetic variance components: VA - additive; VD - dominance; 02- variance of dominance deviations of homozygous

genotypes; ~ - covariance between these deviations and gene effects; fI - square of the mean inbreeding depression.

Variance equations for: 0§FS - selfed full-Sibs; 0§DC - selfed direct crosses; 0§HS - selfed half-Sibs; 0p,5HS-

covariance between parents and selfed half-sib families; Co - contrast between parents and crosses.
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Introduction
Maize is the most important crop in Venezuela and 95% of cultivated area is hybrid seed. Double-cross
hybrids have been rapidly adopted and have contributed to sustained yield gains over 30 years. In the
last decade, however, yield improvement has diminished considerably. Maize breeders have suggested
the development of single-cross hybrids to achieve maximum expression of heterosis and overcome yield
decay (Bejarano 2000). A hybrid oriented breeding program requires integrated improvement strategies
that depend on combining ability and improvement of heterotic patterns (Vasal et a!. 1997). Redprocal
recurrent selection methods are designed to improve the interpopulation cross (hybrid) and, therefore,
facilitate better integration between population and hybrid improvement. Modified full-sib reciprocal
recurrent selection (MF5RS) (Eberhart et al. 1995) was initiated in P49C17 and NB12 to improve
performance of the populations themselves and to enhance the level of heterosis of the population cross.
Objectives of our study were: (1) to estimate genetic variances and heritabilities of full-sib families for
grain yield and other agronomic traits; (2) to calculate expected genetic gains; and (3) to select the 10%
superior full-sib families.

Materials and Methods
One cycle of MF5R5 was carried out in P49C17 and NB12, two maize populations adapted to lowland
tropics. 150 full-sib families were produced between 52 lines from both populations. The families and ten
checks were evaluated at three locations during the Venezuelan rainy season. Experimental design was a
16 x 10 alpha lattice (0, 1) with two replications per location. The experimental unit was one 5 m row
spaced 70 cm apart. Final plant density was approximately 62,000 plants/ha. Data were collected on a
plot basis for days to silk, plant height (em), lodging (root + stalk) (%), shelled grain yield, and percent
grain moisture at harvest. Grain yield (t/ha) was adjusted to 15.5% moisture for all plots. Combined
analyses of variance were conducted for all traits. All effects were considered random in determining the
expected mean squares for the analyses of variance. Variance components were estimated from the
combined analyses of variance by equating the expected with the observed mean squares. The estimated
variance components were used to calculate heritabilities, expected gain and selection indices.

Results
Variation among full-sib families was significant for all traits. Interactions of full-sib families with
locations were significant for grain yield, plant height and lodging (data not shown). Heritability values
were Significantly different from zero for all traits and ranged from 0.24% for lodging to 0.75 days for
silking date (data not shown). Fifteen full-sib families were selected for the population cross. The
selection differential for the 15 full-sib families selected only for yield was only 0.16 t/ha greater than the
selection differential of the 15 full-sib families on the basis of the selection index (Table 1). But the
selection differentials for other traits were not as desirable as those based on use of the selection index.
On the average, the 15 selected full-sib families yielded 0.56 t/ha more than the checks. The predicted
gain for yield (0.25 t/ha) was 4.9% greater than the average yield of the full-sib families.

Conclusions
Moderate heritability values, adequate genetic variation among full-sib families, and acceptable
performance of the CO population cross indicate that MF5R5 of the P49C17 x NB12 population cross
should be as efficient as other redprocal recurrent selection methods reported in temperate maize. The
selection index was effective in identifying full-sib families with greater yield and better root and stalk
quality. Estimated gains in the population cross suggest that it can be improved for greater grain yield
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and reduced lodging while maintaining maturity constant. Special attention should be given in further
cycles to plant height to avoid a significant increase in plant stature. The initial cycle of selection suggests
that P49C17 and NB12 can be further improved to provide hybrid-oriented germplasm for development
of single-cross hybrids in Venezuela.

References
Bejarano, A. 2000. Memorias Jornada Cientifica Nacional del Maiz 5:7-8.
Eberhart, S. et al. 1995. Maydica 40:339-355.
Knapp et al. 1985. Crop Science 25:192-194.
Smith et al. 1981. Proc. Arm. Corn and Sorghum Ind. Res. Conf. 36:95-103.
Vasal et al. 1997. Proc. West and Central Africa Maize and Cassava Workshop 1:83-107.

Table 1. Mean agronomic data for five traits of P49C17 x NB12 full-sib families and P49C17 x NB12
selected full-sib families evaluated at three Venezuelan locations in 2000 and predicted genetic gain in
the population cross.

Entries
Grain Yield

(t/ha)
Grain Moisture Days to silk

(%) (no.)
Plant height

(em)
Lodging

(%) Indexa

4.3

4.9*

3.7*

3.0

6.8

8.0

-5.4*

23.4

18.6
-3.8

10.9

18.0

-12.5**4.8*

222.5

221.4
11.1

9.2*

217.7

226.9

0.3

-0.1

59.5

0.1

-0.1

19.6 59.6
Selected full-sib families
19.5 59.9

19.7

0.64*

4.88

5.52

5.68

0.80*

Full-sib familiesb

Yieldc

Selection
differentiald

Indexc

Selection
differentiald

Checks mean 4.96 20.2 59.9
/)" G I cycle 0.25 0.6 0.6
* , ** Significanl at the 0.05 and 0.01 level of probability, respectively.
• Index = 0.30 yield (x 10) - 0.29 grain moisture - 0.24 lodging, where coefficients are the h2 estimates from the
combined analyses of variance (Smith et al. 1981).
b Mean of 150 full-sib families.
c Mean of 15 full-sib families selected either on yield only or the index.
d Selection differential is the difference between mean of the population and the 15 full-sib families selected either on
yield only or in the index.
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Exploitation of Combining Ability and Heterotic Responses in Maize Germplasm to Develop
Cultivars for the Eastern Mrican Highlands

S. Twumasi-Afriyie, Kassa Yihun, and Gudeta Napir

CIMMYT, Int., email: Cimmyt-ethiopia@cgiar.org

Introduction
Maize is a major food staple in eastern Africa. About 2 million hectares, nearly one-third of the region's
total maize area, is grown in the highlands (above 1600 masl). A major constraint identified in the zone is
low grain yield due to the narrow genetic base of maize cultivars. No major germplasm introductions
have been made since the introduction of the Kitale and Ecuador synthetics in 1959, leading to the lack of
new improved varieties in the highland zones (Zeleke 1993; Lethrop 1994). In 1998, CIMMYT and
national agricultural research programs in the region began collaborative research to develop and
improve highland maize germplasm there. Two main approaches were used: (1) Local land races were
collected and evaluated in six countries (Ethiopia, Kenya, Tanzania, Uganda, Burundi and Rwanda) with
the objective of exploiting them for novel genes to improve the germplasm base in the highland zone for
the long term. (2) Inbred lines derived from an elite population originally derived from eastern African
germplasm by CIMMYT were characterized into heterotic groups (Twumasi-Afriyie et al. 2002). This
paper outlines a systematic breeding approach used to develop cultivars for the region in the short term.

Methods
About 4,000 Sl lines derived from Pool9A SR C7 in the ClMMYT mid-altitude and highland programs
were screened for tolerance to Exserohilum turcicum leaf blight, Puccinia sorghi rust, and general
adaptation to the highlands at Ambo, Ethiopia (2,250 masl). Elite S2lines were topcrossed to three
regional population testers, Kitale Syn II, Ecuador 573 and Pool 9A. Kitale and Ecuador correspond to
known heterotic patterns in the region while Pool 9A was added to explore a possible third heterotic
grouping. The topcrosses were evaluated in six countries in 1999 and at the same time the lines were
subjected to further inbreeding through self-pollination. Selected S3 lines that had high general
combining ability (GCA) and good agronomic characteristics were used to form synthetics. The synthetics
were evaluated for agronomic performance at stations and on farmers' fields in 2002. Also, on the basis of
the heterotic responses to the three testers, the lines were classified into three heterotic groups. In 2001,
S4-Sslines were crossed in heterotic pairs and the single cross hybrids were evaluated in six countries in
the region in 2002. The per se performance of the inbred lines was also evaluated at two sites in the
highlands of Ethiopia in 2002.

Results
High and positive GCA values were obtained for a number of lines and selected lines were constituted
into synthetics (Fig. 1). The synthetics were more productive in terms of grain yield, and had better plant
and ear height positions than local checks (data not shown). Specific combining ability (SCA) responses to
the testers were used to classify the lines (Fig. 1). The hybrids formed from heterotic pairs produced grain
yields up to 28% better than the local checks (data not shown). Furthermore, several of the lines were
very productive in terms of grain yield and had good agronomic performance, indicating viability for use
as parental lines in commerdal hybrid production (Table 1).

Conclusions
The systematic exploitation of the combining ability and heterosis in the highland maize germplasm was
effective in developing cultivars for the zone. Two of the synthetics are under consideration for release as
cultivars in Ethiopia while several countries are carrying out further evaluation of the materials for
possible release as cultivars. Also, on the basis of the single cross performance, a number of three-way
hybrids were formed in 2002 for subsequent evaluation to obtain cultivars for the highland zones.
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Figure 1. GCA and SCA effects of highland maize lines topcrossed to three testers.
*Inbred lines with high GCA used to form one synthetic.

Table 1. Performance of best highland inbred lines evaluated at two sites in Ethiopia in 2002.

Pedigree Grain yield t/ha) 50% Silk (days) Plant height (em) Ear height (em)

142-1-e (Check)
F-7215 (Check)
PL9A48-1-1-1-1-1
PL9A67-1-2-1-1-2
PL9A48-1SR-2-2-1
PL9A48-1-1-2-3-1
PL9A60-2-3-1-1
PL9A60-2-1-1-1
PL9A89-1-1-1-1
[KIT-21-2-1
PL9A67-1-2-1-2
PL9A50-1-2-2-2
PL9A68-1-1-1-3-1
PL9A2-1-4-1-1-1
CML197 (Check)
CML246 (Check)
Mean
LSD
CV

7.4
5.7
5.4
5.0
5.0
5.0
4.9
4.8
4.8
4.7
4.7
4.6
4.4
4.4
4.4
1.8
3.8
0.6

15.0%

120
110
100
105
102
104
98

100
104
111
102
110
106
107
115
98

104
3.2

2.7%

229
204
139
157
148
136
130
137
126
169
139
147
136
177
171
148
144
14.8
9.1%

132
106
75
69
68
70
62
65
60
76
62
71
46
87
93
69
70
9.3

12%
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