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Abstract

This includes the extended summaries of the scientific presentations made during the 11th Asian Maize Conference held 
in Nanning, China, during 7-11 November 2011. The Conference is co-organized by the International Maize and Wheat 
Improvement Center (CIMMYT), and the Guangxi Maize Research Institute (GMRI), China. The theme of the workshop 
is “Addressing Climate Change Effects and Meeting Maize Demand for Asia”. The 11th AMC brings together over 300 
maize scientists, researchers and students from public and private sectors, including participants from several Asian countries, 
including Bangladesh, Bhutan, China, Colombia, India, Indonesia, Iran, Nepal, Philippines, Thailand, Turkey, Vietnam, besides 
Italy, Kenya, New Zealand, Mexico, Germany, Myanmar and the USA. The Conference features over 225 presentations, 
including keynote lectures, invited oral presentations, and poster presentations, besides scientific deliberations and discussions 
on maize in Asia. The extended summaries includes reviews and research papers on a diverse range of topics, including maize 
trends, challenges and opportunities in Asia, abiotic and biotic stresses affecting maize production, novel tools for maize 
improvement, conservation agriculture, nutritional enrichment of maize, participatory plant breeding, community-based seed 
production, public-private partnerships, maize value chains, policies and socio-economics relevant to Asia.  
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Introduction
Globally, 765 million metric tons (m t) of maize were 

harvested in 2010 from just under 153 million hectares 
(m ha). About 73 per cent of this area was located in the 
developing world, with again a predominant proportion of 
this area in the low and lower middle income countries. 
Asia’s contribution to the worldwide harvested maize area 
as well as production has been significantly increasing.  The 
major maize producers in Asia are China and D.P.R. Korea in 
East Asia; Indonesia, Philippines, Vietnam and Thailand in 
Southeast Asia; India, Pakistan and Nepal in South Asia; and 
Turkey and Iran in West Asia. It is notable that eight major 
maize-producing countries in Asia – China, India, Indonesia, 
Nepal, Pakistan, Philippines, Thailand, and Vietnam – taken 
together, now produce 98% of Asia’s maize and 26% of 
global maize (Erenstein, 2010); in all these countries, maize 
is predominantly grown under rainfed conditions by the 
smallholder, resource-poor farmers.  Hence, maize plays an 
important role in the livelihoods of millions of poor farmers, 
not only in Latin America and sub-Saharan Africa, but also 
in Asia.

The maize scenario in Asia is somewhat unique 
compared to the rest of the world.  Firstly, 70% of the total 
maize produced in Asia is used for feed purposes, 23% as 
food, and 7% for other uses. By contrast, in sub-Saharan 
Africa, maize is mainly a food crop accounting for 73% and 
64% of the total demand in Eastern and Southern Africa 
(ESA) and Western and Central Africa (WCA), respectively 
(Shiferaw et al., 2011). Although the maize feed market 
is rapidly growing, especially in countries such as China, 
India and Indonesia, maize is still an important staple food 
in many countries/areas in Asia, especially in the hills 
and tribal regions of Nepal, Bhutan, and India. Secondly, 
in terms of grain preference, unlike sub-Saharan Africa 
where white maize plays a highly dominant role as food, in 
almost all the Asian maize-growing countries, the demand 
is mostly for yellow maize. Despite these differences, the 
resource-poor maize farmers in Asia face many challenges 
that are shared by smallholders in sub-Saharan Africa and 
Latin America; among many, these include poor purchasing 
capacity, an array of abiotic and biotic stresses, poor soil 
fertility, and limited access to quality seed (particularly in 
the non-commercial belts). 

The growing demand
During 2003-08, maize production increased annually 

by 6.0% in Asia, as compared to 5.0% in Latin America, 
and 2.3% in sub-Saharan Africa (FAOSTAT, 2010). 
However, between now and 2050, the demand for maize 
in the developing world will double, and by 2025 maize 
will have become the crop with the highest production in 
the developing world (Rosegrant et al., 2009).  This has 
particular implications to Asia, where an array of factors 
is contributing to a sharply increasing demand for maize, 
including the growth rate of per capita GDP (gross domestic 
product), changing diets, and a significant rise in feed use 
that is driven largely by the strongly growing poultry sector.  
Maize use for feed in the seven major Asian countries has 
more than tripled from 29 m t in 1980 to 109 m t in 2000 
(Wada et al. 2008).

China’s rapid economic growth, coupled with the 
booming maize feed and processing demand, has the 
potential to transform the global maize scenario. In 2010, 
China’s maize area in 2010 (31.5 m ha) was quite comparable 
to that of USA (32.89 m ha).  During the past four decades, 
China registered an impressive 3.4% annual average growth 
rate in maize yields, and by 2002 had become the world’s 
second leading exporter of maize, after the USA (Dixon 
et al., 2008; Wada et al., 2008). However, China recently 
started to import maize, and to date has imported about 1 
million metric tons of maize.  Indonesia, the third biggest 
maize-growing country in Asia, imported 1.1 million 
metric tons of maize in 2010.  Although predictions vary 
considerably in magnitude, there seems to be little doubt that 
the rate of increased demand will soon out-pace the rate of 
increased maize production in Asia, and that China, Japan, 
South Korea, Malaysia, Philippines and Thailand may 
import substantial amounts by 2025 (Gerpacio and Pingali, 
2007; Falcon, 2008).

Both the area and production of maize in India have 
grown significantly in the past few decades. Maize grain 
production has increased from about 7 million tons in 
1980/81 to about 21 million tons in 2010/11. The impressive 
growth of maize in India has been largely driven by the 
increasing demand for maize grain as feed for the rapidly 
expanding poultry industry (Hellin and Erenstein, 2009). 
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The adoption of maize in non-traditional areas, the strong 
role of the private sector in the maize seed industry, and 
the development and delivery of higher-yielding, single-
cross hybrids, are some of the major factors behind this. 
Annual growth rates for production have been recorded 
as 1.9%, 3.3% and 5.3% for the decades 1980–1990, 
1990–2000, 2000–2010, respectively. While growth in the 
first two decades (1980-2000) was driven mainly by the 
yield increases due to improved adoption of high-yielding 
cultivars, area expansion has constituted more than half the 
growth over the past decade (DAC, 2010). 

Simultaneous with these trends, maize prices have more 
than doubled over the past ten years, along with prices of 
other commodities, with consequent implications to maize-
dependent countries and consumers in the developing world. 
What happens in the rest of the world, especially in the 
USA which is the largest producer and exporter of maize, 
affects the maize prices worldwide. Since prices are largely 
influenced by supply-and-demand, world maize prices are 
largely dependent not only on the weather in the US Corn 
Belt, but also the pattern of maize use (40 per cent of maize 
produced in US is used for producing ethanol).

Challenges to maize production
Despite the impressive growth in the last decade, the 

average maize yields in many of the Asian countries still 
remain low vis-à-vis the world average of 5.02 t/ha in 2010. 
Countries with sizable maize area but with less than 3 t/ha 
yields include India, Indonesia, Philippines, Pakistan and 
Nepal, while Vietnam and Thailand have registered maize 
yields in the range of 4-5 t/ha in 2010.  China recorded an 
average yield of 5.33 t/ha in 2010. Although maize is grown 
in almost every province in China, approximately two-thirds 
of the maize in China is grown in temperate, high-potential 
production environments in the north, and the rest is grown 
in the subtropical and tropical environments of the south.

Drought is recognized as the most important constraint 
across the rainfed lowland and upland environments, 
covering about 70% of the maize production area in Asia. 
This situation is likely to exacerbate in the coming decades 
due to climate change, often leading to inadequate and/or 
uneven incidence of rainfall in the crop season alongside 
temperature changes (IPCC, 2007).  Alleviating the effects 
of drought alone could increase average maize yields by 
35% across Asia-7 (excluding China), and by 28% in 
Southwest China (Gerpacio and Pingali, 2007).  At the same 
time, over 18% of the total maize production area in South 
and Southeast Asia is frequently affected by floods and 
waterlogging problems, causing production losses of 25–30 
% annually (Zaidi et al., 2010). 

By the end of this century, growing season temperatures 
will exceed the most extreme seasonal temperatures 
recorded in the past century (Battisti and Naylor, 2009). 
Recent analysis of more than 20,000 historical maize trial 
yields in Africa over an eight year period, combined with 
weather data, showed that for every degree day above 30°C, 
maize grain yield was reduced by 1% and 1.7 % under 
optimal rainfed and drought conditions, respectively (Lobell 
et al., 2011). High temperature stress and drought are likely 
to aggravate in northern China (Piao et al., 2010) as well as 
in many tropical maize growing areas, especially in South 
and Southeast Asia. Spring maize is an important option 
for intensifying and diversifying cropping systems in South 
Asia, but is prone to severe heat stress during flowering/
early grain filling stages, particularly in the upper and middle 
Indo-Gangetic plains. This highlights the importance of 
developing maize germplasm with tolerance to both drought 
and high temperature stress. 

Biotic stresses that that have widespread effects in 
Asia include the downy mildews, post-flowering stalk rots 
(PFSR), gray leaf spot (GLS), banded leaf and sheath blight 
(BLSB), turcicum leaf blight (TLB), ear rots, mycotoxins, 
stem borers and weevils. Rising temperatures and variations 
in humidity also potentially affect the diversity and 
responsiveness of pathogens and insect-pests, and could 
lead to new and perhaps unpredictable epidemiologies 
(Gregory et al., 2009).  For example, GLS is now becoming 
an important disease globally, with high incidences reported 
in Nepal, China, Bhutan, Colombia, Mexico, Brazil and 
several countries in Africa.

Poor soil fertility (including micronutrient deficiencies) 
and low nutrient use efficiency also rank among the most 
important factors limiting crop productivity and yield 
stability in both high potential–low risk environments as 
well as low potential–high risk environments. A common 
concern is imbalanced fertilizer use (i.e., very high use of N, 
less use of P, and negligible use of K, S, and micronutrients), 
which is particularly prevalent in the rice-maize (R-M) 
systems that are distributed all over South Asia, but more 
so in Bangladesh, India, Nepal, and Pakistan (Timsina et 
al., 2010).  Obviously, genetics and breeding alone cannot 
solve the complex challenge of enhancing productivity in 
smallholder farms. There is a distinct need for effective 
complementation of improved maize cultivars by suitable 
conservation agriculture practices.  Availability of 
equipment for direct seeding or minimal tillage operations 
is a constraint that needs to be addressed in developing 
locally relevant options for conservation agriculture.  In 
addition, agronomists and geneticists/breeders have to work 
in tandem to identify cultivars that respond best to such 
practices, and for generating better understanding of the 
complex interactions between genotype x environment x 
management practices.
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Much has to be achieved also in terms of institutional 
and policy innovations that support maize growth and 
development in Asia.  Also, an integrated approach that links 
the biophysical and the socioeconomic work is essential 
for success in improving productivity of maize and in 
enhancing adaptation to changing climate (Shiferaw et al., 
2011). This includes understanding the smallholder farmers’ 
affordability and access to quality seed, constraints in 
adoption of high-yielding, stress resilient and nutritionally 
enriched maize varieties, and partnerships and policies to 
significantly enhance seed production and distributio n.

Emerging opportunities
The ability to develop and deliver maize germplasm 

combining tolerance to several abiotic and biotic stresses 
will be critical for the resilience as well as diversification 
of cropping systems. While conventional breeding has 
been successful in improving complex traits like  drought 
tolerance, rapid advances in breeding climate change 
resilient cultivars is possible only by combining genetic 
analyses, high-throughput genotyping and phenotyping 
(preferably in the field) together with prediction models and 
molecular breeding. 

With the rapid reduction in genotyping costs, new 
genomic selection technologies have become available that 
allow the breeding cycle to be greatly reduced, facilitating 
the inclusion of information on genetic effects for multiple 
stresses in selection decisions (Heffner et al., 2009).  
However, the capacity of several institutions, especially in 
the developing world, for undertaking precision phenotyping, 
particularly under repeatable and representative levels 
of stress in the field, is lagging far behind the capacity 
to generate genomic information. Field phenotyping of 
appropriately selected traits, using low cost, easy-to-handle 
tools, is now possible, and should become an integral and 
key component in the breeding pipeline (Prasanna et al., 
2011).  It is also important to identify, validate and integrate 
use of molecular markers associated with major genes/QTLs 
for important oligogenic (simply inherited) defensive and 
nutritional quality traits in breeding programs (Prasanna et 
al., 2010).

The use of doubled haploid (DH) technology to 
rapidly develop genetically homozygous parental lines for 
hybrid breeding is widespread among the large commercial 
maize breeding programs, particularly in the USA and 
Europe (Prasanna et al., 2010). CIMMYT has adapted the 
doubled-haploid (DH) technology, in collaboration with 
the University of Hohenheim (Germany), to accelerate the 
development of homozygous lines in diverse, elite, highly 
adapted genetic backgrounds. CIMMYT’s research on DH 

technology, at present, is focused towards development of 
tropicalized haploid inducer lines (in both yellow and white 
kernel backgrounds) to meet the needs of the CIMMYT and 
NARS breeding programs in Africa, Latin America and Asia, 
besides optimizing agronomic management protocols for 
efficient, reliable and high throughput DH line development.

Simultaneous with the wider adoption of high-throughput 
molecular and phenotyping tools and DH technology, 
there is a distinct need to establish global phenotyping 
network for comprehensive and efficient characterization 
of genetic resources and breeding materials for an array 
of target traits, particularly for biotic and abiotic stress 
tolerance and nutritional quality. This would significantly 
accelerate genomics-assisted breeding, diversification of the 
genetic base of elite breeding materials, creation of novel 
varieties, and countering the effects of climate changes.  A 
new initiative of CIMMYT, titled the ‘Seeds of Discovery’ 
(SeeD), funded by the Mexican Government for the benefit 
of the world scientific community, aims to discover the 
extent of allelic variation in the genetic resources of maize 
and wheat (in the CIMMYT Gene Bank), formulate core 
sets based on genotyping and phenotyping, and utilize 
marker-assisted breeding to bring those rare useful alleles 
into breeding programmes for developing novel genotypes.

Maize is emerging as one of the potential crops in 
rice-based systems in South Asia, as discussed in detail by 
Timsina et al. (2010). The area under Rice-Maize (R-M) 
systems in South Asia (excluding Pakistan) is estimated to be 
1.31 m ha, with highest acreage in India followed by Nepal.  
The recent development of short-duration rice varieties and 
maize hybrids with improved drought tolerance is providing 
opportunities for the expansion of R-M systems into areas of 
South Asia with insufficient irrigation or rain for continuous 
rice cultivation. Although hybrid maize requires relatively 
higher inputs, especially nutrients, the very high output 
makes it over twice more profitable than wheat or Boro rice 
(Ali et al., 2009).

With the ongoing revolution in the Information and 
Communication Technology, there is a great opportunity 
for the public/private institutions in Asia to empower 
farmers and consumers even in the remote areas with up-
to-date information on improved varieties, agronomic/
conservation agriculture practices, markets, weather and 
pathogens/insect-pests. Information Management Systems, 
coupled with Decision Support Tools, need to be adopted 
by the public sector institutions in the developing world, 
including Asia, as these can effectively help in linking the 
maps, markers and alleles on one hand with the germplasm, 
pedigree and phenotypes on the other.

Currently, more than 70% of all nitrogen fertilizer is 
applied in the developing world. Precision agriculture tools 
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that allow a more efficient use of nitrogen if fully developed 
and made profitable can also offer win-win solutions 
in terms of lowering the costs of production as well as 
significantly reducing the emission of greenhouse gases like 
nitrous oxide. CIMMYT is working on new approaches that 
enhance the efficiency of fertilizer applications and reduce 
the overall demand for N fertilizers by small-scale farmers.
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Maize production in East and SE Asia
Maize production in Asia has been accelerating during 

the past two decades due to the increasing and diversifying 
demands for maize. Most of the maize in Asia is consumed 
as feed, and secondly as food, and then as industrial raw 
material. Total maize production in Asia reached 234 million 
tons in 2009, which accounted for more than one-fourth of 
the world total production. East Asia is the main producer 
of maize in Asia, with a production of 166 million tons in 
2009, which accounted 20.2% of the world’s total maize 
production. Maize production in East Asia comes mainly 
from China, which accounted for 98.9% of East Asia’s total 
maize production and 20% of the world output in 2009. 
Indonesia, the Philippines, Thailand, and Vietnam are some 
other main production countries of maize in Southeast Asia. 

During the past half-century, the average growth rate 
of maize area and production in East and Southeast Asia is 
faster than that of the world average, from 1961 to 2009, 
maize production and area increased by 2.99 times and 50% 
in the world, respectively, but by 7.55 times and 101% in 
East Asia, and increased by 6.82 times and 88% in Southeast 
Asia, respectively. But in the last two decades, especially 
after 1990s, the growth rates of both yield and production 
area in Southeast Asia have been slowing down. During 
1990-2009, total maize production increased by 69% in the 
world, but only increased by 64% and 124% in East and 
Southeast Asia, respectively. Maize area increased 21% in 
the world, but 43% and 7% in East Asia and Southeast Asia, 
respectively. 

Over the past half-century, maize area and yield have 
increased significantly in East Asia, which led to a great 
increase of maize production in this area. Maize production 
in Southeast Asia has increased significantly, especially in 
Burma and Vietnam. Maize production in China increased 
by 8.1 times, in addition, maize area and yield increased by 
1 and 3.3 times, respectively.

The trend of maize yield change in East Asia was 
contrary to that in Southeast Asia during the 1960s. 
Maize yield had increased faster before 1990s, and have 
been slowing down since then in East Asia (especially in 
China). However, it has increased faster in Southeast Asia 
after 1990s. Maize yield has increased greatly after the 
1990s. Maize yield increment was due to the adoption of 
hybrid technology and the increase of inputs. In East Asia 
(especially in China), maize yield increased by 220% with 
an annual gain of 104 kg/ha during 1969-1989, but increased 
by 15% with an annual gain of 35 kg/ha during 1990-2009. 
In Southeast Asia, it had increased by 99% with an annual 
gain of 31 kg/ha before 1990s, but after that, increased by 
110% with an annual gain of 99 kg/ha. Both the growth 
rate and the absolute growth of maize yields in decades 
showed a clear difference between East and Southeast Asia. 
For example, in the past five decades, maize yield in East 
Asia increased annually by 5.9%, 4.5%, 3.2%, 0.2% and 
1.7%, respectively, however, it increased in Southeast Asia 
annually by 1.9%, 2.3%, 2.7%, 3.8% and 4.4%, respectively. 

Maize production in China 
The case of maize production in China was similar to 

that of East Asia. Maize yield in China increased by 3.4 
times, with an annual gain of 93 kg/ha ranked next to the 
US and Argentina. It should be noted that maize yield in 
China increased at 104 kg/ha/year before 1990s, which was 
compatable to the growth rate in America and even higher 
than that in Argentina. But after that, maize yield in China 
increased at 38 kg/ha/year which was much lower than the 
growth of 152 kg/ha/year in America and 180 kg/ha/year in 
Argentina, which was even lower than the growth in Vietnam, 
Myanmar, Indonesia and Brazil (more than 100 kg/ha/year). 

On the contrary, maize yields have increased sharply 
since the mid-1990s in several countries of South-east Asia, 
except for Thailand. The annual growth rate of maize yields 
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in Indonesia, Vietnam and Myanmar are 4.1%, 4.6% and 
6.7%, respectively, and at an annual gain of 107 kg/ha, 143 
kg/ha and 110 kg/ha, respectively. 

Maize trade in the region
Over the past half-century, the world maize trade has 

increased significantly. East Asia has been importing maize 
for a long time, and the imports continue to increase.  But 
some of the Southeast Asian countries turned into maize 
exporters in the mid-1980s. Although some countries or 
regions exported maize in East Asia, import is more than 
export in most years. In recent years, Japan, Korea and 
China were the main importers in East Asia. Maize imports 
in Japan (16-17 million tons annually) accounted for more 
than half of East Asia’s total imports, and Korea (8-9 million 
tons) accounted for more than one-third of East Asia’s total 
imports. Imports of these two countries have been relatively 
stable since 1990s. China was a net export country in most 
years, but its export has been steadily declining in the last 
decade, and has become a net importer of maize in 2010. 

Maize breeding strategies in East and 
South-east Asia

The rate of maize yield gains in China has been reducing 
although the yield potential has been increasing since 1960 
when the hybrids were introduced. The high yield potential 
and stress tolerance of hybrids have been ignored for almost 
three decades in China due to the constitution of research 
management. Breeders generally tend to develop hybrids 
with tall stature, too much leafy, late maturity or full season, 
and big and good looking ears, but most of this kind of 
hybrids are considered risky under abiotic stresses. Chinese 
maize breeders also tend to develop hybrids with excessive 
stay green and late maturity during the past 4 decades, which 
caused application of chemical fertilizers in a non-judicious 
manner , thereby reducing the efficiency of N utilization.

A series of retrospective studies on maize cultivars were 
carried out in Beijing, Xinjiang, Hainan, Henan and Liaoning 
provinces since 2005. Some conclusions are in accordance 
with Dr. Donald Duvick, but many traits are quite different 
from the US maize hybrids. The contribution of heterosis to 
yield gains is higher in China than that reported in American 
hybrids, and the contribution of heterosis to yield gains 
showed weak increase with the year of hybrids release. 

Maize breeders in China and also in Southeast Asian 
countries are now actively reorienting the strategy of maize 
breeding programs to enhance the efficiency of breeding 
progress, and develop stress resilient and input responsive 
hybrids. We should continue to introduce, improve and 

utilize exotic germplasm to broaden the genetic base in 
maize breeding programs and strengthen the pre-breeding 
efforts. The germplasm should be divided into two heterotic 
groups or two alignments, based on the current genetic 
backgrounds, which will keep the SCA effects in two 
groups; improve the germplasm within each group and push 
them to the opposite directions in terms of gene frequency, 
which will enhance and accumulate GCA effects in breeding 
populations of germplasm; improve germplasm and select 
inbred lines under high population density based on G×E 
effects to enhance stress tolerance. 
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Introduction
Climatic and demographic changes are resulting in 

maize growing environments that are increasingly dry 
and hot, or exposed to acute N deficiency and soil acidity. 
Resource poor farmers in the tropics, unable to access 
irrigation, fertilizer and lime are forced to rely primarily on 
genetic solutions to abiotic stress. In temperate areas energy 
costs may limit access to irrigation and N fertilizer, while 
physical supply threatens P and K supplies. The efficiency 
with which these resources are used merits research attention. 
Pressure on land resources in Asia is already high and 
growing, so yield potential cannot be sacrificed in pursuit of 
stress tolerance and resource use efficiency. We review the 
considerable progress that has been made in stress tolerance 
in maize. Lessons from the past can inform future efforts, 
while new genomic selection tools, phenotyping protocols 
and agronomic management methods show considerable 
promise for speeding future gains in productivity.

Lessons from the past: tolerance to 
specific abiotic stresses
 • Drought: about 85% of the 160 m ha of maize grown 

globally is rainfed, and subject to randomly occurring 
levels of stress. CIMMYT and other public and private 
maize breeding programs have made excellent progress 
in improving yield under drought at a rate which has 
averaged > 100 kg/ha/yr across yield levels (Edmeades, 
2008). The use of managed stress environments and/or 
wide area testing have contributed significantly to this 
rate of gain (Campos et al., 2006). Some progress has 
also been made in improving tolerance to flooding.

 • Heat and cold: Selection in hot environments under 
drought identifies recombinants with superior heat 
tolerance during the sensitive flowering period. 
Improvements in cold tolerance in Corn Belt germplasm 
have permitted earlier planting in the spring (Kucharik, 
2008).

 • Low N and NUE: N deficiencies are common in Africa 
and in drought-prone areas where risk discourages 
N use. Selection for improved yields under low N 
has given gains of >75 kg/ha/yr (Lafitte et al., 1994), 
but selection for drought tolerance has also proved 
surprisingly effective at increasing yield under low N 
(Bänziger et al., 1999).

 • Acid soils: Approximately 30% of maize in the 
developing world is grown in acid soils where Al3+ 

ions in the soil solution inhibit root growth, render P 
unavailable and reduce yield. Recurrent selection under 
managed levels of Al saturation and soil P have resulted 
in yield gains of 120 kg/ha/yr (Pandey et al., 2007). Lack 
of callose formation in root tips has also been associated 
with tolerance to soil Al3+ (Eticha et al., 2005).

Principles emerging
 • Stress tolerance is needed in most maize varieties 

because of climate change and the spatial and temporal 
variation in stress levels within a field. Improved stress 
tolerance is possible without the loss of yield potential 
(both increase simultaneously). Intrapopulational 
improvement has successfully increased frequency 
of stress tolerance alleles, and conventional pedigree 
breeding has accelerated these gains.

 • Managed stress environments: these are more efficient 
at increasing stress tolerance than multilocation 
testing, provided they represent target environments. 
Selecting spatially uniform stress levels that maximize 
repeatability of trials and expose genetic variation for 
stress tolerance will increase gain.

 • Genetic variation: All maize populations contain 
adaptive alleles at a low frequency and with modest 
effect. Data suggest there are very few genes with large 
effect for abiotic stress tolerance in maize, so breeding 
methods must accumulate numerous small additive 
effects.
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 • Secondary traits: can speed breeding if correlated with 
grain yield while being cheaper to measure than yield. 
They are also useful for identifying metabolic pathways 
and transgenes.

Looking forward: Breeding 
approaches

Pedigree breeding remains the foundation of breeding 
for abiotic stress tolerance. It allows synthetics to be 
generated as needed from high GCA inbreds to meet a 
diminishing demands for OPVs. Molecular breeding using 
marker assisted selection (MAS) is becoming a main line 
addition to pedigree breeding, using genome-wide selection 
rather than MAS based on QTL alone.

 • Phenotyping: this remains the greatest and most 
expensive limitation to progress in establishing gene-
phenotype associations. Phenotyping sites for abiotic 
stress screening must be repeatable, high throughput, 
uniform, accurate and replicated across the target 
environment. They will be mainly field-based in the 
foreseeable future. 

 • Genotyping: This is moving from SSR-based systems 
to SNP-based systems that are increasing developed 
through genotyping-by-sequencing techniques. These 
generate extremely dense maps of SNP markers at 
costs per informative SNP of << 1 US cent/datapoint. 
Regression techniques provide genomic-estimated 
breeding values (GEBVs) from training datasets that 
can be used for MAS without further phenotyping 
(Crossa et al., 2010). When applied to doubled haploid 
seedlings this provides a powerful means of exploiting 
current genetic variation. 

 • Transgenics: These are needed for traits where native 
variation is insufficient to deliver desired trait values. 
Examples for the future might be heat tolerance at 
flowering; freezing tolerance; staygreen under terminal 
drought; specific root morphologies.

Looking forward: Agronomic 
approaches

There is increasing appreciation of hybrid x management 
interactions that result in hybrid-specific management 
practices. Planting dates, water harvesting techniques, 
zero tillage, mulch retention, rates of specific nutrients 
and variable rate technology all call for hybrid specific 
management methods as inputs become increasingly costly 
and/or scarce.

Private-Public research programs
Needed investments in genomic technologies, 

multilocation testing and even DH production greatly exceed 
the resources of the public sector, and partnerships with 
private sector technology providers and seed companies 
are increasingly needed. Examples of such partnerships are 
the WEMA and IMAS Projects funded by the B&M Gates 
Foundation. Policies will be needed that adequately protect 
intellectual property and provide equitable recognition for 
the research outcomes in farmers’ fields.

Conclusion
Stress tolerance is becoming increasingly essential in 

maize germplasm because of the changing crop environment 
and the need for stable food production. The tools needed 
to generate stress tolerant cultivars are available, provided 
investment in agricultural research is both increased and 
sustained.
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Introduction
Climate change will affect everyone but developing 

countries will be hit hardest, soonest and have the least 
capacity to respond (ADB, 2009). A recent study estimates 
the annual costs of adapting to climate change in the 
agricultural sector to be over US$ 7 billion (Nelson et al., 
2009).The immediate and long-term impacts of climate 
change are threatening social and economic progress across 
Asia and the Pacific. Such impacts are already being felt 
in a number of real and recognizable ways in the region, 
including more and more extreme weather events, and 
shifting seasons. Extreme climate events, such as drought, 
heat, and water-logging, are happening more frequently. The 
unpredictable trend of their occurrence, sometime more than 
one extreme condition within a same crop season, such as 
drought and water-logging, drought and heat stress increases 
the likelihood of short-run crop failures and long-run 
production declines, and eventually threatening food security 
and livelihood. Crop improvement through conventional 
breeding or through biotechnological innovations has been 
hailed as a crucial strategy to ensure maintenance or gain 
in agricultural productivity (Tester and Langridge, 2010). 
Given the time lag between the development of improved 
germplasm until it is in the hands of the famer, it of the 
utmost importance that the necessary action to adapt to 
climate change affects is made a priority within South and 
Southeast Asian countries. 

Climate change effects on maize 
production in Asian tropics

Agriculture systems, in general, are extremely 
vulnerable to climate change, and specially those relying on 
rain‐fed agriculture, such as major maize production system 
in tropical Asia. The rain-fed production system has always 
been exposed to uncertain/adverse climatic condition, but 
keeping in view the climate change patterns in the region 
it may now face more and more extreme climates with high 
variability beyond the current capacity to cope up with. In 
South and South-east Asia, distribution patterns of rainfall 
rather than total annual rainfall are predicted to change 

(IPCC, 2007). The inadequate rainfall distribution pattern 
frequently causes severe drought and/or water-logging 
within a single crop season, as was the case in large areas 
of South Asia in 2009. This is the major factor responsible 
for low productivity of maize during maize crop season in 
(summer-rainy season) in comparison to dry season maize 
productivity. Lobell et al. (2011a) showed that global maize 
production declined by 3.8%, compared to a counterfactual 
without climate trends. According to a report from Asian 
Development Bank (ADB), South Asia will be particularly 
hard hit by climate change effects, where. The study warns 
that if current trends persist until 2050, the yields of major 
crops in South Asia will decrease significantly – maize 
(-17%), wheat (-12%) and rice (-10%) – because of climate 
change-induced heat and water stress (ADB, 2009). 

CIMMYT initiatives on adapting 
climate change effects on maize

Drought tolerant maize:

In the 1970’s CIMMYT initiated a drought breeding 
program for maize using the elite lowland tropical maize 
population “Tuxpeño Sequia” (Bolanos et al., 1993). A 
recurrent selection approach was applied to increase the 
frequency of alleles conferring drought tolerance. Products 
of CIMMYT’s stress breeding (42 hybrids) were compared 
with 41 released and pre-released hybrids from private seed 
companies (Monsanto, Pannar, Pioneer International, Seed-
Co International and ZamSeed) across several environments 
in sub-Saharn Africa, including optimal, random stress, and 
managed drought and low-nitrogen stresses. Products of 
CIMMYT’s stress breeding program showed a consistent 
advantage over private company hybrid checks at all yield 
levels (Banziger et al., 2006). In recent years, an association 
mapping panel (known as DTMA association mapping 
panel) was developed to represent genetic diversity within 
modern tropical and subtropical maize breeding programs. 
The primary aim of this panel was to identify single 
nucleotide polymorphism (SNPs) associated with drought 
adaptation; however, it has also proved valuable for the 
identification of drought tolerant donor lines. The DTMA 
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association mapping population has been screened under 
flowering stage drought stress in Africa and Asia over a 
period of 2 years. Across site analysis for grain yield under 
drought stress identified drought tolerant donors, which 
are currently being incorporated into drought breeding 
programs (Table 1). Lines derived from stress breeding 
program at Mexico and in Africa, were evaluated under 
managed drought stress followed by across target potential 
environments in South and South-east Asia. New series of 
Asia-adapted drought tolerant yellow lines were identified. 
Apart from conventional selection, several molecular 
breeding project were initiated where drought tolerance 
of well established donor lines are being transferred into 
Asia-adapted germplasm through marker-assisted recurrent 
selection approach.

Heat tolerant maize:

Lobell and Burke (2010) suggested that an increase in 
temperature of 2°C would result in a greater reduction in 
maize yields within sub-Saharan Africa than a decrease in 
precipitation by 20%. A recent analysis of more than 20,000 
historical maize trial yields in Africa over a period of eight 
years combined with weather data showed that for every 
degree day above 30°C grain yield was reduced by 1.0% 
and 1.7 % under optimal rainfed and drought conditions, 
respectively (Lobell et al., 2011b). A similar analysis of maize 

production in India during the period 1980 to 2008 showed a 
1°C increase in maximum temperature was associated with 
a 5% reduction in maize yield (Lobell et al., 2011a). These 
reports highlight the need to incorporating tolerance to heat 
stress into tropical maize germplasm. However, relatively 
little research has been conducted on heat stress compared 
to other abiotic stresses in maize. 

Under the project cereal system initiative for South Asia 
(CSISA), CIMMYT-Asia initiated breeding for reproductive 
stage heat stress tolerance during 2008, where elite lines and 
hybrids were screened for heat stress tolerance under natural 
conditions, by manipulating planting time (delayed planting 
of Spring maize). Initial results indicated that, in general, 
most of the Asian maize germplasm are highly susceptible 
to reproductive stage heat stress. However, significant 
genotypic variability exist among Asian germplasm with 
regards to heat tolerance; germplasm with reasonably good 
level of heat tolerance were identified, which are being 
used in developing high yielding maize germplasm with 
improved level of heat tolerance. 

Water-logging tolerant maize:

Over 18% of the total maize production area in South 
and Southeast Asia is frequently affected by floods and 
waterlogging problems, causing production losses of 25–
30 % annually (Zaidi et al., 2010). However, the extent 
of damage varied significantly with the developmental 
stage of the crop, as previous studies showed that maize is 
comparatively more susceptible to waterlogging from the 
early seedling stage to the tasseling stage (Mukhtar et al., 
1990; Zaidi et al., 2004a). Significant genotypic variation 
has been observed for tolerance to water-logging in maize 
(Rathore et al., 1998; Zaidi et al., 2003). Such variability was 
exploited to develop maize varieties tolerant to intermittent 
water-logging stress during the summer-rainy season in the 
tropics. Recurrent selection over 12 cycles at EMBRAPA, 
Brazil resulted in the development and subsequent release of 
the waterlogging tolerant BRS 4154 maize line, with a 20% 
yield advantage under waterlogging compared to the original 
source (Ferreira et al., 2007). At CIMMYT-Asia, wide range 
of maize germplasm, including elite lines, hybrids, and 
local landraces from water-logging prone ecologies, were 
screened under managed water-logging stress. Germplasm 
with reasonably good level of water-logging tolerance 
were identified and further improved. Bi-parental pedigree 
crosses and multi-parent crosses were developed, and new 
generation of water-logging tolerant lines were derived from 
these populations, tested for their combining ability and 
agronomic traits, which are made available to the breeding 
program in the region, located in water-logging prone agro-
ecologies. 

Table 1. Drought tolerant donors identified from multi-
location screening under flowering stage drought 
stress.

Drought tolerant donors

La Posta Seq F64-2-6-2-2 
La Posta Seq C7-F103-2-2-2-1-B-B-B-B-B
DTPYC9-F46-1-2-1-2-B-B-B-B 

La Posta Seq C7-F180-3-1-1-1-B-B-B-B-B 

CL-G1628=G16BNSeqC0F118-1-1-4-2-B*4-B 

DTPWC9-F67-2-2-1-B-B-B-B-B 
(A.T.Z.T.R.L.BA90 5-3-3P-1P-4P-2P-1-1-1-B x G9B C0 

R.L.23-1P-2P-3-2P-3-2P-1P-B-B-B)-B-16TL-3-1-4-B-
B-B 

La Posta Seq C7-F18-3-2-1-1-B-B-B-B-B 

DTPWC9-F24-4-3-1-B-B-B-B-B 

DTPYC9-F46-1-2-1-1-B-B-B-B 
CLQ-RCWQ103=(CML150xCML254)-B-16-2-2-2-B-B-B-

B-B 
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Tolerance to combination of abiotic stresses:

A vast amount of research has focused on individual 
stresses such as drought, water-logging, heat, salinity, low 
nitrogen stress etc., however in farmers fields crops are 
regularly subjected to a combination of stresses. Relatively 
little is known about stress combinations and comparing 
the effects of different stresses is an important step forward 
for understanding plant behavior in the field (Laurentius 
et al., 2008). Breeding programs often run independent 
screens for stresses know to occur in the target environment, 
selecting genotypes which perform well across a suite of 
stresses. The major challenge is to put together multiple 
abiotic stress tolerance and develop productive genotypes 
tolerant to combination of stresses, such as drought and heat 
stress, drought and water-logging, drought and low-nitrogen 
etc. Concurrent screening for drought and low-nitrogen 
successfully developed superior germplasm with tolerance 
to both stresses (Bänziger et al., 2006). Significant spill-
over from tolerant to one abiotic stress to another have also 
been observed, for example – from drought to low-nitrogen 
(Zaidi et al., 2004b) and to water-logging stress (Zaidi et al., 
2008). Screening under combined heat and drought stress is 
now underway in Mexico. Mean grain yield under combined 
heat and drought stress was 0.26 t ha-1, significantly lower 
than drought stress alone. The ranking of genotypes changed 
under the combined stress with many drought tolerant lines 
highly susceptible to heat and drought stresses (Table 2). 
Evaluation of elite hybrids under drought (at flowering/
early grain filling) and water-logging (at vegetative stage) 
stresses indicated that tolerance to both the stress among 
currently available elite hybrids is rare. Screening of 112 
hybrids under managed drought and water-logging stress 

followed by evaluation of the selected drought and/or 
waterlogging tolerant hybrids under participatory varietal 
selection (PVS) trials across several locations in drought and 
waterlogging prone environment showed that two hybrids, 
namely KMH408710 and BH-19 (released in India during 
2009 as DHM-117) were tolerant to both the stresses (Fig. 
1). The results indicated that tolerance to both drought and 
water-logging stress is rare, but not impossible. 

These findings confirm the importance of screening 
under combined stresses. Rresearch is required into the 
identification of traits associated with combined stress 
tolerance, and the development of improved germplasm 
combination of stresses, commonly occurs in target potential 
environment in Asian tropics. 

Table 2. Performance of elite maize lines under flowering stage drought (DT) and/or heat stress and under well-watered 
conditions (WW).

Pedigree

Grain yield (t ha-1)

DT+Heat DT WW 

DTPYC9-F46-1-2-1-2-B-B-B-B / CML-312 SR 1.36 4.16 7.23 
La Posta Seq C7-F64-2-6-2-2-B-B / CML-312 SR 1.33 3.21 7.78 
CLA44-B-B / CML-312 SR 1.14 3.38 6.30 
La Posta Seq C7-F96-1-2-1-2-B-B-B-B / CML-312 SR 0.90 3.23 5.70 
DTPYC9-F143-5-4-1-2-B-B-B-B-B / CML-312 SR 0.86 2.98 6.77 
[(87036/87923)-X-800-3-1-X-1-B-B-1-1-1-B-B-xP84c1 F26... 0.82 3.05 5.84 
[P591c4 F31-1-1-2-B-B-B/CML312SR]-1-1-B-B / CML-312 SR 0.81 3.26 6.27 
CML-323-B-B / CML-312 SR 0.81 3.23 6.33 
[M37W/ZM607#bF37sr-2-3sr-6-2-X]-8-2-X-1-BB-B-xP84c1… 0.80 3.68 6.13 
DTPYC9-F46-1-2-1-1-B-B-B-B / CML-312 SR 0.80 3.77 7.83 
Mean 0.26 3.14 6.74 

Fig. 1: Grain yield (t ha-1) of cultivars under vegetative stage 
water-logging and/or flowering stage drought stress.
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Introduction
Drought is a limiting factor in maize producing area 

in different parts of the world. In Thailand, drought was 
reported as a priority constraint for maize production in 
many agro-ecological zones and it is observed almost every 
year (Eskasingh et al., 2004). Maize is usually affected to 
drought stress at different stages. It is expected that breeding 
for drought tolerance genetic gains would be more rapid 
and predictable if desired morphological and physiological 
traits could be identified. The objective of the study was to 
compare the performance of early tropical hybrid maize and 
to understand the association of yield with morphological 
and physiological traits under water stress condition.

Methods
During the Dry season of 2009, 148 early maturity 

hybrids from CIMMYT Mexico were introduced to Nakhon 
Sawan Field Crops Research Center (NSFCRC). Those 
materials were evaluated in separate trials under well-watered 
(WW) and severe water stress (SS) during flowering. Using 
Nakhon Sawan 2 (NS2) and Nakhon Sawan 3 (NS3) maize 
hybrids as local checks, treatments were arranged in 10 x 15 
Alpha lattice design with three replications. Individual plots 
consisted of two rows, 5.0 m long with a row spacing 0.75 m 
and 0.20 m between plants. Observations on morphological 
and physiological traits and analyses of variance were 
performed using MSTAT procedure.

Results
Grain yield (GY) under SS ranged from 105 to 5,087 

kg ha-1 and anthesis-silking interval (ASI) ranged from -1 to 
18 days. Number of ears per plant (EPP) ranged from 0.1 
to 1.0. Hundred kernels weigh (HKW) ranged from 12.41 
to 31.76 g. Mean Chlorophyll content (CHE) averaged 41.9 
g/cm2. Mean vegetative indices (NDVI) averaged 0.550. 
Stomatal conductance (LP) averaged 71.2 mmol/H2O m-2s-1. 
And infrared thermometer averaged (IR) 34.2 C° (Table 1). 
GY correlated positively with EPP and HKW. The silking 

date (SD), leaf rolling (LRO) and ASI correlated negatively 
with GY. For physiological traits, CHE, NDVI, LP exhibited 
positive correlation with GY but IR correlated negatively 
with GY (Table 2).

Table 1. Important agronomic and secondary traits of 
maize under severe stress condition at Takfa, 
2009D.

Traits Min Max Mean

Tass 52 62 56 ± 1.59
Silk 53 75 61 ± 4.12
ASI -1 18 5 ± 3.11
GY (kg ha-1) 105 5,087 2,591 ± 972.49
EPP 0.1 1.0 0.7 ± 0.16
HKW 12.41 31.76 25.82 ± 2.79
LRO 1 5 4 ± 0.68
CHE 27.8 53.9 41.9 ± 4.91
NDVI 0.400 0.660 0.555 ± 0.04
LP 0.1 182.1 71.2 ± 30.87
IR 31.5 37.7 34.2 ± 1.25

Table 2 Phenotypic correlation coefficient (r) between 
grain yield and physiological traits under severe 
stress condition at Takfa, 2009D.

Traits r

Silk -0.2097*
ASI -0.2745*
GY (kg/ha) -0.5199*
EPP 0.2317*
HKW 0.2729*
LRO -0.5072*
CHE 0.5531*
NDVI 0.3785*
LP 0.3572*
IR -0.3635*

*Significant at 0.05 level of probability
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Conclusions
Selection for drought tolerance, by increasing EPP, 

HKW, CHE, NDVI and LP were linked to higher yield 
under drought stress. In contrast, the reduction in ASI, LRO 
and IR suggesting that were increased higher yield. 
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Introduction
The role of maize as the second most important food 

and as the main feed ingredient in Indonesia is becoming 
increasingly important. The demand for maize continues to 
increase so that the national maize supply in recent years 
had added from imports. However, the maize yields are 
unstable, and the low yield potential especially in the dry 
land and acid soils are the main factor to satisfy the needs 
of maize nationally. Maize is planted widely in Indonesia 
in as much as 4.2 million ha, but 79% of the whole area 
is dry land (Statistics Indonesia, 2009). Most of the land 
area (59%) is low-productive due to drought and acid soil. 
In the national maize development strategy, it is envisaged 
that not only the improvement of cultivation technology, but 
also an extension of land, especially in the eastern part of 
Indonesia, is important. It is therefore necessary to develop 
varieties tolerant to abiotic stresses, especially for drought 
and acidity.

Material and Methods
Breeding for drought and acid soil tolerant maize 

in Indonesia are conduct at the field, green house and 
laboratory. Breeding activities include the establishment of 
new populations using recurrent selection and formation of 
new high yielding inbred lines. Moreover, the Indonesian 
maize program also   introduces the inbred lines, populations 
and hybrids from CIMMYT, especially genotypes with 
tolerance to drought and acid soils, and utilizes the 
promising genotyes as parents of hybrid maize tolerant 
to abiotis stresses in Indonesia. At each stage, screening 
was undertaken for drought and/or acidity. Screening and 
evaluation activities are conducted in the green house, 
laboratory and field. To determine the inbred lines that have 
good combining abilities for each environmental stress, we 
conduct testcross and diallel cross, followed by evaluation 
of progeny. Selection and evaluation methods with regard 
to drought tolerance of populations and inbred lines follow 
the methods suggested by Banziger et al. (2000) and Zaidi 
et al. (2002), while the method of selection and evaluation 
of inbred lines for acid soil tolerance is done following 

the methods by Jariel et al. (1991), Pellet et al. (1995) and 
Syafruddin (2002). Results of the test cross hybrids and 
diallel from the target selection environments continue with 
advanced testing and multi-location testing for grain yield.

Results
Breeding for biotic and abiotic stress tolerance in 

Indonesia, in collaboration with CIMMYT, resulted in 
several new populations, inbred lines and hybrids with 
good performance. Several hybrids with drought tolerance 
were already released, i.e., Bima-2 Bantimurung, Bima-
3 Bantimurung, Bima-7, Bima-8, Bima-9 and Bima-11. 
The female parents of these hybrids were introduced 
from CIMMYT through networks such as TAMNET 
(Tropical Asian Maize Network), AMBIONET (Asian 
Maize Biotechnology Network), and AMNET (Asian 
Maize Network). This is further continued with two more 
CIMMYT-led Networks, i.e. AMDROUT and AAA Projects, 
to develop maize hybrids is more tolerance to drought. Some 
tropical maize hybrids from Mexico are under evaluation 
in Indonesia and some of these hybrids showed good 
performance and adaptation.  

With regard to breeding activities for acid soil tolerance 
in Indonesia, we have already released two varieties i.e., 
Antasena and Sukamaraga.  Some populations also showed 
tolerance to acid soil i.e. MS-1 C2, AMATL (HS) C3, SATP2 
(S2) C6, and SA-4. These populations are introduced from 
the CIMMYT-Colombia maize breeding program. Some 
more inbred lines and hybrids have been introduced from 
CIMMYT-Colombia in this year. These lines and hybrids 
are under evaluation in Maros, South Sulawesi and will be 
harvested in early October 2011. 

Conclusions 
Breeding for drought and acid soil tolerance in Indonesia 

is being undertaken in partnership with CIMMYT, and 
these activities have led to several improved inbred lines, 
populations and released varieties, especially hybrids.   .
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Introduction 
Corn yield may be reduced by 101 kg/ha per day when the 

temperature reaches up to 35°C or higher during pollination 
and grain filling (Smith, 1996). The meteorological data 
showed that highest maximum temperature at Central 
Punjab region in Pakistan reaches up to 48°C during the 
month of May when maize crop is in the reproductive phase. 
The activation state of Rubisco decreased at 32.5°C with 
nearly complete inactivation at 45°C and plant dies at 54°C 
(Steven at el. 2002 and smith, 1996). Maize crop cannot be 
sown earlier in month of January due to lower temperature 
not optimum for germination and growth to avoid stress 
at reproductive stage. Therefore, heat stress tolerance is 
a top priority issue to the maize breeders in tropical and 
subtropical zones.

Methods 
Hybrid FH810 along with prevalent multinational 

hybrids, Nk-8441, Hic-8288 as check and other 25 hybrid 
entries were evaluated for their performance under natural 
high temperature stress condition. The data of grain yield 
(spring crop from March 2005 to June 2010) were collected, 
from national, on-farm and maize research station Faisalabad 
trials. The standard recommended agronomic patterns 
were followed throughout the growing period. The mean 
minimum temperature during crop growing period ranged 
from 0.6°C to 28.1°C and mean maximum temperature 
ranged from 13.7°C to 45.4 °C. The relative humidity during 
crop growing period ranged from 19% to 93%. All the 
hybrids were harvested at their maturity(90-95 days).

Results 
Strong relationships between grain yield and 

temperature stress were observed among the hybrids. FH-
810 was ranked 1st among 28 entries with 9320 kg/ha 
grain yield under stress of maximum temperature 47.8°C 
and showed 9.9 % increase in yield than the most popular 

hybrids under high temperature stress conditions (Table 
1). The five year temperature vs yield graph represents the 
outstanding performance of FH-810 among all other leading 
hybrids (Fig.1).

Conclusions 

Selection for heat stress tolerance, by exposing 
leading five out yielding hybrids to natural heat 
stress conditions of central Punjab and results of 
recorded data from different locations showed an 
outstanding performance by hybrid developed 
by Maize research station Faisalabad, Pakistan. 
FH810 is not only out yielding in grain yield but 
remained lush green till the time of harvest even 
in harsh heat stressed environmental conditions, 
where other competitor were almost with leaves 
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in burning condition (Fig.2). This is a very useful 
aspect, making it a dual purpose hybrid for fodder 
need of farmers looking to have maximum benefits 

from a sown crop. The combination of this hybrid 
should be utilized in future breeding programs of 
heat stress and drought tolerance in tropical and 
subtropical environmental conditions. 
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Table1. Yield performance of FH-810 in National Uniform Yield Trials during Spring 2007 in Kg/ha.

R# Hybrid NARC
ARID 

IKHAN MMRI
AARI 
FSD

RAFHAN 
FSD AURIGA SYNGENTA

Average 
yield % increase 

1 FH-810 10534 10280 8709 8381  8287 9699 9349 9320
4 NK-8441  8510 10404 7371 8472 10230 7904 7840 8676 7.4
18 Hic-8288  9556  9642 6116 6849  8960 3751 3021 6842 9.9

CV%
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Introduction
Maize (Zea mays L.) occupies third place in terms of 

calorie requirement after rice and wheat. About 70% of the 
maize area in India is grown under rainfed conditions which 
make it more prone to drought stress. Drought occurring at 
flowering leads to greater yield losses than when it occurs 
at other developmental stages. Water deficit lasting only 
one or two days during tasselling or pollination may cause 
as much as 22% reduction in yield. The improvement of 
maize hybrids tolerant to drought stress through genetic 
means is thus very essential. At IARI, New Delhi, we 
have initiated several research programs to understand the 
mechanism of drought tolerance using modern genomics 
tools and breeding populations. Here we are presenting the 
ongoing work on association mapping using SNPs and gene 
expression experiments using maize gene arrays.

Methods
Whole-genome association mapping: About 500 maize 

inbreds were selected and evaluated to understand the 
flowering time (FT) behavior at IARI, New Delhi for two 
consecutive years (Fig. 1). Based on FT variation, a panel of 
264 inbreds was assembled and grouped into three maturity 

groups, each consisted of 88 genotypes. The genotypes are 
being evaluated in well-watered control and pre-flowering 
moisture stress conditions at IARI-New Delhi, ANGRAU-
Hyderabad and Maize Research Station-Karimnagar, 
Andhra Pradesh in India (Fig. 2). DNA from all those 264 
inbreds was isolated from the field grown samples and the 
maize Illumina genome-wide SNP array consists of nearly 
50000 SNP spread over 10 chromosomes is being used in 
genotyping.

Maize gene expression arrays: Two genotypes, a 
drought tolerant (MDI 577) and a susceptible (MDI 139) 
were sown in cups as well as in pots at IARI, New Delhi. 
Irrigation was withdrawn 21 days after sowing for the 
cup-planted (Fig. 3) and after 35 days for the pot-planted 
genotypes. Relative water content (RWC) of the leaf 
samples was measured and the leaf samples from the stress 
as well as control plants were collected periodically and the 
total RNA was isolated from the leaf samples using Qiagen 
RNeasy columns. Maize genome array consists of 17555 
probe sets for approximately 14850 Zea mays transcripts 
which represent 13339 unigenes, was used for studying the 
gene expression under drought stress. 

Figure 1: Flowering time variation of maize.

Figure 2: Drought stress expression of association mapping 
panel
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Results
The drought stress was very prominent in the field 

and the initial data of association mapping panel at three 
locations showed significant variability for flowering time 
and agronomic traits. The SNP haplotypes identified from 
this experiment will be used in association mapping to study 
the drought tolerance. In the gene expression experiments, 
the RWC of the stressed plants was low compared to the 
control plants in four different moisture-stress stages. The 

leaf samples collected from different stages are being used 
in gene expression arrays to find out the genes involved in 
drought tolerances. Several genes related to moisture stress 
have been identified from the cup and pot experiments from 
the initial analysis. Genes are being assembled and the 
pathways are being worked out to find out the networks and 
their inter-relationships in drought tolerance. 

Conclusion
The association mapping and gene expression studies of 

the Indian germplasm will provide comprehensive insight of 
the SNPs/genes and pathways involved in drought tolerance. 
The genes identified from these experiments will be useful in 
improvement of drought tolerance in Indian maize hybrids.
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Figure 3: Drought stress expression of cup-planted plants
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Introduction
Salinity is a condition affecting over one billion hectares 

(ha) of land worldwide and 320 million hain Asia (Khan and 
Weber, 2006). In Iran, 18 million ha have been reported to 
suffer from salinity and desertification (Koochaki, 2007). 
Kostandi and Soliman (1992) believed that despite decline 
ingrain yield on account of increased salinity, using salty 
waterwas nevertheless feasible, especially in thelate stages 
of growth. Hoffman et al., (1993) showed that threshold 
tolerance of maize plants to salinity was 3.7 ds m-1. Cuevas 
(2003) found that inbred lines (pi-21, pi-31) were tolerant 
to salt stress due to greater activation of Nitrate Reductase 
Enzyme. Zarandi et al., (2007) evaluated 27 hybrids of 
grain corn at (EC=8.5 ds m-1). The salt tolerant hybrids 
were:BC504, OSSK373, G-3337, G-54190, KSC301, 
KSC250, NS540. Khavari et al., (2008) showed that salt 
stress led to decrease in vegetative growth, especially in 
plant height and ear height, delay in flowering, increase in 
ASI, and decrease in grain yield and yield components. 

Methods
This study was conducted to evaluate the effects 

of 3 methods of planting (1-and-2–raised-bed and 
furrow planting) and 4 hybrids (DC370, CONSUR, 
NS-500 and KSC704) on morpho-physiological traits 
yield and yield components of forage corn varieties in 
saline condition (EC of saturated paste 6.0 dsm-1) at 
the Abbas Abad station (59◦38’N, 36◦16’E), Mashhad, 
Iran, in 2009. The experimental design was a split plot 
based on RCBD with 3 replications. The treatments 
were 3 methods of planting and 4 hybrids of forage 
corn (DC370, CONSUR, NS-500 and KSC704) as 
sub-plots. Each genotype was planted in 4 rows 8 m 
in length,a space of 0.75m between rows, and with 
density of 85000 plant/ha. The major evaluated traits 
were forge yield, ear/biomass weight ratio, ASI, plant 
height, ear height, physiological maturity, rowno. and 
kernel no. 

Fig 1: Means comparison of wet biomass yield in different 
forage corn varieties-2009
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Table 2: Effects of different planting methods on some agronomical 
traits of forage corn hybrids in saline conditions

Variety
Planting 
method

Ear 
diameter 

(mm)

Ear 
length 
(cm)

Ear 
height 
(cm)

One-row bed 
planting

36.24 abcd 10.48 d 65.90 e

DC370 Furrow planting 34.34 cd 11.61 cd 86.20 abc

Two-row bed 
planting

36.10 abcd 12.30 bc 79.60 bcd

One-row bed 
planting

34.85 bcd 11.47 cd 77.90 cd

Consur Furrow planting 38.86 a 11.15 cd 86.23 abc

Two-row bed 
planting

34.05 cd 11.22 cd 84.87 abc

One-row bed 
planting

32.86 d 12.12 bc 74.23 d

NS500 Furrow planting 34.53 d 10.62 d 78.60 cd

Two-row bed 
planting

37.44 abc 11.31 cd 87.80 ab

One-row bed 
planting

38.14 ab 13.12 ab 82.20 abcd

KSC704 Furrow planting 37.60 abc 13.95 a 90.13 a
Two-row bed 
planting

34.79 bcd 10.45 d 87.93 ab

Means with at least one common alphabet letter are not 
significant at 5 or 1 probability level

Table 1: Means comparison of forage corn traits in 
different planting  methods in saline conditions

Planting method
Leaves 

no.

Wet ear 
yield 

(ton/ha)

Dry ear 
weight 
(ton/ha)

Forage 
yield 

(ton/ha)

One-raised bed 12.508a 12.70b 3.11b 43.745a
Furrow planting 12.908a 12.75b 2.81b 43.902a
Two-raised bed 12.767a 15.01a 4.2a 45.494a

Means with at least one common alphabet letter are not 
significant at 5 or 1 probability level

Results
Planting methods and plant varieties resulted in 

significant differences as regards traits like ear height, biomass 
and ear/biomass weight ratio) (Table1). Biomass mean 
comparison showed that the highest and lowest wet forage 
yield respectively belonged to KSC704 (50.60 ton/ha) and 
DC370 (33.58 ton/ha (Fig. 1). Furthermore, variety DC370 

with an ear/biomass weight ratio of 39 percent had the best 
forage quality (Fig. 2). The results showed that differences 
in planting methods had significant effects on morphological 
traits like ear height and dry matter. Two-raised bed planting 
was better than the others for greater wet and dry matter ear 
weight (Table 1). The interaction of planting method×variety 
was significant only for ear height, ear lengthand ear diameter 
(Table 2). Also, the hybrid CONSUR can be recommended to 
farmersas the best variety.

Discussion 

Diversity in planting methods is a good way of tackling 
soil and water salinity, but it is also important to take into 
account the kind of soil salinity (sodic or calcic). Of course, 
the sodic condition is better than calcic salinity (our condition) 
for discriminating the planting methods and varieties, 
especially with respect to grain yield.Mass et al.(1983) 
reported that relative salt tolerance of maize may increase 
at different stages of growth without significant decrease in 
yield.We estimated significant positive correlation between 
forage yield and ear no./plant (r=0.719**), but significant 
negative correlation between forage yield and biomass 
(r=0.583**).The method of 2-raised bed planting was the 
best due to lower salt stress damage on plants.
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References
Cuevas L.C. (2003). Understanding Salt Tolerance in Corn.Official 

Quarterly Publication of Bureau of Agricultural Research. 
www.bar.gov.ph. 

Hassan Zadeh Moghaddam., H. 2006. Effect of planting methods 
and plant density on forage and grain yield of corn varieties 
in saline condition.Final reports of KhorasanRazavi 
Agricultural and Natural Resources Research Center, 
Mashhad,Iran.

Khavari Khorasani, S. 2008.Screening of Salt Tolerant Grain 
Maize (Zea mays L.) Genotypes Under Saline Conditions. 
The 10th Asian regional Maize Workshop.

Mass, E.V.G., L. Hoffman, G.D. Chaba, J.A.Poss, and M.C. 
Shannon (1983). Salt sensitivity of corn at various growth 
stages.Irrigation Science. 4:1, 45-47. 

Mola Hosseini, H., Z and, B., and Silspore, M. 2006. Effects of 
planting methods on salt stress decrease effects on forage 
corn varieties, MSc. thesis , Tehran University, Karaj, Iran.



27

Technical Session 1: Abiotic Stress Tolerant Maize

P_1.03:  Morpho-physiological traits associated with heat stress 
tolerance in tropical maize (Zea mays L.)
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phenological parameters during the spring season (March 
to July) of 2010.And same set of hybrids were evaluated in 
Kharif season (optimal conditions) 2010. The experimental 
design was Randomized complete Block design (RCBD) 
with two replications, where each entry appeared at least 
once per replicate. Experiments were managed under 
optimal agronomic practices, however, during flowering 
and early grain filling period temperature remained above 
40ºC. Various growth, morphological and physiological 
traits were recorded. Analysis of variance (ANOVA) was 
performed using Genstat 12.1 (VSN International Ltd) and 
SAS 9.2 software (SAS Institute, Cary, NC, USA).

Results:
The largest genotypic variation related to heat stress 

response was recorded for grain yield, no of ears per 
plant , cob length and No of kernels per cob among yield 
attributes and anthesis date , silking date, Leaf firing, canopy 
temperature difference among morpho physiological traits. 
For most of the measured traits there was a greater effect 
on the first component indicating that difference in these 
traits caused different phenotypes among hybrids (Table 1). 
Ears per plant, cob length, No of kernels per cob and canopy 
temperature depression presented high percent cumulative 
variance and showed strong relationship with grain yield 
(Fig 1).

Introduction:
Global climate change is likely to increase the incidence 

of heat and drought in many maize growing areas including 
Asian tropics where tolerance to high temperature is 
becoming an important prerequisite for optimal performance 
of the crop. Although, maize crop can survive brief exposures 
to high temperatures regime, exposure to temperatures above 
35ºC for a long period is considered to be unfavorable for 
maize and beyond 40ºC may cause irreversible damage on 
the crop ( Commuri and Jones, 2001, Weaich et al., 1996). 
To keep pace with climate change effects, especially rising 
temperature stress, genetic enhancement for heat tolerance in 
tropical maize has emerged a priority area for maize breeding 
program. In general, heritability of grain yield significantly 
decreases under abiotic stress, while heritability of some 
secondary morpho-physiological traits remains high under 
stress (Banziger and Laffite, 1997). In the present study we 
attempted to identify morpho-physiological traits associated 
with heat tolerance in tropical maize, which could be used in 
index selection in heat stress breeding.

Materials and Methods:
A total of 58 hybrids which include commercial 

hybrids and some CIMMYT single cross hybrids were 
screened and evaluated for heat tolerance using 19 agro 

Table 1. Principle component analysis of various morpho-physiological traits (showing good association with heat stress) in 
maize hybrid trial under heat stress environment using correlation matrix.

Components/Traits Principle component 1 Variance (%) Principle component 2 Cumulative (%)

Grain yield (t ha-1) 0.415 41.519 0.485 90.086
Ears per plant (Nos) 0.263 26.396 0.569 83.330
Kernels per row (Nos) 0.414 41.489 -0.002 41.195
Cob length (cm) 0.571 57.148 -0.180 39.131
Canopy temperature difference (oC) -0.266 26.652 0.149 11.673
Chlorophyll content 0.372 37.289 -0.210 16.254
Inter nodal length (cm) 0.221 22.162 -0.583 36.216
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Conclusions:
Grain yield, Number of ears per plant, cob length and 

No of kernels per row among yield attributes and chlorophyll 

Figure 1.  Grain yield as a function of (kg per hectare) of 
ears per plant in maize hybrid trial under heat 
stress during flowering stage.

content, canopy temperature difference and internodal 
length among morpho physiological traits were found to be 
associated with heat stress as they contributed more than 
25% of variance in the data set among the traits tested and 
were closely related to grain yield. Therefore, they can be 
used as reliable secondary traits to screen for heat stress 
tolerance in Tropical Maize.
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Introduction:
Maize is becoming a major crop India which provides 

food, feed and fodder. According to IPCC working group 
II report, an average temperature increase of 4.3 to 6.3ºC 
is expected until 2100, globally. Drought stress is one of 
the major abiotic stresses decreasing maize grain yield in 
India. Quantitative trait locus (QTL) mapping can provide 
useful information in breeding programs, since it allows 
the estimation of genomic locations and genetic effects of 
chromosomal regions related to the expression of drought 
tolerance. Recombinant inbred lines (RIL) are immortal 
lines provide accurate and precise information of the genetic 
effect of QTLs with less back ground noise. 

Methods:
A set of 153 RILs derived from DMI 140 (drought 

tolerant) × DMI 106 (drought susceptible) was used in the 
present study. These RILs were evaluated at IARI, New 
Delhi, ANGRAU-Hyderabad and Maize Research Station-
Karimnagar, Andhra Pradesh. Drought stress was imposed 
at pre-flowering stage along with a well watered control. 
Phenotyping was done for flowering time, plant height and 
agronomically important traits. 

The total genomic DNA was isolated from all the RILs 
using CTAB method. About 530 SSR primers covering the 
distributed across the maize genome were used for screening 
the parental lines. PCR analyses were performed in 10μl 
reaction mixtures containing 20ng genomic DNA template, 
2mM Mgcl2, 1mM dNTPs, 2μM primer and 1.5Units Taq 
Polymerase. The amplification was carried out by using 
“touch-down” method with a initial denaturation of 94ºC 
for 3 min, followed by 12 cycles: denaturing of 94 ºC for 
30s, annealing at 63 ºC for30 s, and extension at72 ºC for 
45s, the annealing temperature being reduced by 0.5 ºC per 
cycle. This procedure followed by 35 cycles of denaturation 

of 94ºC for 30s, annealing at 60 ºC for 30s and extension at 
72ºC for 45s and final extension at 72ºC for 7 min. The gels 
were run at 120V for 4 hours in 3.5% agarose gel. Only clear 
polymorphic bands were scored manually in the form of as 
A (homozygous for parent DMI 140) or B (homozygous for 
parent DMI 106) or H (heterozygous).

Results and discussion:
Out of 530 SSRs, 85 markers were found to be 

polymorphic between the parents. Though the population 
attained S8 generation of inbreeding, a few markers showed 
heterozygosity which is attributed to the presence of residual 
heterozygosity in those genomic regions. About 15% of 
markers showed segregation distortion distributed across 
genome. All the markers were mapped on the ten maize 
chromosomes. Flowering time and plant height were showed 
significant variation within RILs and between control and 
stress environments (Fig. 1 & 2). 

Figure 1:  Variation in plant height and flowering time in 
the RILs
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Conclusions: 
QTL mapping of agronomic traits is underway and the 

QTLs identified from this experiment will be used in marker-
assisted breeding to develop drought tolerant cultivars. 

Figure 2:  Expression of moisture stress of the treated 
RILs
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Introduction
Drought is the main environmental constraint, which 

occurs in many parts of arid and semiarid zone of the world 
every year (Edmeades et al., 1992). The corn crop requires 
adequate water in all stages of its physiological development 
to attain optimum productivity. Many researchers have 
shown how corn grain yield can be affected by drought 
stress (Jurgens et al., 1978), (NeSmith and Ritchie, 1992), 
(Bryant et al., 1992) and (Setter et al. 2001). Oktem et al. 
(2003) and Payero et al. (2006) report a linear positive 
relation between the water consumption and the grain yield 
in Merit hybrid maize. 

Methods
The experimental work was conducted from June 

to September of 2010 in the experimental field of the 
agricultural and natural resources research center of 
Khorasan-Razavi (Tourogh station of Mashhad). Responses 
of three sweet corn hybrids (include two sweet and one super 
sweet hybrids) to three different water levels in two planting 
methods, were studied. Water levels were (I1: 1.00, I2: 0.80, 
and I3: 0.60 of the estimated evapotranspiration) for control, 
mild and severs stress, in each irrigation time, respectively. 
The experimental design was a randomized complete block 
with four replicates, with a split–plot arrangement, where the 
main plot treatment was three irrigation levels and subplot 
was a factorial arrangement (2 × 3) of two planting methods 
(raised bed and furrow planting), with three different sweet 
corn varieties (Merit, Obsession and KSc 403). Each variety 
was planted in 4 rows with 10 m length and 0.75m distance 
between rows with density 70000 plant/ha. Most important 

evaluated traits were ear length, ear diameter, seed rows per 
ear, kernels number per row, seed thousands weight, kernel 
depth, ASI and yield.

Results
The results showed significant differences among 

water levels and varieties on some traits such as ear length, 
ear diameter, seed rows per ear and kernels number per 
row and total yield. Effect of varieties was significant on 
seed thousand weight and irrigation has significant effect 
on kernel depth and ASI. The highest yield was found for 
Merit variety in I1 water level (fig 1). Drought stress decrease 
all measured characteristics else ASI. ASI duration was 
increased significantly by increasing the stress intensity. As a 
result Merit can be recommended as more resistance hybrid 
to drought stress (table 1). Yields and yield components show 
no significant differences in different planting methods. 

Fig 1: means comparison of three varieties yield in 
different irrigation levels
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Table 1:  Means comparison of sweet corn traits in different irrigation levels

Yield ASI
Kernel 
depth

Seed 
thousands 

weight

Kernels 
number per 

row
Seed rows 

per ear
Ear 

diameter
Ear 

length
Irrigation 

levels

15.16 a 2.54 b 19.74 a 381.72 a 36.38 a 17.20 a 47.31 a 177.41 a Normal
10.32 b 4.08 a 14.65 b 355.85 ab 30.77 b 15.32 b 40.08 b 144.13 b Mild stress
8.64 c 4.29 a 13.02 b 326.44 b 26.88 c 14.01 b 36.11 c 127.96 c Severe stress

Table 2:  Means comparison of sweet corn traits in different varieties

Yield ASI
Kernel 
depth

Seed 
thousands 

weight

Kernels 
number per 

row
Seed rows 

per ear
Ear 

diameter
Ear 

length
Irrigation 

levels

15.88  a 3.2  b 17.27  a 426.06  a 35.02  a 16.44  a 45.96  a 164.80  a Merit
8.87  b 4.04  a 15.12  4 267.52  c 31.34  b 15.29  b 37.06  c 151.50  b Obsession
9.36  b 3.66  ab 15.02  a 370.44  b 27.66  c 14.51  b 40.47  b 133.21  c KSC 403
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There was a sever reduction in 1000 Kernel Weight as 
irrigation level reduced. An increase of TKW was observed 
as N level applied up to 2nd level. Totally, increase of N 
application had a negative effect on TKW under reduced 
irrigation levels. A significant reduction of Ear Length and 
kernel per row, EL and KR, was observed as irrigation level 
reduced. In contrast, EL and KR will increase by higher N 
level, so, highest EL and KR observed with highest N level 
and full irrigation. 

Conclusions

Results showed that under drought stress conditions 
with increasing amounts of nitrogen up to 2nd level, yield 
and yield components increased. Early maturing hybrids 
showed less yield reduction under stressed condition. 
Hybrids stand a better chance to overcome 
drought stress because they can mature quickly 
before traditional mid-summer drought begins 
(Kgasago, 2006)
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Introduction
Among the various a biotic stresses, drought is the 

major factor that limits crop productivity worldwide (Bruce 
and et al 2002). The mean annual precipitation in Iran is 
240 ml and it is seen as a dry or semidry country. Drought 
is a major problem for the production of the world’s five 
principal cereals: maize, wheat and sorghum (Ribautand 
Poland 1999). Mihailovic and et al (1992) demonstrated 
one of the factors influencing physiological responses of 
plants to water stress is mineral nutrition. A significant role 
of nitrogen in regulating plant responses to water stress was 
established in a number of plant species. 

Methods
In order to evaluation effects of drought stress and 

nitrogen levels on yield and yield components of maize 
hybrids, a field study conducted in Kermanshah province, 
western Iran, at 2009 and 2010. The different maturing 
hybrids ( KSC704, late maturating, KSC500, medium 
maturing and KSC 260, early maturing), irrigation 
(optimum, 85% and 60% of water requirement) and nitrogen 
levels (recommended, plus 25% and minus 25%) arranged 
as main, sub and sub sub plots respectively using a complete 
randomized block and 4 replication were used.

Results
There was a significant difference between hybrids 

in normal irrigation; highest and lowest grain yield (GY) 
belonged to KSC 704 and KSC 260 respectively. Early 
maturing hybrids showed better performance and less yield 
reduction under reduced irrigation levels. A linear increase 
in GY was observed by increasing of applied N in normal 
irrigation. In contrast, under reduced irrigation levels, GY 
showed an increase up to 2nd N level and followed by a 
decrease as N application increased. A good GY obtained 
with Ksc704, the late maturing hybrid, by application of 
recommended N rate can under reduced irrigation; increase 
of N rate can reduce GY. 
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Introduction
Maize can be cultivated throughout the year in 

Bangladesh because of congenial environment for its 
production. But the yield of it is low as compared to other 
maize growing countries in the world. Due to lack of 
irrigation facilities or higher prices for irrigation water and 
erratic pattern of rainfall maize crop suffers from water stress 
condition during different growing condition. Appreciable 
grain yield reduction in maize was reported by Muhammad 
et al. (1998) due to water stress during the vegetative or the 
reproductive phase. This was due to the fact that number 
of grains per cob and 100-grain weight were inhibited by 
water stress. Water stress hindered the growth and the effects 
included shortened length, lower diameter and lower fresh 
weight and dry weight of ears and also decreased rate and 
duration of grain filling and finally results in lower grain 
yield (Song and Dai 2000). So it needs too much attention 
to provide drought tolerant variety to get maximum grain 
yield of maize. Therefore, the present study was undertaken 
to evaluate the yield performance of four maize varieties 
under non-irrigated water stress condition for identifying 
relatively drought tolerant variety. 

Methods
The experiment was conducted at the Research field of 

Crop Physiology and Ecology Department, in a split plot 
design with three replications. The unit plot size was 3m 
x 2m having a plot to plot and block to block distance of 
0.75m and 1.0m, respectively. Two growing conditions- 
well watered condition (three irrigation levels) and water 
stress condition (no irrigation) were placed in the main plots 
as main plot treatments whereas four maize varieties (BARI 
maize-5, BARI maize-7, BARI hybrid maize-2 and BARI 
hybrid maize-5) were placed randomly in the sub-plots as 
sub-plot treatments. Number of fertile cob per plant, number 
of grain per cob, grain weight per cob were recorded from 
five randomly selected cobs at harvest time. Hundred well 

dried grains were counted manually for 100 grain weight. 
Grain yield was measured in t/ha after harvest of whole plot. 

Drought susceptibility index (S) was calculated for 
grain yield as described by Fisher and Maurer (1978).

S = (I - Y/YP) / (1- X/XP)

Where, Y = Grain yield of variety in a stress 
environment

YP = Grain yield of variety in a stress free 
environment. 

X = Mean Y of all varieties
XP = Mean YP, of all varieties (S < 1.0, stress 

tolerant and S > 1.0, stress susceptible.)

Results
The combine effects of growing conditions (water 

level) and maize varieties significantly influenced number 
of seed per cob, weight of seeds per cob, 100-seed weight 
as well as grain yield (table 1 and 2). Two hybrid varieties 
(BARI hybrid maize-2 and BARI hybrid maize-5) showed 
relatively better performance under non-irrigated water 
stress condition in those yield characters compared to 
other varieties (BARI maize-5 and BARI maize-7). Based 
on drought susceptibility index BARI hybrid-2 and BARI 
hybrid maize-5 were found as comparatively drought 
tolerant than the other varieties (BARI maize-5 and BARI 
maize-7). 

Conclusion
From the overall results it might be concluded that 

all the varieties showed better performance in the well-
watered condition compared to the non-irrigated water 
stress condition. But the two hybrid varieties showed better 
performance over the other varieties under non-irrigated 
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water stress condition. Based on the drought susceptibility 
index BARI hybrid maize-2 and BARI hybrid maize-5 were 
found as the drought tolerant and BARI maize-5 and BARI 
maize-7 were considered as drought susceptible. 

References
Fisher RA and. Maurer R. 1978. Drought resistance in spring 

wheat cultivars. 1. Grain yield responses. Aust. J. Agric. 
Res. 29: 897-907.

Table 1. Yield contributing characters of maize as influenced by non-irrigated water stress condition

Variety
Growing 
condition

No. of fertile cobs 
per plant

No. of seeds 
per cob

Weight of seed 
per cob 100-seed weight

Actual 
(No.)

Reduction 
(%)

Actual 
(No.)

Reduction 
(%)

Actual 
(g)

Reduction 
(%)

Actual 
(g)

Reduction 
(%)

BARI hybrid 
maize-5

Well watered 1.20 a
5.83

412 b
9.23

140.47 a
17.70

33.56 ab
7.03

Water stress 1.13 a 374 d 115.60 cd 31.20 cd

BARI hybrid 
maize-2

Well watered 1.15 a
4.35

420 a
9.29

142.36 a
15.24

34.26 a
8.06

Water stress 1.10 a 381 d 120.66 bc 31.50 bd

BARI maize-7
Well watered 1.20 a

11.63
400 c

11.00
130.86 ab

15.37
32.47 ab

11.30
Water stress 1.06 a 356 e 110.75 de 28.80 cd

BARI maize-5
Well watered 1.13 a

11.50
390 c

11.03
125.30 bc

15.78
31.40 cd

10.19
Water stress 1.00 a 347 f 105.53 e 28.20 d

CV(%) 11.70 - 1.05 - 4.21 - 4.34 -

In a column, means followed by the same letter(s) did not differ significantly at 5% level by DMRT.

Table 2. Grain yield and drought susceptibility index of maize as influenced by non-irrigated water stress condition

Variety Growing conditions

Grain yield Drought susceptibility 
indexActual (t/ha) Reduction (%)

BARI hybrid maize-5
Well watered 6.80 b

21.18 0.88
Water stress 5.36 d

BARI hybrid maize-2
Well watered 7.00 a

22.86 0.95
Water stress 5.40 d

BARI maize-7
Well watered 6.00 c

25.00 1.03
Water stress 4.50 e

BARI maize-5
Well watered 6.00 c

28.33 1.77
Water stress 4.30 f

CV(%) 1.78 - -

In a column, means followed by the same letter(s) did not differ significantly at 5% level by DMRT.

Muhammad S., M.Y. Saifi, A. Mehboob and M. Saleem. 1998. 
Differential genotypic response to drought stress in maize. 
Sarhad Journal of Agriculture. 14 (1): 49-55.

Song F.B. and J.Y. Dai. 2000. Effect of drought stress on growth 
and development of female inflorescence and yield of maize. 
Journal of Jilin Agricultural University. 22 (1): 18-22.
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Introduction
Summer Maize (Zea mays L.) is the major autumn crop 

in Jianghuai hilly area of China, whereby its acreage and 
yield are only second to rice crop. For a long time, due to 
the terrain and slopy hilly area of Jianghuai, it was generally 
observed that the farmland planted maize area has drainage 
problem. Objectively, waterlogged is not the major problem 
in this area, but for the fact that this waterlogging land affect 
heavily the growth and yield of maize (Kahlown et al. 2005; 
Mejia et al. 2000). This is because the soil in this area are 
mostly heavy clay with poor permeability. In addition to 
these problems, relatively high rainfall and perched water 
levels are usually observed at growth season of maize, 
especially in the critical growth period (7 to 8 months), 
giving rise to severe water logging in this farmland. Hence, 
it is crucial that the impact of groundwater depth on growth 
of maize in this region be investigated.

Methods
The root, shoot growth and water consumption of 

summer maize were investigated using six (6) different 
groundwater depths treatments and controlled by Mariotte 
bottle devices (Liu Z-D et al. 2010; Xiao J-F, et al. 2010) in 
drainable lysimeters (plot size: 1.0 m×1.0 m×1.5 m). These 
groundwater depth treatments were 0.2 m (T1), 0.4 m (T2), 
0.6 m (T3), 0.8 m (T4), 1.0 m (T5) and 1.2 m (T6). 

Results 
Results showed that plant height and leaf area increased 

with decreasing groundwater depth. When the groundwater 
depth was lowered to a certain extent (groundwater depth 
0.6 m), the shoot growth of maize was reduced, while, plant 
height and leaf area index (LAI) of T3 treatment reached 
the maximum (242.2 cm, 3.73 cm2.cm-2 respectively). 
Similar trend was recorded for the root biomass of maize 
in the vertical distribution of soil with each treatment, that 

is, the root biomass decreased with increased soil depth. 
Roots existed mainly in the 0 cm to 60 cm soil layers, which 
accounted for more than 95% of the total root biomass. 
Where root biomass in 0 cm to 20 cm soil layers could 
reached 68.14%, 91.52% of the total root biomass and the 
proportion was greater when the groundwater depth was 
shallower. Root biomass in each soil layer and the whole 
soil layer increased with increased groundwater depth. The 
root biomass of T6 in each layer was the highest and that of 
T1 was the lowest. High significant (P<0.01) and negative 
correlation was observed between water consumption at 
each growth stage or whole growth period and groundwater 
depth , achieved with significant level (P<0.01) of regression 
equation (Table 1). Also, the water consumption rate at each 
growth stage decreases as the groundwater depth increases. 

Table 1.  Relationship between groundwater depth (x, mm) 
and water consumption (y, mm) at each growth 
stage or whole growth period 

Growth stage Regression equation R2

Seedling y = -0.4522x + 80.296 0.9729**

Jointing y = -1.5402x + 265.74 0.9507**

Tasseling y = -0.5625x + 191.09 0.9451**

Filling y = -0.2239x + 60.968 0.9871**

Whole growth stage y = -2.7788x + 598.1 0.9764**

**: sig. slope at P<0.01

Conclusions
The ratio of total shoot to root biomass showed a 

significant (P<0.01)) decreasing trend as the groundwater 
depth increases, that is, T1>T2>T3>T4>T5. Furthermore, 
the proportion of groundwater recharge accounting for 
water consumption gradually decreased with increased 
groundwater depth. The proportion of groundwater recharge 
accounting for total water consumption of T1 and T2 
reached 93.04%, 94.61%, respectively. This implies that the 
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groundwater recharge has been adequate to meet the basic 
water consumption of maize without irrigation (Benyamini 
et al. 2005), when the groundwater depth was lower than 0.4 
m. This result could provide a reference for developing good 
and appropriate irrigation system and also designing field 
drainage engineering for summer maize in Jianghuai areas. 
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P_1.09:  Impact of excess soil moisture on growth and yield of 
maize (Zea mays L.) at various stages of life cycle
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Introduction
Excess Soil Moisture (ESM) stress caused by temporary 

water logging, due to heavy rains or high ground water 
table or heavy soil texture is one of the most important 
constraints for maize production. The maize crop suffers 
badly whenever it encounters temporary ESM conditions 
during the monsoon season or grown in poorly drained 
converted paddy fields after a rainy season rice crop ( Zaidi 
and Singh, 2001). The tolerance of maize genotypes towards 
this particular type of stress varies considerably and is higly 
influenced by the degree of stress and the genotype of the plant 
Torbert et al, (1993). There is a need to screen the collected 
germplasm with adaptive potential to perform well under 
temporary water logging conditions and for identifying the 
morphological and physiological trait conferring resistance 
to excess soil moisture and incorporating these traits in well 
adapted genotypes to end up with promising material.

Methods
Maize germplasm comprising of 15 genotypes which 

included 5 parents and their ten single Crosses made in half 
diallel fashion were raised in replicated manner in both 
normal and waterlogged conditions under field conditions 
and in plastic cups. The crop was raised in both rabi and 
Kharif season at Crop Research Station Pantnagar. For Cup 
screening experiment disposable plastic cups perforated at 
the base at three points with an orifice of 5 mm diameter 
were used to grow the maize seedlings. Filled cups were put 
in a plastic tray containing upto 5 cm of water. One seed 
per cup was sown, keeping embryo upside down, at depth 
of approximately 2.0 cm in fully saturated soil conditions. 
Trays along with cups and the normally planted cups 
outside the trays were kept under controlled conditions until 
seedling establishment (4-5 leaf stage) was there, thereafter, 
trays were shifted outside for proper seedling growth and 
development and for observation. Under field conditions the 
treatments included in the experiment were a) No flooding 
or control and b) Seven days continuous Soil submergence 

at knee height stage of crop growth. Soil submergence 
depth was kept around 0.05m and was maintained through 
continuous application of water. After seven days, pounding 
water was drained out from the plots through surface 
drainage. Appropriate statistical procedures were applied 
to the recorded data to end up with the interpretations. The 
analysis of variance (ANOVA) was used to testify effect of 
water logging (Snedecor and Cochran 1967).

Results

Out of 15 genotypes (parents and their crosses made 
in half diallel fashion), sussceptible genotypes performed 
poorly and did not reach two leaf stage or even germinated. 
Most of the genotypes were grouped into first three classes 
out of the total pre assigned five classes on the basis of 
their response to waterlogging, reflecting the degree of 
susceptibility at seedling stage in maize. In normal cup 
screening trial all the genotypes performed normally. At 
knee height stage, responses to ESM in different genotypes 
showed fair correspondence with the responses at seedling. 
In tolerant genotypes there was profuse appearance of 
adventitious roots on even up to five nodes in some cases. 
In most of the genotypes Anthesis Silking Interval (ASI) 
got widened even more than eight days in some cases was 
recorded, which subsequently resulted in barrenness of 
plants and reduction of overall yield. There was decrease in 
transpiration rate and Photosynthetically Active Radiation 
(PAR) got increases in most of the genotypes due to flooding. 
SPAD values (relative greenness) of the plants got reduced. 
There was no significant change in leaf temperature in most 
of the cases (Fig-1). Drastic reduction in yield inmost of the 
genotypes was observed but still Pop 3121 and Pop 3118 
showed fairly better yields under waterlogged conditions 
(Table-1). ASI and PAR showed negative correlation 
with yield while as nodes bearing adventitious roots 
showed positive correlation with yield under water logged 
conditions.



39

Technical Session 1: Abiotic Stress Tolerant Maize

Rabi

Kharif

Fig: 1: Comparison of different physiological traits of maize under normal and ESM conditions in winter and summer 
season plantings
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Conclusions
The results demonstrated that ESM in general reduced 

over all plant growth delays flowering and reduced maize 
grain yield to a considerable extent however there is a inbuilt 
tolerance ability in some genotypes where the symptoms of 
waterlogging are not much pronounced. Although Maize 
crop is susceptible to watrelogging at any stage of its life 
cycle, but it is significantly yield limiting at Knee height 
stage stress. Some of the morphological indicators like ASI, 
Nodes bearing adventitious roots and yield in particular 
can be used as a criterion to screen the genotypes tolerant 
to ESM stress. At the same time physiological traits like 
transpiration rate which got reduced under flooding due to 
stomatal closure highly affected yield of maize and SPAD 
values can be used for the same purpose.
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Table 1 Yield reduction in genotypes under ESM conditions in Rabi and Kharif season
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are traditionally cultivated by the farmers for decades and 
they are considered as the rich genetic resources for multiple 
traits including abiotic stress tolerance. Thus screening of 
maize landrace assumes significance in breeding for excess 
moisture stress. 

Methods

About 50 maize landraces/locals, collected from 
three flood-prone districts (Bahraich, Gonda and Jaunpur) 
of Eastern Uttar Pradesh, India were evaluated at the 
IARI Experimental Farm during rainy season, 2010. The 
genotypes were evaluated in cups (Porto, 1997) as well as in 
the field. In the cup-based technique, seeds were sown in 6 
cups and the stress was imposed by constant maintenance of 
5 cm of water above the soil level. Seedlings were allowed 
to grow under natural light for 30 days, and the traits such as 
germination percentage, seedling growth, leaf chlorosis, root 
proliferation (through the perforation at the base of the cup) 

Introduction
Water logging or excess soil moisture has become 

one of the major problems in South-East Asia and nearly 
15% of the total maize growing area is affected by water 
logging. In India, about 2.5 mha of land area mainly in 
the states of Eastern-Uttar Pradesh, Bihar and Assam, is 
affected due to excess soil moisture, leading to the loss of 
25-30% yield (DMR, 2001). In India maize is traditionally 
cultivated during rainy season and over flooding of rivers 
and incessant rains cause stagnation of water in the maize 
field. Stagnation of water continuously for 10-12 days, 
makes the rhizosphere anaerobic, which hinders gaseous 
exchange between the aerial plant parts and inundated roots. 
Besides declining oxygen supply in the root, toxic chemicals 
start accumulating, leading to the nutrient imbalance (Zaidi 
et al., 2005). Plants also start leaching essential nutrients 
from the roots contributing to considerable mineral 
deficiency. Keeping in view, the ever increasing problem of 
waterlogging, it is important to identify sources of tolerance 
to excess moisture stress. Landraces are the cultivars which 

Figure 1:  Harvested ears of IML833 under waterlogged and normal conditions (left), formation of adventitious aerial roots 
in IML833 under waterlogged conditions (right).
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were recorded. In case of field-based screening, stress was 
imposed by irrigating the field continuously at pre-flowering 
stage by which a stable layer of water table was maintained 
for 10 days. Morphological parameters including plant 
stand, flowering behavior, stilt root formation, yield and 
component traits were recorded. For both cup- and field-
based screening, well-watered controls were maintained 
along with stress treatment.

Results
Among the genotypes evaluated under the cup 

experiment, IML801, IML823, IML856, IML833, IML818, 
IML807, IML808, IML841 and IML839 were found to 
be promising with a germination percentage of 80-100%. 
Tolerant genotypes exhibited normal seedlings growth 
with less chlorosis in the leaf coupled with proliferation 
of roots through bottom holes of the cup. In case of field 
experiment, IML833 was found to be the best landrace 
with highest grain yield under waterlogged conditions 
(Fig. 1). Other promising genotypes include, IML841, 
IML834 and IML843. Landraces, IML833, IML841 and 
IML834 performed consistently well under cup and field 
level, suggesting their effective utilization in the breeding 
programme.

Conclusions
Results of cup- and field-based screening methods, 

demonstrated that cup-based method can be effectively used 
for initial screening of maize germplasm under waterlogged 
condition. Genetic pools developed by using these 
promising landraces and inbred lines derived from these 
landraces/ pools hold great promise for the development of 
waterlogging tolerant cultivars. 
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P_1.11:  Studies on maize hybrids of different maturity under 
rain fed and low ‘N’ conditions 
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Table 1: Soil health status

Soil Type Soil pH Soil EC
Orgenic 
Carbon %

Available 
Nitrogen %

Available Phosphorus kg/
ha Available Potash kg/ha

Sandy Loam 6.91 0.082 0.045 0.035 (low) 38 (medium) 332 (high)

Chemical fertilizers applied with 25kg/h Zn 100 50 0

Table 2: Weather Conditions under which experiments conducted

Year Rainfall (mm)

Temperature (OC) range Relative humidity
range (%)

Evaporation
(mm)Minimum Maximum

2009
(E-I)

624.4 distributed in 27 days 
from July-September 23.7-25.7 28.5-35.4 67.8-95.8 0.6-6.3

2010
(E-II)

947.8 distributed in 44 days 
from June –September 24.0-28.1 29.1-39.5 72.5-96.4 1.4-10.7

Introduction 
Rainfed maize cultivation coupled with drought as well 

waterlogging with low N fertility in India. About 17% maize 
grain may loss due to these naturally created soil conditions 
(Edmeades et al. 1992). In India, 25-30% grain yield may 
decrease under rainfed condition. Looking to climate 
change and global warming, there is need to select hybrids 
and cultivation practices for reducing the impacts of these 
stresses. Flowering observed critical stage and susceptible 
to the stresses in maize (Grant et al. 1989). Drought stress 
at flowering increases the anthesis-silking interval (ASI) 
and the incidence of barrenness (DuPlessis and Dijkhuis 
1967). Flowering period reported important trait to imporve 
drought tolerance in maize (Bolaños and Edmeades 1996). 
Study attempts to screen experimental hybrids of different 
maturity groups for rainfed cultivation.

Materials & Methods 
Experimental hybrids of different maturity groups 

planted in environment-I (K-2009) and environment-II 
(K-2010) under rainfed condition at Main Maize Research 
Station, AAU, Godhra (Gujarat) India. Experimental plots 
were poor in ‘N’, medium in ‘P’ and rich in ‘K’ contents in 
soil. N: P: K: Zn applied in ratio of 100:50:0:25 (Table-1). 
Rainfall and related weather under which the genotypes 
experimented recorded (Table-2). Ahthesis-Silking 
Interval (ASI), shelling percent and grain yield (kg/ha) at 
15% moisture were recorded for selection of genotypes. 
Randomized Block Design adapted to plant genotypes 
in replications wherwas, grain yield data analyzed by 
covarience statistical method. 
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Table: 3 Performance of late maturity hybrids under rain fed conditions

Sr.No.
No. of 

genotypes
ASI 

(Days)
Shelling 

(%)

Grain yield at 
15% moisture 

(kg/ha)
C.D. 
at 5%

C.V. 
(%)

Environment-I (kharif 2009)
1. 56 1.8 78.9 5797 1500 13.4
2. 15 1.2 76.1 5119 1000 8.6
3. 7 2.6 77.5 7164 1072 8.4

Environment-II ( kharif 2010)
4. 62 1.7 80.4 5009 1035 11.9
5. 36 4.3 79.1 5369 801 7.7
6. 7 2.3 80.9 4174 1647 9.4

Mean 2.3 78.8 5439 - -
Range 1.2-4.3 76.1-80.9 4174-7164 - -

Performance of Medium maturity hybrids under rain fed conditions
Environment-I(kharif 2009)

1. 45 1.4 79.4 5551 1203 11.8
2. 10 0.8 75.6 5779 2058 7.9
3. 6 2.1 77.8 5554 1456 14.0

Environment-II( kharif 2010)
4. 65 4.1 80.3 3953 1046 11.8
5. 19 3.1 80.6 5532 805 8.1

Mean 3.1 80.6 5532 - -
Range 2.3 78.7 5274 - -

0.8-4.1 75.6-80.6 3953-5779

Performance of Early maturity hybrids under rain fed conditions
Environment-I(kharif 2009)

1. 19 2.1 79.2 3156 911 16.0
Environment-II( kharif 2010)

2. 29 1.2 79.7 5049 1022 9.6
Mean 1.7 79.5 4103 - -

Performance of Extra Early maturity hybrids under rain fed conditions
Environment-I(kharif 2009)

1. 12 1.8 79.0 2916 1399 17.8
2. 5 1.7 78.8 5035 1228 11.6

Environment-II( kharif 2010)
3. 15 2.0 81.7 4294 1519 15.4
4. 12 2.3 79.3 5000 1216 4.9
5. 10 2.9 82.8 4856 728 7.2

Mean 2.1 80.3 4420 - -
Range 1.7-2.9 78.8-82.8 2916-5035 - -

Results & discussion 
Late maturity hybrids produced 5439 kg/ha grain with 

78.8% shelling and 2.3 days ASI, whereas, medium maturity 
hybrids recorded 5274 kg/ha grain, 78.7% shelling and 
similar days for ASI. Besides, early maturing hybrids showed 
4103 kg/ha grain yield potential with 79.5% shelling which 
are less than extra early hybrids. Among all maturity groups, 
the early maturing hybrids exhibited lowest ASI (1.7 days). 

The highest shelling (80.3%) observed in extra early hybrids 
than all late, medium and early maturity hybids (Table-3). 
Mean grain yield differnces showed 165 kg/ha between late 
and medium; 1171 kg/ha between medium and early and 
-317 kg/ha between early and eatra early maturity hybrids. 
Hence, medium and extra early hybrids may preferably 
perform better than late and early type hybrids under rainfed 
and low ‘N’ fertility. 
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Conclusions 
Medium and extra early hybrids exhibited considerable 

grain yield potential with desirable shelling percent and 
anthesis-silking interval under low ‘N’ soil fertility and 
rainfed conditions. Gains were accompanied by a 
reduction in ASI; faster ear growth rates, fewer 
ear spikelets initiated but more which successfully 
formed grain (Edmeades at al. 1993). The study 
suggests farmers should prefer to grow medium or extra 
early maturing hybrids wherever maize cultivate under low 
‘N’ soil fertility and rainfed condition.
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Introduction
Maize is traditionally grown in the summer-rainy season 

which is characterized by high temperature and humidity. 
Excess soil moisture caused due to flooding of rivers and 
incessant rains coupled with poorly drained soil and high 
water table, causes stagnation of water in the maize field 
(Zaidi et al. 2005). Water logging/excess soil moisture is one 
of the major problems in South-East Asia and about 15% of 
the total maize growing area is affected by the floods and 
water logging. In India, almost 2.5 mha of land area mainly 
in the states of Eastern-Uttar Pradesh, Bihar and Assam, is 
affected due to excess soil moisture, leading to the loss of 25-
30% yield (DMR 2001). Identification of promising inbred 
lines tolerant to waterlogging conditions is the foremost step 
in the breeding programme. Assessment of genetic diversity 
and utilization of promising inbreds would aid in selecting 
few combinations of inbred lines in the breeding programme 
and would help in accelerating the hybrid development. 

Methods
A set of 24 inbred lines from diverse pedigree were 

selected for assessing the genetic diversity using SSRs. The 
inbred lines varied from highly tolerant to highly susceptible 
in relation to their responses to waterlogging conditions 
under both ‘cup screening’ and ‘field screening’ techniques. 
The selected inbreds included (i) one inbred from PAU, 
Ludhina, (ii) six inbreds from VPKAS, Almora, (iii) one 

inbred from HAU-Ucchani Centre, (iv) Two inbreds form 
DMR, India (v) two inbreds developed under the AICMIP, 
India, (vi) three inbreds developed by GBPUAT, Pantnagar, 
(vii) four inbreds developed by CIMMYT, Mexico, (viii) 
two inbreds from IARI, New Delhi and (ix) three inbreds 
developed under the HarvestPlus Programme. DNA was 
isolated using CTAB method and PCR conditions for each 
marker were standardized. 56 SSR markers distributed 
across the genome were analyzed among the 24 genotypes. 
Genetic similarity based on SSR data was calculated for 
all possible pairs of genotypes using Jaccard’s coefficient. 
Polymorphism information content (PIC) for each of the 
marker was calculated as per the standard formula.

Results
The genetic similarity coefficient varied from 0.23 to 

0.53, exhibiting diverse nature of the pedigree of the inbred 
lines used in the present study (Fig. 1). Among 56 SSR 
markers analyzed, umc1552 had the highest PIC value of 
0.88, while it was 0.79 and 0.78 for bnlg1014 and umc219, 
respectively. Cluster analysis differentiated the 24 diverse 
genotypes into four major clusters (Fig. 2). Cluster-II 
was further subdivided into four sub-clusters. Among the 
genotypes HKI1105 was found to be completely distant 
pedigree compared with the other inbreds involved in the 
present study. Based on the phenotypic response and genetic 
distance, crosses among the highly tolerant inbreds such as 
LM16 × Pant1393, LM16 × HKI1105, LM16 × CML425, 

Figure 1: SSR polymorphism among the 24 selected inbreds using umc2325.
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Pant122 × Pant 1393, Pant122 × HKI1105, Pant122 × 
CML425 and HKI1105 × CML425 are selected for testing 
under multiple locations.

Conclusions
The present study among the selected 24 inbred lines 

exhibited diverse genetic nature of the inbred lines. Selection 
of genetically diverse inbred lines having tolerance to 

waterlogging conditions, and cross combinations among 
them, can be effectively utilized in the hybrid maize 
programme

References
DMR., 2001. Annual Report, 49th AICMIP, India.

Zaidi P.H., et al. 2005. Stresses on maize in tropics. 101-133.

Figure 2: Cluster diagram depicting genetic relationship among the 24 selected inbred lines
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condition: a case study of  yield and yield component on 
corn (Zea mays L.) generations
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Table 1: means comparison of traits in normal(1) and salin(2) fields

F2
KSC704

F2
KSC400

F1
KSC704

F1
KSC400 Generation

2 1 2 1 2 1 2 1 Env.

59.07 82.95 48.19 54.34 47.75 78.89 43.62 72.19 Forage yield

0.30 0.33 0.40 0.46 0.20 0.33 0.40 0.44 Ear/biomass

107.80 193.33 73.63 166.87 97.73 190.57 89.50 183.63 Plant hight

72.30 111.27 28.53 86.77 47.13 105.27 40.23 93.40 Ear hight

14.46 15.40 13.80 15.76 14.30 15.23 14.40 15.27 Leaves no.

BC2
KSC704

BC2
KSC400

BC1
KSC704

BC1
KSC400 Generation

2 1 2 1 2 1 2 1 Env.

51.73 70.58 44.89 54.25 60.73 88.11 28.58 59.70 Forage yield

0.29 0.32 0.36 0.45 0.33 0.33 0.41 0.43 Ear/biomass

94.73 186.27 73.17 163.73 99.77 196.27 69.17 174.70 Plant hight

46.63 109.73 38.00 83.77 51.60 121.77 27.73 85.07 Ear hight

14.16 15.10 15.60 15.17 14.30 15.53 13.27 14.43 Leaves no.

Introduction
Salinity is a significant limiting factor in the agricultural 

productivity(Hasegawa et al., 1986). Approximately, 7 % of 
the world’s land area, 20 % of the world’s cultivated land, 
and nearly half of the irrigated land is affected with high salt 
contents (Szabolcs, 1994; Zhu, 2001). The agricultural areas 
affected by salt, need amendment and determination of the 

most suitable plant Species, which are able to grow in these 
areas. Maize (Zea mays L.) is moderately sensitive to salinity 

and effects of salinity are more obvious in arid and semiarid 
regions where limited rainfall, high evapotranspiration, 
and high temperature associated with poor water and soil 
management practices are the major contributing factors 
(Azevedo Neto et al., 2006). In addition, distribution of 
salinity and deserts of Iran shows that more than 18 millions 
ha of soils are affected (Koochaki, 2007). In maize, Yield 
decrease under increasing soil salinity is: 0% at ECe 1.7 
mmhos/cm, 10% at 2.5, 25% at 3.8, 50% at 5.9 and 100% 
at ECe 10 mmhos/cm (FAO, 2011). 
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Method 
In this study, we used generations (P1, P2, F1, F2, BC1 

and BC2) of two hybrids KSC 400 and KSC 704 to show 
the difference in morphological traits, yield, and some yield 
components. Generations in this research were studied in 
two separate Randomized Complete Block Design (RCBD) 
field experiments: 1) Khorasan Razavi Agriculture and 
Natural Resourcesl Research Center, Mashhad, IRAN with 
normal conditions and 2) salin condition(EC of saturated 
paste 6.0 dsm-1) Abbas abad-station(59◦38’N, 36◦16’E), 
Mashhad, Iran on 2009 with 3 replications in each area. 
Each genotypes was planted in 4 rows with 3 m length and 
0.75m between rows and 17.5cm distance between each 
plant with density 75500 plant/ha. The major evaluated traits 
were forage yield, ear/biomass weight ratio, plant height, ear 
high, leaves number, up ear leaves number, days to silk and 
days to anthesis. 

Result
The results showed significant differences among 

generations in some of traits like forage yield, biomass 
and ear/biomass weight ratio, plant height, ear height and 
leaves number. In field 1, forage Yield means comparison, 
showed that the highest and lowest yield belongs to BC1 
KSC704 (88.106 ton/ha) and K1263 (35.795 ton/ha) and 
results in field 2 showed that the highest and lowest forage 
yields are for BC1 KSC704 (60.734 ton/ha) and B73(11.287 
ton/ha). Furthermore, Heritability of forage yield and ear/
biomass weight ratio were 70 and 60 percent in region 
1, and 79 and 83 percent in region 2. Results in multiple 
analysis of variation showed that generation F2 KSC704 had 
the highest means in plant and ear height traits. Correlation 
between traits showed that this factor between yield and 
plant height is 82 percent in field 1 and in field 2 it was 83 
percent. Regression between traits and forage yield resulted 

Table 2: Heritability of traits in normal and saline conditions

Leaves No. Ear high Plant high Ear/biomass wieght Forage yield Trait Env

%63 %73 %73 %60 %70 Normal condition

%72 %70 %80 %83 %79 Saline condition

Fig 1: Means comparison of forage yield in normal and saline  fields -2010
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Table 3: Correlations between traits in normal condition

Leaves no.
Ear 

height
Plant 
height

Days to 
anthesis

Days to 
silk

Ear/biomass 
wieght

Forage 
yield   Trait

0.13 0.79** 0.82** 0.30 0.31 -0.35 1 Forage yield
0.03 -0.52 -0.38 -0.45 -0.46 1 Ear/biomass wieght

-0.05 0.38 0.26 0.97** 1 Days to silk

-0.16 0.37 0.27 1 Days to anthesis

0.28 0.90** 1 Plant height
0.36 1 Ear height
1 Leaves no.

Table 4: Correlations between traits in saline condition

Leaves no.
Ear  

height
Plant 
height

Day to 
anthesis

Day to 
silk

Ear/biomass 
wieght

Forage 
yield   Trait

0.256 0.66** 0.83** -0.42 -0.40 0.387 1 Forage yield
0.068 -0.01 0.08 -0.70 -0.67 1 Ear/biomass wieght

-0.097 -0.04 -0.21 0.2 1 Days to silk

0.149 -0.01 -0.19 1 Days to anthesis

0.149 0.78** 1 Plant height
0.332 1 Ear height
1 Leaves no.

that in normal condition, the effect of plant height on yield, 
was 70 percent, and in saline condition it was 68 percent.
heterosis of F1 KSC400 with mean of parents, was 71 and 
103 percent in normal and saline condition and this factor 
for F1 KSC704 was 40 and 182 percent in normal and saline 
conditions.

Discussion 
 Reduction in plant growth as a result of salt stress has 

also been reported in several other plant species (Ashraf and 
McNeilly, 1990; Mishra et al., 1991; Ashraf and O’leary, 
1997). Finally it is considered that the variety ’BC1 KSC704’ 
has reached better results in forage yield and plant fresh 
weight in salt stress conditions. Also it can be recommended 
to farmers as the best. 
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P_1.14:  Water stress at different growth stages on growth 
development and water use efficiency of summer maize

Zugui Liu*, Junfu Xiao, Jingsheng Sun, Xiaofei Liu, Junpeng Zhang

Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China
*Author for correspondence: firilzg@yahoo.com.cn

moisture level as the CK within the same growth stage. When 
soil water content during the corresponding stage reached the 
low limit soil moisture of each treatment, an irrigation with 
75mm water was implemented. The effects of water stress 
at each growing stage on plant height, leaf area index, grain 
yield, water consumption (ET) and WUE of summer maize 
were analyzed.

Results
Compared with the CK,water stress occurring during the 

SJ,JT,TM and MM stage respectively reduced plant height 
by 18.8%-23.2%,9.1%-21.3%,6.3%-9.4% and 1.1%-2.2%, 
as well as lowered leaf area index by 23.7%-38.3%,21.0%-
30.0%,12.1%-18.0% and 9.3%-22.7%. In addition,water 
stress at any growth stage reduced ear length, ear diameter, ear 
rows,1000-grain weight and grain yield, and increased bare 
top length(Table 1). Water stress at TM stage resulted in the 
greatest yield loss by 17.77%-29.91%, at JM stage it reduced 
yield by 15.09%-27.3%, and at MM stage it made the least 
yield reduction. Furthermore, water stress imposed during 
any growth stage decreased crop water consumption and 
affected WUE,especially, water stress at the SJ and TM stage 
got the maximum and minimum WUE respectively(Table 2).

Conclusions
Water stress occurring at various growing stages of 

maize influenced the crop development and reduced grain 
yield significantly. In the case of water saving irrigation, the 
limitation of irrigation water at the jointing and tasseling 
stage should be avoided to maintain satisfactory growth and 
yield. Moreover, it was also proposed that mild water stress 
imposed at seedling stage and at grain filling stage of summer 
maize could lead to yield loss a little, but save irrigation water 
and improve water use efficiency.

Introduction
With the change of global climate, drought occurring 

during the growing process of summer maize leads to 
variable crop production and low crop water use due to 
uneven distribution of rainfall and water shortage(Wang 
et al.2011). Water stress occuring during different growth 
stages may reduce final grain yield and the extent of yield 
reduction depends not only on the severity of the stress, 
but also on stage of the crop development (Bai et al. 
2009, Cakir 2004, Payero et al. 2009). However, the past 
results showed a variation in response to weather, regions 
and experiment methods. The purpose of this study was 
to evaluate the effects of water stress imposed at various 
growth stages of maize on growth, yield components and 
water use efficiency(WUE), which will provide a guideline 
to optimum water management for water saving irrigation 
of summer maize.

Methods
An experiment was conducted in lysimeters under 

a rainshelter to investigate the effects of water stress at 
different growth stages on development,yield and WUE 
of summer maize (Xundai 18) in 2008. Light water stress 
(L) and severe water stress(S) were respectively created at 
sowing to jointing (SJ), jointing to tasseling (JT), tasseling 
to milking(TM) and milking to maturity stage (MM), while 
a CK treatment,which having the low limit soil moisture 
of 65%,70%, 75% and 70% of field capacity (FC) at the 
SJ,JT,TM and MM stage respectively,was set up. The 
low limit soil moisture of L and S was 60% and 50% of 
FC,separately, and there were nine treatments(L-SJ,S-SJ, 
L-JT,S-JT,L-TM,S-TM,L-MM,S-MM and CK) randomized 
in lysimeters with 3 replications.The low limit soil moisture 
during non-stress stage for L-SJ,S-SJ, L-JT,S-JT,L-TM 
,S-TM,L-MM,S-MM treatment was kept at the same 
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Table 1. Effects of water stress at different growth stages on yield characters of summer maize

Treatment
Ear length

(cm)
bare top

 length (cm)
Ear Diameter

(cm) Ear rows
1000-grain
 weight(g)

Grain yield
(kg/ha)

Relative yield
decrease(%)

CK 16.48 0.55 5.25 16.2 277.9 7857.0 a* -
L-SJ 15.89 0.57 5.15 15.4 268.4 7008.0 b 10.81
S-SJ 15.06 0.69 5.03 15.0 261.7 6570.0 cd 16.38
L-JT 15.60 0.74 5.15 16.1 249.4 6671.3 c 15.09
S-JT 15.05 0.82 5.07 16.0 232.4 5712.0 e 27.30
L-TM 16.29 0.59 5.12 15.8 267.2 6460.5 d 17.77
S-TM 16.06 1.58 4.92 14.2 265.9 5507.3 f 29.91
L-MM 16.34 1.22 5.07 15.4 265.7 7141.5 b 9.11

S-MM 16.18 1.62 4.95 14.9 261.7 6669.0 c 15.12

*: means followed by the same letter within a column are not significantly different (p < 0.05) for Duncan’s Multiple Range Test

Table 2. Crop water consumption and WUE of summer maize for different treatments

Treatment CK L-SJ S-SJ L-JT S-JT L-TM S-TM L-MM S-MM

Grain yield (kg/ha) 7857.0 7008.0 6570.0 6671.3 5712.0 6460.5 5507.3 7141.5 6669.0

ET (m3/ha) 3229.3 2765.2 2572.7 2635.3 2428.4 2663.1 2542.3 2828.8 2666.2
WUE (kg/m3) 2.433 2.534 2.554 2.532 2.352 2.426 2.166 2.525 2.501

Payero J.O., et al.2009. Agricultural Water Management,96: 1387-
1397. 

Wang X B. , Dai K., Zhang D C.,et al.2011.Field Crops 
Research,120:47-57. 
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P_1.15:  Responses of glutathione dependent detoxification 
enzymes in a salt tolerant maize inbred to some 
osmolytes under saline stress

1M.M. Rohman*, 2.M.R Molla, 1M.N. Amin, 1M.S. Uddin, 1B.R. Banik
1Plant Breeding Division, 2Plant Genetic Resource Center, Bangladesh Agricultural Research Institute, Gazipur, Bangladesh
*Author of correspondence: motiar_1@yahoo.com

Introduction
Salinity is the major abiotic factor limiting the crop 

production in Southern belt of Bangladesh. As saline soil 
and water are around the world, great effort has been devoted 
to understanding the physiological aspects of salt tolerant 
genotypes (Cuartero et al., 2006). However, very limiting 
success has been achieved in revealing the underlying 
mechanism of salt tolerance of plants due to the complexity 
of the trait. Glutathione S-transferases and Glyoxalases 
are the major detoxification enzymes in plants that have 
important role in survival of plant cells under environmental 
stresses including saline. Proline and betaine are two major 
organic accumulates in a variety of plant species in response 
to salinity. Bangladesh Agricultural Research Institute 
has been conducting research at improving saline tolerant 
in maize. A genotype (CZ-10) was found to be promising 
as saline tolerant at both laboratory and pot conditions. 
Therefore, we studied the major detoxification enzymes in 
this salt tolerant genotype at seedling stage by exogenous 
application of proline and betaine.

Methods
A good number of maize genotypes were examined 

for their salt tolerant (NaCl at different concentrations) at 
laboratory condition following pot trials. Salinity levels were 
maintained by adding saline or water, and were measured 
by EC meter (Hanna HI-993310). Saline tolerant genotype 
(CZ-10) was grown in small pots, and different level of salt 
treatments (4, 8, 12 and 16 ds/m) were fed in combination 
of proline and betaine of 15 mM concentrations as foliar 
spray from 7 day of germination. Enzymatic Activities of 
glutathione S-transferase, glyoxalase I and glyoxalease-

II were assayed following the methods of Rohman et al. 
(2009), Hossain and Fujita (2009) and Hoque et al. (2008), 
respectively, at 1 day, 4 day and 7 day of stress treatment. 
Glutathione contents were measured following the method 
of Hoque et al.(2008). Level of lipid peroxidation was 
determined by measuring the amount of malondialdehyde 
(MDA) produced by the thiobarbituric acid (TBA) reaction 
as described by Heath and Packer (1968). Activity of 
enzymes and level glutathione and MDA were measured 
spectrophotometrically (Shimadzu, UV-1800). 

Results

Among the genotypes tested against the salinity, CZ-10 
was found to be promising with better performance both at 
laboratory and pot screening (Fig. 1). Salt stress increased 
activities GST, Gly-I and Gly-II and reduced and oxidized 
forms of glutathione with increasing of salt concentration 
and stress period (data shown only for GST). However, 
Gly-I was found to be decreased at 1day stress (data not 
shown). Exogenous application of proline was found better 
than betaine to increase the activity of enzymes and redox 
state (data shown only for GST). 

Conclusion

Among the genotypes, CZ-10 shoed better performance 
under salt stress. The activity of enzymes upregulated 
with the concentration and duration of stresses. The levels 
of enzymes glutathione, and MDA revealed that proline 
exhibited better protective role than betanie in salt tolerant 
maize inbred CZ-10 under salinity stress. 
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A B

Figure 1.  Performance of maize inbred CZ-10 under different concentrations of NaCl in half strength Hoagland solution 
(A) and pot (B).

Control

Control

8 ds/m

8 ds/m

12 ds/m

12 ds/m

16 ds/m

16 ds/m

Figure 2.  Activities of glutathione S-transfersae in maize 
inbred CZ-10 under salinity stress. The activity 
of the enzyme was expressed as nmol min-1 

mg-1 protein. The levels of NaCl in pot soil were 
maintained after 5 days of germination. Fifteen 
mM of Proline (P) and betaine (B) was treated 
as foliar spay twice a day. Salinity level was 
measured as decisimen /meter (ds/m). Data were 
measured in soluble protein extracts of seedling 
after 1, 4 and 7 days of stress implementation. 
Values represent the means ± SE from three 
independent experiments.
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P_1.16:  Performance of QPM single cross hybrids under 
various moisture limited environments
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Maharana Pratap University of Agriculture and Technology,  Udaipur-313001(Rajasthan), India
* Corresponding author’s e-mail ID: slgodawat@rediffmail.com 

Introduction
Quality protein maize (Zea mays L.) is found to have 

protein equivalent to skimmed milk, therefore giving an 
opportunity to deal with the issue of malnutrition and 
hunger. Maize being a staple food of many countries, is also 
grown in both irrigated and moisture limited conditions. 
Development of QPM hybrids efficient for both well and 
moisture limited conditions is very much required, as with 
the coming time the issue of malnutrition and hunger will 
get more intense. 

Methods
Considering the facts and importance of QPM, 

an experiment was conducted at Rajasthan college of 
Agriculture, Maharana Pratap University of Agriculture 
and technology, Udaipur ,India with 12 QPM parents, 
their 66 F1’s and 7 checks(HQPM-1, HQPM-5, HKI-193, 
HKI-163, PMH-1, EI-364 and EI-116) and evaluated for 
morpho-physiological traits in randomized block design 
with 3 replications under 4 environments viz., E1- Well 
irrigated crop, E2- Irrigation skipped at grain filling, E3 
–Irrigation skipped at flowering, E4- Irrigation withheld 
from knee height till maturity created by withdrawing 
irrigation at different crop growth stages in rabi 2009-10. 
Drought tolerance is a complex trait governed by number of 
factors. Thus, the lines that were selected in less favourable 
environment on the basis of various morpho-physiological 
traits can be used in future breeding to constitute germplasm 
population and to increase the level of drought tolerance 
among desirable lines. 

Results
In present investigation in stress condition few hybrids 

were found to be superior for grain yield/plant, having 
low Chlorophyll Stability Index (CSI), low desiccation 
injury, high PAR (Photsynthetic active radiation), low VPD 
(Vapour pressure deficit) and high quality seed protein. 

Genetic studies revealed that the traits were governed 
by additive and non-additive genes and thus could be 
improved through selection, followed by hybridization. 
Inbred P7 (CML 161 X CLQ-6203)B-4-1-1-B-2-B-1) and 
P12(HO6R-6136-64-1-4-1) were good general combiners 
having high per se performance for grain yield. Among 
hybrids, P9 x P12 (NP-06-07R-74-10-1-1 x HO6R-6136-
64-1-4-1) and P4 x P12(NP-06-07R -73-6-1#1 x HO6R-
6136-64-1-4-1) were best for all the environments but 
hybrids P10 x P12 (EIQ-02 x HO6R-6136-64-1-4-1), P1 x 
P7 (NP-06-07R-58-3-2-2 x (CML 161 X CLQ-6203)B-4-
1-1-B-2-B-1), P1 x P4 (NP-06-07R-58-3-2-2 x NP-06-07R 
-73-6-1#1) were found best in well irrigated conditions. 
The above hybrids also exhibited higher estimates of 
specific combining ability, economic heterosis and per se 
performance in all the environments for grain yield/plant 
and chlorophyll stability index (CSI). Hybrid P9 x P12(NP-
06-07R-74-10-1-1 x HO6R-6136-64-1-4-1) besides grain 
yield per plants also exhibited significant positive SCA 
effects for 100-seed weight, PAR (Photosynthetic active 
radiation), lysine and tryptophan content in all three 
environments, while it showed significant negative SCA 
effects for desiccation injury in all three environments. For 
maturity related traits like days to 50 per cent silking and 
days to 50% maturity hybrid P3 x P6 (NP-06-07R -76-11-
2-1 x NP-06-07R -76-11-1) showed negative significant 
SCA effects in one or the other environments. Hybrids 
which exhibited highest estimates of negative significant 
SCA effects for ASI were P1 x P8 (NP-06-07R-58-3-2-2 
x EIQ-01) in all three environments. For drought adaptive 
physiological traits like chlorophyll stability index hybrid 
P1 x P4(NP-06-07R-58-3-2-2 x NP-06-07R -73-6-1#1) 
showed highest estimates of negative significant SCA 
effects in all three environments while for desiccation injury 
highest negative significant SCA effect was shown by P1 x 
P12 in E3 environment. The parents P3, P4 and P7 showed 
considerably good per se performance and high GCA effects 
for both lysine and tryptophan hence they could be used 
for the development of synthetic and composite varieties in 
QPM. Only single hybrid P5 x P6 consistently performs for 
protein content in all the environments. The hybrid P8 x P9 
(EIQ-01 x NP-06-07R-74-10-1-1) was best for both lysine 
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and tryptophan content in all the environments. At the same 
time P9 x P12, P4 x P12, P3 x P8 (NP-06-07R -76-11-2-1 x 
EIQ-01) and P7 x P12 (CML 161 X CLQ-6203)B-4-1-1-B-
2-B-1 x HO6R-6136-64-1-4-1) hybrids have been identified 
for superior performance under moisture stress condition 
along with good SCA for yield and other drought adaptive 
traits.

Conclusions
In present investigation only one hybrid P4 x P12 (NP-

06-07R -73-6-1#1 x HO6R-6136-64-1-4-1) was identified as 

good hybrid for grain yield per plant, lysine and tryptophan 
content in all the environments as compared to best check. 
The lines identified on the basis of good SCA and GCA 
for grain yield, quality traits, other drought adaptive traits 
like chlorophyll stability index, PAR, VPD and desiccation 
tolerance could be used for the development of single 
cross hybrid and population improvement respectively for 
moisture limited conditions. The result of the study was 
very diverse as hybrids were found suitable for various 
conditions; therefore, these hybrids can be used in regular 
breeding programme of QPM improvement. 
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P_1.17:  Effects of water deficit and nitrogen levels on some 
physiological traits in corn (Zea mays L.) hybrids
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Introduction

Stress-induced senescence is frequently alluded to, but 
interactive effects of water and N deficits on leaf longevity 
and on physiological changes associated with leaf aging 
have received little attention (Valliyodan and Nguyen 
2006). The mean annual precipitation in Iran is 240 ml and 
it is described as a dry or semi-dry country. Mihailovic et 
al. (1992) demonstrated that one of the factors influencing 
physiological responses of plants to water stress is mineral 
nutrition. A significant role of nitrogen in regulating plant 
responses to water stress was established in a number of 
plant species. 

Methods

In order to evaluateeffects of drought stress and 
nitrogen levels on physiological traits of maize hybrids, 
a field study was conducted in Kermanshah province, 
western Iran, in2009 and 2010. Various maturing hybrids 
(KSC704, late maturing;KSC500, medium maturing; and 
KSC 260, early maturing), irrigation conditions (optimum, 
85% percent,and 60%percent water requirement), nitrogen 
levels (recommended, plus 25% and minus 25%), and 
plot arrangements— main, sub and sub subplots,y using a 
complete randomized block and 4 replications were used. 

LAI was measured with a Sun Scan canopy analysis 
system (Delta-T Devices, Cambridge, UK) and in Stages 
V6, V10 and R1. Chlorophyll meter (SPAD-502, Minolta) 
readings were taken in all plots. SPAD readings were 
taken atthe mid-point of the youngest fully-expanded leaf. 
Chlorophyll fluorescence was measuredin R1 Stage with a 
chlorophyll fluorimeter (pocket PEA).

Results
Analysis of data showed that chlorophyll content at 

tasseling decreased with diminishing water availability, and 
increase in N resulted in increase in chlorophyll content in 
both normal and stress conditions. Greater application of N 
increased chlorophyll content in stress conditions.Drought 
stress reduced LAI. The increase of N increased LAI in 
normal conditions. In contrast, LAI increased with greater 
use of N, but applicationof N beyond the recommended 
quantitiyled to reduction in LAI.Drought stress reduced 
RWC. The RWC was 80 to 64 for normal and drought stress 
conditions respectively. High level of N reduced RWC also. 
The treatments did not affect CF.

Conclusions
Results showed thatunder drought stress conditions 

increasingamountsof nitrogen up to the secondlevelincreased 
LAI.Early maturing hybrids showed lower RWC reduction 
under stress conditions. 
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Introduction
Zhengdan 958, with its characteristics of high yield, 

high quality, multi-resistance, and extensive adaptability 
has been one of the leading maize(Zea mays L.) hybrids in 
recent years. On account of global warming, the planting 
area of Zhengdan 958 has increased and it now extends to 
47°N(You L et al., 2008; BAI C Y et al., 2010). Weather 
factors such as sunshine, temperature and rainfall have 
considerable effect on maize growth. While it has been 
reported thatmaize adapts to ecological conditions(Huo S 
P et al., 1995; Lu W P et al., 1997), previous studies have 
focused mainly on adaptability over small areas.

Methods
Experiments were conducted at 34 locations in 7 

provinces(Heilongjiang, Jilin, Liaoning, Inner Mongolia, 
Hebei, Shanxi, and Shaanxi) between 35°11′ N and 48°08′ 
N with the hybrid Zhengdan958 (ZD958) between 2007 and 
2010. The plant density was 6.0×104 plants ha-1with row 
spacing of 0.65 m and inter-plant spacing of 0.26 m. At each 
experiment site, the planting area was 0.13 ha. 

Planting date, emergence, silking, maturity, and harvest 
were recorded. Yields, with 14 percent water content 
accounted for, were determined over a certain area at harvest 

Fig 1. Changes in maize growing process with latitude
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Fig 2 Changes in maize accumulated temperature with latitude

Fig 3 Changes in maize yield with latitude



60

Book of Extended Summaries for the Eleventh Asian Maize Conference

time. Weather data were collected, including sun hours, 
≥10℃ accumulated temperature (ACT)and precipitation 
during the maize-growing seasons between 2007 and 2010.

Results

The days and accumulated temperatures (≥10℃) of 
vegetative growth period, which included the sowing 
to emergence period and emergence to silking period, 
increased as latitude increased from south to north, but the 
days and accumulated temperatures (≥10℃) of reproductive 
growth period decreased. . From south to north, maize 
yield first increased, and then decreased. Regionswhere 
the ecological conditions were suitable for maize growth 
such as Chengcheng, Zhangjiakou and Jiamusu recorded 
higher yields. The accumulated temperatures (≥10℃) in 
Chengcheng were greater than accumulated temperatures 
(≥10℃) in Zhangjiakou and the accumulated temperatures 
(≥10℃) in Jiamusu, but the maize yield in Chengcheng was 
lower than the yield in Zhangjiakou and in Jiamusu. The 
reason why the area under study in the south registered 
lower maize yield was the shorter vegetative growth period 
and the lower material accumulation. Maize yields in the 

north were lower than in other regions because of the shorter 
reproductive growth period and the lower 1000-kernel 
weight. 

Conclusions
Weather factors such as sunshine, temperature, and 

precipitation had marked effects on maize growth and maize 
showed adaptability to ecological conditions. Therefore, 
decisions on introducing maize hybrids should be guided by 
consideration of weather factors so as to ensure better results.
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Fig 4 Changes in maize yield components with latitude



61

Technical Session 1: Abiotic Stress Tolerant Maize

P_1.19:  Effects of post-anthesissoil water deficit on the yield 
components and water-use efficiency of maize 
(Zea mays L.)

ZHOUXiang-li, TAO Hong-bin, WANG Pu*

The National Maize Industrial Technology RD Center, MOA, College of Agronomy and Biotechnology, China Agriculture University, 
Beijing 100193, China
* Author for correspondence: wangpu@cau.edu.cn; zxldaidai@126.com

Introduction
Drought is one of the most important factors accounting 

for crop yield lossworldwide.The areas of maize production 
in China are mainly concentrated in the northern semi-
arid and sub-humid areas, where corn is often subjected to 
variedand unpredictable drought stress factorsresulting in 
significant yield reduction.An average annual yield loss of 
17% in maizedue to drought has been reported (Edmeades 
et al. 1992).Maize growth stages, especiallythe tasseling-
to-silkingperiod and the period of approximately 2 weeks 
after silking, are more sensitive towater stress.(Oteguiet 
al., 1995).Therefore, we applied different levels of soil 
waterdeficit aftersilkingto maize plants and analysedtheir 
influence on yield components and related water-use 
efficiency.

Methods
Field trials were conductedunder rain-protection 

shelterin the summer season during2009 and 2010. Maize 
cultivar ‘Zhengdan958’ was applied. Four water levels were 
designed in this experiment: soil moisture was maintained 

at 75±5% of field capacity duringthe entire growth period 
(T1;maintained at 55±5% of field capacity from silking to 
mid-filling stage,then re-watered to T1condition(T2); at 
55±5% of field capacity from mid-filling stage to maturity 
stage(T3;at 55±5% of field capacity from silking stage to 
maturity stage(T4). Each treatment hadfour replicates, and 
plots with an area of 8 m2 and a depth of 2.0 mwere separated 
by concrete..Water supply before maize emergence was 
identical in each plot and plants were thinned to a population 
of 7.5 plant /m2after the 3-leaf stage with row spacing of 60 
cm and plant spacing of 20cm. Weeds were controlled by 
chemical or manual means. 

Results

Grain yields were significantly affected by water 
treatments with an order of T3>T1> T2>T4. It demonstrated 
that the period just aroundand aftersilkingwascritical to 
yield. The differences among yields were mainly attributed 
to the differences in 1000-grain weight and grain numbers 
per ear, while the ear number per m2showed no significant 
difference. According to the direct path coefficient analysis, 

Table 1. Effects on maize yield and yield components under different soil post-anthesis water deficit 

Year Treatments Yield (kg/hm2)  Ear number/m2 Grain/Ear TKW (g)

2009 T1 11175b 6.9a 540a 274.3b
T2 10605c 6.8a 519ab 272.3b
T3 11565a 6.7a 546a 295.1a
T4 8970d 7.1a 432c 259.3c

Average 10579 6.9 509.3 275.3

2010 T1 8295a 7.3a 372a 286.8b
T2 6774b 7.3a 295c 276.2b
T3 8141a 7.1a 325b 305.6a
T4 6132c 7.1a 265d 256.9c

Average 7336 7.2 314 281.4

Note: Figures within each column and variety followed by the same letters are not significantly different, p<0.05, n=4
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yield components contributed to grain yield inthe order of 
grain number per ear>1000-grain weight>ear number per 
m2.Moreover,the decline ingrain number perear was caused 
by the reduction of kernelnumbers per row. The two-year 
results showed that T3 obtained the highest WUEY,andT4 
theminimum value. Compared with T1, water deficit from 
milking stage (or mid-filling stage) to the maturity stage (T3) 
increased WUEYby about 13.2%, while water deficit from 

silking stage to maturity stage (T4)caused a WUEY reduction 
of 6.1%.

Conclusions

The highest grain yield and the highest WUEYcould 
be achieved simultaneously when soil water content was 
maintained at 55±5% of field capacity from mid-filling to 
maturity stage.
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Table 2.  Variance analysis of maize yield and yield 
components

Variance source Yield
Ear 

number/m2
Grain/ 

Ear
TKW 

(g)

Year *** ** *** NS
Treatment *** NS *** ***
Year × Treatment NS NS NS NS

Note: ‘*’, ‘**’ and ‘***’ represent significance at the 
0.05, 0.01 and 0.0001 probability levelrespectively. NS 
representsno significant difference. 
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Introduction 
Drought is one of the important abiotic stresses around 

the world. Water shortage has seriously affected the people’s 
normal lives along with the trend of globally warming. It is 
essentially required to develop and adopt drought-tolerant 
and water-use efficient maize cultivars by identification of 
water stress-related genes and further transformed to maize 
plants.

Materials and Methods 
Maize inbred line X178 was chosen for screening 

expressed sequence tags (ESTs) related to drought 
tolerance by cDNA-AFLP technique. Seedlings were 
treated under well-watered and water-stressed conditions 
in greenhouse. Genomic DNA was extracted following the 
cetyltrimethylammonium bromide (CTAB) procedure with 
minor modifications. The functional analysis of both screened 
drought-tolerant genes was respectively transformed into 
Arabidopsis thaliana and maize by agrobacterium-mediated 
transformation method.

Results
In this study, by using cDNA-AFLP technique, 

seventy-nine uniESTs related to drought tolerance were 
finally screened. Alignment BLAST analysis showed 
that most sequences involved important functional and 

regulatory proteins related to drought tolerance. They 
could be classified into eight categories according to 
their functional mechanism: basal metabolism, signaling 
pathway components, transcriptional factors, chaperones 
and functional proteins, ion and water transport, disease 
resistance proteins, cytoskeleton proteins, and hypothetical 
proteins, of which basal metabolism related genes 
accounted largest proportion. And then, two putative water 
stress-induced genes of heat-shock protein (HSP) and 
transcriptional factor MYC, were acquired by in silico 
cloning with a length of 2371 bp and 2102 bp, respectively. 
Of them, ZmHSP-1 with a conservative five peptide 
structure of MEEVE was further found majorly located in 
the cytoplasm of onion epidermis cells through ZmHSP-
1:GFP fusion protein transient expression analysis. The 
expression of ZmHSP-1 was up-regulated by drought, 
heat, NaCl and ABA treatments, implying that ZmHSP-1 
may mediate different signals. The functions of both genes 
were further verified in the transformed maize and the result 
was put into application potentials to improve the maize 
tolerance to water stress.

Conclusions
All the results about catalytic and structural subunit 

of both genes demonstrated that they play a role in plant 
drought response, and their expression level could influence 
the plant tolerance to several abiotic stresses. Therefore, 
our findings might provide the valuable candidate genes for 
improving crop tolerance to drought stress.
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Introduction
World is now facing the challenge of food security for 

an ever growing world population, while the arable land is 
limited. China has successfully developed hybrid maize in 
recent years. Reports indicated many physiological traits 
contribute to increased yields, including higher photosynthetic 
rate (Ding et al. 2005; Huang et al. 2007), larger leaf area 
duration (Andrade et al. 1993 and 1999; Tollenaar et al. 
2006), larger sink size, high leaf angle (Fellner et al. 2003), 
and decreased anthesis-silking interval (ASI) (Duvick et al. 
2004). The root system is taking care of indispensable plant 
functions such as uptake of nutrients and water, anchorage 
in the substrate and interaction with symbiotic organisms. 
Root system development is the base for the plant to reach 
optimal growth and is sure to contribute to the levels of yield 
obtained in crops (Marschner 1998; Linkohr et al. 2002 and 
Wang et al. 2006). Using modeling, Hammer et al. (2009) 
concluded that the reason why modern American hybrids are 
more tolerant of high density planting can be explained by 
the root architecture, but not shoot architecture. Due to the 
difficulty in obtaining root trait data, there are fewer reports 
about morphological and physiological characteristics of 
maize root in field conditions. The purposes of this study 
was mainly focus on comparing the two corn varieties with 
different yield potential to identify differences associated 
with increased yield, including root morphology and 
physiological characteristics.

Materials and Methods
Experiments were conducted at the Corn Research 

Center of Shandong Agriculture University, Shandong 
Province, China during the corn growing season. Two 
varieties were grown in the field: ZhengDan 958 and 
DengHai 661. The varieties were planted with row spacing 
of 0.66 m and 0.16m between plants. Plants were sampled 

at the V6, V12, VT, R3, R5 (dent), and R6 (physiological 
maturity) stages. Before root sampling, aboveground parts 
of plant were collected and measured after drying at 70°C to 
a constant weight. 

Root sampling was based on root profile observations 
and soil sample analysis. The first layer of soil was placed 
into nylon netting bags, then a second layer of soil was taken 
at 20 cm deep increments in 0-200cm. Roots were collected 
after the soil was passed through a 0.5 mm sieve using a 
hose and nozzle attachment. 

Root fresh weight, and root length and diameter data 
were taken with an image analyzer. Root length density 
was calculated by dividing root length by soil volume. 
Total root weight was the sum weight of every layer. Root 
vigor was measured according to the triphenyltetrazolium 
chloride (TTC) method (Li 2000). Root total absorption and 
active absorption area were determined by the methylene 
blue adsorption method (Zou 2000). Following the above 
analyses, root DW was determined after drying at 70°C to a 
constant weight.

Results

1. Grain yield and sink size

Grain yield was significantly higher in 2009 than 2010 
for both varieties. Since water and nutrients are not limiting, 
the lower yield in 2010 is most likely due to a decrease in 
the amount of sun. Compared with ZD958, DH661 yields in 
2009 and 2010 were 18.9% and 19.4% higher, respectively. 
The increased DH661 yield was the results of higher grain 
number and grain weight in 2009 and grain number in 2010. 
The potential grain numbers per m2 in DH661 were also 
significantly higher than ZD958, but its seed set rate was 
significantly lower. 
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2. Root and shoot biomass

Root DW for the two varieties reached a maximum at 
the VT stage (Fig.1 A and B). At all stages of growth, 
the root system of DH661 was twice that of ZD958. 
From the VT to R6 stages, plant shed roots, root DW 
of DH661 decreased by 26.1% and 26.6% in 2009 and 
2010; while the decrease for ZD958 were 21.9% and 
20.2%, respectively. 

In contrast to root DW, the difference of shoot DW be-
tween two varieties was not significant prior to the V12 
stage. However, shoot DW in DH661was significantly 
higher than ZD958 after the V12 stage, specifically after 
the VT stage (Fig.1 C and D). At maturity, DH661 shoot 
weight reached 437.1 and 444.6 g, in 2009 and 2010, 
respectively, 15.7% and 24.5% higher than ZD958.

The root/shoot ratio increased with plant growth, reached 
a maximum at the VT stage, and subsequently decreased 
to the R6 stage (Fig.1 E and F). The root/shoot ratio was 
significantly higher in DH661 than ZD958 throughout 
the growing season in both years. 

3. Root length 

Root length density exhibited a single apex curve, and the 
maximum was also evident at the VT stage (Fig.2 A and 
B). Although DH661 root length density was higher than 
ZD958 significantly in both growing seasons, differences 
between varieties were not as large as the difference in root 
DW, indicating that DH661 has lower specific root lengths 
(Fig 2 C and D). From the VT to R6 stage, DH661 root 
length density decreased by 29.5% and 20.3% in 2009 and 
2010, respectively. ZD958 decreased by 52.2% and 35.8% 
in 2009 and 2010, respectively. 

4. The actively absorbing area

The root actively absorbing area of DH661 was signifi-
cantly higher than ZD958 throughout the growing sea-

Table1. Grain yields and yield components from field experiments in 2009 and 2010.

Year Variety
Grain yield

(t ha-1)
Ear numbers

ha-1
Grain number

ear-1
1000 grain
weight (g )

Potential grain 
number ear-1

Seed setting
rate (%)

Sink size
g/plant

2009 ZD958 15.91c 86220.00a 677.82b 320.20b 757.17c 89.52a 242.45c 
DH661 18.92 a 87600.00a 698.22a 363.90a 835.09a 83.61b 303.89a 

2010 ZD958 14.73d 87095.00a 633.60c 314.10b 720.90d 87.89a 226.44d 
DH661 17.59b 87940.00a 628.56c 374.30a 773.42b 81.27b 289.49b 

Fig.1.   Dynamic changes in corn root dry weight (A and 
B), shoot dry weight (C and D), and root/shoot 
ratio (E and F) in 2009 (A, C and D) and 2010 (B, 
D and F). 
 
Vertical bars represent mean ± S.D (n = 4). 

sons (Fig.3). From the VT to R6 stages, the average 
root actively absorbing area in DH661 was 125.67 m2 
plant-1 for the two consecutive years, 61.5% higher than 
79.78 m2 plant-1 in ZD958, and the decreases in ac-
tive absorption area following the VT stage were much 
greater in DH661 than ZD958.
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Fig.2.  Dynamic changes of root length density (A and B), 
specific root length (C and D) of corn in 2009 (A, 
C) and 2010 (B, D). 
 
Vertical bars represent mean ± S.D (n = 4).

Fig. 3.   Dynamic changes of root actively absorbing area 
in 2009 and 2010. 
 
Vertical bars represent mean ± S.D (n = 4). 

Conclusion
The results of this study clearly indicated that compared 
with ZD958, DH661 demonstrated superior grain yield. 
The increased performances in DH661was primarily 
due to greater sink size. DH661 exhibited a larger root 
system, increased root activity, and deeper distribution 
in soil, which aids in building more robust shoots. In re-
turn, shoots supply more carbohydrates to the root. The 
cooperation between roots and shoots ensures a greater 
leaf surface area and photosynthetic capacity. Taken to-
gether, these traits contribute to a larger sink size and 
high grain yield. 

Growth stage

2009 2010
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Introduction
Maize is one of the most important livestock feed sources 

in China. With the rapid growth of animal husbandry and 
bio-energy industry, maize will be more important in the 
development of agriculture economy and indemnification of 
food security (Yue 2006). In recent years, due to the global 
climate change and frequent drought disasters, development of 
drought-tolerant varieties through molecular marker-assisted 
breeding (MAB) is an available approach to accelerate the 
breeding progress and minimize the yield losses caused by 
water stress. Functional markers (Andersen and Lübberstedt 
2003), which are derived from polymorphic sites within genes 
affecting phenotypic trait variation, can overcome the problem 
of recombination/linkage and are highly predictive to interest 
phenotype. Development of functional markers associated with 
drought tolerance in maize will put forward the application 
progress of the MAB on drought tolerance. 

Materials and Methods
Genome-wide association study: A total of 201 maize 

(Zea mays L.) inbred lines used in this study, which initially 
collected from five major maize-growing areas in China, 
were grown in seven environments with an alpha lattice (0, 
1) design in two different sites of China: Hainan and Xinjiang 
provinces, All materials were evaluated under two water 
regimes (well-watered, WW and water-stressed, WS), each 
with two replications. Phenotypic traits related to drought 
tolerance were investigated. An Illumina GoldenGate assay 
with 1536 SNP (Single nucleotide polymorphism) markers 
was used to genotype maize inbred lines and identified the 
functional genetic variations underlying drought tolerance 
by association analysis. All association tests were run with the 
mixed linear model (MLM) method in TASSEL version 2.1.

Development of functional markers: Interesting 
sequences around the polymorphic SNP sites were searched 
and analyzed in the NCBI website. Software Primer premier 
5.0 was used to design the functional markers based on 
the sequence information. And the functional makers were 

further verified among the typical drought-tolerant lines by 
polyacrylamide gel and agarose gel.

Results
In this study, by genome-wide association mapping with 

a custom Illumina GoldenGate assay containing 1536 SNPs 
developed from candidate genes associated with mechanisms 
and pathways known to influence drought tolerance, 29 SNPs 
were identified to be associated with at least two phenotypic 
traits in one or more environments, which were related to 
drought-tolerance or drought-responsive genes. Of them, SNP 
PZA03750.2, seated in maize genome ctg283 of bin 6.05, 
was commonly associated with GY-WW, GY-WS and STI of 
2007XJ and 2008XJ-2, which was found located in gene dhn1 
(dehydrin) of chromosome 6 and identified to be an adaptive 
consensus QTL. And then, A CAPS marker (cleaved amplified 
polymorphic sequences) was developed based on SNP 
PZA03750.2 from dhn1 gene and used for marker-assisted 
selection of drought tolerance. Furthermore, this CAPS marker 
was verified among 74 maize inbred lines, getting the consistent 
results with their evaluated level of drought tolerance.

Conclusions
The CAPS marker has been practically verified among 

the maize inbred lines used in the current study. And 
more functional markers related to drought tolerance are 
developing and verifying in our study. They will put forward 
the application progress of the MAB on drought tolerance 
and further improve the efficiency of conventional maize 
breeding. 
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Introduction

Increasing plant density is known as the major measure 
to increase maize yield, but it also promotes the competition 
among individuals. As a result of high plant density, the 
interference among individuals become drastic, especially 
the root competition for water and nutrient absorption. 
Moreover, suitable plant density is closely related to canopy-
type. Some reports showed that compact type of maize can 
achieve high yield more easily due to its high root vigor, 
ATPase activity, and ideal root distribution. (Wang et al. 
2001; Song al. 2003). Previous studies on maize roots mainly 
focused on root nutrient composition, root morphological 
and physiological characteristics. However, it is unclear that 
the mechanism of competition on nutrient acquisition and 
root growth of different canopy-types of maize.

Methods

Three genotypes of maize were used: ND108 (Flat 
type), ZD958 (semi-Compact type), CF008 (Compact 
type). Three plant densities were compared: 1 plant pot-

1, 2 plants pot-1, and 3 plants pot-1. Plant were cultivated 
in PVC tubes (tube size: F=33cm; H=150cm) without 
bottom. All pots were applied with identical amounts 
of fertilizers of 22.5g N pot-1, 15g P2O5 pot-1 and 22.5g 
K2O pot-1. The shoot, root dry weight, root length and 
surface, and the NH4

+-N and NO3
--N concentration in 

xylem sap were measured to indicate root characteristics 
of different plant-types of maize in response to inter-plant 
competition.

Tab 1. Shoot and root dry weight, root length and root surface of ND108, ZD958, CF008 under three plant densities

Variety
Plant density 
( plant pot-1 )

Dry weight ( g plant-1 )
Root length 
( cm plant-1 )

Root surface 
( cm2 plant-1 )shoot root

ND108 1 84.30a 11.32a 98827a 7679a

2 93.98a 10.87a 96266a 8309a

3 69.97b 7.10b 48952b 4510b
ZD958 1 144.51a 9.01a 54665a 5875a

2 92.18b 5.69b 32062b 3391b

3 66.23c 4.00c 24072c 2541c
CF008 1 90.99a 7.19a 56866a 5366a

2 79.31ab 4.97ab 33751b 3134b
3 57.82b 4.00b 30017c 2666c

* Figures within each column and variety followed by the same letters are not significantly different, p < 0.05, n=5
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Fig 1. NO3
- -N and NH4

+-N concentration in xylem sap of ND108, ZD958, CF008 under three plant densities

Results

Results showed that the shoot dry weight (SDW) of 
ND108 reached the maximum at density of 2 plants pot-1, 
SDW of ZD958 and CF008 decreased significantly(p<0.05) 
with the increase of plant density. In addition, SDW of 
ZD958 was much higher than that of ND108 and CF008. 
The root dry weight (RDW) of ND108, ZD958 and CF008 
were reduced with increase of plant density. Similar trends 
were observed for the root length (RL) and the root surface 
(RS). RDW, RL and RS of ZD958 reduced more sharply 
than the other varieties with increase of plant density. NO3

--N 
concentration in xylem sap of ND108 and CF008 increased 
with the increase of plant density, while that of ZD958 
achieved the highest concentration at density of 1 plant pot-

1. NH4
+-N concentrations in xylem sap were generally lower 

than NO3
--N concentration, with only slightly difference 

among varieties and plant densities.

Conclusions
Increasing plant density negatively affected the single 

plant SDW, RDW, RL and RS of ZD958 and CF008, 
while those of ND108 were not significantly affected at 
low densities (1 plant pot-1, 2 plants pot-1). In xylem sap, 
NO3

--N concentration was 2-3 times higher than NH4
+-N 

concentration which implies that NO3
--N reduction mainly 

conducted in shoot not in root .
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Introduction
Traditional Breeding program has reached its edge 

in increasing crop yields and now crop breeders paid 
more attention to so-called physiological breeding. High 
photosynthetic efficiency breeding, with the aim to increase 
yield potential, becomes a hotspot in maize (Zea mays) 
physiological breeding. The critical work is to assess the 
photosynthetic characteristics of maize inbred lines and 
analyze the heterosis in hybrids, hence to provide principle 
in crossing and selection of combinations with high 
photosynthetic efficiency.

 It has been proved that substantial genetic variability 
in net photosynthesis rate (Pn) exist among both genotypes 
and species in many crops (Nelson 1988, Makino et al. 
1988), such as maize (Dwyer and Tollenaar 1989, Dwyer et 
al 1989, 1991,1992, Heuchel and Musgrave 1969, Guo et al. 
1997, Zhao et al. 1997a), wheat (Xu et al. 1990, LeCain et 
al. 1989) and soybean (Dornhoff and Shibles 1976, Hesketh 
et al. 1981) et al.. As the main factors affecting Pn, stomatal 

characters and CO2 carboxylating efficiency (expressed 
by activity of ribulose-1,5-biphosphate carboxylae or 
phosphoenolpyruvate carboxylase) also differed among 
genotypes (Zhao et al. 1997b, Zhao et al. 2003, Xu et al. 
1990, Krebs et al. 1996, Holá et al 1999). In maize, Pn 
was positive correlated with stomatal conductance (Zhao 
et al. 1997b, Zhao et al. 2003), while not correlated with 
activity of ribulose-1,5-biphosphate carboxylae and PEPC 
(unpublished result). In soybean, they both positively 
correlated with Pn (Hesketh et al. 1981). But in wheat, Xu 
et al. (1990) reported that both of them did not correlated 
with Pn. It seemed that the factors contributing to high Pn 
were different among crops and genotypes. Chlorophyll 
fluorescence parameters reflect photochemical reaction of 
photosystem II. Photochemical efficiency would not limit 
photosynthesis in saturate light, but in low light intensity 
stress induced decrease of photochemical efficiency would 
result in photosynthesis limits (Xu and Shen 1998). Although 
many papers focused on the difference of chlorophyll 
fluorescence parameters among genotypes in stress 
conditions (Cechin 1998, Janda et al. 1998, Neuner and 

Table 1 Comparison of photosynthesis of hybrids and inbred lines in three developmental stages during whole growth 
season of maize 

Parameters Elongate (6/6) Big broad 6/17 Anthesis 7/17 Mean

Pn Hmean 29.44±5.20 27.72±4.43 29.89±1.28 29.01±2.64
Imean 23.26±4.63 19.87±3.66 22.85±4.06 21.99±3.62

Tr Hmean 5.062±0.47 2.94±0.32 3.767±0.50 3.924±0.09

Imean

4.864±0.37
2.00±0.34 2.874±0.51 3.245±0.30

Ci (μl∙l-1) Hmean 522.5±105.81 200.5±44.75 227.7±28.67 316.9±37.60

Imean
516.4±72.70 107.3±15.32 220.1±100.19 281.3±34.62

Gs Hmean 165.2±13.25 145.9±8.72 155.6±7.26
Imean 181.7±19.13 138.0±39.49 159.8±22.28

(Note: H-hybrids: I –inbreds and M-mean of hybirds and inbred lines)
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Larcher 1990, Raziev et al. 1987), the genotypic variation 
was undoubtedly present (Holá et al. 1999, Krebs et al. 
1996, Planchon et al 1989). In this work we compared gas 
exchange and chlorophyll fluorescence parameters among 
maize inbred lines and hybrids and heterosis was analyzed 
in maize hybrids cultivated extensively in China.

Methods

4 hybrids and 8 inbred lines of maize were used in the 
study. The hybrids were H1 (Nongda108), H2 (Dk789), 
H3 (Nongda1236) and H4 (Tangkan5).The inbred lines 
were I1(P178), I2(HuangC), I3 (3189), I4 (Dou18-15), I5 
(CA186), I6(Mo17), I7 (Chuang105) and I8 (502). Maize 
seeds were sown in 14.8-L pots and remained 1 seedling 
and cultured in a greenhouse from April 30 to August 15, 
1999, in Tokyo University. The temperature in greenhouse 
was 2°C higher than the natural and the light intensity about 
90%. The plants were watered with tap water 3 times per 
week. Leaf gas exchange measurements were made with 
CIRAS photosynthesis system (PP System company, UK). 
The PAR, temperature and CO2 were controlled at about 

1600 μmol∙m-2·s-1, 25°C and 350 μl∙l-1, respectively. The 
chlorophyll fluorescence was measured with a fluorometer 
(PAM-101, Walz, Germany) after 30min of dark adaptation 
in the laboratory described by Genty et al. (1989). 

Results

There were marked differences in photosynthetic rate 
(Pn), transpiration (Tr), stomatal conductivity (Gs) and 
intercelluroual CO2 concentration (Ci) among genotypes in 
maize. The hybrid and inbred with maixmum photosynthetic 
rate among 12 genotypes in this experiment were NongDa108 
and HuangC. In general average the hybrids were higher 
than inbred lines in photosynthetic rate (PN), transpiration 
(TR) and stomatic conductance (SD). But it was true, some 
inbreds were higher than some hybrids in some time, such 
as inbred HuanC was higher than the hybrid NongDa1236. 
The regression analysis revealed that Pn rate had very high 
significant correlation (P0.01 level) with transpiration, 
stomatic conductivity and intercelluraol CO2 concentration 
among genotypes in maize, and appeared linear regression. 

Fig. 1 Comparison of photosynthesis (Pn), transpiration (Tr), stomatal conductivity (Gs) and 
intercellural CO2 (Ci) among genotypes in maize. The data in Fig was average of 3 time 
measurements (6/6, 6/17 and 7/17) during growth season.
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Introduction 

As a C4 crop, maize is a very efficient assimilator of CO2 
under warm, intense light conditions. There was difference 
in leaf photosynthetic rates between genotypes (Dwyer and 
Tollenaar 1989; Dwyer et al. 1989, 1991, 1992; Zhao 1994). 
In C4 crops, CO2 fixation is closely linked to PSII activity due 
to the fact that photorespiration rates are low, as was seen by 
simultaneous CO2 exchange and fluorescence measurement 
(Krall and Edwards, 1992). It has been proposed that it 
might be possible to estimate maize leaf photosynthetic 
rates from chlorophyll fluorescence measurement (Krall 
and Edwards, 1992). The relationship between thylakoid 
electron transport and photosynthetic CO2 uptake in leaves 
of maize hybrids was studied (Hugh and Tollenaar, 1998) 
and a linear relationship between ETR (electron transport 
efficiency) and AG (gross photosynthesis) was observed. 
Chlorophyll fluorescence kinetic and quenching analysis 
was also used for analysis of different inbred lines of 
maize (Krebs, 1996), and found that large differences in 
chlorophyll fluorescence kinetic parameter (Fv/Fm, Fv’/
Fm’, QP, NPQ and Rfd) were mainly resulted from plant 
age and growing seasons, not from genotypes. However, 
Zhao(2005) reported that genotypic difference existed in 
NPQ and its dynamic characteristics (TNPQ and RNPQ) 
in both wheat and maize, this research was mainly focused 
on the genotypic differences in photosynthesis, NPQ and its 
dynamic characteristics like TNPQ , TNPQmax, RNPQ, and 
RNPQmax during photosynthetic induction, and exploring 
the relationship between dynamic characteristics of NPQ 
and photosynthesis at flowering stage in maize. 

Methods

Four hybrids (H1: Nongda108, H2: Dk789, H3: 
Nongda1236 and H4: Tangkan5) and the eight inbreeds (I1: 

P178, I2:uangC, I3:189, I4: Dou18-15, I5: CA186, I6: Mo17, 
I7: Chuang105 and I8: 502) were grown in 14.8-L pots. Five 
replications were used. Non-photochemical quenching was 
measured with the PAM-101 fluorometer (Walz, Effeltrich, 
Germany) using the “pulse-method”. Photosynthetic rate 
(Pn) of the ear leaf was measured at 9:00 am with the 
CIRAS photosynthesis system (CIRAS-1 PP-system UK). 
The photosynthetic active radiation, temperature, and CO2 
were controlled at about 1600 µmol m-2 s-1, 25 °C, and 350 
ppm, respectively. 

Results

There was large variance in photosynthetic rate (Pn) 
among genotypes. The maximal efficiency of PSII to 
photochemistry (Fv/Fm) was relatively stable among 
genotypes in maize, compared with photosynthesis and 
non-photochemical quenching coefficient. There was much 

Fig.1. Parameters of change characteristics in NPQ: 
maximum NPQ (NPQmax), the time needed to reach 
NPQmax(TNPQmax) and the time to reach steady-
state of NPQ (TNPQ) were expressed .
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difference among genotypes in dynamic characteristics of 
NPQ and the difference between the maximum and minimum 
value of TNPQ, TNPQmax, RNPQ, and RNPQmax among 
genotypes were with about 2 factors. Among the tested 
genotypes, H1(Nongda108) with highest photosynthesis 
took shortest time (TNPQ and TNPQmax) to reach the stable 
or maximum NPQ stage, on the contrary, some inbreeds like 
I7 (Chuang105) and I8(502) showed longest both TNPQ and 
TNPQmax., so there was difference between genotypes in 
the process of the balance in NPQ. The Pn was positively 
correlated with the quantum yield of PSII electron transport 
(∅p), and TNPQ and NPQmax were both negatively and 
closely related to photosynthetic rate (Pn) (r2=0.79**, 0.34* 
respectively), so the time of NPQ to reach the stability stage 
and peak value of NPQ might be related to photosynthesis in 
maize, and the genotype with higher photosynthesis usually 
performed shorter TNPQ and lower NPQmax after dark 
adaptation when illumination pulse on. Different genotypes 
in maize might have different feature in energy transfer and 
balance between photosystem. So TNPQ and NPQmax, 
especially TNPQ might be potential index for selecting for 
high photosynthesis among maize genotypes.
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Introduction
The tropical maize (Zea mays L.) is sensitive to low 

temperature. In northern India, winter maize is grown in 
the month of October and November. During winter season 
maize crop is exposed to cold temperature or frosting in 
the month of January. Low temperature prolongs growth 
duration, reduces crop growth rate, and thus weakens the 
seedling; however the duration of the winter crop of maize 
increases as we move towards northern parts. The chilling-
sensitive nature of maize makes early plant establishment in 
spring difficult under cool environmental conditions (Jompuk 
et al. 2005). Among the various effects of low temperature 
on the physiology of maize, that on the photosynthetic 
apparatus is considered to be especially important (Baker et 
al., 1994). High chilling tolerance during autotrophic growth 
is accompanied by a high relative growth rate, sustained a 
high net assimilation rate in spite of a low leaf area ratio. 
Thus, the emphasis must be placed on photosynthesis. To 
avoid misinterpretation of the results, it is necessary to 
define the types of chilling stress. The effects of low growth 
temperature below (15° C) on the photosynthetic apparatus 
of maize were studied by Fracheboud et al., (2002). They 
have reported a total of eight genomic regions which were 
significantly involved in the expression of target traits. 

Materials and method
Nineteen single cross maize hybrids from public and 

private sector were planted during rabi season, 2010-11 at 
Pusa Campus, New Delhi (Table 1) in two replication. The 
genotypes were sown on 24th November 2010 following 
recommended agronomic practices. The experimental unit 
consists of six rows of five meter length spaced between 
rows 0.75m and between plants 0.25m. Observations were 
recorded in field for yellowing of leaves, drying of leaves and 
level of growth at seedling stage with (1 to 9 scale) at two 
stages i.e.18th January 2011 and 31st January 2011. The first 
date of data recording was immediately after sever cold and 

frosting while the second date was after the temperature has 
slightly increased to judge the recovery in the maize plants. 
In addition, the data was also recorded for germination 
percentage and days to silk. The data on yellowing and 
drying of leaves was recorded on scale 1 (No yellowing/ 
drying) to scale 9 (high yellowing/drying). Similarly the 
plant growth was recorded on scale 1 (poor plant growth) 
to scale 9 (excellent plant growth). Association studies were 
computed following Snedecor and Cochran (1967). 

Results and Discussion
Performance of 19 single cross hybrids in severe cold 

stress is mentioned in the table 1. There was a differential 
response of different hybrids to cold which was expressed 
by yellowing and initiation of drying of leaves in some cases 
during first recording of data. The single cross hybrids viz., 
‘Vivek hybrid 9’ and ‘Vivek QPM 9’ from Almora center 
and ‘Seed Tech 2324’ from private sector exhibited lowest 
score for yellowing and best score for plant growth at both 
the crop stages. The first recording indicated the expression 
of cold response of genotypes while the second recording 
exhibited The tolerance these hybrids to cold temperatures 
may be attributed to the development of inbred parental 
lines at an altitude of 900 m above mean sea level. The 
score for yellowness was also low particularly for Vivek 
hybrid-9 and Vivek QPM 9 and they belongs to the early 
group comparatively with early flowering even in the winter 
season. Therefore these hybrids further can be use to derive 
the inbred lines for development of cold tolerant genotypes 
with earliness. Similarly, HM 9 showed lowest yellowing 
score and good plant growth and will be promising for 
growing in winter season in north India. The association 
studies indicated that there is significantly high association 
among yellowing and plant growth at both the stages (Table 
2). It has been observed that the low yellowing at stage 1 
was strongly associated (-0.557**) with plant growth at 
second stage i.e. the recovery of the plants. The silking time 
is also significantly affected by yellowing at both the stages.



77

Technical Session 1: Abiotic Stress Tolerant Maize

Conclusion

The single cross hybrids of both early and late 
maturity group are suitable for sowing in the rabi season. 
The yellowing of leaves is an important criteria and had 
high correlation with the recovery of the plant which is 
also expressed in yield. The details of performance will be 
discussed in the paper.
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Introduction
Drought stress is one of the major limiting factors for 

maize productivity in India as about 80 percent of the maize 
area during the rainy season (Kharif) is rainfed, and dry spells 
can occur any time during the crop season. Flowering and 
grain filling are the most sensitive stages to drought stress 
(Rhoads and Bennett, 1990). These stages also coincide with 
the vagaries of the monsoon. We have critically reviewed 
the physiological and molecular approaches for improving 
drought tolerance in maize (Singh et al., 2011a) and 
identified simple morpho-physiological traits for screening 
of large number of maize genotypes for drought tolerance 
(Singh et al., 2011b). Here we report source of tolerance to 
drought in tropical maize. 

Methods
Fifty elite maize inbred lines of diverse genetic 

background adapted to tropical climate were evaluated for 
their response to drought under rain-out shelter during kharif 
2009. Two sets of all inbred lines, viz. unstressed control and 
drought were sown in the micro plots maintained specially 
for drought studies using randomized block design with 
three replications during the first week of July, 2009. The 
crop was raised following all recommended package of 
practices except with nitrogen applied in 5 split doses (basal, 
seedling, knee high, flowering and grain filling stages). 
The target stage for imposing drought stress was whole 
reproductive phase, including flowering (both male and 
female), pollination, fertilization and early grain filling stage 

Table 1. Cluster means of maize inbred lines for various traits under drought stress

Traits Cluster-I Cluster-II Cluster-III Cluster-IV Cluster-V Cluster-VI

Root length (cm) 27.40 30.08 21.43 25.30 25.03 40.13

Root-shoot ratio 0.166 0.204 0.233 0.050 0.110 0.287

Leaf area index 2.20 2.79 3.43 2.92 3.83 2.98

Anthesis-silking interval(ASI) 8.60 3.67 4.75 10.00 2.00 4.00

Leaf senescence (1-10 scale) 4.16 3.40 4.52 5.80 1.67 3.07

Leaf chlorophyll (SPAD value) 40.24 44.45 30.85 21.60 44.33 44.13

Leaf color chart score (1-6 scale) 2.02 3.48 3.50 2.30 3.83 2.93

Relative water content (%) 72.60 72.53 69.20 66.40 70.23 72.20

Leaf water potential (-MPa) 2.62 2.56 2.75 2.90 2.57 1.93

Net photosynthetic rate (µmol m-2s-1) 14.52 29.24 19.17 23.80 33.37 23.27

Transpiration rate((m mol m-2s-1) 3.66 7.65 4.78 5.15 6.93 2.77

Cob length (cm) 6.34 6.96 6.48 7.30 10.10 9.23

Cob diameter (cm) 1.12 1.99 2.15 2.20 2.36 2.33

Number of rows per cob 6.90 9.03 8.72 12.70 10.46 11.56

Number of grains per row 3.50 9.43 9.12 11.70 16.10 12.43

Number of grains per cob 19.60 76.12 77.37 122.70 157.90 102.53
Grain weight (g per plant) 1.98 8.77 11.70 21.40 28.40 20.83
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Table 1. Mean performance of maize hybrids for their reaction to cold and days to silk

S.No Name of hybrid Pedigree
Germination 

(%)

Yellowing 
of leaves

(Scale 1-9)

Yellowing 
of Leaves 

(Scale 1-9)

Plant 
growth 

(Scale 1-9)

Plant 
growth 

(Scale 1-9)
Days 
to silk

1 Vivek Hybrid-9 VQL1 X 
VQL2

88 1.5 1 5.5 6 119.0

2 DMH-117 BML6 X 
BML7

78 4.5 3.5 5.5 5.5 135.0

3 HM-4 HKI 1105 X 
HKI 323

100 2.5 2 5.5 5.5 127.5

4 Bio-9681 - 98 1.5 1.5 6 6 123.5
5 Seed Tech-2324 - 96 3.5 2 6.5 7 127.0
6 HM-9 HKI 1105 X 

HKI 1128
40 1 1 4 5 128.5

7 PMH-1 LM 12 X LM 
14

98 2 3 5 5 130.5

8 HQPM-7 HKI-193-1 X 
HKI-161

97 3 1.5 6 6 126.0

9 HQPM-1 HKI 193-1 X 
HKI 163

86 3.5 3.5 5 6 131.0

10 Prakash CM 139 X 
CM 140

100 2 2 5.5 6 122.0

11 Vivek QPM-9 CM 214 X 
CM 145

72 1.5 1 7 6.5 114.5

12 JH-3459 CM 143 X 
CM 144

96 1 1 5.5 6.5 123.0

13 HM-10 HKI193-2 X 
HKI 1128

94 1 1.5 5.5 6 123.5

14 Bio-9637 - 98 2.5 1.5 5 6.5 127.0
15 PMH-3 LM17 X 

LM14
100 1.5 1 6 6.5 133.0

16 Experimental 
Hybrid 1101

ST X BML-7 3 2 5 5 130.0

17 BH-4071356 - 4.5 3.5 5 4.5 126.0
18 Experimental 

Hybrid 1102
ST X BML-6 3.5 2.5 6.5 6.5 128.0

19 Experimental 
Hybrid 1103

7025 X 7026 3.5 4 5 4.5 132.0

(lag phase, which is known to be completely dependent on 
current assimilate supply). The drought stress was imposed 
under managed stress (rain-out shelter) conditions by 
withdrawing irrigation and closing the top of rain-out shelter 
two weeks before 50% male flowering till two weeks after 
completion of 50% female flowering. After the completion 
of drought treatment the top of rain-out shelter was moved 
away from crop to its platform. 

Results
Reproductive stage drought stress adversely affected 

the productivity of different elite maize inbred lines. Out of 
total 50 inbred lines used in this study, 22 inbred lines could 
not survive the drought stress period and died during or after 
the completion of drought treatment, showing their highly 
susceptible nature to flowering stage drought. Only 28 lines 
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could survive, but differed in their performance for drought 
tolerance. 

The survived 28 lines were subjected to cluster analysis 
and grouped into 6 clusters based on their performance for 
morpho-physiological and yield traits (Table 1). The inbred 
lines in cluster-I and cluster-II showed good performance 
only for root length, relative water content (RWC) and leaf 

Table 2. Association among leaf yellowing, plant growth and days to silk

Plant Growth 
Stage 1

Yellowing 
Stage 2

Plant Growth 
Stage 2

Days 
to silk

Yellowing
Stage 1 0.001 0.801** -0.287 0.508*

Plant Growth
Stage 1 -0.262 0.692** -0.419

Yellowing
Stage 2 -0.557** 0.576**

Plant Growth
Stage 2 -0.366

** P ≤ 0.01; *P< 0.01

Fig. 1.  Cluster analysis for drought tolerance in maize inbred lines (Ward’s minimum 
variance dendrogram)

chlorophyll. Inbred lines grouped in cluster-III and cluster-
IV performed better only for leaf area index and number 
of rows per cob, respectively, Six inbred lines, three each 
in cluster-V (CM139, BLSB-RIL-8, LM16) and cluster-VI 
(LM14, CML69, HKI335) showed best performance for 
most of the morpho-physiological and yield related traits 
and could be used as source of tolerance to drought in future 
studies (Figure 1). 
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Introduction
Acid soils cover about 30% of the total ice-free land 

area, equivalent to 3 950 million ha of the earth.  About 
16.7% of Africa, 6.1% of Australia and New Zealand, 9.9% 
of Europe, 26.4% of Asia, and 40.9 % of America have acid 
soils (Von Uexkull and Mutert, 1995).  Aluminum is the most 
limiting factor in these soils.  Crop breeding for acid soil 
tolerance is a relatively inexpensive solution to use this land 
for crop production.  A combination of selection methods 
using new screening tools for germplasm development 
allows increasing maize production on acid soils.

Materials and Methods 
CIMMYT Maize Program in Colombia has developed 

yellow and white heterotic acid soil tolerant maize 
populations as source germplasm for breeding as well 
as inbreds and hybrids as products to be used by farmers.   
Development of acid soil tolerant maize cultivars included a  
combination of callose content measure in maize root tips in 
the lab and field evaluations for phenotypic characterization 
of breeding materials.   While callose content in maize 
root tips is a physiological marker to identify aluminum 
resistant individuals (Eticha et al., 2005), field evaluations 
is a complementary activity to identify the best progenies to 
be used in an applied maize breeding program (Narro and 
Arcos, 2010).

Results and discussion
Acid soil tolerant maize germplasm available in 

CIMMYT included yellow (SA3 and SA4) and white (SA6 

and SA7) breeding populations; which are heterotic within 
each color group (Narro et al., 2001).  Released acid soil 
tolerant maize CMLs included from CML 357 to 366 and 
from CML 530 to 535.  Available hybrids and OPVs can be 
found in CIMMYT’s web page.  Average yield of cultivars 
developed in CIMMYT Program has increased dramatically.  
For 1977, when the program started, average grain yield of 
the basic population was about 400 kg/ha, similar to the 
grain yield of land race cultivars under acid soils.  In early 
90s, the first OPV was released reporting grain yield of 3.0 
t/ha.  In the year 2000 the first acid soil tolerant hybrid was 
released with a grain yield of 5.0 t/ha (Pandey et al., 2007).  
Experimental hybrids actually available have a grain yield 
of 8 t/ha.

Conclusions 
Increase of maize grain yield in acid soils is possible 

and affordable through applied plant breeding  combining 
efficient  selection tools as callose content in the root tips 
and conventional breeding to develop improved maize 
cultivars to be used by farmers.
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Maize diseases across Asia continue to affect yield 
stability and grain quality, where hybrids are being utilized 
for the majority of maize area planted.  In the push to 
increase maize production across the region, germplasm 
uniformity and cropping intensity has also helped identify 
weaknesses and disease problems in the hybrids being 
deployed.  Traditionally, downy mildews, with the several 
distinct spp. present across the region were a major concern, 
and through the use of resistant hybrids and commercial 
seed treatments, other diseases are being highlighted as 
limiting yields across the region.  Banded leaf and sheath 
blight continues to be a concern especially under intensive 
agricultural practices, and there is need for identifying 
more and better sources of resistance.  Foliar diseases 
including turcicum and maydis leaf blights, gray leafspot, 
and polysora rust all have promising sources of resistance 
identified in regional germplasm for deployment.  Other 
emerging diseases such as the maize /rice disease caused 
by southern rice black-streaked dwarf virus, will have to 
monitored in the region to determine its importance (Zhou et 
al. 2008) .  Post flowering stalk rots and ear rot diseases are 
being noted as an increasing problem throughout the region, 
where more attention needs to be given to identify stable 
sources of resistance.  Several pathogens are involved, and 
severity is frequently linked with drought and heat stress, or 
the presence of other biotic stresses such as insects. Besides 
reducing yields, several of the ear rots produce potent 
mycotoxins limiting the use of the grain for both human 
and animal consumption. Since resistance to post flowering 
stalk rots and ear rots are more complex than foliar diseases, 
a concerted regional collaborative effort will be needed to 
evaluate germplasm for agronomic performance and disease 
resistance utilizing precision phenotyping to identify ear and 
stalk rot resistant inbreds and hybrids,  under both optimum 
and stressed conditions.  Vivipary have also been noted as 
increasing in the region, and needs to be addressed.

New tools such as: association mapping; genome 
wide selection (Yan et al., 2011, Prasanna et al., 2011); 
transcriptomics;, proteomics (Brown et al., 2010); and 
metabolomics (Keurentjes et al., 2008) together with 
doubled haploids, will need to be explored to improve the 
efficiency of developing  multi-trait germplasm.  Both 
regional and global efforts for utilizing these tools have 
recently been initiated for assistance in more efficiently 
combining quality, biotic stress resistance and abiotic 
stress tolerance traits in tropical, subtropical and temperate 
maize germplasm. Diverse products for use in high yield or 
marginal environments can then be developed more rapidly, 
with added yield stability to meet the growing regional 
demand for maize.    
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Table 1.  Analysis of resistance variances for P1, P2, F1 and 
F2:3 family at Baoshan and Dehong under natural 
infection.

Sources DF SS MS F 

Replication 1 0.00695 0.00695 0.95
Environment 1 32.869 32.869 17.55**
Env. × Family 151 94.167 0.624 0.33
Family 151 932.075 6.173 3.30**
Env. × Family 151 155.887 1.032 0.55
ε 152 284.734 1.87325
Family 5469 10240.767 1.8725

*, ** statistical significant at 0.05 and 0.01 probability 
levels, respectively.

Introduction
Gray leaf spot is a fungal disease of worldwide 

importance in maize caused by Cercospora zeae-maydis 
Tehon & Daniels (Ringer 1995), which is important in the 
three main maize producing areas: northeast, central and 
southwest of China (Wu et al. 1997; Li et al. 2003; Tu et 
al. 2007). Because the disease is favored by warm humid 
climate, the mostly mountainous terrain in Yunnan is very 
favorable for disease development (Li et al. 2008), and gray 
leaf spot is becoming increasingly more serious. Under these 
conditions, breeding new gray leaf spot disease resistant 
varieties is extremely urgent to ensure sustained maize yield, 
and even food security in Yunnan. Here, we made efforts 
to reveal the genetic mechanism of maize gray leaf spot 
disease resistance.

Methods
In this study, tropical inbred line Y32, which has a high 

level of resistance and the temperate inbred line Q11, which 
is highly susceptible in Yunnan, were used to generate F1 and 
F2:3 progeny. The parents and progeny were evaluated for 
resistance under natural infection in Baoshan and Dehong, 
which are the key locations for severe disease pressure in 
Yunnan. Data were analyzed by SAS software.

Results 
First, it was found that Y32 was consistent with a high 

level of resistance, and Q11 was highly susceptible, all F1s 
were resistant, and F2:3 families segregated for resistance 
under natural infection in both Baoshan and Dehong (Fig. 1). 
Secondly, it was shown that there were extremely significant 
differences between F2:3 families in both locations (Tab. 
1), field resistance of F2:3 families followed a continuous 
normal distribution (Fig. 2). Finally, it was found that the 
additive effects for maize gray leaf spot disease resistance 
was 3.0186, dominant effects was 0.0642, and the broad 
sense heritability was 89.45%, narrow sense heritability was 
87.59% (Tab. 2). 

Conclusions
Our results indicated: 1) natural infection was effect 

to result in enough disease pressure to accurately access 
disease resistance; 2) maize gray leaf spot disease resistance 
is a typical quantitative trait, the inheritance of gray leaf spot 
resistance in maize is mainly additive with some dominant 
effects; 3) maize gray leaf spot disease resistance is highly 
heritable and less influenced by environmental factors. These 
results may be important in guiding breeding activities for 
developing new gray leaf spot disease resistant varieties

Table 2.  Genetic parameters for P1, P2, F1 and F2:3 
family at Baoshan and Dehong under natural 
infection.

Genetic parameters Vaule

Va 3.0186

Vd 0.0642

Ve2 0.3635

h2
B 0.8945

h2
N 0.8759

Degree of dominance 0.2062
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Figure 1.  The symptoms of maize gray leaf spot in P1, P2, F1 (a) and F2:3 family (b) at Baoshan 
and Dehong under natural infection. 
 
HR, R, HS: high resistant, resistant, highly susceptible.

Figure 2. The distribution of F2:3 family resistance at Baoshan(a) and Dehong(b) under natural infection.
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Peronosclerospora philippinensis (Weston) Shaw, the 
causal agent of downy mildew, is still one of the major 
corn diseases in the Philippines despite breakthroughs in 
chemical control such as  metalaxyl seed treatment. For 
the past decades, IPB-UPLB has been incorporating downy 
mildew resistance (DMR) in the maize breeding program 
using conventional approaches.  But since they were derived 
from native cultivars, their yield potential was very low. The 
only efficient and effective approach to breed for multiple 
and complex traits is by employing biotechnology tools like 
the use of DNA markers to directly select the lines/individual 
plants that carry the multiple genes of interest (Young, 1996; 
Michelmore, 1995). 

The DNA marker technology in maize has been started 
at IPB through CIMMYT-AMBIONET project from 1998-
2001. In 2008-2010, corn microsatellite (SSR and EST-SSR) 
and resistance gene analog (RGA) markers were successfully 
used to (a) purify parent lines, (b) re-establish genetic 
structure of recombinant inbred line (RIL) population for 
genetic mapping, (c) fine-map DM resistance loci (QTL), 
(d) develop DM resistance gene-specific markers, (e) 
approximate combining ability based on genetic distances, 
and (f) combine with marker-assisted selection breeding 
(MAB) schemes (IPB Annual Report, 2010).

By establishing an advance generation of the mapping 
population i.e. recombinant inbred lines or RIL, the QTL 
were verified in multiple environments. The multiple field 
trials are essential in order to estimate the effect of different 
environments to the expression of resistance as conferred by 
the putative DMR genes or QTL. 

Methods
Two maize lines were used as genetic resource based 

on the findings of Pascual et al. (2005) to incorporate DMR 
in targeted maize breeding/parental lines. These were P345 
(the DMR source of the RIL mapping population) and 
Nei9008, a DM-resistant check in the controlled nursery 
screening. The recipient maize breeding lines were Pi23, 
Pi17, Pi31, Ca00314 and CML287. As in previous DM 

screenings, percent disease incidence and disease severity 
are the parameters gathered at 14, 21, 28, and 35 days after 
emergence (DAE) to phenotype resistance.

Based on allele divergence with SSR markers that 
represent the ten (10) chromosomes of maize, 215 (Pi23 x 
P345) BC1F3 lines were established to constitute the base 
population for further RIL development. They were derived 
from segregating 118 (Pi23 x P345) BC1F2 population that 
were characterized phenotypically and at the molecular 
level. Prior to cross-hybridization, the parental lines (donor 
and recipient) were purified based on morpho-characters 
and further by molecular screening using SSR markers that 
represent the 10 maize chromosomes. Bulk (plants) DNA 
followed by single-plant SSR analysis was performed 
consisting of at least 10 individual plants per maize line. 
After two cycles of marker-assisted line purification, the 
parental lines were already homozygous for all the SSR loci 
screened.

Results
Resistance QTL were validated in multi-location DM 

screening involving the major corn growing regions in the 
Philippines. Multi-location field resistance, resistance under 
controlled DM-nursery assay and foreground/background 
DNA markers were the main basis in selecting the final corn 
lines and test hybrids for yield trial. Selected lines are shown 
in Table 1. 

The crossing block generated a total of 54 F1s, as 
hybridization crosses between the two DMR-donor lines 
and any of the recipient maize inbred line. With the same set 
of SSR markers used to purify the parental lines, 18 out of 
the 54 hybrids were evaluated for genuine hybridity. Table 
2 summarizes the initial results of the hybridity testing. 
Out of 54 putative F1- plants, 47 or 87% were confirmed 
as genuine hybrids. As a precaution, only hybrids that were 
heterozygous for all the screened SSRs were selected and 
advanced for further breeding applications. Best performing 
DM resistant line/hybrid will be released as a registered new 
corn variety and/or genetic stock. 
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Conclusion
IPB-UPLB initiated a genetic mapping project in 

maize for the ultimate goal of developing breeder-friendly 
DNA markers tightly linked to the DMR gene(s). Mapping 
populations and advanced breeding lines have been 
developed, the DNA markers for QTL was tightly linked to 
the resistance genes or R-genes, were stable over cycles of 
breeding generations, and transferable in other populations 
and expressed DMR.
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Table 1.  First set of (Pi23 x P345) BC1F6 lines selected for test cross/line conversion based on molecular data, and field and 
nursery downy mildew (DM) screening

BC1F6 Lines
BC1F2 – SSR analysis 
(% Pi23 reconstitution)

Isabela Field Trial
(DM incidence)

IPB Nursery 
(DM incidence) BC1F5 –Phenotyping

25-26-09 75 0-6% 0% uniform, vigorous,
healthy, early flowering

26-19-02 75 0% but only 6 plants 0% moderately uniform

33-21-09 33.3 0-8% 20% moderately uniform,
vigorous, early flowering

29-13-5/9 75 29% 0% not uniform; poor stand

29-02-01 62.5 20% 16% uniform, vigorous, early 
flowering, erect plant type

Table 2. Initial hybridity testing to introgress DMR in maize breeding lines

Entry
Total SSR

loci screened
No. of

heterozygous SSRs
No. of

homozygous SSRs
No. of true F1
hybrid plants

P345 x Pi17 10 10 0 2/2
P345 x Ca00314 10  9 1 14/19
Nei9008 x Ca00314 10  7 3 31/33
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Introduction 
Turcicum leaf blight (Exserohilum turcicum) is 

potentially serious disease of maize, in all maize growing 
regions of India. The disease is characterized by leaf 
necrosis that leads to premature death of leaves, affecting 
the process of grain development resulting in grain yield 
reduction by 28 to 91 per cent in diseased plants (Carlos 
1997 and Harlapur et al., 2000). For developing location 
specific disease management strategy, understanding the 
genetic variability among isolates of E. turcicum is essential. 
In this study, the extent of morphological and genetic 
diversity among a set of isolates of E. turcicum, collected 
from two distinct agroclimatic zones (Northern hill region 
and southern peninsular zone) in three different years from 
different maize cultivars were investigated. 

Methods 
Nine isolates (Table. 1) collected from Almora and 

Nagenahalli were established on Potato Dextrose Agar. The 
cultures were incubated at 25ºC for 40 days to study their 
morphological characters. For DNA extraction, 8 days old 
fungal culture in potato dextrose broth was filtered through 
Whatman No. 1 filter paper. Fungal DNA was extracted 
from 1g mycelium using G-Biosciences kit (OmniPrepTM 

for fungus). PCR was carried out in 12 µl reaction mixture 
containing 20 ng fungal DNA, 10 picomoles of primer 
25 mM mgCl2 in 10X buffer (Bangalore Geni). Operon 
decamer primer kits OP-O, OP-P, OP-R and OP-S were 
used for RAPD analysis. Amplification was carried out in 
MJ Dyad thermal cycler with initial denaturing at 94°C for 
5 minutes followed by 40 cycles of denaturation at 94°C 
for 1 min, annealing at 36°C for one minutes and extension 
at 72°C for 2 minutes. Final elongation was carried out at 
72°C for 7 min (Abadi et al. 1996). Amplified products were 
separated in 1.6% agarose gels and stained with ethidium 
bromide. A matrix was compiled from electrophoresis data 
and analyzed by using NTSYS, phylogenetic programme. A 
phenogram was constructed using the unweighted pairgroup 
method analysis (UPGMA) Fig 1. Similarly a dendrogram 
was generated on the basis of morphological characters 
(Fig 2). viz, colony color, shape, texture, conidia size and 
radial mycelia growth on culture media to correlate any 
relationship between phenotypic and genotypic characters 
of E. turcicum isolates.

Results 
Thirty two primers out of eighty (40%) produced 

reproducible PCR banding pattern with a total of 205 bands. 
Each primer produced an average of six bands ranging in 
size between 0.025-0.1 kb. Five percent of the amplified 
bands were common to all individual isolates, while 90% 
were polymorphic being specific to more than one isolates. 
These were considered “phylogenetically informative” since 
they were useful for inferring clustering relationships. The 
most divergent isolate was N05 from Nagenahalli with only 
12% similarity with other isolates. Whereas isolates from 
Nagenahalli, N08 & Almora A06 are very similar to each 
other with 85% similarity. Similarly the morphological 
variability was observed among these isolates. The highest 
mean radial growth was observed in isolate N05 followed by 
N08 and the lowest was observed in isolate A05c. Isolates 
belonging to same year from similar location (A05, A05a, 

Table 1. Details of isolates used in present investigation.

S.No.
Isolate 

no.
Year of 

collection   Location

1 N08 2008 Naganenhalli
2 N06 2006 Naganenhalli
3 N05 2005 Naganenhalli
4 A08 2008 Almora(Hawalbagh)
5 A06 2006 Almora(Sheetlakhet)
6 A05 2005 Almora(Hawalbagh,V-Him-4)
7 A05a 2005 Almora(Hawalbagh,V-Vivek-9)
8 A05b 2005 Almora(Hawalbagh,V -CML-142)
9 A05c 2005 Almora(Hawalbagh, V-DMR-617)
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Fig.1: UPGMA dendrogram of pathogenic race group 4 of E. turcicum based on RAPD analysis

Fig.2: UPGMA dendrogram of pathogenic race group 4 of Exserohilum turcicum based 
on morphology
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A05b and A05c) exhibited enormous cultural variation in 
respect to cultural characteristics & spore characters. 

Conclusions
1. Only a single isolate from Nagenhalli 05 was out 

grouped with only 12% similarity with other isolates. 
Isolate from Nagenahalli N08 and Almora A06, are 
closely related with 85% similarity, although Gowda 
(1993) has reported that the isolates from Almora and 
Nagenahalli belong to race IV.

2. Dendrogram based on morphological traits revealed 
diversity within the isolates collected from the same 
geographical locations as well from Nagenahalli and 
Almora. 

3. Genotypic and phenotypic variability were not correlated 
from two locations. Phenotypically all isolates were 

grouped into four groups as compared to three groups 
at genotypic level. Further study with more number of 
isolates is needed to establish the relationship between 
genetic and morphological traits.
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against Pink stem borer (Sesamia nanogrioides 
Lefebvre) and European corn borer (Ostrinia nubilalis 
Hübner) in Turkey
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Introduction

In Turkey, the most most economically damaging 
insect-pests of maize are Europan corn borer (O. nubilalis 
Hübner) and the Pink stem borer (Sesamia nanogrioides 
Lefebvre). In Çukurova region, pesticides are applied on 
maize crop at least three times a year to control the stem 
borers; however, late application of these chemicals do not 
control the pests as the larvae already entered inside the 
stem of susceptible genotypes. Applications of pesticides for 
controlling insect-pests is also not an environmentally-safe 
practice, and could also potentially lead to health problems. 
In Turkey, transgenic corn is not allowed so far; so, the only 
way to control the stem borers is to use hybrid corn varieties 
that are resistant to these insects. The present research was, 
therefore, conducted to determine the stem borer resistance 
and grain yield of TURKAY corn variety, a newly developed 
variety at East Mediterranen Agricultural Research İnstitute, 
Adana, against the Pink stem borer and the European corn 
borer.

Materials and Methods 

Along with TURKAY, ten commercial hybrids, which 
belong to the Eastern Mediterranean Agricultural Research 
Institute (DATAEM), were used in this study as standard 
checks; these include Karaçay, Gözdem, Side, P3394, 
P32W86, DK 5783, DK 6022, DK626, and Helen. The study 
was undertaken in a randomized complete block design, 
with three replications, without application of the pesticide, 
during the years 2009-2010, at the experimental station of 
DATAEM.  On an average 200 larvae were estimated to 
infest the entries, while 25 larvae  artifically infested per 
plant in each of the plots. Besides estimating the stem borer 
tunnel length per plant in each entry (Awadallah 1983, Tüsüz 
et al. 1995, Türkay et al., 2009), we evaluated the grain yield 
of maize varieties and hybrids which are used in the study. 

Results 
In the different test entries, based on the two-year 

average, the grain yield values ranged from 2.65 to 10.52 
ton/ha. TÜRKAY recorded the highest grain yield (10.52 t/
ha), while the lowest grain yield was recorded by the hybrid 
7C2x9A (2.65 t/ha). The tunnel length/plant values ranged 
from 0.2 to 56.9 cm. The highest tunnel length/plant value 
was seen in the hybrid 7C2x9A (56.9 cm), while the lowest 
tunnel length/plant value was found in the hybrid 9Bx24A 
(0.2 cm). TÜRKAY recorded a very low value (1.0) of 
tunnel length/ plant value.

Table 1.  Grain yield (t/ha) of TURKAY, in comparison 
with other commercial varieties. 

Variety
Grain Yield 

(t/ha) Group
Tunnel length / 

plant (cm) Group

TÜRKAY 10.52 a 1.0 h
22x9B 10.10 a 0.8 h
22x5A 10.02 a 1.0 h
24Ax10 8.97 b 0.4 h
9Bx24A 8.34 bc 0.2 h
5Ax25A 7.96 cd 0.8 h
KARAÇAY 7.49 ce 35.0 f
18Ax5A 7.30 df 16.2 g
GÖZDEM 7.28 df 40.3 e
9Bx25A 6.92 eg 1.2 h
22x10 6.42 fg 4.0 h
25Ax10 6.03 g 3.2 h
DK 6022 4.99 h 43.2 de
P32W86 4.76 hı 53.4 ab
SİDE 4.68 hı 45.6 cd
DK 5783 4.45 hj 47.4 cd
P 3394 4.07 hj 50.4 bc
DK 626 4.03 ıj 48.7 bc
HELEN 3.58 j 50.5 bc
7C2x9A 2.65 k 56.9 a

CV:                         12.0%                                  17.0%
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Conclusions
TÜRKAY variety was found to be highly promising in 

terms of offering high level of stem borer resistance, besides 
offering very high grain yield, as compared to several hybrid 
varieties that are commercially used in Turkey. 
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Introduction
One of the major causes of low productivity in maize 

is the damage caused to the crop at various growth stages of 
crop by stem borers. Incidence of insect pest attacks in maize 
has increased over time due to large scale cultivation of maize 
as sole crop in rainy and winter seasons. The grain yield 
losses due to Sesamia inferens in different maize genotypes 
range from 25.7-78.9 percent (Chatterji et al., 1969). Use of 
resistant varieties/hybrids is the most acceptable component 
of insect pest management as it offers built in mechanism to 
ward off insect pests by antixenosis or antibiosis. Host plant 
resistance is environmentally safe, economically acceptable 
to farmers and is compatible with other components of IPM 
including chemical control, first step towards adaptation of 
resistance breeding is identification of source germplasm 
through artificial screening against the target insect. Here 
we report on response of 12 sweet corn, 11 pop corn, 34 
normal corn, 20 QPM and 17 special type inbred lines to C. 
partellus and S. inferens infestation.

Materials and Methods
Seeds of ninety four inbred lines which include 12 

sweet corn, 11 pop corn, 34 normal corn, 20 QPM and 17 
corn for special traits were planted along with   one resistant 
check, CM 500 and one susceptible check, Basi local were 
sown in 2.5 m row plots with inter and intra row spacing 
of 75 cm and 20 cm in randomized block design with two 
replications during rainy and winter 2009-10 and 2010-11.  
Individual maize plants were infested with  20 - 25 black 
head stage  eggs of C. partellus in rainy season and with 
12-15 neonate larvae of S. inferens  in winter seasons  on 
12-15 day old seedlings The leaf injury rating (LIR) on 1-9 
scale (Rao, 1983) and number of dead hearts formed were 
recorded thirty five days after infestation. The mean LIR and 
percent dead hearts were subjected to analysis of variance 
using Windostat software version 8.0.

Results and discussion
The mean Leaf injury rating (LIR )against both the 

borers is presented in Table 1. Data suggested significant 
differences among the genotypes in terms of susceptibility 
to stem borers. Among the sweet corn inbred lines DMSC 
3 recorded LIR of 2.0 against Chilo and Win sweet corn 
recorded lowest LIR of 3.3 against Sesamia. In popcorn 
inbred lines, HKI PC 8 and Win pop 43-1 against C. partellus  
and Win pop-3 against S. inferens were least susceptible. 
CM 123, CM 129, CM 139, CML 364 and HKI 26-2-4(1-2) 
were least susceptible to Chilo in normal grain corn. HKI 
2-6-2-4(1-2)-4 and HKI 586 WG 33 were least susceptible 
to Pink borer in normal corn inbred lines. Among the 20 
inbred lines screened, HKI 164-7-7-ER2, HKI 164-7-4-2, 
CML 167 DMR QPM 03-124 and DMR QPM 58-26 were 
least susceptible to Chilo.  DMR QPM 03-113 was least 
susceptible to Pink borer. Three inbred lines, JCY2-1-2-1-
1B-1-2-3-1-1, JCY2-7-1-2-1-B-1-2-1-1, DTPYC9-F46-3-1 
and PFSR/51016-1 were found resistant to Chilo . PFSR R9 
was found to be resistant to Pink borer. . In earlier studies 
Panwar et al.(2001) reported two genotypes resistant against 
C. partellus, while Sekhar et al.(2004) identified seven 
sources of resistance against S. inferens. Of the ninety four 
inbred lines screened against the two borers, there is no 
common inbred line which is resistant to both the borers. 
This suggests that resistance against different borers is not 
under the control of same gene system. The identified lines 
may be used in developing synthetic/hybrids with reasonably 
level of resistance to Chilo and Sesamia.

Conclusion
The following inbred lines DMSC 3, HKI PC 8, Win 

pop 43-1, CM 123, CM 129, CM 139, CML 364 , HKI 
26-2-4(1-2), HKI 164-7-7-ER2, HKI 164-7-4-2, CML 
167 DMR QPM 03-124, DMR QPM 58-26, JCY2-1-2-1-
1B-1-2-3-1-1, JCY2-7-1-2-1-B-1-2-1-1,DTPYC9-F46-3-1 
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Table 1.  Relative susceptibility of maize inbred lines to 
Chilo partellus and Sesamia inferens

S.No. Pedigree

Mean LIR (1-9 scale)

C. partellus S. inferens

SWEET CORN
1 Mas madu (sh2sh2) 6.7 7.1
2 NSS2W9301A(sh2sh2) 5.3 5.9
3 Sweet corn Insec 1 (K4) 3.9 6.8
4 Win Sweet Corn 6.2 3.3
5 951-7 3.2 4.8
6 CUBA 380 4.8 8.2
7 DMSC1 4.2 5.7
8 DMSC3 2.0 7.2
9 DMSC 16-1 4.3 7.2
10 DMSC 20 4.5 8.2
11 DMSC 28 2.3 4.9
12 DMSC-37-3 4.0 5.3
13 CHECK 1 CM 500 ( R) 2.0 5.0
14 CHECK 2 BASI 

LOCAL ( S)
7.4 8.3

CD 5% 2.7 3.2

POP CORN
1 HKI PC 4B 3.6 4.1
2 HKI-PC-4B-1 2.6 5.5
3 HKI-PC-5-2 2.2 4.4
4 HKI-PC-7 3.8 7.6
5 HKI PC 8 2.0 4.9
6 WINPOP-1 4.2 4.4
7 WINPOP-2 4.6 3.2
8 WINPOP-3 5.4 3.0
9 WINPOP-4 2.3 3.2
10 WINPOP-21 3.3 4.5
11 WINPOP-43-1 2.0 3.9
12 CHECK 1 CM 500 ( R) 2.0 5.0
13 CHECK 2  BASILOCAL 

( S)
7.4 8.3

CD 5% 2.8 3.2

NORMAL
9 Gen 6033 5.1 6.1
10 Hyd05R/2-1 5.1 5.6
11 Hyd05R/13-2 3.9 5.1
12 Hyd05R/204-1 3.6 7.5

continued...

S.No. Pedigree

Mean LIR (1-9 scale)

C. partellus S. inferens

13 LM 5 4.9 4.5
14 LM 6 4.3 6.4
15 LM11 3.7 5.5
16 LM12 4.3 5.6
17 LM15 4.2 6.5
18 LM 16 3.1 5.5
19 CM 105 5.4 7.0
20 CM114 3.7 7.0
21 CM121 3.8 6.3
22 CM123 2.0 7.1
23 CM 124 5.9 7.1
24 CM128 3.4 7.2
25 CM 129 3.9 7.9
26 CM 133 2.0 4.0
27 CM 139 2.4 6.7
28 HKI C 78 2.0 5.6
29 HKI 141-1 3.2 6.5
30 HKI C 323 2.5 3.7
31 Pool 16 BNSEQ.

C3F6x38-1
2.5 7.4

32 CML 384 2.0 5.9
33 CML 395 5.5 5.6
34 HKI 26-2-4-(1-2) 2.0 5.4
35 CHECK 1 CM 500 ( R) 2.0 5.0
36 CHECK 2 BASILOCAL 

(S)
7.4 8.3

CD 5% 3.0 3.7

QPM
1 HKI 164-4-(1-3)-2 2.1 4.8
2 HKI 164-7-7 ER2 2.0 7.2
3 HKI 164-7-4 4.4 6.2
4 HKI-164-7-4-2 2.0 7.3
5 HKI 164-7-2 4.0 6.0
6 HKI 164-1-4 3.3 6.4
7 HKI 164-4-(1-3) 3.3 7.0
8 HKI 193-2-2 5.5 6.2
9 HKI-193-2-2-4 4.4 7.1
10 HKI 193-1 5.4 7.0
11 CML 167 2.0 7.5
12 CML 171 4.4 4.5

continued...
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and PFSR/51016-1 could be utilized in Chilo resistance 
breeding program. Win sweet corn, Win pop-3, HKI 2-6-
2-4(1-2)-4, HKI 586 WG 33,  DMR QPM 03-113 and 
PFSR R9 lines may be used in developing Sesamia resistant 
hybrids/synthetics.
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S.No. Pedigree

Mean LIR (1-9 scale)

C. partellus S. inferens

13 CML 172 3.5 5.3
14 DMR QPM-03-104 4.5 2.9
15 DMRQPM 03-113 3.0 7.1
16 DMR QPM-03-124 2.0 7.8
17 DMR QPM-58-26 2.0 5.9
18 CLQRCYQ-47-B 4.0 4.4
19 CLQ-RCYQ40 4.4 4.5
20 DMRQPM 58 3.9 8.3
21 CHECK 1 CM 500 ( R) 2.0 4.3
22 CHECK 2  BASILOCAL 

( S)
7.4 8.3

CD 5% 4.3 4.3

SPECIAL ITY CORN
1 HIGH OIL 

POPULATION II-3
3.0 5.5

2 HKI 3322 4.9 7.2
3 DMHOC 4 5.8 5.3
4 POBLAC 61 C3 4.7
5 Temp.´Trop High oil 

QPM
4.0 7.4

6 PFSR - R9 3.8 6.4
7 PFSR - R10 5.7 2.7
8 PFSR - S2 5.7 8.8
9 PFSR - S3-1 5.1 7.9
10 PFSR - S3-2 2.2 5.5
11 JCY2-1-2-1-

1B-1-2-3-1-1-1
2.0 8.3

12 JCY2-7-1-2-1-B-1-2-1-1 2.0 8.2
13 JCY3-7-1-2-1-

’B-1-1-4-1
2.0 5.6

14 DTPYC9-F46-3-1 6.5 5.3
15 PFSR/51016-1 2.2 4.8
16 CM501 3.2 5.8
17 CM502 2.0 5.9
18 CHECK 1 CM 500 ( R) 2.0 5.0
19 CHECK 2  BASILOCAL 

( S)
7.4 8.3

CD5% 3.9 3.8
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Introduction
Downy mildew, caused by Peronosclerospora and 

Sclerophthora species, is an economically important 
and widespread disease of maize in many tropical and 
subtropical regions of the world. In India, Sorghum Downy 
mildew (SDM) caused by  Peronosclerospora sorghi 
[Weston and Uppal (Shaw)] occurs particularly in South 
India (Tamil Nadu, Andhra Pradesh and Karnataka) and in 
Rajasthan (Payak, 1975), and later downy mildew occurred 
in Rajasthan was designated as separate species as Rajasthan 
downy mildew (RDM) because it is caused by a different 
species (Peronosclerospora heteropogoni) (Siradhana et 
al., 1980). SDM of maize is a disease of great destructive 
potential since systemically infected plants seldom produce 
an ear (Thakur. et al, 2007).  Though, seed treatment with 
fungicides, such as rodomil, is effectively used to control 
this disease. However, host-plant resistance is obviously 
most preferred and effective solution to control the losses 
due to this disease. Keeping in the regional demand, DM 
resistant breeding is one of the priority areas of CIMMYT-
Asia breeding program.

Material and methods
Three line evaluation trials (LETs), including 108 

medium maturity yellow lines (LET0916), 60 QPM lines 
from Pop. 61 C1 (LET0965) and 70 QPM lines from E× E 
Pedigree crosses (LET0955) were screened during Kharif  
2009 against  SDM and RDM at Mandya, Karnataka and 
Udaipur, Rajasthan.  The selected best DM resistant lines 
across locations during Kharif 2006 (data not included) and 
2009 were used in developing pedigree populations, and also 
tested in cross combination as test cross progenies. During 
Kharif 2010, two inbred trials, including drought and water 
logging tolerant lines and Asia adapted CIMMYT lines 
(LET1012) and early maturity yellow lines (LET1021), and 
two hybrid trials, including resistant × resistant pedigree 
crosses (DMPC1012) with 70 entries and test-crosses of 

resistant lines with 32 entries were screened for SDM and 
RDM at the same locations. All entries were planted with 
two replications. Also, a glass house based Sandwich method 
was used for SDM screening under controlled conditions.  

In field based screening a highly susceptible open 
pollinated variety CM-500 was used as spreader row for 
spreading SDM infection in the test entries.  In the glass 
house based “Sandwich method” (Thakur et al., 2007) 
seeds were surface sterilized with 4% sodium hypochloride 
solution and rinsed 4-5 times with autoclaved distilled water. 
Surface sterilized seeds were germinated on moist filter 
paper or germination paper at 300C for 24-48 hrs. Once the 
roots starts emerging the seeds were sandwiched between 
the two layers of downy mildew infected maize leaves in a 
moist Petridish chamber with abaxial surface facing upward 
and were incubated at 200C for 24 hrs in dark. Sprouted 
seeds were sown in the pots containing autoclaved soil mix 
(red soil. Sand and vermicomposite 2:1:1 ratio) and were 
kept in glass house at 250C for 5 days. At 3 leaves stage these 
seedlings were kept in high humidity (90-100 %) at 250C for 
6 days. Total number of seedlings and the number of infected 
seedlings were recorded on 14th day of transplanting.

Results

Significant genotypic variability was among the lines 
screed for both SDM and RDM (Table 1). However, DM 
resistance was more prominent among early yellow lines, 
followed by medium yellow, and abiotic stress tolerant lines. 
Among QPM lines screened against SDM, all lines derived 
from Pop 61 C1 were highly susceptible (scored >80%) and 
among 70 lines derived from E x E QPM pedigree crosses, 
except one line (scored 18.5%), all other lines were found 
highly susceptible to SDM. Among 70 the resistant × 
resistant pedigree crosses most of them (48) scored between 
10-20% across locations (Table-2). The top ranking 14 
F1 pedigree crosses (with almost immune reaction) were 
advanced to F2 for deriving new generation of DM resistant 
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showed high resistance, with a zero score at all the locations, 
and screening methods. 

Conclusions
Significant genotypic variability exists among 

CIMMYT-Asia lines for Perenosclerospora species. The 
lines listed in Table-3 are available as source of resistance 
for SDM and RDM. The two methods of screenings, i.e. - 
spreader row in field and sandwich methods, showed similar 
response to DM disease reaction.  The sandwich methods is 
quite efficient and full-proof method of screening, where one 
cycle of screening could be completed within one month, 
and unlike field based screening it is not season bound. Our 
findings suggest that first round of screening using sandwich 
method, followed by field evaluation of only selected entries 
is highly efficient method for DM screening.
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Table 1: Downy mildew (Perenosclerospora sorghi) resistance among CIMMYT-Asia maize inbred lines.

Germplasm type Trial code

Number of lines

0-10 >10-20 >20-50 >50-100 LSD (P<0.01)

Medium maturity yellow lines LET0916 3 13 16 76 33.9
QPM lines from Pop. 61 C1 LET0965 - - - 60 ns
QPM lines from ExE pedigree crosses LET0955 0 1 0 69 ns
Drought and water-logging tolerant lines and 
Asia adapted CIMMYT lines LET1012 1 4 23 32 29.5

Early maturity yellow lines LET1021 14 9 34 102 29.6

Table 2: Downy mildew (Perenosclerospora sorghi) resistance among test crosses and pedigree crosses developed using DM 
resistant lines among CIMMYT-Asia inbred lines.

Germplasm type Trial code

Number of lines

0-10 >10-20 >20-50 >50-100 LSD (P<0.01)

Resistant  x Resistant pedigree crosses DMPC1012 48 18 4 - 11.62

Test crosses of resistant lines DMTC1021 26 5 1 - ns

Table 3: Most promising downy mildew (Perenosclerospora 
sorghi) resistant lines among CIMMYT-Asia elite 
inbred lines.

Entry Pedigree Mean

1 CML-433 0.00
2 CA00102-B-1-B-2-B-B 0.00
3 SW92145-2P9S2-#-#-B 6.30
4 CA14514-9-6-3-B 9.00
5 CA14514-4-1-1-B 9.60
6 CA14514-10-B-2-B 10.30
7 NEI 411010-B-B 12.04
8 CA14514-7-B-2-B 12.50
9 CML-465 14.62
11 CA03118-B-4-4-2-B 14.70
12 CA14507-B-B-2-B 15.20
13 CA14514-3-B-1-B 17.20
14 CA03139-B-B-B-3-B 17.90

15 CA00106-9-B-2-B 18.80
 Mean 69.6

LSD (P<0.01) 29.9
 CV (%) 23.8

lines. The test-cross performance of the selected lines was 
also found quite promising, where out 32 F1s, 24 scored 
between 10-20%. Among the existing elite lines, the most 
promising DM resistance lines across locations against 
Peronosclerospora species are listed in Table 3. CML-433 
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Introduction 
Corn is infested by about 139 insect pests and only a 

dozen of these are serious and require control measures. Of 
them, stem borers are the principal pests in all the top 25 
corn growing countries of the world. Losses due to Sesamia 
inferens during winter varied from 25.7 to 78.9% (Chatterji 
et al 1969).  Decrease in grain yield due to Helicoverpa 
armigera is only a minor one. Keszthelyi et al (2011) 
reported 14.03% weight loss in grains and 13.74% weight 
loss in cobs of sweet corn.  

In recent years, habitat management techniques, which 
aim at increasing plant biodiversity through intercropping 
and mixed cropping, have gained increased attention in 
stem borer management. Plants attractive for oviposition 
by stemborer moths were used as trap crops (pull) to draw 
pests away from the main crop. Several reports on utilisation 
of napier grass in push-pull strategy against stem borer in 
corn are available and effectiveness of marigold as trap crop 
has been studied in tomato, pigeonpea and cotton. So far 
no report is available regarding the use of fingermillet and 
marigold in corn. In the light of this background, an attempt 
has been made to study the influence of fingermillet and 
marigold as trap crops in corn.

Materials and Methods 
Field experiments were conducted for two seasons 

during winter 2009 and 2010 at Maize Research Centre, 
Hyderabad with HQPM-1. Plot size was 6 x 6m. Corn 
was sown on ridges at a spacing of 75 x 20 cm. Two rows 
of trap crop were planted around the treatment plots. The 
experiments were laid out in randomized block design with 
4 treatments with 5 replications. Stem borer: Treatments 
were: corn with finger millet(VR-847) as trap crop; corn 
with napier millet (APBN-1)as trap crop; corn sprayed 
with endosulfan@ 2 ml/l at 12 days after germination and 
control. Stem cuttings of napier millet were planted at 60x60 
cm spacing one month before sowing of corn. Transplanting 
of 25 day old finger millet seedlings was done at a spacing 

of 15x10 cm at the time of sowing corn. Data on percent 
infestation and dead hearts was recorded in main crop and 
trap crop.  

Cob borer: Treatments were: corn with marigold as 
trap crop, corn sprayed with chlorantriniliprole 20SC @ 150 
ml/ha at 60 days after sowing, corn with soil application 
of carbofuran 3G @20 kg/ha at 60 days after sowing and 
control. Transplanting of 25 day old marigold seedlings was 
done at a spacing of 45cm at the time of sowing corn so that 
flowering of marigold coincided with silking of corn. Data 
on percent cob borer infestation was recorded in main crop 
and flower infestation in trap crop. Data was subjected to 
two-way ANOVA after arc-sin transformation for per cent 
values.

Results and discussions

(a)Stem borer, S.inferens:

Sole corn sprayed with endosulfan had lowest mean 
per cent (4.19) of plants with leaf injury(shot holes, midrib 
tunneling) followed by corn with finger millet (4.62%) and 
napier millet (5.63%) as trap crops (Table 1). Significant 
differences were found among all the treatments. Control 
plot had significantly highest (9.83%) plants with leaf 
injury. Among the treatments tested, corn with finger millet 
as trap crop recorded a mean of 2.47% dead hearts followed 
by corn with napier millet (2.68%). Mean per cent total 
infested plants was lowest in corn with finger millet (7.09) 
as the pull crop and highest in the control(14.83). Khan et 
al,2008 reported that farmers in Africa rated the push-pull 
technology as significantly superior in reducing stem borers 
and increasing soil fertility and grain yields. 

From the two seasons data it is evident that leaf injury 
in both the trap crops was negligible while dead heart 
formation in finger millet was 29.22%  compared to 19.9% 
in napier millet, clearly suggesting the effectiveness of trap 
crops.
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(b) Cob borer, H.armigera
Among the treatments tested, corn sprayed with 

chlorantriniliprole was better with 0.49% mean cob 
infestation followed by corn with marigold as trap crop 
(1.08%) (Table 2). Significant differences were found 
among all the treatments. Maize plot in which carbofuran 
was applied in the soil had 3.06% cob infestation. Highest 
cob borer incidence was observed in control plot (3.55%). 
In Marigold trap, mean per cent flowers infested with 
H.armigera was found to be 1.03.

Irrespective of initial egg density on silks, population 
of final instar larvae per infested cob rarely exceeded unity 
because of the protection afforded by tight husks around cob 
and intraspecific competition among the younger larvae. 
Control measures are generally not practiced because of 
high cost, difficulty in spraying associated with repeated 
insecticide application required during silking. Srinivasan et 
al,1994 reported that African marigold enabled maximum 
reduction of both egg and larvae of H.armigera in the 
intercropped tomato with a consequent reduction in number 
of bored fruits. According to Peshin and Dhawan (2009) 
farmers adopt marigold as a trap crop for the gram pod borer 
to reduce pest load on pigeon pea.

Conclusions:
Finger millet can be used as a trap crop to manage 

S.inferens and marigold could be used as trap crop for 
H.armigera in Corn. It is necessary to spray the trap crops 
with insecticides to prevent the spread of the insect pests to 
the main crop thereby reducing the insecticide load on the 
environment. Trap crops also encourage the abundance and 
activity of natural enemies. These pull strategies help the 
farmers by not only reducing the insect damage but also by 
providing additional income. 
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Table 1: Effect of trapcropping on stemborer, S .inferens infestation in corn

Treatment

% corn plants 
with leaf injury  Dead heart % in corn

Total infestation % 
in corn Dead heart % in trap

2009 2010 Mean 2009 2010 Mean 2009 2010 Mean 2009 2010 Mean

T1-Corn+
Napier millet

3.96
11.48

7.3
15.67

5.63
13.57

0.44
3.8

4.92
12.81

2.68
8.29

4.36
12.05

12.24
20.48

8.3
16.26

13.0 26.8 19.9

T2-Corn+
Fingermillet

3.33
10.51

5.9
14.06

4.62
12.29

0.42
3.68

4.52
12.27

2.47
7.97

3.78
11.21

10.4
18.81

7.09
15.01

20.5 37.93 29.22

T3-Corn with 
Endosulfan

3.07
10.09

5.3
13.31

4.19
11.7

0.86
5.31

6.1
14.3

3.48
9.8

3.92
11.42

11.4
19.73

7.66
15.57 -- -- --

T4-Control 7.74
16.15

11.92
20.2

9.83
18.17

1.42
6.83

8.56
17.01

4.99
11.92

9.18
17.64

20.48
26.91

14.83
22.27 -- -- --

CD at 5% 0.16 0.34 0.18 0.37 0.25 0.21 0.26 0.48 0.26

Bold Figures are angular transformed values

Table 2: Comparison of trap cropping with insecticides against cob borer, H.armigera

Treatment

% cob borer infestation in corn % flower infestation in marigold

2009 2010 Pooled 2009 2010 Mean

T1 Corn + Marigold 0.41 (3.63) 1.74 (7.57) 1.08 (5.60) 1.67 0.4 1.03
T2 Corn sprayed with 

chlorantriniliprole 0.29 (2.76) 0.68 (4.67) 0.49 (3.71)

T3 Corn soil application 
of Carbofuran 1.17 (6.20) 4.94 (12.82) 3.06 (9.51)

T4 Control 1.31 (6.57) 5.78 (13.91) 3.55 (10.24)
CD at 5% 0.95 1.02 0.66

Bold Figures are angular transformed values 
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Introduction
Diseases and insect pests are limiting factors which 

cause qualitative and quantitative damage to maize crops. 
Maize stem borers (Sesamia cretica and Ostrinia nubilalis) 
and ear rot disease (Fusarium moniliforme) are major 
threats in moist, warm climates, worldwide (McGee, 1988). 
Over 27,000 tonns of pesticides were used in Iran during 
2000-01, and 60% of all pesticides are applied in the three 
northern provinces, close to the Caspian Sea. Concerns have 
been raised about the increasing levels of cancer incidence 
and possible links with high levels of pesticide exposure. 
Each year 500 people are recorded as dying from cancer in 
Golestan province, 350 from stomach and 150 from throat 
cancer (Anonymous, 2002). Inbred maize lines possessing 
resistance to ear rot and fumonisin accumulation would be 
valuable breeding stock for use as parents of new resistant 
hybrids (Afolabi et al, 2007) and would lower the pesticide 
application rate. The purpose was to screen a range of 
sub-tropical maize germplasm to select lines with suitable 
combining ability, tolerance to important pests and disease, 
with synchronized pollen shedding and silk emergence, and 
with earlier maturity than local check hybrids. An additional 
purpose was to determine elite lines useful for improving 
maize breeding programs in Golestan Province. 

Methods
A collaborative project was established from 2006 

to 2010 between the ANR Research Centre of Golestan 
Province in northern Iran and the International Maize and 
Wheat Improvement Center in Mexico. Evaluation and 
selection of introduced germplasm was conducted without 
pesticide spraying, and all lines were inoculated with 
Fusarium moniliforme spores. During the 1st three years, 
plants were selected in Golestan field plots for these diverse 
traits from different genetic sources and repeatedly self-
pollinated and re-selected through 3 generations. In 2009, 

143 S4 lines were crossed with two adapted inbred tester 
lines, B73 and MO17, which are parents originating from 
two distinct heterotic groups and used to develop a top 
commercial hybrid in Iran. Inoculation with spores was 
conducted 7-10 days after anthesis by a nail punch method, 
and disease severity was recorded by the CIMMYT method.  

Results
Frequency of disease severity among 143 maize 

combinations with B73, showed that 23% of combinations 
are resistant, 62% moderate resistance, 11% sensitive and 
3% high sensitivity (Fig. 1). Among 143 maize combinations 
with MO17, 25% were resistant, 55% moderate resistance, 
17% sensitive, and 1% high sensitive. Combination number 
50 had the highest disease resistance and Fusarium colonies 
cannot grow beyond the inoculated area. Frequency of insect 
pest severity showed that 30% of B73 combinations and 
7.5% of MO17 combinations ranged from 0% to 30%. Pest 
severity suggesting that B73 combinations are a good source 
for increasing resistance to pest (Fig. 2). In this experiment, 
three combinations (8, 22 and 96) were determined to be a 
source of both disease and pest resistance on maize. Among 
them, combination no. 96 is the best, because of the least 
anthesis silking interval (ASI) (Table1).

Conclusion
In the near future, produced inbred lines can be used 

directly for the development of hybrids with good levels 
of resistance to Fusarium ear rot and stem borers adapted 
to north Iran and as sources of resistance genes in maize 
breeding programs. Since the inbred lines were derived from 
different crosses, they may represent different resistance 
genes that are useful in breeding maize for resistance to 
Fusarium ear rot and stem borers. 
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Fig.1. Disease severity on two inbred maize tester 
genotypes artificially infected with Fusarium ear 
rot. 
 
0-10 %: Resistant 
11-25 %: Moderately resistant 
26- 50%: Susceptible 
51-100%: Highly susceptible 

Fig.2.  Pest resistance frequency on two inbred maize 
tester genotypes. 
 
0-15%: Resistant 
16-30%: At least one hole or damaged by one of the 
mentioned pests 
31-45%: 2 - 4 holes or damaged by one of the 
mentioned pests  
46-60%: 2 - 4 holes or damaged by both of the 
mentioned pests 
61-100%: More than 5 holes or damaged by one or both 
of the mentioned pests

Table 1: Mean disease, pests severity (%) and anthesis silking interval (ASI) of selected maize genotypes

Combinations Pedigree ASI
Disease  

severity (%)
Pest 

severity (%)

8 (IIWH05H- CHTSW2005 / 22- 3- 3- 1- 1 ) * B73 4  5 12
22 (IIYH0512 - CHTSY2005 / 10- 1- 3- 2- 3 ) * MO17 4 10 12
96 (S0200237a - TL2002A - 1201 - 1 / 14- 14- 1- 4- 2 ) * MO17 0  4 15

Afolabi, C. G., Ojiambo, P. S., Ekpo, E. J. A., Menkir, A., and 
Bandyopadhyay, R. 2007. Evaluation of maize inbred 
lines for resistance to Fusarium ear rot and fumonisin 
accumulation in grain in tropical Africa. Plant Dis. 91:279-
286. 
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Introduction
Maize (Zea mays L.) is the most versatile crop grown 

in different agro-ecologies of the world. It has highest 
genetic potential amongst the food grain crops. It is the 
third most important cereal crop of India after rice and 
wheat and contributes more than 8% to the food basket of 
the country. In 2009-10, India recorded maize production 
of 16.72 mMT with an average productivity of 2.0 t/
ha. Moreover, maizeproduction and productivity is also 
adversely affected by various diseases like banded leaf and 
sheath blight, turcicum leaf blight, maydis leaf blight, post-
flowering stalk rots etc.The total loss in economic products 
of the crop due to diseases has been estimated to be the 
order of 13.2% (Payak and Sharma, 1985). Breeding of 
disease resistant hybrids is the best option for sustainable 
production of maize since it is environment friendly, 
cost effective and more acceptable leading to reduced 
inoculum build-up in soil with reproducible results. Thus, 
maize productivity can only be improved by growing 
resistant/ moderately resistant cultivars and other crop 
management practices. Identification and use of resistant 
/moderately resistant linesin the maize improvement 
programme should be an indispensable component of 
technological package for alleviating theimpacts of diseases 
like turcicum leaf blight (Exserohilumturcicum) -TLB, 
maydis leaf blight (Drechsleramaydis)-MLB, polysora rust 
(Pucciniapolysora)- P.rust, brown stripe downy mildew 
(Sclerophthorarayssiae var. zeae)-BSDM, sorghum downy 
mildew (Peronosclerosporasorghi)-SDM, Rajasthan downy 
mildew (Peronosclerosporaheteropogoni)-RDM, banded 
leaf and sheath blight (Rhizoctoniasolanif.sp. sasakii)-
BLSB, bacterial stalk rot (Erwiniachrysanthemip.v. zeae)-
ESR, post-flowering stalk rot (Fusariummoniliforme, 
Macrophominaphaseolia-PFSRs, Curvularia leaf spot 

(Curvulariaspp.)-CLS. The resistant inbred lines can further 
be used in basic studies like identification and mapping of 
resistance genes against different genes and their validation 
in the germplasm. In the present study the beginning has 
been made to identify stable sources of disease resistance 
for major diseases of maize prevalent in the country 
through evaluating elite maize lines under artificiallycreated 
epiphytotics. 

Materials and Methods
A set of 200 elite maize lines derived from National and 

CIMMYT Programme were evaluatedin vivoat 9 different 
geographical locations of the country against 10 major 
diseases viz.; TLB (Almora, Bajaura, Mandya), MLB (Delhi, 
Ludhiana), BLSB (Delhi, Pantnagar, Dhaulakuan), BSDM 
(Pantnagar), PFSR (Hyderabad, Udaipur, Delhi, Ludhiana), 
P. rust and SDM (Mandya), RDM and CLS (Udaipur) 
and ESR (Pantnagar, Dhaulakuan). These locations are 
establishedhot spots in various agro-ecosystems of the 
country being used for screening of the maize lines under 
artificiallyinoculated conditions in Network Coordinated 
Maize Pathology Programme. The material was sown 
in a two rows plot of 3m length with resistant and highly 
susceptible checks after every 10th row; and both sides of 
plot. Irrigation channel filled with water were made for 
creating humidity. Grain culture method for BLSB (Ahuja 
and Payak, 1978),hypodermic syringe inoculation method 
for ESR (Prasad and Sinha, 1977), tooth pick method 
for PFSR,spray inoculation of uredospore solution for 
rusts, leaf whorl inoculation for TLB and MLB, spreader 
row and whorl inoculation technique for downy mildews 
(personal communications) were followed for creation of 
disease epiphytotics at respective locations.Recommended 
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package of practices for raising the crop at each location was 
followed during the cropping period. The disease severity 
was recorded following a uniform rating scale of 1-5 (≤2.0= 
resistant; 2.1-3.0= moderately resistant/tolerant; >3.0= 
susceptible) for foliar diseases like TLB, MLB, BLSB, 
polysorarust, CLS, BSDM whereas scale of 1-9 (≤5.0= 
resistant; 5.1-6.0= moderately resistant/tolerant) and per 
cent incidence (≤15.0%= resistant; 15-20%= moderately 
resistant; >20%= susceptible) for PFSRs; and SDM, RDM, 
bacterial stalk rot respectively. 

Results and Discussion
The evaluation study for various diseases under artificial 

created diseaseepiphytoticsrevealed that 16 lines were rated 
as resistant against TLB, 28 against MLB, 18 against BLSB 
(MR), 40 against BSDM, 121 against PFSRs, 8 against P. 
rust, one against SDM (MR), 17 against RDM, one against 
ESR and 77 against CLS. The most important finding of 
the study was that 52 lines were having resistance against 
two diseases whereas 11 lines were found having resistance 
against threediseases and 12 against four to five diseases, 
thus a total of 75 lines were identified as stable sources of 
multiple disease resistance (MDR). Various workers have 
evaluated maize lines for locating resistance sources against 
major diseases (Das and Danju, 2005, Kumar and Saxena, 
2008, Kumar et al., 2011).

Conclusions
Stable sources of resistance identified in the present 

investigation could successfully be utilized in future 
breeding programme like for developing narrow and broad 

genetic base synthetics for individual and multiple diseases, 
MDRsingle cross hybrids (SCH). Currently sixteen 
lines viz.; HKI PC 4B, V 351-1, WINPOP 43-2, LM 6, V 
341-1, CM 149, CM 500, LM 15, CM 144, CML 172, CML 
158, LM 13, CML 141, CM 114, LM 12 and LM 16 are 
being utilized in the national single cross hybrid programme 
for maize improvement in respect of high yieldand MDR 
in the backdrop. Rest of the MDR sources are planned to 
be utilized in the development of SCHstowards improving 
the production and productivity. Outcome of the present 
study will provide base materials to study genetics of each 
diseases viz., number of genes involved in determination of 
resistance, presence of gene action and interaction effects 
etc. Further, the material can also be used for mapping of 
resistant genes and probable mobilization of such genes for 
fine tuning of otherwise best inbred lines through marker 
assisted selection. The resistant SCH developed through 
use of MDR sources would be ecofriendly, requiring 
lesser pesticides, reducing inoculum build-up,lesser cost of 
production, pesticide residue free having wider acceptability 
with reproducible results.   
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Introduction
Pink borer, Sesamia inferens Walker is an important 

insect pest of maize (Zea mays L.). Losses due to S. inferens 
in winter crop vary from 25.7–78.9% (Chatterji et al., 1969). 
Use of resistant varieties/hybrids is the most acceptable 
component of insect pest management as it offers built 
in mechanism to ward off insect pests by antixenosis or 
antibiosis. Generation mean analysis is a simple and reliable 
tool using the first order statistics in estimating the genetic 
effects. Using generation mean analysis, additive-dominance 
model without non allelic interactions for resistance against 
S. nonagrioides was reported (Cartea et al., 1999; Cartea et 
al., 2001 and Velasco et al., 2004).  However, no published 
reports are available on inheritance studies against S. 
inferens, which is of more importance in India. The present 
work was carried to study the genetic effects defining the 
resistance against the pink borer using generation mean 
analysis across seven crosses.

Materials and Methods 
Two Pink borer resistant (DMR E1 and E 63) and three 

susceptible parents (CML 287, CML 451 and CM 202) were 
involved making seven crosses (Table 1). All the mentioned 
crosses were used for generation mean analysis. The F1s 
were selfed and back crossed to either of the parents of 
respective crosses to generate F2, BC1 and BC2 generations. 
Individual plants in P1, P2, F1, BC1, BC2 and F2 generation 
were artificially infested with pink borer neonates according 
to Rao (1983). LIR data from 30 plants each in P1, P2 and 
F1, and 200 plants each in BC1, BC2 and F2 were recorded 
30 days after infestation. The LIR data were analyzed 
using Windostat ver. 8.0. As inadequacy of the additive- 
dominance model was observed in all of the crosses, the 
six parameter model of Hayman (1958) was employed to 
estimate various genetic components, viz., m (mean), d 

(additive effect), h (dominance effect), i (additive × additive 
gene interaction), j (additive × dominance gene interaction) 
and l (dominance × dominance gene interaction) following 
step down elimination of insignificant components.

Results
Scaling tests (A, B, C and D) were significant in all 

the crosses, suggesting inadequacy of additive-dominance 
interaction in governing pink borer resistance in any of the 
crosses (Table1). Data were also fitted to three parameter 
model, which gave highly significant χ2 values in all the 
crosses. This again suggested the inadequacy of additive-
dominance model in explaining pink borer resistance in 
maize. This contradicts the reports of Cartea et al. (1999, 
2001), who suggested existence of only additive-dominance 
interactions for resistance against S. nonagroides in maize. 
None of the crosses showed complete dominance either for 
resistance or susceptibility. This suggested co-dominance of 
the traits under consideration.

Table 2 gives the estimated parameters and the 
respective χ2 values in all crosses. It may be noted that 
wherever CML 451 is involved in the cross the model is not 
fitting. This suggests existence of higher order interactions 
for pink borer resistance in this particular parent. It is 
noteworthy that additive × dominance (j) interaction was 
absent in majority of the crosses except in E63 × CM 202. In 
all cases additive (d), dominant (h) and additive × additive 
(i) effects showed their effects in negative direction. This 
suggests reduction in susceptibility due to these components. 
However, dominance × dominance (l) effects lead to increase 
in susceptibility. These effects in opposite directions may 
cancel out their effects in the hybrids. Contrary to this the 
fixable components of the gene effects, i.e. additive (d) and 
additive × additive (i), may be exploited in deriving parental 
lines with higher resistance towards pink borer. Presence 
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of higher and positive epistatic interaction (l) will always 
interfere in the selection process in the early generations. 
Hence, selection pressure in early generation should be kept 
mild, while rigorous selection process needed to be exploited 
in advanced generations. Fixable components of pink borer 
resistance may also be exploited through development of 
synthetic varieties. The frequency of desirable alleles for 
resistance can be increased by population improvement 
through recurrent selection. Because of popularity of single 
cross hybrids, the lines or populations with high frequency 
of alleles for resistance may be further used to derive the 
parents for development of single cross hybrids which 
can be further tested for their performance under artificial 
infestation.  

Conclusions
None of the crosses exhibited complete dominance 

suggesting that no single gene of major effects control the 
pink borer resistance and susceptibility in maize.  Significance 
of scaling tests at very low probability suggests presence of 
epistatic interactions in all the crosses. Pink borer resistance 
is attributed by additive, dominance and additive × additive 

genes effects, whereas susceptibility was contributed by 
dominance × dominance gene affects. Additive × dominance 
effects are absent for all the crosses except in E63 × CM 
202. Fixable gene effects towards resistance response may 
be exploited in development of synthetics and parental lines.
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Table 1. Scaling tests to determines the presence and absence of epistasis with their type based on the five crosses  

DMRE1 × 
CML287

DMRE1 × 
CML451

DMRE1 × 
CML202

E63 × 
CML202

E63 × 
CML451

CML287 × 
CML451

CML202 × 
CML287

Scales Value Value Value Value Value Value Value
A -3.962**** -4.253**** 0.602 3.378* * * * 3.553* * * * -3.022**** -4.337****
B -4.472**** -6.287**** 1.215** -0.152 -3.187 * * * * -3.525**** -7.847*
C -7.043**** -0.3 10.297**** 7.597* * * * 5.827* * * * 1.663**** -10.793***
D 0.695* 5.12**** 4.24**** 2.185* * * * 2.73* * * * 4.105* 0.695*

**** Significant at <0.000001, *** Significant at <0.001, ** Significant at <0.01, * Significant at <0.05

Table 2. Estimates of various gene effects for leaf injury rating (LIR) in all the seven crosses

Parameters
DMRE1×
CML287

DMRE1×
CML451

DMRE1×
CM202

E63 × 
CML202

E63 × 
CML451

CML287×
CML451

CM202×
CML287

m 9.271 15.306 13.31 8.186 7.376 8.735 8.267
d -2.435 -2.154 -2.207 -2.378 -2.853 -0.341 -
h -9.077 -28.698 -14.924 -4.439 -3.694 -10.3 -9.27
i -3.995 -9.962 -8.484 -3.762 -2.532 -1.4 -1.376
j - - - 3.503 6.728 - -
l 6.751 20.312 6.689 8.186 7.376 9.88 9.693
χ2 1.079 18.391 0.439 1.295 21.162 1.603 1.137

Probability
Fitness of 
model

0.299
fitting

0
not fitting

0.508
fitting

0.255
fitting

0
not fitting

0.205
fitting

0.286
fitting
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Introduction
Southern corn rust caused by the fungus Puccinia 

polysora Underw. is a destructive disease in maize, 
caused yield loss of up to 39-45% on susceptible maize 
hybrid (Rodriguez-Ardon et al. 1980). In Thailand, lower 
temperature and high moisture condition in the late rainy 
season are favorable for development of an epidemic in maize 
plantation area (Auwanich and Anchareesangas, 1998). 
Host resistance can reduce the growth and reproduction of 
the pathogen, resulting in less severe symptoms of disease. 
The evaluation of maize germplasm for response to southern 
corn rust is to identification of disease-resistant germplasm. 
Incorporation of resistance in hybrids can increase yields, 
lower production costs and reduce the use of fungicide.

Methods
Field evaluation for southern corn rust resistance under 

natural infection was performed during the rainy season of 
2006-2011 at National corn and sorghum research center, 
Pakchong Nakhon Ratchasima and Nakhon Sawan Field 
Crops Research Center, Tak Fa Nakhon Sawan.  Fourteen 
inbreds and fifty nine hybrids obtained from the maize 
breeding program were evaluated. The material was grown 
in four rows 5-m plots with 0.75 cm between row and 0.20 
cm between plants.  Fertilizers were applied two times, 312.5 
kg/ha of 16-20-0 as basal at the time of planting and 156.25 
kg/ha of 46-0-0 applied three weeks after planting by side 
dressing. Southern corn rust was score 80 days after planting 
for relative severity using a scale of 1 to 5, with 1 indicating 
the least and 5 indicating the most severe infection. This 
response can also be described as resistant, moderately 
resistant, moderately susceptible and susceptible. On this 
rating scale, primary considerations were for the amount 
of leaf tissue killed and the extent of pustule coverage the 
leaf. Intermediate rating between two numbers can also be 
recorded.

Results
Southern corn rust rating on inbreds ranged  from 1.0-

4.2 and average 2.2. Seven lines have score below 2, ranged 
from 1.0-1.8 Four lines showed intermediate interaction, 
score ranged from 2.3 - 3.2 and another two lines have 
severe infection with score ranged from 4.0-4.2. In this 
experiments, Nei 412019 and  Nei 452004  were highest  
infection whereas  Nei 452008 was lowest infection.  
Rust rating on hybrid ranged from 1.0-3.4 and average 
1.9. Among fifty nine hybrids, thirty four varieties have 
score below 2, ranged from 1.0-1.9. Twenty five varieties 
showed intermediate reaction, score ranged from 2.0-3.4. 
There commercial hybrid, NK 48, Big 919 and CP-DK 888 
showed intermediate reaction with the score 3.5, 2.7 and 3.1 
respectively. The released hybrids of Nakhon sawan field 
crops research center, NS 72 showed intermediate reaction 
whereas NS 2 and NS 3 were lower infection with score 1.4 
and 1.5 respectively. 

Conclusions
Base on severity of disease symptom, hybrids can be 

categorized into three classes, thirty four varieties were 
resistant, twenty one varieties were moderately resistant and 
four varieties were moderately susceptible. Inbred can be 
categorized into four classes, eight lines were resistant, three 
lines were moderately resistant, one line was moderately 
susceptible and two lines were susceptible. 
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Table 1.  Southern corn rust score of 79 maize lines/varieties 
at Nakhon sawan field crops research center 
(NSW) and National corn and sorghum research 
center (2006-2010)

No. Line/variety1 Year - location score

1 Nei 412019 2006  NSW 4.0

2 Nei 452004 2006  NSW 4.2

3 Nei 452008 2006  NSW 1.0

4 Nei 452010 2006  NSW 1.8

5 Nei 452017 2006  NSW 1.5

6 Nei 452019 2006  NSW 1.3

7 Nei 452026 2006  NSW 2.8

8 Nei 452029 2006  NSW 3.2

9 Nei 452030 2006  NSW 2.3

10 Nei 452031 2006  NSW 1.5

11 Nei 452006 2006  NSW 2.7

12 Nei 452015 2006  NSW 1.8

13 Nei 452009 2006  NSW 1.7

14 Nei 9202(T) 2006  NSW 1.7

15 NSX 042004 2006  SW 3.4

16 NSX 042005 2006-2007 SW,NSW 3.0

17 NSX 042006 2006 SW, NSW 3.0

18 NSX 042007 2006-2007,2010 SW,NSW 2.3
19 NSX 042009 2006-2007 SW 1.8

20 NSX 042010 2006-2007 SW, NSW 1.8

21 NSX 042011 2006-2007 SW 1.5

22 NSX 042012 2006-2007 SW 2.1

23 NSX 042013 2006-2007,2010 SW, NSW 2.0
24 NSX 042021 2006 SW 2.7

25 NSX 042022 2006-2010 SW,NSW 1.5

26 NSX 042023 2006 SW 2.4

27 NSX 042024 2006-2007 SW 1.8

28 NSX 042025 2006-2007SW 2.0

29 NSX 042026 2006 SW,NSW 1.6

30 NSX 042027 2006 SW 2.8

31 NSX 042029 2006-2008 SW,NSW 1.5

32 NSX 042030 2006 SW, NSW 2.2

33 NSX 042036 2006 SW 2.3

34 NSX 042037 2006 SW 2.6

35 NSX 052011 2007-2010 SW,NSW 1.7

36 NSX 052012 2007-2010 SW,NSW 1.6

37 NSX 052014 2007-2011 SW,NSW 1.5

38 NSX 052015 2007-2010 SW,NSW 2.3

39 NSX 052016 2007-2010 SW,NSW 1.7

40 NSX 052018 2007-2008 SW,NSW 2.5

No. Line/variety1 Year - location score

41 NSX 062006 2007-2010 SW,NSW 1.1
42 NSX 062007 2006 NSW 1.1
43 NSX 062011 2006 NSW 1.0
44 NSX 062012 2007,2009 SW,NSW 1.4
45 NSX 062021 2007 NSW 1.4
46 NSX 062029 2007-2008 SW,NSW 1.3
47 NSX 062030 2007 SW 1.2
48 NSX 062031 2007 SW 1.6
49 NSX 062033 2007 SW 2.1
50 NSX 072005 2007 SW 2.7
51 NSX 072006 2007 SW 2.7
52 NSX 072007 2007 SW 2.5
53 NSX 072009 2008 NSW 1.2
54 NSX 072010 2008 NSW 1.5
55 NSX 072011 2008 NSW 1.7
56 NSX 072013 2008 NSW 3.4
57 NSX 072014 2008 NSW 1.2
58 NSX 072015 2008 NSW 1.9
59 NSX 072016 2008 NSW 1.7
60 NSX 072017 2008 NSW 2.1
61 NSX 072019 2008 NSW 1.6
62 NSX 072020 2008 NSW 1.5
63 NSX 072021 2008 NSW 1.1
64 NSX 072022 2008 NSW 1.2
65 NSX 072023 2008 NSW 1.4
66 NSX 072024 2008 NSW 2.7
67 NSX 072025 2008 NSW 1.1
68 NSX 072026 2008 NSW 1.7
69 NSX 072028 2008 NSW 2.1
70 NSX 072029 2008 NSW 2.9
71 NSX 072030 2008 NSW 2.6
72 NSX 072031 2008 NSW 1.5
73 NSX 072039 2008 NSW 1.2
74 NK 48 2006-2010 SW,NSW 3.5
75 Big 919 2006-2010 SW,NSW 2.7
76 CP-DK 888 2006-2010 SW,NSW 3.1
77 NS 72 2006-2007 SW,NSW 2.7
78 NS 2 2006-2010 SW,NSW 1.4
79 NS 3 2010 NSW 1.5

1  No. 1-14 are inbreds and No. 15-73,78-79 are hybrids 
obtained from Nakhon Sawan field crops center, No. 
74-76 are commercial hybrids.  
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Introduction 
Banded leaf sheath blight (BLSB) caused by Rhizoctonia 

solani f.sp. sasakii is one of the important disease of maize 
in South and South East Asia. In India, loss in grain yield 
have been estimated in the range of 23.9 to 31.9 percent (Lal 
et al. 1980), but when ear rot phase predominates losses in 
grain yield can go up to 100 percent. In South China also 
57.8 to 87.5 per cent yield loss was recorded in hybrid maize 
(Zhang et al. 1993). The genetic variability in maize for 
resistance to BLSB is limited and hence selection of disease 
resistance germplasm has been considered important for 
utilizing in resistance-breeding programme.

Methods 
Four trails namely BLSBIT-12 (Elite S6 BLSB and 

medium maturity yellow lines), BLSBIT -22 ( Best per se 
inbred lines), BLSBIT-32 (Elite lines from CIMMYT- Asia) 
and BLSBIT-42 (Elite CMLs and Drought tolerant inbred 
lines) comprising 72, 60, 160 and 80 genotypes of CIMMYT 
inbred maize and two trails namely BLSBTC-12 (Elite 
BLSB lines crossed with CML 470 & 474) and BLSBTC-22 
(NEI lines crossed with CML’s 465, 305, 429 and BCH lines 
resistant to BLSB) comprising 70 and 32 CIMMYT  test cross 
entries were conducted in vivo for screening against BLSB 
under artificial epiphytotic conditions during Kharif season 
2010 in Indian Agricultural Research Institute, New Delhi. 
Each entry was planted in 3m long single row with spacing 
of 20 cm (plant to plant) x 75 cm (row to row) in randomized 
block design with two replications. Mass multiplication of 
R. solani f.sp. saskii AG-1 IA was done on barley grains 
following standard method. Inoculation was made in 35 
to 40 days old plants by placing four grains between stalk 
and sheath at third internodal level from ground. Disease 
intensity was recorded after 35 days of inoculation on 1-5 
rating scale (Ahuja & Payak 1983) with slight modification 
where 1-2.75, 2.76-4.0 and 4.1-5.0 were classed as resistant, 
intermediate and susceptible, respectively.

Results 
Out of the total 372 inbred genotypes screened, 23 were 

resistant (1- 2.75 scale), 169 were grouped under moderately 
resistant to moderately susceptible (intermediate) category 
(›2.75 – 4.00 scale) and 198 were susceptible (›4.00-5.00 
scale). Response of one inbred line BCH could not be 
observed because of germination problem.  Out of 102 
test cross entries, 9 were found to be resistant, 85 were 
intermediate and 8 were marked as susceptible. Two inbreds 
viz.  CLRCW88-B-B of BLSBIT-22 and CLQRCYQ59-
B-B of BLSBIT-32 were highly resistant where the disease 
was rated 1.25 only. Total 51 genotypes of both inbreds and 
hybrids exhibited highly susceptible nature to BLSB with 
5.00 score (Table 1).

Conclusion 
All the 32 resistant germplam sorted out from 474 

genotypes will be tested for further confirmation of resistance 
to BLSB. A very few genotypes with intermediate reaction 
had earlier been reported from India, China and Indonesia 
(Balla et al. 2000, Sharma et al. 2005). 
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Table 1: Resistant sources for banded leaf and sheath blight disease screened out from tropical maize germplasm.

Trial
No. of 
entries 

No. of 
resistant 
entries Score Pedigree of BLSB resistant entries

BLSBIT-12 72

2

5

2.50

2.75

CA00102/CA03149-B-5-2-B-B-B  and 
POB.45c9 F2 23-4-2-1-B-B-B-B-B-B-B-B 

CA00102/CA00106-B-23-4-B-B-B,  CA00106/CA03147-B-B-3-B-B,  
CML486=P45c8-76-1-2-1-2-BBBBB-B-B-B-B-B, (AC7643/AC7729/
TZSRW)-1-75-#-BBBB-1-5-6-B-B-B-B-B1-B and  POB.45c9 F2 
10-17-1-2-B-B-B-B-B-B-B-B

BLSBIT-22 60 1
2

1.25
2.50

CLRCW88-B-B
CLQRCYQ47-B-B and CLQRCYQ59-B-B 

BLSBIT-32

160
(1entry not 

germinated out 
of 160)

1
1
2

1
1

4

1.25
1.75
2.00

2.25
2.50

2.75

CLQRCYQ49-B-B
POP352CO-HS324-2-2-B-B-2-B-1-B-B
CML486= P45c8-76-1-2-1-2-BBBBB-B-B-B-B-B and AC7643/
AC7729/TZSRW)-1-75-#-BBBB-1-5-6-B-B-B-B-B1-B

CLRCY041-B-B
CL02450Q-B-B

CM 207-B-B,  POP351C0-HS155-3-1-B-B-2-B-1-B-B,
POP351C0-HS274-1-1-B-B-B-B-2-B-B and  CML412-B-B-B-B]

BLSBIT-42 80
1
2

2.50
2.75

CML41-2-B
CL02457-1-B-2-B  and  S04YEBLSB) F2-1-2-1-1-2-B-1

BLSBTC- 12 70 1 2.75 CA00102/CA03149-B-15-3-B-B/CML-474-B-B-B-B-B]

BLSBTC- 22 32

1

7

2.00

2.75

NEI 412004-B/BLSB-R (China)

NEI 411011-B/BLSB-R (China ),  NEI 411505-B/BLSB-R (China),
NEI 9008-B/BLSB-R (China ),  NEI 9202-B/BLSB-R (China ), 
NEI 411008-B/CML-465,   NEI 411030-B/CML-465 and
NEI 9008-B/CML-465

Total 474 32
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Introduction
Maize is the most preferred cereal in India. Sustainable 

maize cultivation is challenged by major diseases that 
cause qualitative and quantitative losses in yield. Rajasthan 
Downy Mildew (RDM) and Post Flowering Stalk Rots 
(PFSR) are amongst dreaded ones. Loss in yield is to the 
tune of 35.8% which is alarming and its incidence and 
coverage is increasing (Anon. 2010). Causal agent of RDM 
is Peronosclerospora heteropogoni which attacks species of 
tribes Andropogoneae and Maydeae (Tseng and Sun,1978). 
P. heteropogoni from Rajasthan, India was found to infect 
and could sporulate on only three hosts viz. Zea mays, 
Euchlaena maxicana and Heteropogon contortus (Dange 
et al , 1974). PFSR caused by Fusarium moniliforme Sheld 
is another virulent pathogen in tropics and sub-tropics 
(Sangit Kumar and Meena Shekhar, 2005). CIMMYT has 
initiated qualitative work in searching source of resistance 
through screening of germplasm lines against these two 
major diseases. A total of 727 entries were screened through 
artificial inoculation technique at this centre in India. This 
is entirely different kind of evaluation and this involves 
inbreds from different places in the world. The material 
is rich in genes related to quality and yield traits as well 
as resistance to some major challenging diseases. This 
evaluation involves careful srtificial inoculation combined 
with sowing in sick plots. The results give precise and surity 
about its source of resistance for further use in evolving 
good hybrids.

Methods
Screening for RDM and PFSR was done using artificial 

inoculation techniques. Each entry was grown in 5 m and 3m 
rows respectively and for RDM two replications were taken. 
Minimum 25 plants for RDM and 15 plants for PFSR were 
inoculated and maintained in each entry. The fertilization and 
irrigation doses were kept constant as per recommendations 

for raising a good crop.The whorl inoculation technique was 
used for RDM by using viable inoculums of the pathogen 
collected from diseased plants having freshly produced 
conidia and conidiophores. The inoculum was kept as 5X106 
conidia/ml to ensure the availability of uniform inoculum at 
site. The inoculations were done during early morning from 
2-5 AM. The tooth pick inoculation technique was used 
for PFSR inoculations using F. moniliforme culture raised 
in tooth picks immersed in Potato dextrose broth. The sick 
plots were used for this study which minimizes escape of 
any plant from inoculum and ensures better evaluation than 
other DMR evaluations. The observations of RDM were 
taken as percent infected plants, while for PFSR 10 point 
disease rating scale was used. According to Disease presuure 
the entries were characterized as Highly resistant, Resistant, 
Moderately R and susceptible. A susceptible check was used 
at an interval of 13 lines.

Results
Screening for RDM was done for 130 lines comprising 

60 inbreds (DMIT-11) and 70 hybrids (DMHT-11).Out of 
60 inbreds, nine were found to be disease free while seven 
were having more than 10% infection and rest 44 were 
highly susceptible. Hybrids have shown high degree of 
resistance with 57 entries having no disease and rest 13 
were susceptible(Table-1). Five hundred ninety seven lines 
were screened against PFSR in two sets viz. PFSR-11(317 
entries) and PFSR-21 (280 entries). Out of these 597 entries 
ten entries were found highly resistant (0.0-2.0 rating), 69 
were resistant (2.1-3.0 rating),140 were moderately resistant 
and remaining were susceptible(Table-2).Among the set 
of inbreds for RDM some most promising lines which 
have shown immune reaction and can be used further as 
donor lines are POP351CO-HS155-3-1-B-B-1-B-1-B-B, 
Messina-3446(S2-Syn)-F1Bulk-76-4-1-B-B-B, CML-433-
B-B, CA14514-3-b-1-B, CA14514-4-3-1-B, CA14514-7-
B-2-B, CA14514-10-B-2-B and CA03118-B-4-4-2-B. Out 
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of the hybrids evaluated for Rajasthan Downy Mildew 
most of the entries shown immune reaction except few. 
This is because the parental lines which were used shown 
immune reaction during evaluation. These lines can be 
used as donor lines. This downy mildew is a true downy 
mildew since it comes only on maize among the cereals.
For PFSR two sets of entries were tested rigorously and in 
a perfect manner very different from routine evaluations 
and resultant resistant entries will be an asset genetic stock. 
Some of the entries are CLA91-B-B, S87P69Q(SIYF) 
131-2-2-1-B-B-B, CL-RCY031=(CL-02410 CML-287)-B-
9-1-1-2-B*7-B-B, CML-422-2-B-B-B, DTPWC9-F16-1-
1-3-2-2-2-2-B-B-B, DTPYC9-F15-3-1-1-3-2-1-2-B-B-B, 
LaPosta SeqC7-F10-3-1-2-3-B-B-B-B-B-B and (Ent52-
92SEW-1-2(DMRESR-W) Early Set#1-2-1-B/CML386)-
B-22-1-b-4-#-1-B*4-1-B-B. Being a soil borne and most 
challenging disease in India these lines would be of most 
utility in providing resistance to farmers. In recent years 
most of single cross or composites released by public or 
private sector are facing serious problem of this disease. In 
rainfed cultivated maize whenever a short dry spell is there 
this comes very fast. 

Conclusion
Source of resistance is a major focus in these entries 

and this was the aim of this CIMMYT program. Having nine 

inbreds with zero RDM infection will be a valuable source 
for future breeding for disease resistance. Since PFSR is 
emerging as new threat in maize production therefore ten 
entries which were highly resistant can be promoted for 
commercial use. The two diseases are real bottleneck in 
increasing maize production, this kind of source of resistance 
is the practical solution.The evaluated and identified sources 
are worth for a breeder to come out with a promising resistant 
hybrids. Immune reaction has greater imporatnce in case of 
inbreds for a breeder to use them as donors.
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Table 1. Summary of RDM Screening Programme for 130 entries- Kharif-2010

Category Range ((% infection)) DMIT-11 DMHT-11
Highly Resistant (HR) 0 9 57
Resistant (R) 0.1-5.0 - -
Moderately Resistant (MR) 5.1-10.0 - -
Susceptible (S) 10.1 and above 7 9
Highly Susceptible (HS) 100 percent 44 4

Table 2. Summary of FSR Screening Programme for total 597 entries-2010

Category  
Range 

(1-10 disease rating) PFSR-11 PFSR-21

 Highly Resistant (HR) 1.0-2.0 8 2
Resistant (R) 2.1-3.0 42 27
Moderately Resistant (MR) 3.1-4.0 72 68
Susceptible (S) 4.1-6.0 194 182
Highly Susceptible (HS) 6.1 and above 1 1
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Abstract: The resistance identification of sheath blight for 
83 traditional varieties of waxy maize was carried out in the 
field for two years in Guangxi. The inoculation identification 
method is as fellows: the sheath blight cultivated in barley-
medium was inoculated to maize in the field during 
the elongation stage, and was identified by the disease 
grading standard of CIMMYT. The results showed that 
the resistance of disease affection among these traditional 
varieties was difference, and the disease of each variety was 

also obviously different between spring planting and autumn 
planting in a year. The immune and high resistant varieties 
were not fount, the percentage of disease-resistant varieties 
was 42.2%, moderate resistant varieties was 40.9%, disease 
susceptible varieties was 13.3%, and highly susceptible 
varieties was 3.6%.

Key words: waxy maize; traditional variety; sheath blight; 
identification
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Introduction
Common smut is  a corn fungus diseasecaused by 

Ustilagomaydis.Bernard et al.(1992) used offspring 
meansanalysis to show that additivityeffects areimportant 
incontrolling  smut  disease.Thepurpose of this study is 
to identifyhybrids forresistance to smut point and induce 
genetic effects resistant to this disease.

Methods:
In this study, 89 single-cross hybrids were cultivated and 

varioustraits measured and factors recorded (leaf no. above 
ear, total leaf no., plant height, ear height, anthesis and silking 
date, anthesissilkinginterval (ASI), spore injection time, 
leaf and stalk disease, ear length, ear diameter, row no./ear, 
kernel no./row, physiological maturity, percentage of plants 
infected, percentage infected by tassel disease,  severity 
of smut traits, grain per hectoliter weight, and moisture).
Twelve hybrids were selected in 3groups: resistant,semi-

resistant,susceptible(4 hybrids from eachgroup) to evaluate 
the percentage of humidity and hectoliter weight;line×tester 
analysis was done on 60 hybrid products of successful 
coupling with every 3 testerand scale of common and special 
compoundable and kind of gene effects have been estimated.

Results
The results of ANOVA showed significant variance for 

all traits except percentage and severity of smut and infected 
tassel. The lack of significant variance for these traits can be 
attributed to separation  ofhybrids last year from the smut 
resistance point.The resultsshowed a positive and significant 
correlation between some  traits but there was nosignificant 
correlation between morphological traits and infection 
percentage and also with severity of smut disease.The results 
of work by other researchersshow that correlation between 
some morphological traits like thickness and firmness of ear 
can be effective in resistance. Line×testeranalysis for related 
traits of smut resistance revealedsignificant variance for 

Table 1: Line × tester analysis for important traits in corn common smut, Mashhad, Iran, 2008

SOV DF

MS

Infection 
percentage Severity of smut

Infected plant 
percentage

Tassel disease 
percentage

Leaf and stalk 
disease

Replication  1 62.56** 2498.45** 1323.76** 1.86 14.30
Cross 59 34.48 127.14 144.66* 0.92 20.53*
Line 19 735.8 138.90 244.29* 0.88 23.91
Tester  2 41.17 113.14 4.58 0.47 116.49**
Line × tester 38 21.99 122.00 102.22 0.96 13.80
Error 59 59 121.14 89.11 89.11 12.78
s2

A – – 1.229 – 0.195
s2

D – – 6.556 – 0.513
s2

gca /s2
sca – – 0.0938 – 0.191

* and **: Significant differences at 0-05 and 0.01 probability levels respectively
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infected stem and leaf and infected plant no. and that for 
these traits only additivity gene effects were significant.The 
best tester from common compoundable point for infected 
stem and leaf wasT2 (K19), and the T3 (K1264/5-1)wasthe 
weakest.

Conclusions
Mycelium in seed tissue affects photosynthesis 

and causes lowerdensity,lowerhectoliter weight and 
greaterhumidity percentage. The results of this study on  
gene effects correspond with that of Bernard et al., (1992)
which highlightedadditivity effects  in controlling  resistance 
to smut.
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P_2.12:  Screening  maize hybrids for resistance to the maize 
weevil (Sitophilus zeamais Motsch. ) in Thailand
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Introduction
Infestation of the maize weevil, Sitophilus zeamais 

(Motsch.), causes up to 90% grain damage during  storage 
in Thailand ( Sukprakan  et al., 1982). Chemical control is 
the most   commonly used practice to address the problem. 
However, high cost of insecticide, danger of resistance 
building up and hazards of insecticide are serious issues 
of concern. Host plant resistance is a preferred method for 
integrated pest management of stored maize. This study 
aimed at evaluating the level of resistance under laboratory 
conditions by promising hybrids to infestation by S. zeamais 
.  Superior hybrids will be further nominated to the maize 
breeding program.

Materials and Methods 
Sixteen hybrids were screened for  damage caused by S. 

zeamais  in a no-choice test. Freshly-harvested grains of each 
hybrid were cleaned and dried to 12-13 % moisture content.  
Thirty grams grain of each hybrid was put in a glass jar with 
a ventilated lid. Fifteen unsexed 1–7-day-old adult weevils 
were introduced in each jar for seven days. The experiment 
was arranged in RCBD with three replications and was kept 
in the laboratory for 90 days. Number of emerged adults, 
percentage of damaged grain and grain weight losses were 
used to evaluate the damage level.   

Results and Discussion
There were statistically significant differences (P<0.05) 

among hybrids (Table 1) for all evaluated parameters. 
The average of  grain weight losses  used  as the resistant 
parameter was 12.79 % (Horber,1987). NSX042022 
showed the lowest number of emerged weevils, percentage 
of damaged grain and percentages of grain weight losses. 

NSX052011, NSX052016 and NK48 showed the highest 
number of emerged weevils  and percentage of damaged 
grain. NK48 showed the highest percentage of grain weight 
losses. As no maize weevil resistant variety was  used in this 
experiment, the identification level of resistance modified 
from Bergvinson et al.(2002) was applied. Seven hybrids 
were identified as resistant, four hybrids as moderately 
resistant and five hybrids as susceptible. 

Conclusions
Seven hybrids were identified as resistant to S. zeamais.  

NSX042022 showed lowest value of emerged weevil 
adults, percentage of grain damaged and percentages of 
grain weight losses. Hybrids  identified as resistant and 
moderately resistant will be considered for  nomination to 
the  maize breeding program.
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Table 1. Comparison of adult weevils (S. zeamais Motsch.) emerged/jar, percentages of grain damage and grain weight 
losses of 16 hybrids after 90 days of storage in laboratory (Nakhon Sawan, 2009)

No. Hybrids
No. of 

S. zeamais
% damaged 

grain 
% grain weight 

losses 
Level of 

resistance

1 NSX052011 147.25 e 95.59 f 14.45 ab MR

2 NSX052012 121.50 de 88.62 ef 18.21 ab S

3 NSX052014 63.00 a-d 56.29 b-d 12.75 ab MR

4 NSX052015 116.00 b-e 87.23 d-f 12.99 ab MR

5 NSX052016 150.25 e 95.74 f 20.32 b S

6 NSX052018 117.50 c-e 84.79 c-f 16.64 ab S

7 NSX062006 64.75 a-d 54.43 bc 8.33 ab R

8 NSX062012 56.50 a-d 58.03 b-e 6.06 ab R

9 NSX062029 47.00 a-c 49.79 ab 8.46 ab R

10 NSX062030 74.75 a-d 57.24 b-e 9.01 ab R

11 NSX042022 21.00 a 21.70 a 2.32 a R

12 Nakhon Sawan 3 52.00 a-d 52.13 b 5.85 ab R

13 Nakhon Sawan 2 45.75 ab 41.11 ab 5.44 ab R

14 NK48 161.25 e 92.58 f 33.84 c S

15 Big919 110.50 b-e 66.03 b-f 13.76 ab MR

16 CP-DK888 104.00 b-e 85.79 c-f 16.24 ab S

Mean 90.80 67.94 12.79

CV (%) 46.42 28.34 73.89

Means followed by common letter are not significantly different at 5% level by DMRT

Level of resistance based on % grain weight losses (R = Resistance, MR = Moderate resistance, S= Susceptible) Bergvinson et 
al (2002)
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Introduction
Banded leaf sheath blight (BLSB) caused by 

Rhizactonia solani f.sp sasakii is one of the most important 
maize disease of South and Southeast Asia (Garg et al., 
2008). The intensification of cropping system particularly 
rice – maize system prevalent in these areas have further 
increased the vulnerability of maize cultivars to this pathogen 
(Zaidi and Singh, 2006). This disease is estimated to cause 
a loss of nearly 23-40%, however losses up to 100% have 
also been reported in few studies (Kumar and Singh, 2002). 
Though several measures have been suggested to control 
the damage caused by this disease, the practicality of these 
approaches is still a challenge in the current cost–efficient 
and environmental friendly crop management scenario. 
Further, the rapid spread and significant economic losses 
caused by BLSB in some of the countries, particularly in 
South-east Asia have resulted focus on exploiting host plant 
resistance breeding for BLSB. The present study provides 
a comprehensive result of the ongoing BLSB resistance 
breeding activity undertaken by CIMMYT-Asia.

Materials and Method
During summer-rainy season of 2002 an inbred line 

evaluation trial comprising 2025 lines (both yellow and 

white) from CIMMYT were evaluated at four hot-spot 
locations across Asia, including (Guangxi (China), South 
Sulawesi (Indonesia), Pantnagar (India) and Delhi (India). 
Each entry was planted in a 3.0 m single row plot. For 
uniform spread of the disease, plants from each entry were 
artificially inoculated following the method suggested by 
Ahuja and Payak (1981).  Disease reaction of entries was 
recorded at 45 days after inoculation and rated on a scale of 
1-5. Twenty five disease resistant lines were selected based 
on the scores across the four locations and used in pedigree 
breeding program for developing new maize germplasm for 
improved resistance to BLSB. From the pedigree populations 
developed, one hundred sixteen elite early generation lines 
(S3 and S4) and seventy two late generation inbred lines (S7) 
were evaluated under artificial inoculation at two hot-spot 
locations in India, including Delhi and Pantnagar during  
Kharif 2008 and Delhi and Dhaulankuan during Kharif, 
2010 .

Results
Significant genotypic variability was observed among 

the lines for their reaction to BLSB across generation 
at Delhi environment (Table 1, Figure 1). However, 
the variations were not significant among the entries at 
Pantnagar and Dhaulakuan which might probably be a 

Table 1. Descriptive statistics of germplasm evaluated for BLSB resistance during 2008 and 2010 Kharif season

Parameters

2008 Kharif season 2010 Kharif season

Delhi Pantnagar Delhi Dhaulakuan

Mean 3.52 2.35 3.94 2.51
Genotypic variation 1345.60*** 4154.10 2268.70*** 6325.40
Heritability  0.99 0.99 0.99 0.99
Range 2.40-4.80 1.10-4.60 2.00-5.00 1.50-4.00
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result of poor expressivity or unfavorable environmental 
conditions for disease load. The disease reaction ranged 
from 2-5 across entries in both the years. In general, the 
ratings were consistent across generation for most of the 
selected lines. Among the elite lines selected, 4 entries were 
consistently found superior towards their reaction to BLSB 
pathogen across generation (Table 2). These elite BLSB 
tolerant lines exhibited a mean disease rating between 2-3 
across generations.

Conclusion
Genotypic variability exists in maize with regards to 

BLSB resistance; though at a very low frequency. BLSB 
resistance breeding program at CIMMYT- Asia resulted in 
identification of sources of resistance for BLSB. Among 
them, 4 advanced generation lines showed high consistency 
in their resistance to BLSB across environments and 

generations. These lines could be effectively used in the 
breeding programs targeted for BLSB resistant products.
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Table 2. Disease rating of best performing BLSB tolerant lines across generations and locations 

Season\Generation
Pedigree (S6)

2010 Kharif season (S4) 2008 Kharif season (S6)

Dhaulakuan Delhi Pantnagar Delhi

(CA00102/CA00106)-B-11-1-B-B-B 2.50 3.00 3.07 2.67
(CA00102/CA00106)-B-23-3-B-B-B 2.00 3.25 2.09 2.40
(CA00102/CA00106)-B-23-4-B-B-B 3.50 2.75 2.12 2.67
(CA00102/CA03149)-B-5-2-B-B-B 1.75 2.50 2.08 2.51

Figure 1. Distribution of germplasm evaluated for BLSB tolerance
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Introduction
Stibaropus pseudominor Lis is a pest of sugarcane but 

we recently noted its infestation on corn roots in Cagayan 
Valley, Luzon. Monolepta sp. on the other hand was 
noted to have attacked corn seedlings in Sultan Kudarat, 
Maguindanao, Mindanao. 

Objectives
This field study aimed to document the occurrences of 

the above two pest in the Philippines. It was conducted from 
2009-2010 in the above localities.

Materials and Methods
Field visits to collect specimen and observe infestation 

in the affected areas were conducted from 2009-2010.  Key 
person interview and ocular inspection together with farmers 
were done to be able to characterize the damage pattern 
and record the incidence in the said sites. The collected 
specimens were placed in 95% ethyl alcohol and deposited 
at the Plant Quarantine Support Laboratory, National Crop 
Protection Center, Crop Protection Cluster, U.P. Los Baños, 
College, Los Baños, Laguna, Philippines.

Results and Discussion
The Stibaropus pseudominor Lis was identified thru the 

help of Dr. Jerry Lis of the University of Opole, Poland. 
We initially observed this bug at Cabatuan, Isabela followed 

by the corn fields at Old Centro, San Mateo, Isabela and 
Cataggaman, Tuguegarao, Cagayan. This hemipteran bug 
burrowed from 12- 20 inches deep in sandy loam soil. The 
body length is around 8 mm. It has a short rostrum reaching 
at the middle of the mesosternum. The 2nd rostral segment is 
almost as long as the 3rd and 4th together. The ocular index 
ranges from 3.6 – 6.6 and this measurement separates this 
species from any other member of the subgenus. The head 
is brown, castaneous or blackish brown. Pronotum and 
scutellum are of the same color with the head. Legs are pale 
brown to dark brown. The sternites are yellowish brown or 
brown and covered with brownish hair-like setae (Lis, 1994) 
(Fig. 1). It feeds on the roots of corn resulting to stunted 
growth (Fig. 2). The peculiar smell of a bug i.e. rice bug 
permeates the surrounding area where this pest burrowed. 
We monitored this pest again in January 2010 at the same 
site in Cabatuan, Isabela. 

The Monolepta sp. adult beetles infested 20 days 
old seedlings of the corn variety Bioseed 9909 at Purok 
Dalia, Barangay Pamantingan, Esperanza, Sultan Kudarat, 
Maguindanao last February 3, 2009. This is the first time 
that this pest was observed on corn in Mindanao (Fig. 3). 

Fig.1. Ventral (Left) and dorsal (Right) sections of adult 
Stibaropus pseudominor Lis
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The beetle is ochre brown. It measures 4.0 – 4.5 mm.  It 
closely resembles the size, shape and other morphological 
features of a corn silk beetle, Monolepta bifasciata 
(Hornstedt).  This new corn seedling pest lacks the black 
mark on the forewings of the above species (Fig. 4). It 
was not previously listed among the pest of corn in the 
Philippines (Gabriel, 2000).

Conclusion

Although the above two new pest records in corn 
are not yet causing large scale damages, it is im-
perative to conduct regular surveillance and pre-
vent population increase and subsequent infesta-
tions. 
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Fig. 4. Adults of Monolepta sp. feeding on corn 
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P_2.15:  Uncommon population increase of wooly bear 
caterpillars, Spilosoma sp. (Arctiidae: Lepidoptera) 
in corn at Los Baños and nearby towns in Laguna, 
Philippines
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Introduction
The wooly bear caterpillars, Spilosoma sp. are usually 

found in Ipomea obscura (L.) Ker-Gaw). In 2010, there was 
sudden and uncommon increase in population of this pest. 
These hairy caterpillars infest leaves of various plants and 
weeds (Shepard et al., 1999).

Objectives
This study was conducted from February 2010 – 

December 2010 at Los Baños and nearby towns in Laguna, 
Philippines in order to document the occurrence of the above 
pest primarily in corn and other crops. 

Materials and Methods
Field observations in corn and other crops at Los Baños 

and nearby towns were done. Whenever possible, a digital 

camera was used to record damages. The different crops 
attacked aside from corn were also noted and documented. 
The collected specimens were placed in 95% ethyl alcohol 
and deposited at the Plant Quarantine Support Laboratory, 
National Crop Protection Center, Crop Protection Cluster, 
U.P. Los Baños, College, Los Baños, Laguna, Philippines.

Results and Discussion
The wooly bear caterpillars attacked corn and other 

crops such as eggplants, okra (lady finger), patola (sponge 
gourd), ube (purple yam), paayap (cowpea), jute, banana and 
a number of weeds species in Los Baños, Bay and Calauan, 
Laguna from June 2010 onwards. Nearby provinces also 
noted the high population of this pest. The caterpillars even 
entered homes and pupated in ceilings, cracks and crevices. 
It caused anxiety to many people due to the thick menacing 
hairy appearance of the caterpillar. Spilosoma sp. was not 
previously listed as pest of corn in the Philippines (Gabriel, 
2000) (Fig. 1).

(a) (b) (c)

Fig. 1. Spilosoma sp. adult (a), wooly bear caterpillar (b), and cocoon and exposed pupa (c).
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The prolonged dry spell in 2010 could have triggered 
the aggregation of adults in remaining green areas and led 
to subsequent population increase. We compared the 2006 
- 2009 agrometeorology data at the Central Experiment 
Station, UP Los Baños with that of 2010. The results showed 
low rainfall from February (3.0 mm) up to May (9.1 mm) in 
2010 as compared to the previous four years.  The rainfall 
also increased in June to July 2010 at 171.2 mm and 762.5 
mm respectively. The dry period followed by two wet months 
could have led to the population increase of Spilosoma sp. 
The above dry and wet periods can be attributed to climate 
change based from the five years agrometeorology data. 
This phenomenon is similar to the locust outbreak in Central 
Luzon in the 90’s where dry environment due to ash fall 
predominated in breeding areas followed by strong rainfalls 
which led to population increase and subsequent migration 
in the central plains. Corn fields and other crops were 
devastated then (Cayabyab & Canlas, 2010).

The population increase of wooly bear caterpillar 
coincided with the population outbreaks of armyworms, 
Spodoptera spp. semi-loopers, Chrysodeixes eriosoma 
(Doubleday) and other lepidopterous pest of corn in various 
parts of the country. 

Conclusion
This pest should be closely monitored since it is the first 

time that it infested corn in the Philippines. Climate change 
can be attributed to the uncommon population increase of 
the wooly bear caterpillar in Los Baños, Laguna, Philippines 
and other localities. 
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Introduction
Post flowering stalk rots (PFSR), popularly known 

as charcoal rot are the most serious, destructive and 
widespread group of diseases in maize. Most of the 
commercially grown cultivars have shown a high level of 
disease incidence during grain filling stage .This disease 
is prevalent in most of the maize growing areas of India 
particularly where there is scarcity of irrigation especially 
after post flowering stage of the crop growth. Even though 
significant improvements in management have been made, 
stalk rots continue to be a serious problem (Kaiser, 1979; 
White, 1999). In recent years, this disease has gained 
considerable importance because number of pathogens 
were found to be associated with the disease known as “post 
flowering stalk rot complex” and is responsible for reduction 
in grain yield and decreases fodder quality.  (Sangit Kumar 
and MeenaShekar 2005).The pathogen responsible for the 
disease is Macrophominaphaseolina.  Since, significant 
progress could not be made to develop stalk rot resistant 
hybrids/ varieties and to understand the nature of disease 
inheritance, the present study was under taken.

Methods 
The experimental material for the generation mean 

analysis consisting 45 crosses with six generations (P1, P2, 
F1, F2BC1, BC2) was generated during, 2009 monsoon 
season at Maize Research Centre, ARI, Rajendrangar, 
Hyderabad. They were planted in a randomized block 
design with two replications during 2009-10 winterseason at 
Rajendrangar, Hyderabad. The test entries were artificially 
inoculated to study the inheritance of PFSR disease 
resistance. Each experimental plot consisted of two rows 
of 4 m length with spacing 75 x 20 cm between row and 
within row respectively, except F2, which consisted of four 
rows. Observations were recorded on five competitive plants 
from P1, P2, F1, 20 plants from B1 and B2, 30 plants from 
F2 generations for of each cross in each replication.Disease 
score was recorded after splitting of the stalks longitudinally 
in all inoculated plants by using 1-9 index scale (1=immune 

reaction; 9 = susceptible reaction; <5 = resistant reaction) 
suggested by Payak and Sharma (1983).The scaling tests A, 
B, C and D of Mather ,six parameter model as per Hayman 
(1958) were utilized to estimate various genetic effects 
(m, d, h, i, j and l) using Windostat 8.0 Advanced Plant 
Breeding package ( Indostat Services, Hyderabad) as per 
K.Hettiarachchi et al (2009)

Results 
Scaling tests for PFSR indicated inadequacy of simple 

additive dominance to explain the inheritance of these traits. 
Study of various main gene effects for PFSR revealed the 
importance of both additive ‘d’ and the dominance ‘h’ 
components in their expression.(Table 1). For post flowering 
stalk rot disease score, the positive direction of gene effects 
indicate susceptibility while negative direction (lower side) 
indicates resistance. Significant additive gene effects (d) in 
negative direction were found in 7 crosses. Varying levels 
of disease incidence in F2 generation indicated that the the 
inheritance is governed by many genes instead of one or 
two, which permitted to employ generation mean analysis 
to estimate variousgenetic components.The cross, BML-6 x 
BML-13 possessed more number of resistant genes which 
was evident from higher magnitude ‘d’ type of gene action.
Similarly, significant ‘h’ gene effects in negative direction 
were also observed in the cross BML-7 x BPPTI-35 
possessing relatively more number of resistant genes. 

Conclusions
Scaling tests indicated the presence of epistatis for 

all the crosses for post flowering stalk rot.Varying genetic 
componenrswere observed among the 45 crosses thus the 
nature of inheritance of PFSR resistance could be population 
specific. Both’d’and‘h’ variances were observed to be 
significant relatively with higher proportion of dominance 
variance in most of the crosses. Thebreeding procedure 
that  utilize both additive and dominance components, 
such as population improvement, recurrent selection with 
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intermating, may be suitable for improvement of such 
crosses. The epistasis was of complimentary type in seven 
crosses and duplicate type in 38 crosses for PFSR.As nature 
of inheritance to PFSR is population-specific, breeding 
methods to be adopted for the improvement is suggested 
population wise.
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Introduction
Bacterial stalk rot of maize is distributed widely in the 

tropical and subtropical zone worldwide. It can cause severe 
damage and yield loss in maize(White 1999). Recently, some 
new bacterial diseases were reported in maize production, 
such as brown stalk rot caused by Pantoea ananatis . P. 
vagans in South Africa was identified (Goszczynska et al. 
2007) ,also leaf blight and vascular wilt caused by Pantoea 
agglomerans (Morales-Valenzuela and Silva-Rojas 2007). 
During the summers of 2006-2009, a disease with dwarf, 
lopsided, and dry rot symptoms was frequently found 
on maize stalks in the seed production fields in Xinjiang 
and Gansu provinces and in experimentation nurseries at 
Beijing. This disease occurred only on the paternal parent 
PS056, but not on the maternal parent OSL190 of the hybrid 
variety Jinyu 9856. 

Methods 
Forty diseased plants were collected from maize fields 

in Xinjiang and Gansu provinces and the causal organism 
was isolated from brown tissues and then grown on 
nutrient agar (NA) and potato dextrose agar (PDA) plates, 
respectively. The purified bacterial strains were identified 
based on morphological, physiological and biochemical 
characteristics, pathogenicity test, 16S rDNA sequence, 
cellular fatty acid compositions and PCR amplification with 
species-specific primers (Delétoile et al. 2009).

Results
The typical symptoms of the disease were irregular dark 

brown spot on cortex and dry rot on stalk of maize. Infected 
plants were lopsided and male parents were not able to 
shed pollen onto the female parental lines. The symptoms 
of the disease were different from bacterial stalk rot caused 

by Pectobacterium carotovorum subsp. carotovorum and 
Dickeya zeae, also were different from brown stalk rot on 
maize caused by Pantoea ananatis and P. vagans in South 
Africa. The causal organisms were identified as Pantoea 
agglomerans based on its morphological, physiological 
and biochemical characteristics, pathogenicity test, PCR 
amplification with species-specific primer pairs Pa1/Pa2, 
analyses of 16S rDNA sequence and cellular fatty acid 
compositions. The isolates were rod-shaped, 0.5-1.0 × 1.0-
3.0 μm in size with peritrichous flagella. Based on those 
results the bacterium, Pantoea agglomerans, was confirmed 
firstly as the causal agent of dry stalk rot on maize. 

Conclusions 
Based on results of pathogen isolation and its 

identification on morphological, physiological and 
biochemical characteristics, pathogenicity test, species-
specific amplification with primer Pa1/Pa2, sequencing 16S 
rDNA and composition of cellular fatty acid a bacterium, 
Pantoea agglomerans, was identified as the causal agent of 
bacterial dry stalk rot disease on maize.
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Introduction
Curvularia lunata (Wakker) Boed, a causal agent of 

Curvularia leaf spot of maize, is distributed widely in the 
world and has been one of the major diseases in maize 
growing regions. While melanin and toxin are commonly 
considered as virulence factors of filamentous fungi to 
host plant (Macri et al.1976; Xu SF et al. 2007),chemical 
nature of toxin and integrative role  of toxin and melanin  
in pathogenicity have long been unknown Furthermore, the 
interaction of toxin production related gene and melanin 
synthesis gene of C. lunata is also little known. Therefore, 
in this study, we were first to identify  toxin nature and then 
understand the interrelation  of toxin production- related 
gene and melanin synthesis gene (Brn1) in expression in 
vitro and in vivo condition.  

Methods
Structure of toxin produced from the pathogen was 

identified by UV, LC-MS, EI-MS, 13C-NMR and 1H-NMR 
, and then the new toxin- related gene ,Clt-1was cloned and 
characterized .Melanin synthesis gene, Brn1 (3HNR) was 
also cloned. Afterwards we detected the coordinated action 
of Clt-1 and Brn1 in pathogen infection to host  plants by 
comparative proteomics and gene function analysis. To 
better understand the coordinated role of Clt-1 and Brn1 
in pathogen virulence mechanism,we used gene silencing 
approaches and gene knockout to construct transformants, 
then detect differential expression changes of Clt1 and 
Brn1in transformants. In order to fully exploit virulence 
network closely involved with Brn1, we screened some 
genes from yeast two hybrid cDNA library of Curvularia 
lunata.

Results
The toxin was firstly identified as methyl-5-

(hydroxymethyl)-furan-2-carboxylate, a new non-host 

specific toxin. Clt-1, a new toxin production -related gene, 
was found to enable to encode the deduced amino acid 
sequence with a conservative BTB function domain. We 
inferred that Clt-1 might be a crucial regulatory factor to  
mediate toxin production to some extent (Figure 1). We 
verified that Brn1 (1, 3, 8 trihydroxynaphthalene reductase)  
made a significant contribution to C.lunata virulence against 
maize. The first we demonstrated that Brn1 silenced -mutant 
T5 (Figure 2,A) exhibited a declined virulence to detached 
leaf, produced no detectable toxin (Figure 2,B) and also 
displayed the poor expression of Clt-1 . On the other hand, 
Clt-1 knock out mutant also lost Brn1 expression, which 
further implied that the synergistic expression of Clt-1 and 
Brn1 might form an complexe virulence factor partially 
mediating infection mechanism (Figure 3). All those findings 
indicated that there might be an linkage between the two 
genes mediating pathogen virulence, in other words, Brn1 in 
C. lunata was not only involved in 1,8-dihydroxynaphthalene 
melanin synthesis, but also relatively associated with toxin 
biosynthesis of the pathogen.

We also found that velvet factor might be a crucial 
protein interacting with Brn1 protein. The velvet factor is 
already known to be involved in the mediation of diverse 

Figure 1.  Toxin Assay of mutants, complementary 
transformant and wild type on TLC
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functions such as sclerotia formation and toxin production 
in other pathogenic fungi (Calvo et al.2004).The finding 
was valuable for globally understanding the role of Brn 1 in 
pathogenecity related network 

Conclusions
This is the first report on the chemical nature and 

biological features of toxin produced from Curvularia 
lunata in maize leaf spot. Comprehensive analysis indicated 
that some proteins and corresponding genes involved in 
the toxin production and melanin synthesis may work in 
a coordinated way during pathogen infection (Noe et al. 
2007), and further implied that the two genes-regulated 
metabolic pathways might be connected in some way or 
share a common transcriptional regulation modes. All 
those results mentioned above would lay the foundation for 
globally understanding the pathogenic mechanism of the 
fungus against maize leaf in the further research. 
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Introduction
Curvularia lunata, a causal organism of Curvularia 

leaf spot of maize, has been confirmed with significant 
virulence differentiation , and some evidences showed that 
the virulence differentiation might attribute to over long 
time use of resistant cultivars with too narrow genetics 
background mostly containing tropical or temperate 
germplasm. To better understand the mechanism of the 
pathogen virulence variation caused by long time-induced 
on resistant cultivars, we have carried out comparative 
proteomic and SSH analysis between the 11th generation 
strain from subinoculation on resistant maize population 
and non-subinoculation strain. We successfully detected 
some important proteins and genes involved in the potential 
virulence differentiation. However, the global understanding 
of networks composed of  those differential genes has not 
yet been fully elucidated. Therefore, we further investigated 
the differences of  the 11th generation subinoculation strain 

induced on resistant tropical population (Pob21) and the 
non-subinoculation strain from the view of transcriptome 
so as to provide new insight into the pathogenic genetic 
variation of C. lunata in nature

Methods
For Illumina sequencing, the total RNA of both samples 

was extracted using Trizol (Invitrogen), and treated with 
RNase-free DNase I (TaKaRa). The concentration of total 
RNA was determined by spectrophotometry, and total RNA 
integrity was assessed by denaturing formamide-agarose 
gel-electrophoresis. The cDNA libraries were prepared 
according to the manufacturer’s instructions (Illumina), 
and the products of the cDNA library were sequenced using 
the 1G Illumina Genome Analyzer. After removing reads 
containing sequencing adapters and reads of low quality, the 
remaining reads were assembled to unigenes using SOAP. 

Table 1 Proteins encoded by up regulated differential genes of C.lunata induced on resistant population

Proteins encoded by differential genes

proteinase inhibitor I1 translation initiation factor IF-2
ATPase NPA3 reticulon-4-interacting protein 1
kinesin light chain 1 histone acetyltransferase subunit (Yaf9)
multidrug transporter C6 zinc finger domain containing protein
endoglucanase II related to PET8 protein*
retinol dehydrogenase 12 DNA-directed RNA polymerase
DNA repair protein rad5 alcohol oxidase p68
peroxisome assembly protein 10 enoyl-CoA hydratase*
HET domain protein HC-toxin synthetase
leptomycin B resistance protein pmd1 ubiquitin carboxyl-terminal hydrolase
salicylate hydroxylase family 1 protein
pectin lyase A precursor IFN-inducible and antiviral protein
fructosyl amino acid oxidase lipase precursor
HPP family protein molybdopterin synthase small subunit CnxG
pantothenate transporter liz1 DUF1445 domain-containing protein*

* Expression only in the 11th generation strain.
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Blast2GO (version 2.4.8) was used to obtain the gene 
ontology (GO) terms of each unigene of C. lunata, and for 
GO functional enrichment analysis of certain genes.

Results
Approximately 576 genes were found to exhibit 

significant differential expression in 11th generation strain 
from subinoculation on resistant host as compared with non-
subinoculation strain, in which 373 genes were up-regulated, 
and 203 genes were down-regulated. Of these differentially 
expressed genes, genes involved in metabolic process, 
catalytic activity, binding and transporter activity may be 
associated with the pathogen potential variation in virulence 
consecutively induced by resistant population. Moreover, 
30 up- regulated genes were predicted to be crucial to the 
variation (Table 1). 

Conclusions
The pathogenicity differentiation of C. lunata involved 

several regulation network. Genes concerned with metabolic 
process, catalytic activity, binding and transporter activity 
may play a  crucial role in the pathogenicity variation 
of C. luanta.The further analysis towards function and 
interrelation of those differential genes in pathogenicity 
potential variation is under way.   
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Introduction
Corn sheath rot was a new disease which was firstly 

discovered in China in 2008 and widespread rapidly at 
northeast and other corn planting regions (Xu et al. 2008). 
It was reported that the purple sheath disease of corn 
occurred in American in 2005, which took place during 
the phase of corn silk and speculated sheath rot may be 
caused by Fusarium spp.or bacterium (White et al. 2005). 
But there was little knowledge on the disease occurrenced 
mechanism and absent effective control measures by now. 
Four typical symptom phenotypes of the disease were 
identified, which collected from 35 regions of 7 provinces in 
China. The research, focused on identification of pathogen 
and pathogenic mechanism of corn sheath rot, will provide 
us a theoretical basis for preventing the occurrence of the 
disease.

Methods
Samples of corn sheath rot were collected from 50 

regions in seven provinces of China. The morphological 
investigations and molecular diagnoses were tested on 
pathogens isolated from each sample. The genetic diversity 

of the main disease pathogen was analyzed by inter-simple 
sequence repeat–polymerase chain reaction (ISSR-PCR) 
technique (Liu and Wendel 2001). Pathogenicity and the 
pathogenic mechanisms of Fusarium spp. were conducted 
according to conventional methods.

Results
Fusarium spp. cultures were identified from all 

diseased tissues (Fig.1). The analysis of nucleotide 
sequences of the complete rDNA ITS region of 50 isolates 
from four phenotypes showed 94% to 100% identities to 
F.proliferatum. But F.moniliforme and F.graminearum were 
also separated from part of regions. The genetic diversity 
results showed that there existed high polymorphism of 
corn sheath rot pathogen in China and 51 fragments were 
amplified from 41 isolates, polymorphic loci were 36 which 
accounted for 70.6% in the total amplified fragments.

The results of pathogenicity test showed that the 
incidence and disease index caused by F. proliferatum were 
higher than by F. moniliforme and F. graminearum, even 
those pathogens  were all isolated from the same samples. 
With further study on the pathogenic mechanisms of those 

Figure 1. Morphological character of Fusarium proliferatum
A, Colonial morphology. B, Macroconidia. C, Microconidia.

A B C
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pathogens, we found that the activities of extracellular cell 
wall degrading enzymes (PG, CX, PMG, PGTE and PMTE) 
and the cell membrane damage level caused by different 
cell wall-degrading enzymes (CWDEs) produced from 
F.proliferatum were higher than those from F.moniliforme 
and F. graminearum. Especially, the activities of PG, CX, 
and PMG were much higher than that of PGTE and PMTE.

Conclusions
It was initial cleared that corn sheath rot was caused 

by F.proliferatum mainly and there were high polymorphism 
among the pathogens. The activities of PG, CX, and PMG 
produced by Fusariums sp. were much higher than that of 
PGTE and PMTE.

References
Xu, X.D., et al. 2008. Scientia Agricultura Sinica 41(10): 3083 – 

3087.

White, D.G., et al. 2005. Urbana-Champaign: University of Illinois 
Board of Trustees.

Liu, B., and J.F. Wendel. 2001. Molecular Ecology Notes 1: 201 
– 208.



135

Technical Session 2: Biotic Stress Resistant Maize

P_2.21:  Characterization and function analysis of the genes 
involved in melanin biosynthesis pathway of the 
phytopathogenic fungus Setosphaeria turcica

Z.Y. Cao, X. Zhang, X. Zhan, Z.M. Hao, L.L. Wen, Q. Yu, J.G. Dong*

The National Maize Industry Technology RD Center, MOA, Mycotoxin and Molecular Plant Pathology Laboratory, Agricultural Univer-
sity of Hebei, Baoding 071001, P.R. China
*Author for correspondence: dongjingao@126.com

Introduction
DHN melanin is common in ascomycetous and imperfect 

fungi, which can protect microorganisms against UV light 
and the action of microbial lytic enzymes (Wu et al. 2008). 
Melanin is considered as one of the important virulence 
factors in regard to the melanization of the appressorial 
cell wall and the penetration process in phytopathogenic 
fungi (Bassam et al. 2002). It was reported that a polyketide 
synthase, two hydroxynaphthalene reductases, one scytalone 
dehydratase and an oxidative dehydratase were involved in 
the process of fungal DHN melanin biosynthesis (Eliahu et 
al. 2007). Setosphaeria turcica is a filamentous, heterothallic 
ascomycete that causes northern corn leaf blight (NCLB). 
The fungal penetration into host epidermal cells requires the 
melanization of the appressoria.

Materials & methods

In this research, melanin in cell wall of S. turcica was 
extracted and defined by diagnostic tests, UV-Vis spectrum, 
infrared spectra and molecular identification (Bassam et al. 
2002; Bashyal et al. 2010). Genes of S. turcica, involved 
in DHN melanin biosynthesis pathway were cloned , whose 
functions were confirmed through analysis of bioinformatics, 
inhibition test of gene expression by adding specific 
inhibitor or, the gene-knockout and RNAi  experiment with  
transformation vectors pSilent-1 and pUCATPH.

Results & discussion

Six genes were cloned and named as StPKS (GenBank: 
HQ639682), StSCD (GenBank: DQ993186), St4HNR 
(GenBank: EU494943), St3HNR (GenBank: No.EU681832), 
StLAC1 and StMR, which encoded polyketide synthase, 
scytalone dehydratase, naphthalene reductase, laccase and 
a transcription factor respectively. All of them shared high 
amino acid homology with the corresponding proteins in 
other phytopathogenic fungi. The StPKS gene was involved 
in DHN melanin biosynthesis, mycelial development, conidia 

and appressorium formation and the ability of penetration. 
Carpropamid, a specific inhibitor of scytalone dehydratase, 
could inhibit the conidial germination and appressorium 
production of S. turcicum in 24 hours. Homology analysis 
showed that St3HNR and St4HNR belonged to two groups 
of reductase and catalyzed different substrates. The St3HNR 
gene-disruption mutants exhibited brownish-red colony, 
colourless hypha and conidia, weakened turgor pressure and 
penetration of appressorium, slow vegetative growth rate 
and low pathogenicity on health host. The mutant ℃StLAC1 
displayed a gray-white colony, transparent and irregular-
shaped mycelium, slower vegetative growth rate and 
decreased laccase activity. It could not produce conidia and 
the weakened turgor pressure resulted in low penetration 
ratio of appressoria. These results revealed that StLAC1 
gene was involved in melanin biosynthesis, penetration 
of appressoria and conidial formation, respectively. Six 
StMR RNAi transformants exhibited less-pigmented color 
colony, transparent and curl hypha and the loss of conidial 
production.

Conclusions

It was concluded that all genes above mentioned were 
confirmed to be involved in melanin biosynthesis and some 
of them related to penetration of appressoria, pathogenicity, 
respectively. This research was helpful in understanding the 
function of melanin in S. turcica.in the process of infecting 
hosts.
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Introduction
Banded leaf and sheath blight (BLSB) caused by 

Rhizoctoinia spp., has been widespread in the corn-
producing areas in the world, and became one of the major 
diseases in China. Until now it has occurred in 1.33 million 
ha every year. In southwest China, BLSB ocurred more 
seriously due to local climate condition often under high 
temperature and high humid. But the situation could be 
changed  by the replacement of maize varieties and changes 
in farming systems. So far little is known on the Rhizoctonia 
population structure in maize growing areas of sourthwest 
China ,therefore identification of the pathogen population 
structure would provide a strong basis for better control 
BLSB,. 

Methods
550 maize tissues with significant symptoms and sclerotia 

were collected from 2007 to 2010 in commercial fields in 
southwest China. Pathogens were isolated by the water agar 
method (Zhou et al. 1998). The hyphae were stained by the 
improved Heidenhain’s-hematoxylin method to determine 
nuclear number. The anastomosis groups were identified with 
standard Rhizoctoina isolates by the slide pair culture method 
(Parmeter et al. 1969; AKIRA Ogoshi et al. 1972).

The genomic DNA of 20 representative isolates 
from different groups were extracted by CTAB method. 
Universally Primed PCR (UP-PCR) was carried out and the 
product was electrophoresed in 1.7% agarose. ‘1’ or ‘0’ was 
recorded the presence or absence of bands. The similarity 
coefficient was calculated by STMQUAL program and 
dendrogram was built by UPGMA program.

Results
85 isolates were obtained from 550 diseased samples 

collected in 36 counties (or cities) in southwest China 
(Sichuan , Guizhou , Yunnan and Chongqing). 253 isolates 
were identified as Rhizoctonia solani and Rhizoctonia 
zeae according to colony morphology and the numbers of 
nucleus. The result of hyphal anastomosis showed that the 
isolates of R.solani were assigned to 5 anastomosis groups 
(AG): AG1-IA (201 isolates, accounting for 79.4%), AG1-
IB (2, 0.8%), AG2-2IIIB (3, 1.2%), AG4-HGI (10, 4.0%) 
and AG-5 (8, 3.2%). The 21 isolates of R. zeae belonged 
to WAG-Z. 20 representative isolates were further analyzed 
with UP-PCR (Universally Primed PCR). The isolates 
were divided into 6 groups (Rhizoctonia Groups) when the 
similarity coefficient was 0.78, which totally matched with 
the result of anastomosis group identification analysis.

Table 1. Distribution and constitution of Rhizoctonia spp. from sheath blight in southwest China

Species
Anastomosis 

group Frequency %

Distribution

TotalSichuna Guizhou Yunnan Chongqing

R. solani AG1-IA 79.4% 130 50 12 9 201
R. solani AG1-IB 0.8% 2 2
R. solani AG2-2IIIB 1.2% 2 1 3
R. solani AG4-HGI 4.0% 6 4 10
R. solani AG5 3.2% 2 2 4 8
R. zeae WAG-Z 11.5% 21 6 2 29
Total 161 59 24 9 253
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Conclusions
The results showed AG1-IA was the major anastomosis 

group in the southwest China, followed by WAG-Z. This was 
consistent with results of Gao (1987), Li (1998) and Cheng 
(1995), but Li obtained binucleate Rhizoctonia in Sichuan 
province, while AG2-2IIIB was isolated in this study. This 
difference could be caused by sites of the samples collection. 
The result of UP-PCR clustering matched with that of 
anastomosis group identification. Meanwhile, the cluster 
result indicated that there were no significant correlation 
between the genetic similarity and geographic location 
among the isolates within the same AG.

Figure 1. Dendrogram of 20 isolates on their DNA level
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Introduction 
Aflatoxins are toxic secondary metabolites produced 

by fungi Aspergillus. They are most potent carcinogens 
that cause disease in live stock (CAST 2003: Georggiett 
et. al 2000). Significant economic losses are associated 
with their impact on human health, animal productivity and 
both domestic and international trade. It is estimated that 
25% of the world’s food grains are affected by mycotoxin 
producing fungi (Smith et. al 1994). There are many 
highly specific and sensitive methods for detecting and 
estimating aflatoxin concentration in commodities or in 
cultures such as HPLC, ELISA and TLC etc. (Stroker and 
Anklam 2006). These methods are expensive and time 
consuming. Chromatographic methods require extraction, 
purification by using a mixture of water and a polar organic 
solvent which is very expensive. Ammonia vapour test to 
characterize A. flavus isolates for their toxigenic potential is 
a rapid and inexpensive method. The result of this method 
was compared for accuracy and reliability with TLC and 
indirect ELISA method during the present investigation.

Methods 
A total of 52 isolates of A. flavus obtained from maize 

grain samples of various genotypes collected from different 
maize growing areas of India, were isolated on culture plates 
containing Potato Dextrose Agar medium. Pure culture of A. 
flavus was obtained by single hyphal technique. Sub culturing 
was done on separate culture plates, three replication of each 
isolate was maintained.  Cultures were incubated for seven 
days at 27-29°C. Ammonia vapour test was done on seven 
days old culture. Ammonia vapour test was done by using 
2 ml of concentrated ammonia solution (SRL Extra pure 
AR Grade), poured inside of the lid of culture plate (Saito 
and Machida 1999). The confirmation of AFB1 on these 
cultures was done by TLC using slightly modified technique 

of AOAC. Estimation of AFB1 was done by using indirect 
ELISA method by eluting the spot of aflatoxin obtained on 
TLC plate in 1 ml acetonitrile separately in 5 ml vials.

Results 
The underside of culture plates of AFB1 producing 

isolates of A. flavus turned into plum red on exposure to 
ammonia vapours. Various degree of colour change viz; 
plum red, red, pink & creamish colour was observed. On 
the basis of degree of colour change the isolates were 
categorised as highly toxic, toxic, moderate toxic and non 
toxic respectively. Presence of AFB1 in culture was confirmed 
by TLC. Results obtained by ELISA were categorised very 
high for the isolates >400 ppm (4000000 ppb). Highest 
toxic isolate Af-22 858.32 ppm (858230ppb) obtained from 
Hyderabad turned into plum red colour on exposing with 
ammonia vapour. Likewise, isolates categorised as nontoxic 
in ammonia test, produced 20 or less than 20 ppb AFB1 these 
are Af-5, 16, 17, 28, 48 (Table 1). The lowest conc. observed 
in Af-28 and Af-17 from Karnal & Begusarai respectively. 
However there were difference in results of culture method, 
TLC and ELISA there was approximately 87% agreement 
with ELISA and culture method.

Conclusions
The culture method was compared with TLC in 26 

isolates of A. flavus isolated from maize grains, were 
in agreement up to 92% with the result of TLC (Kumar 
Sangit et. al. 2006). There has been increased demand for 
monitoring aflatoxin in developing countries in South East 
Asia and sub Saharan Africa where high incidence of liver & 
other cancers prevail (Waliyar et al 2009). There is a need for 
simple cost effective technologies for aflatoxin detectionin 
A. flavus isolates. Present study demonstrated that this low 
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cost technology can be used for screening toxic isolates of 
Aspergillus .This culture assays would be ideal for ecological 
& genetic studies where large population of Aspergillus was 
characterized for aflatoxin production (Abbas et.al 2000) 
Many developing countries like India, where aflatoxin is a 
problem, have difficulty in screening potentially toxigenic 
isolates of A. flavus because the analytical laboratory is 
highly expensive and difficult to maintain. The culture 
method and analytical methods have not been compared in 
detail in A. flavus isolated from maize grains so far. These 
culture and analytical methods was compared in fungus A. 
flavus, isolated from maize grain sample collected from 
different maize growing part of India.
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Table 1. Estimation/characterization of aflatoxin from Aspergillus isolates from maize grain using ELISA method
S.No Conc. (ppm) Categories Aspergillus  Isolate  Numbers

1 >400 ppm Highly toxic 3, 11, 12, 20, 22, 23, 34,

2 100-400 ppm Toxic 1, 4, 14, 15, 18, 19, 24, 26, 30, 49, 50,
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Introduction
In 2007, a new, extremely serious problem of Gray Leaf 

Spot (GLS) was confirmed. This disease, never reported 
in Bhutan (De Leon, 2007), caused a production loss of 
over 6500 MT and was a serious threat to the household 
food security. As a long term and sustainable approach 
to contain the disease, evaluation and selection of GLS 
tolerant open pollinated maize varieties (OPVs) was started 
with introduction of over 100 genotypes from CIMMYT. 
These materials were evaluated in a disease hotspot site 
and subjected to participatory variety selection. Of all the 
materials tested, ICAV305 and S03TLYQAB05 were found 
to be most promising and have been released to the farmers.

Materials and Methods 
Introduction and adaptation of GLS tolerant varieties was 

seen as the most sustainable approach to contain the devastating 
GLS disease. In 2007, over 100 GLS tolerant maize OPVs were 
introduced from CIMMYT Colombia, Mexico, Zimbabwe 
and Nepal. These materials were initially evaluated in a GLS 
hot spot site at Chaskar, 1960 masl.  GLS incidence was 
monitored and scored based on the standard CIMMYT scale 
of 1-5 which was also guided by the visiting  maize  scientist 
from CIMMYT Nepal.  The best GLS tolerant materials were 
selected. In 2008, 15 most promising entries were selected 
and evaluated in multi-location trials. Based on the tolerance 
to GLS, Turcicum Leaf Blight (TLB), grain yield, and other 
important  agronomic characteristics, further selections were 
made. These genotypes were also subjected to Participatory 
Variety Selection (PVS) involving farmers. At the end of this 
process, two genotypes, ICAV305 and S03TLYQAB05, have 
been recommended for release to the farmers.

Results and Discussions
Field trials conducted showed that  among the 

materials introduced from different sources, the genotypes 

Table 1.  Performance of 15 selected entries in 5 different 
locations in 2009

Pedigree

Mean (5 Locations)

GLS* 
(1-5)

TLB 
(1-5)

Yield 
(t/ha)

Cap. Miranda 99Bact1F-1 1.9 1.9 5.94
Granada 01Phaeo1AS2 1.7 1.7 5.31
Turipana 01DMR 1D(1) 1.9 1.7 5.40
GLSIY01HG”A” 2.0 1.6 4.16
GLSIY01/SPMAT 1.9 1.7 4.76
ACROSS S9624-1 1.8 1.7 4.35
Menegua 01 Phaeo 1.7 1.6 4.03
Granada 03Poly1A(SA4) 1.8 1.8 3.57
Villavicencio 03Asp1C(QPM) 2.2 1.7 4.05
Villavicencio 03Asp1C(LET-
EARLY)

1.9 1.8 4.51

Villavicencio 03Phaeo1A(SA4) 1.9 1.7 5.28
Villavicencio 03Phaeo1A 
(Elites)

2.2 1.7 3.90

Cimcali 03HCG1A 1.9 1.7 5.26
S03TLYQ AB05 1.9 1.8 4.15
ICA V305 1.9 1.9 5.35
Yangtsipa 2.0 1.7 5.57
Local Check 2.1 1.8 5.45
F Prob.( p>0.001)
Location (L) ** ** **
Entry (E) ** ns **
L x E ** ns ns
S.E.D 0.2435 0.3122 1.339
CV (%) 13 18 28

*  Disease score based on scale of 1-5; where 1= No lesion 
visible, 5= all the leaves dead

introduced from CIMMYT Colombia were found to be 
the most promising (Katwal, 2007).  In 2008, the 15 most 
promising entries were selected for further evaluation based 
on GLS and TLB incidence, grain yield, and other important 
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agronomic traits. In 2009, the selected entries were evaluated 
in the farmer’s field in five different locations. Most entries 
showed significant tolerance to GLS as compared to the 
standard checks Yangtsipa and the farmers local variety 
(Table 1 ). 

In 2009 at Chaskar, a farmer’s field day was organized 
at the time of harvest and PVS was conducted involving 
farmers. Based on farmer’s selection criteria, which 
included tolerance to diseases, plant height, husk cover, 
grain type and yield, farmers selected four entries namely 
Cap. Miranda 99Bact1F-1, Villavicencio 03 Asp1C(LET-
EARLY)) , S03TLTQ AB05 and ICA V305. These four 
selected entries were further evaluated in a multi-location 
trial in 2010 season. Based on the mean performance of three 
years and farmer’s preference, two genotypes S03TLTQ 
AB05 and ICA V305 were proposed for release. Although 
large differences are not seen for tolerance to GLS, these 
new genotypes have better tolerance when there is an early 
incidence of the  disease as compared to the standard check 
and the local varieties. The genotype S03TLYQ AB05 is 
a Quality Protein Maize (QPM) and will have an added 
advantage of higher nutritional quality. The average yield 
potential of these varieties are about 4.75 t/ha (Table 2).

Table 2. Mean performance of four selected entries.

Pedigree

2008 2009 2010 Mean

GLS* TLB*
Yield 
t/ha GLS TLB

Yield 
t/ha GLS TLB

Yield 
t/ha GLS TLB

Yield 
t/ha

Cap. Miranda 99Bact1F-1 2.3 3.1 3.68 1.9 1.9 5.94 2.1 2.2 5.27 2.1 2.4 4.96
Villavicencio 
03Asp1C(LET-EARLY) 2.8 2.4 4.41 1.9 1.8 4.51 1.9 2.1 2.48 2.2 2.1 3.80

S03TLYQ AB05 2.8 3.0 5.31 1.9 1.8 4.15 2.1 2.1 4.78 2.3 2.3 4.75

ICA V305 2.8 2.8 5.25 1.9 1.9 5.35 2.1 2.2 3.83 2.3 2.3 4.81

Yangtsipa 3.1 3.1 5.82 2.0 1.7 5.57 2 2.2 5.33 2.4 2.3 5.57
Local 3.3 3.4 3.82 2.1 1.8 5.45 2.5 2.4 3.96 2.6 2.5 4.41

* Disease score based on scale of 1-5; where 1= No lesion visible, 5= all the leaves dead

Conclusion
The new genotypes have shown much higher tolerance 

to GLS and TLB, and have been preferred by the farmers 
as they have yellow grains. These new genotypes are 
still undergoing adaptation in different locations. In the 
circumstances where there will be an early outbreak of GLS, 
the new genotypes will show much higher tolerance to GLS. 
Large scale demonstrations of the two tolerant genotypes 
have been started in the 2011 season in farmer’s fields.
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Introduction
Maize (Zea mays L.) is the third most important crop 

among the cereal crops grown in India. Maize acreage and 
production have an increasing tendency with the introduction 
of hybrids due to its high yield potential. A good number 
of inbreds developed recently is available at the All India 
Coordinated Research Project on Maize, ZARS, Mandya 
whose combining ability was not studied for utilization in 
hybrid development programme. The present study was 
conducted to assess the general combining ability effects of 
parents and specific combining ability effects of hybrids for 
yield and yield related traits and explore their use in hybrid 
development. Sorghum downy mildew (SDM), caused by 
Peronosclerospora sorghi, is a major disease in maize that 
seriously limits crop cultivation in some parts of India. The 
resistance identified so far is of polygenic nature. Hence, an 
attempt was made to validate markers linked to sorghum 
downy mildew resistance.

Materials and methods
The experiment was conducted by crossing thirty four 

lines and five testers in a line x tester mating design during 
kharif 2008. The generated 170 F1’s along with parents 
(34 lines and five testers) were evaluated in a Randomized 
Complete Block Design with two replications at Zonal 
Agricultural Research Station, V.C. Farm, Mandya, UAS, 
Bangalore during Rabi/summer 2008-09, Kharif 2009 and 
at Agricultural Research Station, Honnavile, Shivamogga 
during Rabi 2008-09. Each entry was grown in one row of 
4 m length with a spacing of 75cm between rows and 20cm 
between plants. Efforts were made to validate SSR markers 
linked to QTLs reported to be implicated in resistance to 
Sorghum downy mildew (Agrama et al., 1999; George et 
al., 2003; Nair et al., 2005; Sabry et al., 2006) in the F2 
population derived from the cross between lines MAI 105 
(resistant) and CM 500 (susceptible).

Results and discussion

The ratio of SCA/GCA variance revealed that there was 
preponderance of non additive gene action in the expression 
of all the traits under study. Similar results were also reported 
by Abdel-Moneam et al., 2009. Inbred lines viz., MAI 708, 
MAI 109, MAI 111, MAI 121, Cymt 3 and Cymt 30 were 
identified as good general combiners for yield and yield 
attributing characters. Testers MAI 105 and CM 202 were 
identified as good general combiners for grain yield. Among 
the hybrids MAI 109 X MAI 105, MAI 109  X CM 202, 
Cymt 30 X NAI 137, Cymt 3 X SKV 50, Cymt 3  X CM 202, 
SKV 14 X NAI 137, MAI 708  X CM 202, MAI 723  X CM 
202, MAI 112 X CM 500, MAI 104 X MAI 105, MAI 118 
X SKV 50, MAI 121 X SKV 50, MAI 107  X CM 202, MAI 
121 X MAI 105, SKV 48  X CM 202, SKV 5 X MAI 105 and 
SKV 65 X SKV 50 exhibited highest significant sca effects 
and high heterosis over standard checks for yield and yield 
attributing traits. The conditional probability of crosses with 
higher mid-parent heterosis and specific combining ability 
is higher when at least one of their parents has high general 
combining ability was observed. Lines which had higher 
GCA effects can be used in synthetic variety development 
more effectively. 

A progeny consisting of 159 F2 plants, along with the 
parental lines, was evaluated in the national sorghum downy 
mildew screening nursery at Mandya during rabi 2009. The 
parental screening with eight primers reported to be linked 
to sorghum downy mildew resistance revealed that the SSR 
markers bnlg1893, phi078, phi102 and mmc0241 failed to 
differentiate the resistant and susceptible parents where as 
the other markers nc013, bnlg 1154, phi 073 and bnlg1702 
clearly differentiated the parents (Fig 1). When these four 
markers were tried on resistant and susceptible bulks, they 
failed to distinguish bulks as both showed heterozygosity 
at these loci. When they were tried on individuals used for 
constituting bulks amplification pattern was not consistent 
with the phenotypes and this could be due to a combination 
of various factors indicating the necessity for identification 
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of new and stable markers linked to QTLs to aid in effective 
marker assisted breeding.

Conclusions
Combining ability analysis revealed that gca/sca ratio 

was less than unity for all studied traits indicating that these 
traits are predominantly controlled by non-additive gene 
action. Based on GCA estimates, it could be concluded that 
the best combiners were MAI 708, MAI 109, MAI 111, MAI 
121, Cymt 3 and Cymt 30 for most of studied traits. The 
best crosses identified should be evaluated over locations 
and years for testing their utility for commercialization. 
Failure to validate SSR markers linked to sorghum downy 
mildew signified that new markers closely linked to QTLs 
for effective marker assisted selection should be identified. 

Fig 1.  Parental [1-CM 500 (Susceptible), 2-MAI 105 (Resistant), 3-CM 202 (Susceptible), and 
4-SKV 50 (Resistant)] polymorphism revealed by SSR markers in PAGE (4%). 

References
Abdel-Moneam, M.A., A.N. Attia, M.I. El-Emery and E.A. Fayed, 

2009. Pak. J. Biol. Sci., 12: 433-438.

Agrama H.A., Moussa M. E., Naser M. E., Tarek M. A. and Ibrahim 
A.H. 1999. Theor. Appl. Genet., 99:519–523.

George M. L. C., Prasanna B. M., Rathore R. S., Setty T. A. S.,  
Kasim F., Azrai M., Vasal S., Balla O., Hautea D., Canama 
A., Regalado E., Vargas M., Khairallah M. and Jeffers D. 
2003. Theor. Appl. Genet., 107: 544–551.

Nair S. K., Prasanna B. M., Garg A., Rathore R. S., Setty T. A. S., 
and Singh N. N. 2005. Theor. Appl. Genet., 110: 1384–1392.

Sabry A., Jeffers D., Vasal S. K., Frederiksen R. and Magill C. 
2006. Theor. Appl. Genet., 113:321–330.



144

Book of Extended Summaries for the Eleventh Asian Maize Conference

P_2.26:  High yielding maize hybrid NAH-1137 (Hema), 
resistant to downy mildew, Turcicum leaf blight and 
Polysora rust

K. T. Pandurange Gowda, T. A. Sreerama Setty, Puttarama Naik, D. Shobha, K. S. Arpitha and M. K. Govardhan

ZARS, V.C.Farm, Mandya 571405, Karnataka, India
Author for correspondence: pandu2049@yahoo.com 

Introduction
Downy mildew, Turcicum leaf blight and Polysora 

rust are the three major constraints for maize production 
in Karnataka. The loss in grain yield from 10-90% due to 
Downy mildew and 46% due to Turcicum leaf blight was 
recorded (Gowda et .al., 2002). Farmers are demanding 
for disease resistance, high yielding late maturity hybrids 
particularly for endemic areas. Late maturity maize hybrid, 
NAH-1137(Hema) was developed, that provides resistance 
to Downy mildew, Turcicum leaf blight and Polysora rust 
diseases coupled with higher yield. It is a stay green, medium 
tall which matures in 120 days.

Materials and methods

Experiments were conducted during 2004-07 in kharif 
and rabi seasons at ZARS, V.C. Farm, Mandya and ARS, 
Naganahalli with test hybrid NAH-1137(Hema), public 
checks (NAH-2049, Ganga-11, DMH-2) and private check 

(Cargil-900M) in six rows of three replications with spacing 
of 60 X 30 cm. These hybrids were screened for downy 
mildew at ZARS, Mandya and for Turcicum leaf blight at 
ARS, Naganahalli under artificial epiphytotic condition. 
Observations on incidence of downy mildew (%), turcicum 
leaf blight (1-5 scale) and polysora rust (1-5 scale) were 
recorded. The data on grain yield were also recorded.

Results and Discussion

Four years data reveled that NAH-1137(Hema) 
is superior over all the existing hybrids. The mean 
Downy mildew incidence in single cross hybrid NAH-
1137(Hema) was 4.75 and 4.53 per cent respectively, 
while it was comparatively higher in public checks NAH-
2049(Nithyashree), Ganga-11, DMH-2 and private check 
Cargil-900M which recorded 12.0, 12.4, 55.75 and 10.93 
per cent respectively in khairf and 9.30, 7.40, 50.40 and 9.07 
per cent during rabi season (Table 1). Turcicum leaf blight 
incidence in NAH-1137(Hema) was 1.63 and 1.83compared 

Table 1:  Reaction of NAH-1137 against downy mildew (%), Turcicum leaf blight and polysora rust incidence (1-5 scale) in 
comparison with Public and Private maize hybrids

Sl No. Genotypes

Downey mildew incidence 
(%)

Turcicum leaf blight incidence 
(1-5 Scale)

Polysora rust incidence
(1-5 Scale)Kharif Rabi Kharif Rabi

1 NAH-1137 4.75 4.53 1.63 1.83 1.25

2 NAH-2049
(Pub. C) 12.0 9.30 2.13 2.17 1.25

3 Ganga-11
(Pub. C) 12.4 7.40 3.25 3.83 2.5

4 DMH-2
(Pub. C) 55.75 50.40 2.88 2.83 3.13

5 Cargil-900M
(Pri. C) 10.93 9.07 3.5 4.17 4.63
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to checks viz., NAH-2049(Nithyashree), Ganga-11, DMH-
2 and Cargil-900M which recorded 2.13, 3.25, 2.88 and 
3.5 during kharif and 2.17, 3.83, 2.83 and 4.17 in rabi, 
respectively in The scale of 1-5. The mean Polysora rust 
incidence in NAH-1137(Hema) was comparatively less than 
checks (Table 1). The hybrid NAH-1137(Hema) having 
multiple disease resistance also recorded higher yield 
(112.25 q/ha at both the locations viz., ZARS, Mandya and 
113.68q/ha at ARS, Naganahalli) (Table 2).

Conclusion

NAH-1137(Hema) hybrid was released for Karnataka 
state during 2010 has multiple disease resistance and higher 
yield performance compared to other public/private hybrids. 
Added to this, farmers can harvest matured cob along 
with green fodder. NAH-1137(Hema) is boon for maize 
cultivators which reduce the fungicidal application cost by 
providing disease resistance with higher yield. 

Table 2: Performance of NAH-1137 in comparison with Public and Private sector maize hybrids (Grain yield (q/ha))

Sl No. Genotypes

ZARS, Mandya ARS, Naganahally

Kharif Rabi Kharif Rabi

1 NAH-1137 112.25 105.9 113.68 102.26

2 NAH-2049
(Pub. C)

98.55 94.6 100.25 89.60

3 Ganga-11
(Pub. C)

69.32 67.26 70.12 66.7

4 DMH-2
(Pub. C)

65.57 63.66 66.22 52.33

5 Cargil-900M
(Pri. C)

83.13 75.6 82.45 81.97

Pub. C. = Public Check; Pri. C. = Private Check
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potential in maize
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Table 1.  Lines combining heat and drought tolerance identified from the DTMA association mapping panel as a result of 
screening under managed stress in 9 environments

Pedigree 

Drought stressed trials Well-watered trials

Yield  
(t ha-`) 

Days to 
anthesis ASI 

Yield 
(t ha-1) 

Days to 
anthesis 

DTPYC9-F46-1-2-1-2 2.66 72 0.7 7.35 73 
La Posta Seq C7-F64-2-6-2-2 2.51 75 1.3 7.88 76 
DTPWC9-F24-4-3-1 2.49 73 1.4 7.27 74 
DTPYC9-F46-1-2-1-1 2.48 72 1.9 7.14 74 
CML442/CML312SR (check) 2.09 77 6.0 7.52 80 
CML442/CML444  (check) 2.00 80 3.7 7.19 77 
Mean 2.13 74.5 4.3 6.90 76.2 
LSD 0.81 2.0 3.7 1.26 2.5 

Introduction
Smallholders in the tropics and subtropics need hybrids 

combining high yield potential (YP) with tolerance to 
abiotic stress.  Developing such varieties requires sources 
of resistance and effective screening methods. CIMMYT’s 
approach has focused on simultaneous selection for yield 
under optimal conditions, yield under managed drought 
stress applied at flowering; and yield in N-depleted fields. 
Although gains in both stress tolerance and YP have been 
made, greater emphasis on YP will be needed in Asia.  
We review CIMMYT’s progress in improving both stress 
tolerance and YP, and discuss breeding approaches that have 
the potential to increase genetic gains for both.

Combining high YP and tolerance to drought and 
low N fertility CIMMYT’s experience

For over 30 years, CIMMYT maize scientists have 
selected within broad-based and biparental populations for 
average performance across optimally-managed, drought-
stressed, and low-N screening trials. For drought screening, 
CIMMYT breeders use a managed-stress (MS) screening 
protocol targeting tolerance to flowering-stage drought, 

by withholding irrigation approximately 4 weeks before 
anthesis, generating a 60-70% yield reduction relative to 
well-watered controls.  MS screening for tolerance to low N 
fertility is similarly conducted in unfertilized fields that have 
been depleted for organic matter and N.  In early selection 
cycles, gains were substantial for both drought and low-N 
tolerance, averaging 100 (Edmeades et al. 2008) and 75 kg 
ha-1 yr-1 (Lafitte et al., 1994) respectively.  By 2002, these 
gains had been exploited by CIMMYT to develop hybrids 
for Southern Africa that out-yielded available commercial 
hybrids in low-yield trial, and that were on par with them 
in high-yield environments (Banziger et al., 2006).  Gains 
in farmers’ fields resulting from this breeding pipeline 
have been about 50% under low-yield conditions and 
30% under high-yield conditions over the past 15 years 
(CIMMYT, unpublished data).  Recently, evaluation in 
9 MS trials of a diverse CIMMYT association mapping 
(AM) panel assembled for the Drought Tolerant Maize for 
Africa (DTMA) project has clearly identified highly drought 
tolerant (DT) donor lines, as well as lines that combine both 
heat and drought tolerance (Table 1).  These lines are very 
useful sources of DT, but they all derive from the original 
CIMMYT physiology populations, indicating that progress 
in improving DT may have slowed.   Multi-environment 
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testing of the DTMA AM panel has shown that MS screening 
is subject to very large genotype x environment interaction 
(GEI) and residual variation, reducing repeatability (H) 
relative to optimal conditions and limiting progress in 
stress tolerance improvement.  Developing donors with a 
higher level of stress tolerance will require concentration 
of favorable genes from several sources, and intensive 
selection for DT.

Designing an optimal strategy for making gains in 
both stress and non-stress environments

In Asian cash-crop systems, farmers are unlikely to 
be willing to forgo YP for DT. Breeding strategies for such 
systems must consider the trade-off between stress tolerance 
and YP, and take into account the frequency of particular 
stresses within the target population of environments (TPE), 
the repeatability (H) of yield estimates in optimal versus 
managed-stress screens, the genetic correlation (rG) between 
yield in stress and non-stress environments, and the rG 
between yield in the managed-stress screen and in natural 
stress in the TPE. The rG between yield in the MS screen 
and yield in the TPE is difficult to measure and usually 
unknown, but for drought-prone environments, it should not 
be assumed to be high without confirmation. This is because 
managed drought screening trials are usually conducted in a 
rain-free period outside the main production season, when 
climate and disease pressures differ from the rainy season.  
Nevertheless, out-of-season trials are usually the only option 
for imposing drought stress, and are routinely used under 
the assumption that they are predictive of DT in the main 
season.  

Both yield under stress and YP are highly polygenic 
traits with low H, but H is usually lower in managed-stress 
trials than in optimally-managed trials for both low-N and 
drought. The low H of managed stress trials is the most serious 
constraint on gains in CIMMYT’s abiotic stress  tolerance 
breeding programs. Combined analysis of CIMMYT’s 
Southern African regional trials has shown that both the 
genotype x trial and plot residual variances are much higher 
relative to genetic variance in stress than in non-stress trials. 
Substantial effort is now being invested by CIMMYT in 
environmental characterization and monitoring to improve 
drought stress timing, local error control via soil variability 
and yield mapping, and appropriate statistical methods to 
improve the signal-to-noise ratio in managed stress trials.  
The problem of low H in drought and low-N stress trials 
is compounded by the fact that new genotypes are usually 
initially evaluated in only one or two managed stress trials, 
whereas they are evaluated in three or more non-stress trials 
at the same stage, resulting in lower replication under stress.  
.  This complicates the assignment of proper weights to 
managed stress versus optimal trials when making selection 

decisions. Great care must be taken in incorporating this 
information in selection decisions. If H is low in stress 
trials relative to non-stress trials, assigning too much weight 
to data from managed stress screens may reduce gains in 
both stress and non-stress environments.   Selection index-
based methods for combining data from trials differing 
in information content to predict performance in a target 
environment are available, but these require information on 
the frequency of drought within the TPE, and on estimates 
of the correlation between yield in natural droughts and 
managed stress environments, which is rarely available.  
When H is low, the safest and most practical way to use 
information from MS trials is defensively, discarding highly 
sensitive materials, but not selecting at a high intensity. 

Genetic gains in rainfed maize productivity: lessons 
from temperate maize breeding

Maize producers in the Asian tropics and subtropics 
require rapid genetic gains in yield which must come from 
improvements in both stress tolerance and YP.  Lessons may 
be drawn from the US Corn Belt, where in Iowa, average 
rainfed yields increased from about 3 t ha-1 in 1940 to over 
10 in 2008.  These gains resulted largely from increases in 
tolerance to stresses such as drought, low fertility, and cold  
(Duvick, 1997; Tollenaar et al., 2000).  Stress tolerance 
improvements resulted from broad-scale selection within 
the TPE, in testing networks sampling hundreds of rainfed 
locations, rather than through intentional selection for 
tolerance to specific stresses.  They also resulted from strong 
selection pressure for two components of YP: tolerance to 
increased plant densities and maintenance of green leaf area 
or stay-green (Lee and Tollenaar 2007). These traits have not 
been extensively used in tropical maize breeding.  Recently, 
CIMMYT breeders have begun screening testcrosse at 
90,000 plants/ha at favorable locations.  Increasing densities 
from 66,700 to 90,000 plants ha-1 at Tlaltizapan, Mexico 
increased mean yield by approximately 2 t/ha, with larger 
increases in responsive hybrids, uncovering substantial 
genetic variability for density tolerance.  Selection for 
density tolerance and stay-green offer important and under-
utilized opportunities for improving both stress tolerance 
and YP in tropical maize. 

Genomic selection for drought tolerance

Efforts to identify and pyramid QTL conferring 
improved DT have been disappointing in maize, likely due to 
the highly polygenic nature of the trait.  Marker technologies 
based on next-generation sequencing have greatly reduced 
the cost of high-density genotyping  (Elshire et al., 2011), 
permitting adoption of more efficient breeding plans. 
Genomic selection (GS) is a new method for marker-based 
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improvement of polygenic traits. In “traditional” marker-
based selection approaches, markers putatively associated 
with major QTL are first mapped in a segregating population. 
Then, progeny are selected that combine favorable QTL 
alleles with large effects.  When this selection is repeated 
for several cycles without additional phenotyping, it is 
referred to as marker-assisted recurrent selection (MARS). 
MARS increases the frequency of favorable QTL alleles in a 
population.  Response to MARS has been mixed; Eathington 
et al. (2007) reported a large selection response in many 
commercial maize breeding populations, but Moreau et al. 
(2004) reported no improvement over phenotypic selection.  
Poor results from MARS likely result from biased QTL effect 
estimates that arise from identifying QTL using stringent 
significance tests (Heffner et al. 2009).  In GS, instead of 
selecting on the basis of a few significant QTL, all marker or 
haplotype effects are  incorporated in a genomic estimated 
breeding value to predict breeding or genotypic value 
(Meuwissen et al. 2001).  This avoids problems of selection 
bias associated with QTL detection using significance tests, 
and captures more genetic variability for highly polygenic 
traits (Bernardo 2008).   GS allows selection to be decoupled 
from phenotyping, allowing selection for DT even when 
conditions do not permit drought screening, since selection 
can be conducted on haplotype effects from previous trials.  
GS will also permit selection for drought tolerance by 
breeding programs lacking the capacity to phenotype for the 
trait, since haplotype effect estimates can be shared among 
breeding programs with similar germplasm and TPE.

Conclusions
Breeding for abiotic stress tolerance has been successful 

at CIMMYT using a breeding pipeline that incorporates 
managed stress screening, resulting in the development 
of stress-tolerance donors and widely-adapted hybrids.  
However, these screens have low H relative to wide-scale 

multi-location trials, and recently, progress in improving 
DT may have slowed.  Assigning too much weight to low-
precision means from stress trials can reduce gains in both 
stress and non-stress environments. Asian farmers require 
high YP combined with stress tolerance. Efforts to increase 
YP are focusing on improving density tolerance and stay-
green. A renewed effort to increase H in stress trials, 
combined with the adoption of genomic selection, is likely 
to substantially improve breeding progress for both DT and 
YP.
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Or_3.01:  Changes in yield gains and agronomic traits of maize 
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The rate of maize yield gains in China has been 
reducing although the yield potential has been increasing 
since 1960 when hybrids were introduced. Stress tolerance 
of hybrids has been ignored for 3 decades in China due to 
the constitution of research management. Breeders tend to 
develop hybrids with tall stature, too much leafy, and big 
and good looking ears, but most of this kind of hybrids are 
risky under abiotic stress. 

A series of retrospective studies on maize cultivars were 
carried out in Beijing, Xinjiang, Hainan, Henan and Liaoning 
provinces since 2005. Some conclusions are accordant with 
Dr. Duvick, but many traits are quite different from the USA 
hybrids. The contribution of heterosis to yield gains is higher 
in China than in American hybrids, and the contribution of 
heterosis to yield gains showed weak increase with the year 
of hybrids release. 

Chinese maize breeders tend to develop hybrids with 
excessive stay green and late maturity during the past 
3 decades, which caused chemical fertilizer application 
immoderately and reduced the efficiency of N utilization. 

We should modify the strategy of maize breeding 
program to enhance the ability of maize breeding and 
develop riskless hybrids: Divide all germplasm into 2 groups 
or alignments, based on the current genetic background; 
improve the germplasm within each group and push them to 
the opposite directions in terms of gene frequency; improve 
germplasm and select inbred lines under high population 
density to enhance the stress tolerance. 
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Introduction
Maize (Zea mays L.) is grown in more than 166 

countries of the world and is the most versatile food crop 
of global importance. It is being grown widely in tropics, 
sub-tropics and temperate regions up to 500 N and S from the 
equator to more than 3000m above sea level under irrigated 
to semi-arid conditions. Present maize consumption pattern 
in India has changed. In the past it was mainly confined to 
food in India and many other countries. Now it has become 
industrial crop. In India, Maize is an important crop which 
contributes for food (25%), animal feed (12%), and poultry 
feed (49%), starch (12%), brewery (1%) and seed (1%). 
Maize has great demand in industries for the development 
of various products viz. pharmaceuticals, textile, paper, film, 
tyre and biofuel, etc. The demand of maize in future will 
increase continuously. The future demand for maize will be 
42 mt by the year 2025, out of which around 21% will be 
used for human food. 

Apart from normal maize it has many other types viz. 
quality protein maize, sweet corn, baby corn,  pop corn, 
waxy corn, high oil, etc. It generates employment for many 
million people in the world. It accounts for 15 to 56% of 
the total daily calories of people in many of the developing 
countries. Despite ~80% of 8.26 mha of maize area which is 
under rainfed condition still maize contribute more than 8% 
to the national food basket and provide nutritious and risk 
free green fodder to the livestock.

The demand can be easily met through research 
efforts in the direction of developing high yielding, insect 
and pest resistant and abiotic stress tolerant hybrids. With 
the intervention of biotechnology hybrids can engineered 
for various traits. Marker assisted selection for quality 
parameters like Quality Protein Maize (QPM) for improving 
maize protein quality, and transgenic approach for insect 
resistant and herbicide tolerance will improve the yield by 
reducing losses in the field.

Progress in increasing production and 
productivity of maize in India

Adoption of maize Single Cross Hybrid

In India maize area, production and productivity has 
increased >2.5, >12 and >4 times touching to 8.26mha, 
21.23mt and 2.5t/ha (2010-11) from a mere 3.16mha, 1.73mt 
and 0.5t/ha (1950-51) since independence respectively. 
This achievement is remarkable despites ~80% maize area 
under rainfed and low input condition. The maize area under 
irrigation has increased marginally from ~11% (1950-51) to 
only ~20% (2008-09). The low productivity of maize in the 
past was because of cultivation of land races/OPV in India. 
The present growth rate of maize (8.94 per cent) production 
is much more than maize consumption growth rate of 5.0 per 
cent. In 11th plan, maize has achieved a growth rate of 8.0 
per cent (2006-2010). Maize growth rate is highest among 
all other food crops. Planning commission set 4 per cent 
growth rate for agriculture and for maize 4.7 per cent but 
maize achieved 8.0 per cent which is much higher than the 
target set in 11th plan.  

India has great potential to export grain, feed, seed and 
specialty corn (Baby corn, sweet corn) due to low cost of 
production and less freight charges. This will help to earn 
foreign exchange and generate employment and engage 
rural masses. Adoption of SCH technology has contributed 
significantly in achieving this target and consequently since 
2008-09 India became a net exporter with annual exports of 
maize of 2.5 to 3 million tonnes.

The cultivation of early maturing SCHs has helped 
in reducing the yield loss on farmers’ field in Rajasthan 
by escaping the effects of drought. In Andhra Pradesh the 
decline in the ground water table has made rice cultivation 
less profitable during winter season, therefore the rice area 
has shifted to maize cultivation as maize requires less 
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water compared to rice. This indicates that maize single 
cross hybrids are less affected by the vagaries of the above 
environmental fluctuations. With the cultivation of single 
cross hybrids, maize has become more remunerative to the 
farmer and the area under maize cultivation is continuously 
increasing in many of the states viz. Karnataka, Andhra 
Pradesh, Tamil Nadu, Maharashtra, Jammu & Kashmir, etc. 
The area has increased >2.5 times since independence to 
present-day 8.26 mha. In eastern India the slight increase in 
winter temperature has affected some crop but for maize it is 
favourable as slight increase in temperature will help to take 
good maize. In India currently it is cultivated in over 8.26 
million ha with a production of 19.73 million tonnes having 
an average productivity of 2389 kg/ha.

The productivity of maize during Rabi season in 
Eastern India is more than double than the Kharif season. 
Some progressive farmers are harvesting up to 9-10t/ha. 
Therefore increasing maize area during Rabi season will 
not only enhance the production and productivity but is also 
resource use efficient.

Challenges:

Development of biotic stress resistant and abiotic 
stress tolerant hybrids

Anticipatory research for change in climate, rise in 
temperature and scarcity of natural resources requires long 
term and short term strategies. The short term strategies 
include development of SCH using the available elite maize 
inbreds with diverse background. This will facilitate the 
immediate disposal of hybrids to the target environments. 
This will counter the immediate problems of scarcity of 
food and feed. The long term strategies are to target the 
sustainability of present production and productivity and also 
ensure food security for the future generation from scarce 
resources. The long term strategy involves identification and 
development of germplasm which can withstand stresses 
like drought, water logging, high and low temperature, 
salinity, alkalinity and many other biotic stresses.

Application of modern biotechnological tools to 
strengthen the present breeding programme.

In India maize improvement in the past was mainly 
achieved through conventional plant breeding approaches. 
However, recently the application of biotechnological tools 
in maize improvement has been initiated. In this context 
India has already released hybrid (Vivek QPM 9) developed 
through marker assisted back cross breeding. In addition 
QTL mapping for different biotic and abiotic stresses is going 

on. In USA and EU transgenic maize has been developed 
and is being cultivating extensively to address some of the 
different biotic stresses. In India also both public and private 
are involved in development of transgenic maize. In future 
more focus is needed to identify and isolate genes conferring 
resistance to biotic and abiotic stresses. Further development 
of drought tolerant and herbicide tolerant transgenic maize 
will be the priority area of maize biotechnology. 

Production and distribution of quality seed

The increase in the area under single cross hybrids 
will fetch the demand for quality seeds. The availability 
of quality seeds is one of major constraints for decreasing 
maize production. The large area under maize is sown with 
OPVs or the remnant seeds available with the farmers. Just 
by making available SCH seeds and timely availability of 
quality seeds are going to take maize production figures to 
higher level. 

The memorandum of understanding (MOU) between 
the public research and private sector set up will be a 
viable solution for high seed replacement. Public Private 
Partnership (PPP) is the strategy for bringing a large area 
under SCH. More and more seed will be produced by this 
sector which will create avenues for employment generation 
and improve the economy of the seed industries which is 
also a profitable venture for seed industries.

Replacement of existing land races and composites 
with productive single cross hybrids

In India still >65% of maize area is covered by land 
races, composites, three way crosses and double crosses, 
which are not so much productive and uniform as single 
cross hybrids. This is the biggest challenge which needs 
to be prioritized. Now we have understood the potential of 
single cross hybrids which can perform well under various 
diverse conditions. Single cross hybrids are more responsive 
for various input as compared to the existing land races and 
other cultivars. 

Opportunities

Potential crop for crop diversification 

Maize is grown round the year in India. The area in 
nontraditional states in different season is increasing this 
indicating that maize is emerging as one of the potential 
driver for crop diversification. In Andhra Pradesh winter 
maize is more assured crop with higher productivity potential 
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compared to monsoon season. Therefore, in areas where 
winter rice crop suffers due to water scarcity, the maize has 
emerged as potential alternative. Similarly in Karnataka area 
of cotton and rice and in Maharashtra area of sorghum and 
cotton has diverted to maize.

Promotion of maize for livelihood 
security

Specialty corns

With the increase of urbanization, change in food habit 
and the improved economic status, the specialty corn has 
gained significant importance in peri-urban areas of the 
country. To check the migration from rural to urban, to 
enhancing the profitability and livelihood security of the 
farmer the suitable hybrids and production technology for 
baby corn and sweet corn have been developed. 

Baby corn – The term baby corn refers to a young finger 
like unfertilized cob of maize with 2-3cm emerged silk. It 
can be eaten raw and include in diet in number of ways as 
salads, chutney, pakoda, soup, raita, vegetables pickles, and 
kheer, etc. Peri-urban belt of India is emerging as a one of 
the potential baby corn producing belt. Because of its low 
cost of production as compared to many other countries 
India can become export potential nation in years to come. 
Because of India’s strategic location it will be boon for the 
export to many Asian, European and Gulf countries. Baby 
corn has played a significant role in ensuring livelihood 
security and augmenting income level of farmers in peri-
urban areas. Maize single cross hybrid HM 4 possesses all 
the desirable traits of ideal baby corn. 

The cultivation of HM 4 is gaining momentum not only 
in national capital region but also in peri-urban interface of 
other states in India. The other advantage associated with this 
hybrid is the low cost of hybrid seed and wider adaptability. 
HM 4 has proved boon for the farmers of the “Aterna” 
village in Sonipat district of Haryana, as its cultivation has 
improved the socio-economic condition of the villagers 
significantly. Apart from grain and seed India can become 
exporter of specialty corns as well mainly the baby corn 
and sweet corn. One of the baby corn processing industry in 
India (FreshField) has exported about 267 tons of baby corn 
worth >$1 million in 2008, and in 2009 it is expecting much 
more. This will help to earn foreign exchange and generate 
employment to the rural masses.    

The quantum jump in production and the productivity 
witnessed in recent years across the states, evidently suggests 
that the research and development in maize in India is in 

the desired direction and the production will tend to keep 
pace with the demand trend. The country is poised to give 
further fillip to the pace of production with new impetus on 
the expansion of area of maize under single cross hybrids. 
In future developing maize genotypes which can escape as 
many vulnerable growth stages as under rainfed conditions 
is the priority of the researchers.

Export potential and diverse uses of maize

Maize has great potential for grain, specialty corn 
(Baby corn, sweet corn), feed etc. In the year 2008-09 India 
has exported 3mt of grain worth rupees 24,000crores and 
>12000tonnes seeds of worth rupees 2000crores. Due to 
low freight charges India has great potential for seed export. 
Apart from grain India can also exported baby corn. One of 
the baby corn processing industry in India (FreshField) has 
exported about 267 tons of baby corn worth >$1 million in 
2008, and in 2011 they are expecting export >10$ million. 
This will help to earn foreign exchange and generate 
employment and engage rural masses.

Promotion of maize for food and nutrition security

Quality Protein Maize - 86% of the maize produced in 
the country is directly used as feed (61%) and food (25%). 
To meet the requirement of food/feed and nutritional security 
quality protein maize has better say than the normal maize. 
Therefore in Indian maize programme greater emphasis is 
given to promote the quality protein maize research. 

The development of quality protein maize, their 
cultivation and availability of QPM grain will provide 
a nutritious feed to poultry/cattle and for poor people 
particularly those consuming maize as their staple food. 
By the virtue of high lysine and tryptophan content in 
QPM alleviate the protein malnutrition related diseases in 
underprivileged people who cannot afford milk and egg for 
dietary supplements. On the other hand, price of the meat 
and meat products has also gone up in recent years and has 
become unaffordable to meet their nutrition requirement. 
Thus, QPM maize is solution to food and nutritional security. 

QPM is nutritionally superior with high lysine and 
tryptophan as compared to normal maize. The biological 
value of QPM is high (80%) as compared to normal 
maize (45%), which is near to that of the milk (90%). The 
biological value of QPM is the highest among all cereals. In 
India few single cross QPM maize hybrids viz. HQPM 1, 
HQPM 5, HQPM 7, HQPM 4, Vivek QPM 9, Amber shakti, 
Shaktiman 3 and Shaktiman 4 with different maturity groups 
have been developed, which suits to different agro-climatic 
conditions under different cropping systems. Apart from 
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regular QPM food, value added products like QPM Biscuits 
and Corn chips have got recent momentum as fast moving 
consumable goods in urban market. New manufacturing 
companies are flourishing in NCR and Punjab state is highly 
noticeable.

Strategies to improve further production and 
productivity of maize 

Maize areas under single cross hybrid has been 
increasing in a quiet satisfactory way especially in Eastern 
states namely Orissa and West Bengal and North Eastern 
states like Assam, Sikkim, Meghalaya , Arunachal Pradesh 
and Manipur. In Jammu and Kashmir state single cross 
hybrids already had reached the traditional landrace growing 
areas and SCH received tremendous response across the 
valley.

Expanding maize area under single cross hybrid 
during Rabi season

The productivity of maize during Rabi season in 
Eastern India is more than double than the Kharif season. 
Some progressive farmers are harvesting up to 9-10t/ha. 
Therefore increasing maize area during Rabi season will 
not only enhance the production and productivity but is also 
resource use efficient.

Timely supply of single cross hybrid seed and 
demonstration of hybrid seed production technology

To implement the above two strategies successfully 
there is need to take comprehensive action regarding the 
timely supply of hybrid seed to the farmers. Therefore there 
is need to strengthen the national and state hybrid seed 
corporations.

Summary
With the introduction of SCH the area, production and 

productivity of maize is continuously increasing thus it 
has become remunerative to farmers. Maize is addressing 
many issues like lowering water table in rice belt and rising 

temperature areas in wheat belt and climate change. Quality 
Protein Maize is nutritionally superior provide solution to 
food and nutrition security, especially to poor masses and 
tribal people. Maize cultivation for baby corn, green ear cob 
and sweet corn by the peri-urban farmer provides livelihood 
security thus check the migration of rural masses to cities 
and reduce pressure on urban population. Because of low 
cost of production and export potential for maize and maize 
based products generates employment for millions of skilled 
and unskilled masses. 

The Project Director (Maize) and President of Indian 
Maize Development Association with the help of private 
sector under public private partnership mode are aggressively 
moving across the country and supplying single cross hybrid 
seeds of both public and private sectors, which will result 
in enhancement of production and productivity of maize; 
participatory in Jammu and Kashmir, North Eastern states, 
Bihar, Eastern UP and Rajasthan etc. 

The country is poised to give further fillip to the pace 
of production with new impetus on the expansion of area 
of maize under single cross hybrids. Even today India can 
double the maize production and productivity by covering 
100% area under single cross hybrids. In future developing 
maize genotypes which can escape as many vulnerable 
growth stages as under rainfed conditions is the priority of 
the researchers. Thus, considering the above facts the future 
prospects of maize in India are bright.
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Introduction
Maize in Bangladesh is becoming an important crop in 

the rice based cropping system. With the increase in demand 
from poultry and other feed industries it is expected that more 
area will be diverted from Boro rice to hybrid maize in the 
coming years. Maize production in the country is increasing 
with an exponential rate. Though cereal production of 
the country has increased significantly by adoption of 
HYVs concomitant with appropriate government polices 
and program. Still it can’t keep pace with the population 
growth as it is increasing at an alarming rate. Food deficit, 
both in terms of quantity and quality, has been existing for 
a ling time in Bangladesh. This situation necessitated to 
produce more food for the fast growing population of the 
country, which is not possible only through rice and wheat. 
Therefore, high productive crop like maize is important 

now. Maize varietal improvement in Bangladesh is mainly 
carried out by BARI. Maize grows well in north-west and 
central part of Bangladesh. Recently government has taken 
initiative to promote maize in the saline areas of southern 
region. Presently Agricultural Extension department (GO), 
some NGOs and donors like CIMMYT, FAO etc. have taken 
strong interest to support the maize promotional activities 
in the country. Maize had not gained much popularity 
in Bangladesh until the mid 1990 had been done since 
1970 (Fig. 1) .After the booming of the poultry industry 
and introduction of hybrid maize along with shelling and 
processing technologies, maize production has increased 
faster than any other crop in the country. This paper will 
discuss the strategy and objective of maize research, varietal 
improvement, challenges and scopes of maize cultivation in 
Bangladesh.
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Strategy and objective of maize 
research

Since early nineties, breeding strategy was directed 
towards the development of hybrid maize. Before this, initial 
thrust was given for the development of composite varieties. 
Presently, 8 OPVs and 11 hybrids have been released for 
commercial cultivation (Table 1). The main objective of 
maize research is to increase the production of cereals in 
the country. This could be achieved through development 
and application of suitable (high yield, stress tolerant, 
early maturing) cultivars accompanied by improved and 
appropriate component technology. 

lines are developed. Besides these, research work is going on 
for the development of stress tolerant variety like waterlog, 
saline and drought tolerant variety. Two inbred line and 
five hybrids has been identified as moderately waterlogged 
tolerant and are being recycling. Moreover two hybrids have 
been found moderately salinity tolerant.

Seed is one of the main limiting factors for expansion 
of maize area in the country. BARI with its limited resources 
produced breeder seeds and distributed to BADC and seed 
producing agenesis and NGOs for multiplication. Most of 
the required hybrid seed (about 5000 tons) is imported. 
Therefore, local production of hybrid seed should be given 
thrust. In lest year BADC, BARI & some agencies produced 
BARI hybrid seed about 500 tons.

Varietal development
Maize improvement program of BARI introduced 

germplasm mostly from CIMMYT. BARI also has own 
inbred development program. Recently released hybrids 
maize of BARI are competing well with the varieties of 
multinational companies. Most of the research activities are 
consisted in three major categories namely, (i) development 
of inbred lines (ii) production and evaluation of hybrids, 
and (iii) maintenance and seed production of inbreds and 
hybrids. In addition, two important fields have been taken 
into active consideration. These are main program, (i) 
development of base population, and (ii) breeding for 
stress tolerant, especially against excess water and saline 
tolerant. In 2009-10 twelve and five lines were found partial 
and moderately tolerant to excesses soil moisture through 
screening. Through screening, preliminary nine genotypes 
were selected (12ds/m) against NaCl. Thrust also have been 
given to molecular breeding recently. In order to improve 
the quality of maize, research on quality protein maize has 
further improving. One QPM variety was released earlier, 
one is about to release and a feed are on the line. 

CIMMYT has been providing a good support for 
strengthening genetic resources through germplasm and 
hybrid material supply. We are utilizing those materials for 
breeding after evaluating in different ways. Strengthening 
of our base population, inbred development and hybrid 
production are the system approaches in utilizing genetic 
resources for variety development. Strong programs are 
also running on variety development utilizing high potential 
exotic hybrids through recycling.

Table 1. BARI maize varieties and their yield at research 
level

Types of 
variety Name of the hybrid

Year of 
release

Yield 
(t/ha)

OP 
varieties

Barnali 1986 4.7-5.2
Shuvra 1986 4.0-5.0
Khaibutta 1986 3.0-3.7
Mohor 1990 4.2-5.0
BARI Maize 5 1997 4.2-5.0
BARI Maize 6 1998 5.7-6.2
BARI Maize 7 2002 5.7-6.7
BARI Sweet Corn 1 2002 10.30 (green)

Hybrid 
varieties

BARI hybrid maize 1 2000 7.5-8.5
BARI hybrid maize 2 2002 8.0-9.0
BARI hybrid maize 3 2002 9.0-9.5
BARI hybrid maize 4 2002 7.5-8.5
BARI hybrid maize 5 2004 9.0-10.0
BARI hybrid maize 6 2006 9.8-10.0
BARI hybrid maize 7 2006 10.5-11.2
BARI hybrid maize 8 2007 9.7-11.5
BARI hybrid maize 9 2007 10.2-12.0
BARI hybrid maize 10 2008 9.0-11.5
BARI hybrid maize 11 2008 9.5-11.5

Source: BARI Annual Report

In 2008-09, 82 hybrids were received from CIMMYT 
in different hybrid trial. Among the hybrids, five performed 
better (10.0 to 11.5 t/ha) at different locations. Besides this 
6 locally produced hybrids were also selected (10.5-11t/ha). 
We usually received inbred lines from CIMMYT. Side by 
side BARI has its own inbred development program and 22 
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Introduction
Maize is the main staple food crop after rice in 

China (China Agriculture Yearbook, 2004) and one of the 
important crops inASEAN countries (Olef Erenstein, 2010).
Althoughbreeding of hybrid maize began only after the 1960s 
inASEAN countries like Thailand, great progress hasbeen 
made in hybrid corn breeding and many popular hybrid 
maize varieties have been released.- (Sansern Jampatong, 
2000).Similarities in weather conditions between Guangxi 
province and some ASEAN countries  have seen expansion 
of cooperation and exchangewith regard tomaize germplasm 
in the form of hybrids..Understanding the respective 
advantage and disadvantagesof maize varieties developed 
by China and the ASEANcountries is helpful for maize 
breeding in China, especially in Guangxi province.

Fig. 1.  Average yield differences between China nd 
ASEAN  maize hybrids

Fig. 2. Differences in tip length between China a and 
ASEAN  maize hybrids

Materials and Methods
113 maize hybrids from China, mainly from southern 

China, and 77 maize hybrids from Vietnam, Thailand, 
Indonesia and India (referred to here as ASEAN countries) 
were evaluated using a simple comparison method or 
randomized complete block design from 2007 to 2010 at 
theGuangxi Maize Research Institute, Nanning, Guangxi 
(108º 19’ E, 22º 49’ N, altitude 90meters above sea level). 
Datacollected on grain yield, ear length, ear diameter, tip 
length, row number per ear, kernel number per row, shelling 
percentage, volume weight and 1000-kernel weight was 
analyzed.
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Results
Tests in spring showed that average grain yield of maize 

hybrids from China was higher than that ofASEAN hybrids, 
but autumn season tests reported higher average grain 
yields from ASEAN hybrids. The grain yield difference 
in Chinese hybrids between spring and autumnplanting 
seasons was more variable than that of the hybrids from 
ASEAN countries. In most of the testing seasons, the 
maize hybrids which produced highest yield within the 
testing season were from China. But in all testing seasons 
as a whole, the maize hybrids with the lowest yieldwereall 
from China. The average ear length within the trial season 
of the Chinese maize hybrids was longer than that of the 
ASEAN hybrids in all trial seasons, but the average tip 
length was longer and kernel number per row lower. Mean 
ear diameter of the hybrids developed by China was greater 
than that of the ASEAN hybrids across spring planting 
seasons, but smalleracross autumnsowing seasons. In most 
of the testingseasons, the average ear row number of the 
varieties from China was greater than that of the ASEAN 
varieties;the latter maintained average ear row number of 
about 14 rows/per ear. Shelling percentages of Chinese 
maize  were more variable than that of ASEAN  hybrids; 
those of the latter changed little between 85 to 86 percent. 
There was no difference in volume weight between the 
Chinese and ASEAN hybrids, which fluctuated around 800 
g/l. The average 1000-kernel weight of the maize hybrids 
from China was a little heavier than that of ASEAN varieties 
in most of the trial cycles.

Conclusions
Yield potential of the Chinese maize hybrids is higher 

than that of the ASEAN hybrids, but yield stability is lower..
The Chinese hybrids have advantages as regards ear length, 
row number and 1000-kernel weight. But China’s hybrids 
have a longer tip, lower kernel number per ear and a more 
variable  shelling percentage and ear row number. More 
attention should be paid to this in future breeding endeavors..
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Introduction
Productivity of maize under various agro-climatic 

regions of Asia is varied due to several production constraints. 
Among them, heat stress is one of the major abiotic factors 
that are limiting maize production and productivity causing 
drastic grain yield reduction (Badu-Apraku et al. 1983; 
Cicchino et al. 2010). Genetic improvement can be achieved 
either by selection for primary traits such as yield in a target 
environment or for a secondary trait that must be putatively 
related to higher yield potential and/or improved behaviour 
of crop when grown in stressful environment. Although 
heat stress tolerance is a complex trait, from plant breeding 
point of view, information concerning mode of inheritance 
of traits associated with heat stress is important and can aids 
in successful breeding strategies. Thus, a diallel study was 
made between nine maize inbreds to understand the relative 
contribution of yield and yield components under heat 
stressed and well watered environments. 

Materials and methods
Nine fixed inbred lines with varying reaction to heat 

stress were crossed in a diallel to give 36 crosses excluding 

reciprocal crosses (Table 1) in Kharif (rainy) season of 
2010 at Hyderabad, India. These 36 crosses along with 4 
checks were evaluated under heat stress and well watered 
environment in Alpha-lattice (0,1) at various locations 
in India (Table 2). Heat stress screening was managed 
by delayed planting in mid-March so as to coincide the 
flowering period to the high temperature (>=40°C). Data 
was recorded for grain yield (GY), days to 50% anthesis 
(AD), Anthesis-Silking Interval (ASI), plant height (PH), 
ear height (EH) and number of effective ears (EPP). While 
under heat stress, specific traits like leaf firing (LF), tassel 
blast (TB), leaf senescence (SEN) and relative chlorophyll 
content (CHL) were also recorded. Analysis of variance 
was conducted for all the traits using lattice adjusted 
means. Griffings’s (Griffing 1956) method IV (excluding 
parents and reciprocal F1’s), model I (fixed model for 
parental effects) adapted to a SAS program (SAS 2001) for 
diallel analysis was used to analyze the data for general 
combining ability (GCA) and specific combining ability 
(SCA) effects. 

Table 1. List of parents abbreviations used and their description.

Parent Source Germplasm type Maturity Reaction to heat stress

P1 (CML150 x CL-03618) Fixed inbred line Late Susceptible
P2 POOL 16 BNSEQ.C3 Fixed inbred line Intermediate Tolerant
P3 G18Seq C5 Fixed inbred line Intermediate Susceptible
P4 Pop.61C1 QPM-40 Fixed inbred line Late Tolerant
P5 Pop.61C1 QPM-54 Fixed inbred line Late Tolerant
P6 (CML165 x KI45) Fixed inbred line Late Susceptible
P7 (CML161 x CML451) Fixed inbred line Intermediate Tolerant
P8 LM13 Fixed inbred line Intermediate Tolerant
P9 LM12 Fixed inbred line Intermediate Tolerant
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Results and Discussion
Significant differences were found among the genotypes 

for all the characters except ears/plant and plant height 
under well watered condition. Mean squares for GCA and 
SCA were also highly significant (P≤0.01) for all the traits 
except PH and EPP for which only GCA was significant 
(P≤0.05) (Table 3). Based on the ratio of GCA variance/
SCA variance, GY (0.557), ASI (0.282), PH (-0.870) and 
EPP (0.695) were found to be having non-additive effects, 
while for AD (3.294) and EH (2.047), GCA effects were 
more significant than SCA effects suggesting that variation 
among the crosses was due mainly to additive effects of 
genes and selection would be effective in improving them. 
Based on mean value, parent P2 (1.18 t/ha) and parent P8 
(1.01 t/ha) were the high yielding parents for GY and also 
recorded higher positively significant gca effects of 0.40 
and 0.63, respectively. Parent P8 was also found to have 
desirable significant gca effects for ASI (-0.95) and EPP 
(0.074), along with GY. Based on mean yield, cross P2 x P8 
(5.61 t/ha) was the high yielding hybrid and also had highest 
sca effect for GY (1.44). Other hybrids, P5 x P6 (3.49 t/ha, 
1.44), P4 x P6 (4.02 t/ha, 0.94) and P2 x P7 (4.08 t/ha, 0.72) 
also had significant positive sca effects for GY and were 
among the top 10 high yielding hybrids (mean value and sca 
effects are shown in the brackets). Hybrids P4 x P6 (0.154) 
and P5 x P6 (0.146) also had desirable positive sca effects 
for EPP along with GY. For CHL, parents P8 (3.27) and P9 
(2.59) had significant desirable gca effects, while hybrids, 

P2 x P8 (6.94), P4 x P6 (5.37) had the highest positive sca 
effect followed by P1 x P5 (4.24), P6 x P9 (3.77), P3 x P7 
(3.49) and P3 x P9 (3.53).

The above observations made from the well watered 
trial evaluated at Hyderabad location will be compared with 
trials evaluated under heat stress environment, data of which 
were not available at the time of this write up.

Conclusion
Estimated GCA and SCA effects for maize yield 

component traits by diallel analysis will be useful in selection 
program for improving heat tolerance in maize.
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Table 2. List of the trial locations in India.

Env Location Environment Reps Year Season
Data 

availability Latitude Longitude
Altitude 
(masl)

1 Hyderabad Well watered 3 2010 Rabi May 2011 17°53’N 78°27’E 545
2 Sabour Well watered 2 2010 Rabi June 2011 25°09’N 87°01’E 43
3 Hyderabad Heat stress 3 2011 Spring July 2011 17°53’N 78°27’E 545
4 Pantnagar Heat stress 2 2011 Spring July 2011 29°5’N 79°30’E 243.84
5 Ludhiana Heat stress 2 2011 Spring July 2011 30°54’N 75°48’E 247
6 Godhra Heat stress 2 2011 Spring July 2011 20°50’N 75°18’E 119.4
7 Karnal Heat stress 2 2011 Spring July 2011 29°42’N 77°02’E 232.86

Table 3.  Analysis of variance for yield and yield component traits under well watered condition, Hyderabad, 2010-11.

Source DF GY (t/ha) AD (days) ASI (days) PH (cm) EH (cm) CHL EPP (#)

Entry 35 0.78** 11.68** 2.36** 87.71 223.42** 14.04** 0.007 
 GCA 8 1.64** 42.67** 3.72** 196.79* 734.88** 33.58** 0.011*
 SCA 27 0.52** 2.50** 1.95** 55.39 71.88** 8.25** 0.006 
Residual 77 0.14 0.68 0.14 75.34 22.13 3.78 0.005 

*Significant at 5% and, ** Significant at 1% probability level
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Introduction
Kernel number per unit land area is the most important 

yield component in maize however, kernel weight (KW), 
has been shown to vary with kernel number per plant, 
particularly in response to changes in post-flowering source-
sink ratio (Borrás et al. 2003). Source reductions during 
grain filling severely affect final KW and yield in maize. 
This susceptibility is higher in maize than in other crops like 
wheat or soybean (Borrás et al. 2004). As shown by Borrás 
et al. (2004), a decrease in the post-flowering source/sink 
ratio can drastically reduce final KW. Restricting source 
capacity during the effective grain-filling period, however, 
affected kernel water content and the dynamics of dry-matter 
deposition differently (Sala et al. 2007). In this research we 
evaluated three maize hybrids differing in the growing cycle 
to test for differences in their KW and grain yield response 
to severe disruptions in their established source-sink ratio at 
flowering.

Methods

Two experiments were conducted at the College of 
Agriculture, Shiraz University, Iran, during 2008 and 09. 
Two defoliation treatments (50% defoliation at 25 and 35 
days after silking) were imposed to manipulate  the  source 
capacity in order to test KW and yield  susceptibility changes 
in three commercial hybrids planted at three plant densities 
(7.5, 8.5 and 9.5 pl/m2). Ear samples were collected at 7 day 
intervals, 10 days after silking until physiological maturity. 
Samples were taken from the central rows of each plot. The 
entire ear with surrounding husks was immediately enclosed 
in an airtight plastic bag and taken to the lab. Fresh weight 
was measured immediately after sampling, and dry weight of 
different parts of ear was determined after drying samples at 
70°C for at least 72 h. Differences among treatments during 
grain-filling period (i.e., from silking until physiological 
maturity) were recorded. Kernel growth rate during the 
effective grain-filling period was determined for each 
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treatment combination using a bi-linear with plateau model 
(Eqs. (1)): KW= a + b TT where TT is thermal time after 
silking (in °Cd), a the Y-intercept (in °Cd), and b the kernel 
growth rate during the effective grain-filling period (in mg 
°Cd-1). The model was fitted to the kernel dry weight data 
using the iterative optimization technique of Table Curve 
V 3.0 (Jandel Scientific 1991). 

Results
In all cases the two defoliations reduced yield by 

affecting both kernel components, the number of harvested 
kernels and the KW (Table 1). Maximum water content was 
correlated to final KW when considering only the data from 
2008 (r2:0.66, P<0.01; Fig. 1). It is known that grain-filling 

duration is reduced when strong source limitations take 
place during kernel growth.

Conclusions
Experimental conditions allowed exploring genotype, 

year, stand density and defoliation effects (with their 
interactions) on maize yield and its components (kernel 
number and kernel weight). Treatments also allowed 
dissecting kernel weight determination in kernel growth rate, 
grain filling duration, and maximum water content (data not 
shown). As expected from previous research (Borrás et al. 
2004; Echarte et al. 2006) kernel weight decreased whenever 
the post-flowering source/sink ratio was severely reduced.  
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Sala RG, Westgate ME, Andrade FH (2007) Source/sink ratio 
and the relationship between maximum water content, 
maximum volume and final dry weight of maize 
kernels. Field Crops Research 101, 19–25.

Figure 1.  Relationship between final kernel weight and 
maximum water content of maize hybrids in 
both years. Differences in kernel weight and 
water content were achieved by varying stand 
densities in order to alter the post flowering 
source-sink ratio. 
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P_3.03:  Analysis of combining ability and heterotic groups of 
newly developed inbred through recycling 

M. Shalim Uddin*, M.A. Islam, M.A.A. Mondel and B.R. Banik

Bangladesh Agricultural Research Institute, Gazipur-1701, Bangladesh
*Corresponding Authors mail:shalimuddin@yahoo.com 

Table 1. ANOVA for line x tester analysis including parents in Maize

Source of variation d.f.

Mean sum of squares and components of variance

DFT DFS DM PH EH Yield (t/ha)

Replication 1 33.92** 155.77** 64.69** 194.51** 55.25** 4.00**
Genotype 103 77.90** 88.37** 84.81** 1703.8** 588.17** 24.44**
Parent 35 9.44* 11.26 23.67** 1259.0** 300.01** 1.41**
Hybrid 67 25.22** 34.41** 29.68** 312.59** 141.70** 0.80**
Line 33 12.56** 27.50** 27.6** 214.33** 124.86** 0.20
Tester 1 544.00** 552.03** 409.53** 4083.7** 236.60** 3.49
Parent  vs Cross 1 6003.26** 6402.31** 5918.43** 110482.3** 40587.26** 2344.58
Line x Tester 33 22.17** 25.64 20.24** 296.57** 155.66** 2.93
Error 103 6.18 16.91 5.54 50.81 13.43 0.89
σ2

GCA 33 0.12 0.08 0.09 1.38 0.43 0.01
σ2

SCA 67 3.32 4.90 7.31 60.88 42.27 1.10
σ2

SCA: σ
2
GCA 27.67 61.25 81.22 44.12 98.30 110.00

*P=0.05, **P=0.01

Introduction
Exploitation of hybrid vigour and selection of parents 

based on combining ability has been used as an important 
breeding approach in crop improvement. Breeder’s 
objectives are to select hybrids on the basis of expected level 
of heterosis as well as specific combining ability. Combining 
ability is prerequisite for developing a good hybrid maize 
variety. Combining ability is one of the powerful tools in 
identifying the best combiner that may be used in crosses 
either to exploit heterosis or accumulate fixable genes. The 
present study involving a line × tester analysis aimed to 
determine the general combining ability (GCA) and specific 
combining ability (SCA) of crosses for different traits and to 
explore heterotic hybrid combinations.

Materials and methods
Thirty four S5 generation inbred lines (as female 

parents) and 2 testers (as male parents, one from heterotic 
group A and another from heterotic group B) of maize were 
selected and crossed in line × tester fashion to generate 68 

cross combinations at Bangladesh Agricultural Research 
Institute, Joydebpur. Seeds of all the parents, their F1 hybrids 
and one check variety BARI Hybrid maize 5 (BHM 5) were 
sown in the same farm following RCBD with 2 replications. 
The unit plot size was 5.0 × 0.75m. Spacing adopted was 75 
× 20 cm between rows and hills, respectively. The combining 
ability analysis was carried out as per the method suggested 
by Kempthorne (1957).

Results and discussion
The analysis of variance showed significant variations 

among the genotypes for yield and yield contributing 
characters that revealed wide range of variability among 
the genotypes (Table 1). Highly significant differences 
between parents, hybrids and interaction of parent x hybrid 
due to all traits were observed that also indicated wide range 
of variability among the parent, hybrid and interaction of 
parent x hybrid, respectively. 

The GCA effects and per se performance of the parents 
revealed that none of the parents were found to be a good 
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general combiner for all the characters studied (Fig. 1). 
For grain yield, the lines CZ 2370-50-1, CZ 2370-7-2, CZ 
2370-10-2 and CZ 2370-45-2 showed significance positive 
GCA effect and simultaneously possessed moderately high 
mean values indicating that the per se performance of the 
parents could prove as an useful index for combining ability. 
Hussain et al. (2003) and Uddin et al. (2006) also observed 
the similar phenomenon. 

The crosses exhibited significant SCA effects involved 
high x high, high x low, low x high, average x low and low x 
low general combining parents. The crosses with high SCA 
effect for grain yield, CZ 2370-45-2 × CML 480, CZ 2370-
18-2 × CML 480, CZ 2370-27-2 × CML 486, CZ 2370-7-
2× CML 486 and CZ 2370-56-3× CML486 evolved from 
high x low general combiner parents were reveled additive x 
dominance type of gene action. 

Conclusions 
The high significant positive GCA effects observed for 

different desired characters could be helpful in identifying 

outstanding parents with favorable alleles for yield and 
other desirable components. The cross combinations with 
significant positive SCA effect having high mean values 
might be used for obtaining high yielding hybrids. The 
information on the nature of gene action with respective 
variety and characters might be used depending on the 
breeding objectives.
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Figure 1. Estimate of GCA among the inbred lines for grain yield
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Introduction
Hybrids in maize (Zea mays L.) have a greater yield 

potential than open pollinated or synthetic varieties with 
high response to modern production practices as such 
they ensure more profitability to the farmers. The single 
cross hybrids offer better advantage over the other types of 
hybrids or synthetics obliviously because of their uniformity 
and higher yield. Worthiness of the parental lines depends on 
their higher per se performance and their combining ability. 
Commercial production of hybrid maize requires extensive 
assessment of inbred lines and the diallel crossing method is 
a powerful approach which, analytically it provides overall 
genetic information about the parental lines and the crosses 
in F1 generation. Therefore, the present investigation was 
carried out to estimate the heterosis and combining ability 
of diverse and productive maize inbred lines.

Materials and Methods
The ten selected inbred lines were mated in a diallel 

mating system without reciprocals and the resultant 45 F1S 
along with three standard checks viz., DHM-117, DHM-

111 and Pinnacle were evaluated during dry (Rabi) 2009-10 
season at Maize research centre farm, Agricultural Research 
Institute with two replications in a randomized block design. 
Each genotype was grown in two rows of four meters length 
adapting a spacing of 75 x 20 cm between row and within 
row respectively. The recommended package of practices 
were followed. Data were recorded on the five competitative 
plants for plant height, ear height, ear length, kernals per 
ear, kernals per row, kernal rows, 100 kernal weight, Post 
flowering stalk rot resistance and grain yield. Days to 50 
percent tasseling, days to 50 percent silking and days to 
maturity were calculated on population basis.  Data were 
analyzed for combining ability following model I, method 2 
of Griffing (1956) and heterosis according to Meredith and 
Bridge (1971). 

Results 
The parental lines BML-6, BML-7 and CM-131 had 

recorded high per se and significant positive GCA effects 
for yield and most of the yield contributing characters 
(Figure-1). Among the 45 crosses, 15 exhibited significant 
positive sca effects and standard heterosis for yield, which 
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essentially involved one parent with low, high, or average 
gca effects. The hybrid, BML-7 x CM-131 exhibited high 
significant positive sca effects and standard heterosis  for  
grain yield per plant  and ear height, ear length, ear girth, 
kernals per ear, kernals per row  and significant negative sca 
effects  and standard heterosis for post flowering stalk rot 
resistance. Akhilesh kumar singh, Shahi and Rakshit (2010), 
Premlatha and Kalamani ( 2010) also reported heterotic 
hybrids with high x low and high x average gca parents as in 
the case of present study.

Conclusions
For exploiting hybrid vigor commercially, three 

parameters viz,., per se performance, sca effects and 
the magnitude of heterosis of hybrids are considered as 
important rather than any one of these criteria. In the present 
investigation, based on the these three parameters, cross 
combination BML-7 x CM-131 was identified as the best 

one for grain yield per plant, ear height, ear length, ear girth, 
kernals per ear, and grain yield per plant and PFSR among 
the 45 hybrids evaluated.
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Introduction
Improvement of new varieties of crop plants need 

to complete information about genetical structures of 
hybrids and their parents. Venkatesh et al., 2001evaluated 
progeny of 42 test crosses (21 lines and 2 testers) in order 
to decrease of lines at early testing by line × tester method. 
They observed significant differences between lines, testers 
and line × tester interaction that showed both additive and 
non additive (dominance) gene effects in control of grain 
yield. Petrovice (1998), suggested that combination of lines 
with significant positive or negative GcA can led to positive 
and significant ScA in their test crosses. 

Methods 
In this study, 20 S6 inbred lines as female (derived from 

F2 populations of early and mid mature commercial corn 
hybrids) and three S6 commercial Iranian inbred lines as 
male parents or testers (T1=K18, T2=K19, T3=K1264/5-1) 
were crossed in three isolated fields on 2007. Then 60 test 
crosses were evaluated at a RCB design with 3 replications 
in Tourogh agricultural research Station, Mashhad, Iran on 
2008. Each test cross was planted in 1 row with 4.5m length 
and 0.75m distance between rows. The measured traits were 

days to silking, days to anthesis and silking, anthesis –silking 
interval (ASI), plant height, ear height, stem diameter, leaves 
no., leaves no. above ear, ears no./plant and forage yield. 

Results 
The ANOVA showed significant differences between 

test crosses for all of traits except anthesis silking interval 
(ASI) and leaves no. above ear. The effects of lines and 
testers were significant for all measured traits. Estimation of 
combining ability showed that inbred lines L14, L5 and L20 
had the highest GcA for the forage yield, plant height, ear 
height and stem diameter. This superiority can be attributed 
to higher leaves no., days to physiological maturity and 
the more ears no./plant. The T3 (tester K1264/5-1) for 
forage yield, leaves no. leaves no. above ear and ear no./
plant and T2 (tester K19) for the other traits had the highest 
combinability.  The best specific combiner (ScA) for forage 
yield were L2 ×T3, L5 × T3 and L15 × T2. Finally, the 
estimation of δ2Gca/δ2Sca showed higher non additive than 
additives effects for all measured traits except for plant 
height, yield , stem diameter and physiological maturity.

Table 1: Analysis of variance of morpho-phisiological traits and forage yield of maize test crosses in Mashhad, Iran, on 2008

MS

SOV df
Ear 

height
Plant 
height

Stem 
diameter

Anthesis 
silking 
interval

Days to 
anthesis

Days to 
silking

Forage 
yield 

(ton/ha)
Leaves no. 
above ear

Leaves. 
No.

Ear no./
plant

Phisological 
maturity

replication 2 616,87 962,62 14,81 0.206 2.93 3.02 851,13 0.138 5,36 0.053 28.85
crosse 59 261,40** 558,40** 5,51** 0.747ns 18,09** 18,33** 166,96** 0.127ns 1,01** 0,025** 62,56**
line 19 480,22** 838,58** 5,11** 0.974ns 13,05** 12,85** 191,82** 0.171ns 1,72** 0,034* 34.48ns

tester 2 2169,05** 6791,49** 89,17** 0.339ns 308,53** 328,65** 1603,88** 0.067ns 8,55** 0,088* 735,8**
line×tester 38 51.59ns 90.26ns 1.31ns 0.655ns 5,32* 4,74* 78.90ns 0.108ns 0.27ns 0.017ns 41,17**
error 118 56.43 75.08 1.50 0.578 3.27 2.98 82.16 0.152 0.32 0.014 21.88

* and **: significant differences at 0-05 and 0.01 probability levels , respectively
n.s: non significanyt differences
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Conclusions 
The additive and non-additive gene effects for plant 

height were reported by Konak et al., (1999), Lee and 
Shung (1995), for leaves no. by Jha and Khera, (1992), and  
for days to silking by Neastares et al., (1999) and Mendoza 
et al., (2000). 
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Table 2: general combining ability of  inbred lines and testers of forage corn tests crosses,2008

Line
Leaves 

no.
Leaves no. 
above ear

Ear no./
plant

Forage 
yield

Days to 
silking

Days to 
anthesis ASI

Stem 
diameter

Plant  
height

Ear 
hight

1 0.701 -0.009 0.036 6.362 -0.194 0.122 -0.317 0.599 0.447 -0.215
2 0.134 -0.231 0.083 -5.245 0-028 0.011 0.017 0.546 -9.920 -10.860
3 -0.655 0.147 -0.071 -1.430 -0.639 -0.767 0.128 0.239 -10.946 -11.093
4 -0.333 0.036 0.072 0.008 -1.306 -1.544 0.239 0.888 -15.931 -1.171
5 0.256 0.109 0.021 10.039 0.917 1.456 -0.539 1.104 3.380 5.785
6 -0.644 -0.064 -0.063 -9.452 -2.861 -3.100 0.239 -0.997 -22.364 -13.426
7 -0.235 -0.053 -0.055 -2.547 -0.528 -0.767 0.239 -0.013 4.450 -7.666
8 0.690 -0.098 0.089 2.343 0.472 0.678 -0.206 0.337 6.525 1.229
9 0.323 -0.286 -0.045 -0.332 0.917 1.233 -0.317 -0.818 4.447 0.396
10 -0.277 -0.020 0.008 -0.295 -0.306 -0.433 0.128 -0.762 -0.886 1.374
11 0.534 -0.009 0.028 0.719 -0.750 -0.433 -0.317 0.118 1.947 -0.771
12 0.023 -0.131 -0.081 -5.081 -1.972 -1.878 -0.094 -0.611 -11.130 -5.082
13 -0.177 -0.009 -0.025 -2.530 -0.083 -0.100 0.017 -1.138 4.525 5.574
14 0.534 -0.031 0.096 7.443 1.028 1.233 -0.206 1.715 19.058 12.685
15 -0.077 0.002 0.061 0.205 1-028 1.122 -0.094 0.068 5.836 7.563
16 -0.077 0.058 -0.043 -1.021 2.361 1.456 0.906 0.412 0.747 -3.704
17 -0.866 0.169 -0.063 3.802 1.361 0.900 0.461 -0.345 2.603 2.485
18 0.101 0.169 -0.009 -2.725 0.694 0.789 -0.094 -0.532 6.114 7.207
19 -0.099 -0.053 -0.086 -3.410 -0.194 0.122 -0.317 -0.715 0.491 -2.260
20 0.145 0.302 0.047 3.146 0.028 -0.100 0.128 -0.094 10.625 11.951
Tester
1 -0.051 -0.027 -0.036 -4.437 0-500 0-506 -0.006 0.347 -8.306 -4.228
2 -0.349 -0-011 -0.004 -1.241 2.050 1.972 0.078 1.008 11.922 6.883

  3 0.401 0.037 0.040 5.678 -2.550 -2.478 -0.072 -1.355 -3.686 -2.655
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Introduction
To develop promising hybrids, genetically superior 

parents have to be identified which could be crossed with 
each other. The general combining ability of the inbred is 
tested by making all possible crosses in a diallel fashion 
or else top cross test is carried out. Specific combining 
ability is also estimated. Yield is a quantitative character 
and is governed by many genes having smaller effects i.e., 
polygene’s. Thus, we can say that yield is the final product 
of yield components. Therefore, yield can be maximized 
by improving the yield components provided there is no 
unfavorable association.

Materials and Methods
The experimental material comprising 7 varieties, 21 

single crosses (in half diallel) along with two checks was 

evaluated. As per the procedures given for the randomized 
block design (RBD) the statistical analysis of variance for 
all the parameters were carried out. The replication wise 
mean values of 30 entries including 7 parents, 21 F1s and 
2 standard check varieties subjected to RBD analysis. 
Combining ability analysis in diallel analysis was done 
following the method given by Griffing (1956a) and later 
on modified by Arunachalam (1974). Heritability in broad 
sense (Hb) was estimated as the ratio of genotypic variance 
to the phenotypic variance (Allard, 1960). 

Results
Analysis of variance revealed that the genotypes differed 

significantly for all the characters. In regard of heterosis, high 
percent heterobeltiosis and relative heterosis were observed 
in cross Tarun × Gaurav and standard heterosis was observed 
in cross Amar × Pragati for grain yield. High estimates of 

Table 1: GCA effects of parents for different characters

Particulars

Days 
to 50% 

tasselling

Days to 
50%

silking
No. of
ears

Plant
height
(mt)

Ear
height
(cm)

Ear
length
(cm)

Ear
diameter

(cm)

No. of
kernel 
rows/

ear

No. of 
kernels/

row

1000
kernel

wt.(gm)

Grain
yield
(q/ha)

Tarun 0.28 ** 0.13 -0.05 0.02 0.91 -0.52 ** -0.59 ** -0. 52 ** 0.55 0.93 73.19**

Navin -0.24* -0.28* 0.10 -0.02 -0.65 0.40** 0.45** 0.92** 0.07 2.11 -43.25**

Gaurav -0.16** -0.02 -0.09 -0.01 1.69 0.22 0.19 -0.04 -0.78** -2.11 -100.96**

D-765 0.13 0.13 0.28* 0.03 3.65** 0.18 0.15 0.18 -0.08 -2.33 -56.33**

Surya -0.24* -0.35 0.17 -0.02 0.61 0.11 0.08 0.25 -0.08 0.44 -10.29

Amar 0.21* 0.13 -0.09 0.02 -2.46* -0.04 -0.03 -0.52** 0.74** 2.85 88.86**

Pragati 0.02 0.28* 0.31** -0.03 -3.76** -0.34 -0.25* -0.26 -0.41 -1.89 48.78**

Se(gi)± 0.300 0.365 0.342 0.059 3.064 0.392 0.359 0.411 0.812 5.06 26.32

SE (gi-gj)± 0.136 0.166 0.155 0.026 1.394 0.178 0.163 0.187 0.369 2.30 11.97

 *, ** at 5 % and 1 % level of significance, respectively
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broad sense heritability were observed for traits like number 
of ear length, ear diameter, kernel rows per ear, number of 
kernels per row and grain yield. However, for grain yield 
highest heritability estimates were found as compared to 
other traits though it is a quantitative trait. Highest expected 
genetic advance in percent of mean was observed for grain 
yield, however, high to moderate estimates were observed 
for quantitative characters like number of ear, plant height, 
number of kernel rows per ear. 

Conclusions
High magnitude of sca than gca for all the characters 

indicated very good prospects for the exploitation of non-
additive genetic variation for grain yield and its component 
characters in hybrid breeding. Thus, higher gain is possible 
through vigorous growth of plant that results in high plant 

height and ear height. Based on magnitude and direction 
of sca effects, crosses (Tarun × Gaurav) and (Amar × 
Pragati) was good specific combiner for grain yield and 
other quantitative traits like plant height, number of ears per 
plant, ear length, ear diameter, number of kernel rows per 
ear, number of kernels per row and 1000- kernel weight. So, 
these crosses can be exploited further for commercial use.
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Table 2: Two best heterotic hybrid’s for important characters in maize

Characters Better parent Mid parent Check parent

50% tasselling D-765 × Amar D-765 × Amar D-765 × Amar 
Surya × Amar Surya × Amar Surya × Amar

50% silking D-765 × Amar D-765 × Amar D-765 × Amar 
Surya × Amar Surya × Amar Surya × Amar

No. of ear/ plants Amar × Pragati Amar × Pragati D-765 × Surya
Tarun × Gaurav Navin × D-765 Tarun × Gaurav

Plant height Navin × D-765 D-765× Surya Tarun × Surya
D-765× Surya Navin × D-765 D-765 × Amar

Ear height Tarun × Pragati Navin × Pragati Tarun × Pragati
Surya × Amar D-765 × Amar Surya × Amar

Ear length Amar × Pragati Tarun × Amar Navin × Amar
Tarun × Amar Navin × Amar Gaurav × Surya

Ear diameter Tarun × Amar Amar × Pragati Navin × Amar
Amar × Pragati Navin × Amar Gaurav × Surya 

No. of kernel rows per ear Amar × Pragati Tarun × Amar Surya × Pragati
Tarun × Amar Amar × Pragati Navin × Surya

No. of kernel per row Navin × Amar Navin × Amar Navin × Amar
Amar × Pragati Amar × Pragati Tarun× Amar

1000-kernel weight (gm) D-765 × Pragati D-765 × Pragati Navin × Gaurav 
Navin × Gaurav Navin × Gaurav D-765 × Pragati

Grain yield (q/ha) D-765 × Surya Tarun × Gaurav Amar × Pragati
Tarun × Gaurav Tarun × Surya Tarun × Gaurav
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Introduction

Maize is the most important crop after wheat in the 
Punjab & Khyber Pakhtunkhwa Provinces of Pakistan 
and considerably a staple food for a large population 
especially in hilly areas but its yield per unit area is very 
low (Amanullah et al., 2010). It is grown over diversified 
environments (Akbar et al., 2008). Its yield is gradually 
increasing from last decade in Pakistan and particularly in 
the Punjab (Figure1&2) which is mainly due to adoption 
of hybrid seed. The hybrid seed so far available is mostly 
imported and marketed by multinational companies. So it 
is imperative to take appropriate measures for improving 
the domestic grain yield potential to develop better single 
crosses. Shah (1994) stated that increased production could 
only be achieved with a proper combination of agronomic 
practices and cultivation of high yielding varieties/hybrids 
under the specific climatic conditions.   Methods

This study was conducted in RCBD with two replications 
to evaluate the yield potential of twenty promising and 
commercial yellow maize hybrids/single crosses in two 
different seasonal regimes (Spring & Autumn) of Yousafwala 
Punjab, Pakistan during 2009. The data regarding the plant 
height (cm), cob height (cm), days to 50% tasseling, days to 
50% silking and adjusted grain yield (kg/ha) were noted for 

material under study and subjected to analysis of variance 
techniques (Steel & Torrie, 1980) and subsequently Least 
Significance Test (P≤ 0.05) was used to determine the level of 
significance among the treatment means by using M-STAT-C 
programme.  The plot size was 5x3 m2. Four rows/genotypes 
were sown with R-to-R & P-to-P distances of 75 and 20 
cm, respectively. Fertilizers were applied @ 138-69-75 & 
120-60-50 NPK kg ha-1 during spring and autumn seasons, 

respectively. All phosphorus & potash and half nitrogen were 
applied at planting time whereas the other half of the nitrogen 
was given to crop after 30 days of sowing. 

Results 

The genotypes differed significantly (P≤0.05) in plant 
height, days to 50% tasseling and adjusted grain yield (kg/
ha) during spring, 2009 (Table 1) as reported by Olakojo 
and Iken (2001). The promising hybrid YH-1979 out yielded 
the renowned commercial hybrids (NT-8441, 8288, 6525) 
by yielding 11000 kg/ha during spring, 2009. In Autumn 
season, 2009 the promising hybrid YH-1978 out yielded all 
the commercial hybrids by yielding 10292 kg/ha depicting 
that both the promising hybrids of Maize & Millets Research 
Institute, Yousafwala, Sahiwal have wider adaptability in 
both the seasons and gave higher yields  in comparison with 



174

Book of Extended Summaries for the Eleventh Asian Maize Conference

the commercial hybrids. It is also revealed from the data that 
days to 50% tasseling were significant (P≤0.05) for both the 
seasons while days to 50% silking were significant (P≤0.05) 
in autumn season. This anthesis-silking interval (ASI) is 
one of the main determinants of source and sinks strengths 
of maize via its relations with light interception and yield, 
respectively. It depends on the ability of silks to expand 
under fluctuating environmental conditions (Welcker et. al., 
2006). 

Conclusion
It is concluded that both the promising hybrids of 

MMRI, Yousafwala-Sahiwal have wider adaptability in 
both the seasons and are higher yielder in comparison with 
the commercial hybrids. Hence they are recommended for 
general maize cultivation in the area to cut short the huge 
import bill generated by the import of commercial maize 
hybrids.
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Table 2: Means squares from the analysis of variance for plant height (cm), cob height (cm), days to 50%tasseling, Days to 
50% silking and adjusted grain yield kg/ha for twenty maize hybrids grown during autumn, 2009

S.O.V. d.f.
Plant height 

(cm)
Cob height

(cm)
Days to 50% 

tasseling
Days to 50% 

silking
Adjusted Grain Yield 

(kg/ha)

Replications 1 198.0NS 55.2NS 0.025NS 3.600NS 1683419.6NS
Genotypes/hybrids 19 486.6** 186.7** 7.604** 6.032** 2748132.5**
Error 19 67.8 21.6 1.709 1.337 432879.6
Non-Additivity 1 7.6 13.5 3.574 0.028 317179.4
    Residual 18 71.2 22.2 1.606 1.410 439307.4

Table 1:  Means squares from the analysis of variance for plant height (cm), cob height (cm), days to 50%tasseling, Days to 
50% silking and adjusted grain yield kg/ha for twenty maize hybrids grown during spring, 2009

S.O.V. d.f.
Plant height 

(cm)
Cob height 

(cm)
Days to 50% 

tasseling
Days to 50% 

silking
Adjusted grain yield 

(kg/ha)

Replications 1 540.2NS 330.6NS 0.225NS 3.025NS 1057445.9NS
Genotypes/hybrids 19 604.6** 114.0NS 5.909** 3.278NS 2584024.6**
Error 19 146.8 55.9 2.014 3.657 324779.6
Non-Additivity 1 57.7 31.7 0.248 1.208 497350.7
    Residual 18 151.7 57.2 2.113 3.793 315192.3
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P_3.08:  Phenotypic stability for single cross hybrids of maize 
(Zea mays L.) over environment

D. Lenka and H.C. Singh*

Abstract:

An experiment consisting 10 diverse inbreds of maize 
namely; CM122, CM105, CM111, CM114, CM500, CM400, 
CM600, CM123, R2-1 and R50-1 and their all-possible 
combinations (excluding reciprocals) were evaluated for 
their stability performance in three diverse seasons i.e. rainy, 
winter and spring of 2006-07 at Oilseeds Research Farm, 
Kanpur of U.P. state of India.

Results showed significant differences among the 
genotypes over environments for all the characters under 
study. The mean of genotypes were also highly variable under 
different seasons .The GxE interactions were also highly 
significant for all the traits except ear length, cob diameter 
and shelling percentage. It indicated that the performance of 
genotypes varied from season to season and it is imperative 
to select the genotypes as per environmental condition. The 
traits ear length, cob diameter and shelling percentage were 
recorded significant for pooled deviation but non-significant 
among regression coefficient of genotypes. However, for 
rest of the traits pooled deviation and GXE (linear) both 
were significant which determines the cause of genotypic 
variations as predictable.

Six hybrids namely; 2x5, 2x10, 3x8, 3x10, 4x10 and 
5x6 were considerable as stable; crosses, 4x7,5x8,6x10 and 
7x8 were below stability; two hybrids 3x6 and 4x6 were 
found as poor adoption for cob yield per plant.

For grain yield per plant, three hybrids i.e. 3x8, 3x10 
and 2x5 were considered as stable; hybrids namely 3x4 
and 7x8 were suitable for favorable environment. Parent 
R50-1 and six hybrids namely; 1x4, 1x6, 2x7, 6x7, 6x9 
and7x8 were found stable for early tasseling.Two parents 
i.e.CM105, CM123, and two hybrids 3x10 and 4x9 were 
suitable for favorable environments. in case of silking ,three 
parents i.e.CM500,CM600 and R2-1 and seven hybrids 
namely;1x5,1x6,2x6,2x7,3x10, 6x7 and 6x10 were found as 
stable over environments.

Introduction
Maize (Zea mays L.) is globally a top ranking cereal 

having high yield potential. The greater demand for food, 
fodder, feed and industrial utilization put it on prime 
position. It is a premium crop most suitable to over come the 
global worming. 

The interaction of G X E is one of the most decisive 
factors for the success or failure of the plant selection. There 
are two kinds of environments, the one that can be controlled 
and the one that cannot be controlled e.g. Plant densities and 
fertilizer or irrigation schedules  are controllable environment 
but weather are uncontrollable one. It is a commonsense that 
plant screening should be done under the conditions that 
plants will be grown. However, conditions in farmer’s field 
are varied widely and the optimum conditions are impossible 
to ascertain. To correct the problem, multilocation testing is 
needed but is very costly and practically it will carry out 
only for the most promising lines on the final screening.  
Farmers generally like to purchase high yielding hybrids 
that perform constant yield on their field without affecting 
the yield or other attributes due to change in weather means 
no specific hybrid for specific season (around the year). 
Thus, the present work is an attempt to select stable hybrid/
parent that gives stable performance over environment in 
Indian condition.

Material and Methods
An experiment consisting 10 diverse inbreds of maize 

namely; CM122, CM105, CM111, CM114, CM500, CM400, 
CM600, CM123, R2-1 and R50-1 and their all-possible 
combinations (excluding reciprocals) were evaluated for 
their stability performance in three diverse seasons i.e. rainy, 
winter and spring of 2006-07 at Oilseeds Research Farm, 
Kanpur of U.P. state of India.

Each inbred and F1 was sown in two rows of five 
meter long spaced at 60x25 cm.  between and within rows 
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and plants respectively. All the recommended package of 
practices was adopted to raise a good crop. The observations 
were recorded on five randomly selected plants for Days 
to 50% tasseling, days to50% silking, plant height (cm), 
ear length (cm), no. of grain rows per cob, cob diameter 
(cm),no. of grains per row, cob yield per plant(g), grain yield 
per plant (g), shelling % and 1000- kernel weight (g).

The stability analysis was done as per methods 
suggested by Eberhart and Russell (1966).

Results and Discussion
 Information about phenotypic stability is useful for 

the selection of crop varieties as well as for an effective 
breeding program. The phenotypic performance of 
a genotype is not necessarily the same under diverse 
ecological conditions. Some genotypes perform well 
in certain environments but same fail in several others. 
Genotype-environment interactions are extremely important 
in the development and evolution of plant varieties because 
they reduce the genotypic stability values under diverse 
environments. The concept of stability has been defined 
in several biometrical methods including univariate and 
multivariate ones and has been developed to assess the 
stability (Lin et al.1986;Crossa;1990). The most widely 
used is the regression analysis method based on regressing 
the mean value of each genotype on environmental index or 
marginal means of environments (Tesemma et al.1998). A 
good method to measure stability was previously proposed 
by Finlay and Wilkinson (1963) and was later modified/
improved by Elberhert and Russell (1966), Perkins and 
Jinks (1968). Freeman and Perkins(1971) etc. The stability 
of varieties was defined by high mean performance for 
character concerned and regressions coefficient (bi=1). The 
stability was defined as adaptation of varieties unpredictable 
and transient environmental conditions and the technique 
has been use to select stable genotype unaffected by 
environmental changes (Allard and Bradshaw;1964).

  The considerable amount of genotypes environment 
linear component emphasized genotypes environment 
linear component emphasized genotypes deviating from 
regression line of unit line could be identified. The stability 
of productivity for the epiphets of economic importance 
such as yield and quality, is of interst to the plant breeder. 
Desirable genotypes must have low genotypic-environmental 
interactions for agriculturally important epiphets but, on 
the other hand may be more flexible for the other epiphets. 
Such genotypes are said to be ‘well buffered’, as these could 
adjust their genotypic status in response to the changing 
environmental conditions. Adoption is the property of 
genotype or population of genotypes permitting subsequent 
alteration of the norms of the adaptation is response to 
changed selection pressure (Simmonds, 1962).

Results showed significant differences among the 
genotypes over environments for all the characters under 
study. The mean of genotypes were also highly variable 
under different seasons .The GxE interactions were also 
highly significant for all the traits except ear length, cob 
diameter and shelling %. It indicated that the performance of 
genotypes varied from season to season and it is imperative 
to select the genotypes as per environmental condition. The 
traits ear length, cob diameter and shelling percentage were 
recorded significant for pooled deviation but non-significant 
among regression coefficient of genotypes as referred by 
non- significant mean sum of squares for G X E (linear). 
Such situation directs that the cause genotypic variation in 
nature is predictable.    However, for rest of the traits pooled 
deviation and GXE (linear) both were significant which 
determines the cause of genotypic variations as predictable.

Six hybrids namely; 2x5, 2x10, 3x8, 3x10, 4x10 and 
5x6 were considerable as stable; crosses, 4x7,5x8,6x10 and 
7x8 were below stability; two hybrids 3x6 and 4x6 were 
found as poor adoption for cob yield per plant.

For grain yield per plant, three hybrids i.e. 3x8, 3x10 
and 2x5 were considered as stable; hybrids namely 3x4 

Table 1. Analysis of Variance for stability parameters (Eberhart & Russell,1966)

Source of Variation d.f.
Days to 
tasseling

Days to 
silking

Plant 
height 
(cm)

Ear 
length 
(cm)

Grain 
rows/ 
Ear

Grains/ 
row

Cob 
diameter

Cob yield/ 
plant (g)

Grain 
yield/ 

plant (g)
Shelling 

%
1000 grain 
 weight (g)

Genotype 55 232.87 27.54 265.12 11.48 2.52 20.28 0.13 3006.58 1929.03 6.78 3050.03
Env. 2 79250.64 82343.03 33162.36 209.32 49.82 904.67 4.79 111557.76 74505.45 137.35 42038.03
GxE 110 11.72 11.22 164.63 1.30 0.28  2.14 0.05ns 123.18 84.04 0.51ns 321.76
E x v+(G x E x V) 112 1426.70 1481.43 753.88 5.01 1.16 18.26 0.13ns 2113.08 1413.00 2.95ns 1066.70
Env.(Linear) 1 15850179 164686.03 66326.25 418.59 99.63 1809.38 9.58 223116.02 149097.00 274.84 84074.86
G x E (Linear) 55 22.02 20.60 145.55 0.58ns 0.36 2.61 0.04ns 213.83 149.10 0.57ns 365.66
Pooled Dev. 56 1.39 1.81 180.42 1.98 0.19 1.63 0.06 31.94 18.64 0.44 272.94
Pooled Error 330 0.48 0.96 4.26 0.15 0.07 0.41 0.02 8.56 3.58 0.24 23.76
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and 7x8 were suitable for favorable environment. Parent 
R50-1 and six hybrids namely; 1x4, 1x6, 2x7, 6x7, 6x9 
and7x8 were found stable for early tasseling.Two parents 
i.e.CM105, CM123, and two hybrids 3x10 and 4x9 were 
suitable for favorable environments. in case of silking ,three 
parents i.e.CM500,CM600 and R2-1 and seven hybrids 
namely;1x5,1x6,2x6,2x7,3x10, 6x7 and 6x10 were found 
as stable over environments. Shieh Guang Jauh (1994) has 
already reported similar findings. 

Conclusion
It can may be concluded that genotypic variations 

for days to 50% tasseling, silking, and other characters 
under study are predictable. Grain yield per plant can 
be improved by developing single cross hybrids of 
CM111xCM123,CM111xR50-1 and CM105xCM500 as 
these hybrids were not only good producer but also suitable 
for different seasons. Crosses, 4x7, 5x8, 6x10 and 7x8 were 
below stability; two hybrids 3x6 and 4x6 were found as poor 
adoption for cob yield per plant. 
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Table 2:  Stability parameters of selected parents/hybrids for cob yield and grain  Yield/plant   in maize.  

Inbred/Hybrid Cob yield/Plant Grain yield/Plant

x- bi S2di x- bi S2di

CM105 108.91 0.63** 10.23 83.50 0.63** 3.63
CM123 91.33 0.71** 65.62 67.84 0.68** 41.54**
2x5 174.62 1.07** -2.55 133.21 1.08** -0.79
2x10 153.66 0.86** -2.76 116.59 0.89** -0.69
3x8 168.58 1.05** -0.28 131.66 0.99** -1.17
3x10 187.46 1.01** -2.84 147.42 1.08** -0.74
4x10 157.04 1.01** -2.54 119.44 1.00** 4.56
5x6 201.92 1.09** -1.57 158.42 1.07** 2.22
4x7 186.40 1.18** 0.21 145.81 1.25** 1.44
5x8 177.01 1.13** -1.06 133.04 1.14** 11.07**
6x10 176.30 1.25** -2.83 133.78 1.25** 2.31
7x8 173.07 1.22** 0.32 131.86 1.20** 0.85
3x6 162.17 0.90** -2.01 126.28 0.93** 0.46
6x9 164.46 1.09** 2.39 125.59 1.11** 2.40
Population mean 157.19 SE ± bi=0.90 120.74 SE ± bi=0.08

** Significant at p=0.01.
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P_3.09: Performance of CIMMYT Hybrids in Indonesia

M. Idris, W. Langgo and M. Azrai

Indonesian Cereals Research Institute, Jl. Dr. Ratulangi, No. 274, Maros, South Sulawesi, Indonesia
Author for correspondence: idrismaize@yahoo.com, azraimuh@yahoo.com

Introduction
Maize production in Indonesia amounted to 17.84 

million tons in 2010, an increase of 214.93 thousand tons 
(1.22 percent) over the previous year (Biro Pusat Statistik, 
2010). However, the country still had to import around 1.5 
million tons for feed, and the figure is expected to rise by 2 
million tons in 2011. Increasing the productivity of maize 
in Indonesia requires the use of genotypes that are high 
yielding. Improved varieties through breeding depend on 
the variation and genetic potential of the germplasm used.  
In the year 2010, the Indonesian Cereals Research Institute 
(ICERI)  introduced and evaluated performance of the 
TTWCYL and CHTTY hybrids from CIMMYT, Mexico.

Material and Methods
 The TTWCYL hybrid was planted in the Pandu 

experimental station (North Sulawesi) and farmland in 
Kediri (East Java), while CHTTY  was planted in the 
Maros experimental station (South Sulawesi) and in the 
fields in Kediri   in the 2011 rainy season. These trials used 
a randomized block design with three replications. Each 
genotype was planted in a two-row plot per replication, 
with a plot length of 5 m, intra row spacing  of 25 cm and  
inter-row spacing of 70 cm. The target was optimization of 
the genetic potential of hybrids in the field. The characters 
measured were agronomic and yield components, scores of 
plant performance, husk cover, rust and leaf blight diseases 
(CIMMYT, 1994). 

Results
Yield data on  farmland in Kediri could not be analyzed 

because around 90 to 100 percent of the CIMMYT hybrid 
was infected with  downy mildew.. The trial result of 
TTWCYL maize hybrid in the Pandu experimental station 
showed that four hybrids had yields higher than both local 
checks but not more significant than Makmur-1. These 
hybrids were: (CLQ-RCYQ63/CML161)//CL02450Q with 
a yield of 9.8 t/ha; (CLRCY044/CLRCY039)//CL02450 

with a  yield of 9.7 t/ha; (CL-RCY39/CL-02450)//CML451 
and (CL-G2620/CML451)//CL02450 with a  yield of 9.3 t/
ha. The local  checks of  Makmur 1 and Bima 3   yielded  
9.0 t/ha and 5.4 t/ha, respectively. The trial result of CHTTY 
maize hybrid in the Maros experimental station showed that 
CL-RCY031/CML451 hybrids had  significantly higher 
yields than both local checks (Bima 2 and Makmur 1). The 
other  CHTTY maize hybrids registered  significantly higher 
yield than the local check— HibMak 1. 

Conclusions 
The yield of hybrids from CIMMYT introduced in 

Indonesia ranged from 4.9 t/ha ((CLQ-RCYQ71/CML161) 
/ / CML165) to 9.4 t / ha (CLRCY044/CLRCY039) / / 
CL0245) for TTWCYLs hybrids, and 7.5 t / ha (CLYN204/
CL02450) to 11.6 t / ha (CL-RCY031/CML451) for CHTTY  
hybrids.  Statistical analysis showed  significant difference 
among the hybrids tested. The diversity of the yield was due 
to differences in genetic potential and adaptability of these 
hybrids that result in varied phenotypic expression.
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P_3.10:  Estimation of combining ability and gene effects in new 
field corn (Zea mays L.) inbred lines in Iran

J. Musa-Abadi, S. Khavari Khorasani*, B. Syah Sar, A. Ismaili

Seed and  Plant Improvement Division, (SPII)  Khorasan Razavi Agriculture Research and Natural Resources Institute, Mashhad, IRAN. 
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Introduction

Early evaluation of test crosses between lines x 
testers could reduce substantial number of none promising 
lines during breeding process. Besides, this can estimate 
both additive and non additive (dominance) gene effects 
controlling grain yield (Venkatesh et al., 2001). When 
estimation of combining ability and gene effects of early 
mature corn inbred lines at different plant densities by line 
× tester analysis, interaction of line × tester  was found 
being significant for plant height, days to silking, leaves 
no., days to physiological maturity, kernel depth, kernel no./
row and 300 kernel weight at high density and plant height, 
kernel depth and kernel no./ear at normal density (Esmaili 
et al., 2005) . Based on the above remarks, this study was 
conducted in Iran to estimate GCA and SCA of forage yield 
and related traits of corn hybrids by line × tester analysis.

Methods 
In this study, 20 S6 inbred lines as female (derived from 

F2 populations of early and medium mature commercial corn 

hybrids) were crossed with 3 S6 commercial Iranian inbred 
lines as male testers (T1=K18, T2=K19, T3=K1264/5-1) in 
3 isolated fields in 2007. Then 60 test crosses were evaluated 
applying Random Complete Block Design (RCBD) with 
3 replications in Tourogh Agricultural Research Station, 
Mashhad, Iran in 2008. The measured traits were ears 
plant-1, 1000-kernel weight, kernel depth, ear diameter, cob 
diameter, kernel rows ear-1, kernels row-1, ear length, days to 
physiological maturity and grain yield. 

Results 

Replication was not significant for all traits, the analysis 
was in based on completely random design (CRD). The 
ANOVA showed significant differences among test crosses 
for all of traits except number of ears plant-1 (Table 1). The 
effects of lines and testers were significant for all measured 
traits except days to physiological maturity, that was 
just significant for tester effect. Estimation of combining 
ability showed that GCA was significant for grain yield, 
kernel depth, ear height in inbred lines L3 and L5 and for 
1000-kernel weight (p=0.95) in L5. This superiority can 

Table 1: Analysis of variance  of morpho-phisiological traits and forage yield (No data in the Table) of test crosses of maize 
in Mashhad, Iran, in 2008

SOV DF

MS

Physiological 
maturity Kernel yield

1000-kernel 
weight Ear diameter Kernel no./row

Cross 59 62.56** 4.17* 2525.04** 12.64** 18.97**
Line 19 34.48ns 5.14* 3976.16** 18.08** 20.24**
Tester 2 735.8** 16.24* 19037.7** 132.88** 194.4**
Line × tester 38 41.17** 3.05ns 930.4ns 3.6* 9.11ns
Error 120 21.99 2.57 982.62 2.36 6.61

2
As 0.413 0.022 30.792 0.175 0.191
2
Ds 6.432 0.153 0 0.403 0.825

22 / scagca ss 0.032 0.071 _ 0.215 0.115

)2/(2 222
scagcagca sss +

0.06 0.126 1 0.301 0.187

* and **: Significant differences at 0.05 and 0.01 probability levels respectively, n.s: non significant differences
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be attributed to more leaves number, days to physiological 
maturity and more ears plant-1. Combining ability was found 
being significant for tester T3 (K1264/5-1) in cob diameter, 
1000-kernel weight, row no./ear, ear diameter, days to 
physiological maturity and for tester T1 ( K18) in other 
traits.  The best SCA was observed in grain yield for L12 
×T2 and L16 × T1. 

Conclusions 

Estimation of )2/(2 222
scagcagca sss +  showed 

important role of additive gene effects in control ear length, 
kernel depth and 1000-kernel weight traits, and for kernel 
no./row, row no./ear, ear diameter, kernel yield and cob 
diameter traits, the non-additive gene effects were mainly, 
and both role was equal almost about the other traits. These 
results for the physiological maturity and kernel no./row in 
high density and about kernel depth, kernel no./row and row 
no./ear in normal density with Esmaili et al., (2005) were 
similar, and about the other traits in both normal and high 
density was no similar Main important role of non-additive 
effects about 1000-kernel and kernel yield in Konak et al., 
(1999), Neastares et al., (1999) research is against our 
results. 
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components in full-season hybrids of maize
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*Author for correspondence: sumalinikatragadda@gmail.com

Introduction
As per the latest report, maize area, productivity and 

production in India is 8.26 mha, 2.02 t ha-1, 16.72 mt (>10 
times from a mere 1.73 mt during 1950-51), respectively. 
The demand of maize is expected to reach 42 mt by 2025, of 
which 20-21% will be used as food for human consumption, 
>60% as feed for poultry and livestock, and the remaining 
12-13% as raw materials for industries. Therefore, it is 
necessary to develop high yielding maize hybrids in order 
to meet demand of maize in the circumstances difficult to 
increase acreage of maize. 

In any hybrid maize breeding programs, the most 
important prerequisite is the selection of suitable parents, 
which could combine well and produce desirable hybrids. In 
the present study, an attempt has been made to estimate the 
heterosis in F1 hybrids with respect to yield, the combining 
ability and gene action governing the quantitative traits in 
maize, using line x tester mating design. 

Materials and Methods
Fifteen late genotypes of maize including seven lines 

and eight testers were involved in a line x tester mating 
design in rabi, 2009-10. The resultant fifty six crosses along 
with a check (900 MGold of Monsanto India Pvt Ltd.) were 
planted in RBD with three replications during kharif, 2010 at 
Agricultural Research Station, Karimnagar. Data on twelve 
quantitative characters including plant height, ear height, 
ear length, ear girth, kernel rows and kernels per row were 
recorded on five consecutively selected competitive plants 
in each replication, whereas days to 50 % pollen shedding, 
days to 50 % silk emergence, days to 75 % dry husk, ears 
per plant, grain yield (q/ha) and 100 kernels weight and 
ear count per plant count were recorded on plot basis. 
Combining ability of Line x Tester without parents was 
analyzed applying method by Kempthorne (1957). Standard 
heterosis was assessed over the check.

Data in Table 1 showed that, variance due to hybrids 
was highly significant for all traits studied, indicating 

substantial amount of variability among the parents. The 
differences among hybrids due to the lines, testers and line 
x tester interaction (Not yet presented in Table 1) were 
significant for all the characters except plant height, ear 
height, number of ears per plant, number of kernel rows in 
line x testers. Thereby the experimental materials can be 
inferred possessing considerable variability and that both 
gca and sca were involved in genetic expression of these 
traits Lata et al. (2008). 

The estimates Data of gca effects (Table 1) revealed 
that the lines KML-70, KML-223 and KML-286 were 
good general combiners for grain yield. Lines KML-223 
and KML-235 were good general combiner for all traits 
and lines KML-141 and KML-234 were found to be good 
general combiners for earliness. Among testers, KML-36 
and KML-226 were good general combiners for grain yield, 
and KML-32, KML-35, KML-36 and KML-58 were good 
general combiners for earliness. 

Among hybrids, KML-286 x KML-29 was the best 
(SCA should be analyzed by a model by Kempthorne (1957) 
hybrid for grain yield  followed by KML-57 x KML-35, 
KML-235 x KML-32  , KML-235 x KML-58 , KML-57 x 
KML-226  and KML-223 x KML-3 . KML-223 x KML-3 is 
a desirable cross for early maturity with significant negative 
sca, heterosis and low mean values for number of days to 
75 per cent dry husk. KML-57 x KML-226 was a desirable 
cross with significant positive sca, heterosis and high mean 
values for grain yield and ear girth, significant sca, and 
heterotic effects for ear length, ear girth and 100 kernels 
weight. KML-57 x KML-226, KML-70 x KML-3, KML-70 
x KML-29 and KML-286 x KML-29 are desirable crosses 
with significant positive sca, heterosis and high mean values 
for grain yield. These results are in similar with the earlier 
findings of Srivastava and Singh (2003). 

Conclusions
The hybrid combination KML-223 x KML-3 recorded 

significant negative heterosis for days to 75 per cent dry 
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husk, combined with significant negative sca and low 
mean performance. Hence, this hybrid could be suitable for 
medium maturity situations 

References
Hallauer, A.R., and J.B.Miranda. 1981.Quantitative Genetics in 

Maize Breeding. 

Kempthorne, O. 1957. An introduction to Genetic Statistics. 

Lata, S., et al. 2008. Crop Improvement. 35 (2) : 135-138.

Srivastava, A., and I.S.Singh. 2003. Indian J. Genetics and Plant 
breeding.64: 345-346.

Table 1: Estimate of gca effect of different characters for parents.

Lines/Testers
Grain 
yield

Days to 
50% pollen 
shedding

Days to 
50% silk 

emergence

Days to 
75% dry 

husk
Plant 
height

Ear 
height

Ear 
length

Ear 
girth

No. of 
ears per 

plant

No. of 
kernel 
rows

No. of 
kernels 
per row

100 
kernels 
weight

Lines

KML-57 0.88 0.99** 1.27** 1.30** -7.49** 1.78 -1.6** -0.42** -0.07** 0.32 -4.22** -0.15

KML-70 18.95** 0.33 -0.07 -0.03 11.8** 6.64** 0.15 -0.41** 0.03* -1.05** -2.64** 3.6**

KML-141 -12.74** -1.51** -1.27** -1.99** 2.76 1.64 1.27** -0.75** 0.05** -0.1 5.07** -3.23**

KML-223 9.87** 0.41 0.14 -0.07 -1.57 -1.24 -0.81** 0.62** 0.06** 1.03** 1.99** -3.07**

KML-234 -10.27** -1.67** -1.07** -0.95** -16.82** -8.74** -0.63** 0.27* -0.03* -0.30 -1.3* -2.77**

KML-235 -18.34** 1.79** 1.85** 1.68** -9.28** -8.82** 1.01** 0.74** -0.05** 0.78** 1.91** 1.94**

KML-286 11.64** -0.34 -0.86** 0.05 20.6** 12.30** 0.62** -0.04 0.01 -0.68** -0.80 3.69**

SE (Lines) + 1.32 0.24 0.24 0.30 2.52 1.71 0.19 0.12 0.01 0.20 0.55 0.19

Testers

KML-3 -3.15* 2.61** 2.32** 0.09 17.13** 1.80 0.08 0.8** -0.02 -0.57** 0.26 2.34**

KML-29 -1.46 0.42 0.32 0.90** -3.26 -4.58* -0.16 0.00 0.02 0.91** 0.64 -0.28

KML-35 -1.21 -2.67** -2.39** -0.63 -14.45** -4.49* -0.54* 0.47** 0.02 0.34 -0.88 1.82**

KML-36 5.28** -0.82** -0.54* 0.28 -1.26 -1.73 0.86** -0.28* 0.01 0.24 0.83 0.96**

KML-58 -11.38** -0.63* -0.3 -0.72* -2.11 6.89** -0.67** -0.94** 0.01 -0.61** 0.26 -4.66**

KML-99 -8.23** 0.85** 1.04** 0.28 3.84 0.32 0.01 -0.75** -0.06 0.15 -1.83** -1.14**

KML-226 18.7** 1.04** 0.8** 0.38 9.51** 5.70** 0.17 0.22 0.03 -0.04 -0.41 1.34**

SE (Testers)+ 1.43 0.26 0.26 0.32 2.72 1.85 0.21 0.13 0.02 0.22 0.6 0.21

*Significant at P<0.05; **Significant at P<0.01
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Table 1. Some agronomic characters of promising maize hybrids  across 11 locations, Thailand 2010

Hybrids
Days to tasselling 

(day)
Days to silking 

(day)
Plant height

(cm.)
Ear height

(cm.)
Moisture

(%)
Shelling

(%)

NK 48 53 52 219 114 25.75 78.20
NSX 042007 55 54 191 113 25.62 81.69
NSX 042013 55 54 219 126 24.53 81.27
NSX 052014 53 52 218 116 23.93 79.31
NSX 042022 55 54 207 117 24.22 83.43
CP-DK 888 56 54 227 133 25.43 81.02
Big 919 53 52 196 102 25.11 82.59
NSX 062006 53 52 222 119 25.44 81.01
NS 3 56 55 228 130 24.59 81.74
NS 2 (Check) 56 55 230 129 25.11 79.26
Mean 54 53 216 120 24.97 80.95
CV (%) 1.66 1.91 4.75 6.50 6.58 2.61
LSD (0.05) 1 1 4 3 0.69 1.21

Introduction
Maize breeding project of NakhonSawan Field Crops 

Research Center (NSFCRC) in Thailand has recently 
bredseveralpromising hybrids tolerant to drought. However, 
the yield potential of each hybrid depends on genetics 
factors, environment and interaction between genotype 
and environment (Eberhart andRussel, 1966). Therefore, 
before those promising hybrid were released to production, 
they must passsteps of yield evaluation over major maize 
growing areas in Thailand. This paper is intended to present 
yield stability of promising maize hybrids tolerant to drought 
in Thailand.

Materials and Methods
The experiment consisted of five promising hybrids and 

two commercial hybrids from NSFCRC, three commercial 
hybrids from private sectors, and NS 2 as a check hybrid. 
Yield stability and agronomic traits were evaluatedacross11 
locations during rainy season, 2010. A random complete 
block design with four replications was used. Individual plot 
was planted with six rows of 5 meters long with  spacings 

of row to row 75 cm and plant to plant 20 cm. Data were 
statistically analyzed employing method by Eberhart and 
Russel (1966).

Results and Discussion
Analyses of variance showed significant difference 

(P<0.05) due to variety, location and hybrid -location 
interaction, indicating that hybrids had large differences in 
yield in different environments. Across 11 locations, mean 
of days to silking was 53 days with a highly significant 
varietyeffect which ranging from 52 - 55 days. mean of days 
to tasselling was 54 days, ranging from 53 to 56 days.Almost 
entries had ear placement at about the middle of the plant 
height. Shelling percentage, ranging from 78.20 -83.43 %, 
with a mean of 80.95 % (Table 1).Four hybrids NK 48,NSX 
042007, NS 3 and NSX 042013produced 5- 25 % higher 
yield than the check variety -  NS 2 (6.9 tha-1) at P<0.05. 
One promising hybrid namely NSX 042007 produced the 
highest mean grain yield, regression coefficient close to 1.0 
and least S2d (7.8 tha-1, b = 0.77, S2d = 0.192, respectively)
(Table 2). 
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Conclusions
The experiments indicated that hybrids performed 

differently in different locations. NK48, NSX042007, 
NS3 and NSX 042013produced 5 - 25% higher yields than 
NS2 However, only one promising NSX042007 produced 
consistently high yield over 11 tested environments (7.8 tha-

1, b = 0.77, S2d = 0.192).

References
Eberhart, S.A. and W.A. Russel. 1966. Stability parameters for 

comparing hybrids. Crop Sci.6 : 36-40.

Table 2 Mean grain yield (tha-1) of promising maize 
hybrids andregression coefficient across 11 
locations, Thailand 2010

Hybrids Mean % Check b S2d

NK 48 8.7 125 1.40 0.450**
NSX 042007 7.8 112 0.77 0.192
NSX 042013 7.3 105 0.87 0.150
NSX 052014 7.2 104 1.09 0.192
NSX 042022 7.1 103 0.84 0.330*
CP-DK 888 7.1 103 1.26 0.639**
Big 919 6.7 97 1.01 0.382**
NSX 062006 6.4 93 0.74 0.131
NS 3 7.4 107 1.04 0.281
NS 2 (Ck.) 6.9 100 0.98 0.079*
Mean 7.3 105 - -
CV (%) 10.38 - - -
LSD (0.05) 0.3 - - -
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P_3.13:  Relationship between kernel yield, ear traits, rate of 
disease infection and planting density of maize inbred 
line Sn-8-1-1

Tian Shu-yun, Su Yue-gui, HE Xue-yin, Wen Ren-lai*

Guangxi Maize Research Institute, GAAS, Mingyang 530227, Wuxu, Nanning, Guangxi, P. R. of China
*Author for correspondence: wrlai@gxaas.net

Introduction
Due to the comparative merit of its uniformity and high 

yielding potential, maize single cross is widely adopted 
across China and Guangxi province presently. However, 
when inbred line is used as female parent, it is usually 
facing with constraints of short stature, small ear and low 
productivity (Wang Zhimin, 2004), in which 1000-kernel 
weight and rate of disease infection are the most important 
factors affecting quality of seed maize in China (Pan Yonzhi 
et al.,1997). In order to stimulate seed production, the most 
effecitive technical practice is to increase planting density 
of the female parent. But relationship between kernel yield, 
ear traits, rate of disease infection and planting density 
should be understood clearly in the parent lines. This study 
is carried out to analyse those responses in a maize inbred 
line Sn-8-1-1.

Materials and Methods
Maize inbred line Sn-8-1-1 with high yield, resistance 

to pests and good combing abilitydeveloped by Guangxi 
Maize Research Institute, is female parent of commercial 
single cross Nanniwan 18. Experiment with randomized 
complete block design (RCBD), 4 replications and 7 
planting densities (3600, 4000, 4400, 4800, 5200, 5600 
and 6000 plants mu-1), was conducted in 2010 at Guangxi 
Maize Research Institute, Nanning, Guangxi (east longitude 
108º19’, north latitude 22º49’, altitude 90.00  meters ASL). 
Barren and infected disease plants were counted for each 
plot before harvesting. Ear length, ear diameter, rows per 
ear, kernels per row were collected on 10 cobs for each plot 
after drying. Grain yield and 1000-kernel weight at 13% 
moisture was calculated. Correlation among studied criteria 
was analyzed using Microsoft Excel 5.0.

Fig. 1.  Relationship between the yield, ear traits, percentage of the barren plant and diseased 
plants of maize inbred line Sn-8-1-1 and its planning densities.
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Results
Result showed that the kernel yield of maize inbred line 

Sn-8-1-1 had upward trend with planting density increasing 
from 3600 plants to 5200 plants/mu, then downward trend 
with planting population rising from 5200 plants to 6000 
plants mu-1. The maximum yield is 381.71 kg mu-1 under 
density of 5200 plants mu-1; Ear length, ear diameter, 
row number per ear, kernel number per row, 1000-kernel 
weight decreased with planting density increasing from 
3600 plants to 6000 plants/mu, while percentage of barren 
plant and rate of disease infection increased with the rising 
population. the relationship between kernel yield and plant 
density was significantly positive; between kernel yield 
and percentage of barren plant and diseased plant rate were 
significantly negative and between kernel yield and ear 
length, ear diameter, row number per ear, kernel number per 
row, 1000-kernel weight were all not significantly negative. 
Path analysis revealed that the direct contribution to yield 
made by the traits involved was followed in order: density 
(P1→y=0.8949) > row number per ear (P4→y=0.6073) > 
kernel number per row (P5→y=0.4610) > 1000-kernel weight 
(P6→y=0.3222) > percentage of barren plant (P7→y=.2760) > 
ear diameter (P3→y= -0.3469) > diseased plant rate (P8→y= 
-0.4117) > ear length (P2→y= -0.9712).

Conclusions
Kernel yield, 1000-kernel weight and diseased plant 

rate, the best planting density for the seed production of 
Nanniwan  is recommended as 5200 per mu. While this 
sowing population is adopted, the maximum yield of seed 
could be produced and quality maize seed could be secured 
for Nanniwan 18 at seed productive stage.

Reference
Wang Zhimin. Toward new green revolution: The trend of research 

on high yielding across global food crop [J]. Review of 
China Agricultural science and technology , 2004, 6(4): 3-9

Pan Yonzhi, Song Zhengang. Study on the effect of appropriate 
density on maize yield [J]. Heihe science and technology , 
1997,(2): 1-3
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P_3.14:  Combining abilities of 12 Thai corn populations and 
their heterotic grouping

Wen Renlai*, Tian Shuyun, Su Yuegui, He Xueyin, Cheng Weidong

Guangxi Maize Research Institute (GMRI), (GXAAS), Mingyang (530227), Wuxu, Nanning, Guangxi, P.R. of China
*Author for correspondence: wrlai@gxaas.net

Introductions

Narrowness of genetic base of maize germplasm is 
one of the important constraints limiting genetic gains 
of maize breeding in China (Wang Yibo, 1999). Tropical 
maize germplasm is full of genotypes resistant to biotic 
and abiotic stresses and complementary in some traits with 
temperate maize germplasm. Tropical maize germplasm 
play more and more important role in maize breeding in 
China (Pan Xingming et al, 2002 and Chen Yanhui, et al, 
2000). Analyzing the combining abilities of exotic maize 
germplasm is necessary step before they are integrated into 
local elite maize materials. 

Materials and Methods

Six domestic maize inbred lines (Mo17 (USA’s line not 
China’s line), Dan340, Huangzaosi, 178, 7239, and Qi319) 
used as male testers (P1), and 12 Thai corn populations used 
as female parents (P2), including Q1 (NST05101F2), Q2 
(NST05102F2), Q3 (NST05103F2), Q4 (NST05201F2), Q5 
(NST05202F2), Q6 (NST05203F2), Q7 (NP99201(RRS)
C1F2), Q8 (NP99202(RRS)C1F2), Q9 SWS003Y-5###), 
Q10 (SWS00352-2###), Q11 (SW3(S)C4) and Q12 (NS1) 
respectively, provided by Pichet Grandloyma of Nakhon 
Sawan Field Crop Research Center of Thailand] were crossed 
to make combinations in accordance with North Carolina 
Design II in 2009. Yield trial for the combinations and local 
check - Zhengda 619 were conducted with randomized 
complete block design in 2010 at Guangxi Maize Research 
Institute, Nanning, Guangxi. The combining ability effects 
of 12 corn populations were analyzed with DPS software 
and their heterotic groups were grouped based on their SCA 
effects.

Results 
The results revealed that the difference among 12 Thai 

corn populations were most significant for variance of GCA 
for yield followed by SCA, and the magnitude of GCA was 
larger than that of SCA variance for yield, which indicate that 
additive and no additive genetic effect exist concurrently in 
12 Thai corn populations, but additive genetic effect prevail 
dominantly. Populations Q1, Q10 and Q11 have better GCA 
for yield. The correlation between the total combining ability 
and the performance of the combinations for yield were 
positively significant (R2=0.9995) Based on SCA effects 
for yield, 12 Thai corn populations were classified into two 
heterotic groups. Group I include Q1, Q2, Q3, Q4, Q5, Q6, 
Q7, Q8, Q10 and Q12, which have higher SCA with such 
inbred line like 178,7239 grouped to Reid heterotic group; 
and group II has the populations Q9 and Q11, which show 
higher SCA with such inbred line like Dan340 belonged to 
Ludahongu heterotic group. The group I could be further 
divided into three heterotic sub-groups. Sub-group I include 
in the populations Q1, Q2 and Q10 ,which has the highest 
SCA with 178; Sub-group II contains the populations Q3, 
Q4, Q6, Q8 and Q12, which show the highest SCA with 
Huangzaosi clarified to sipintou heterotic group; Sub-group 
III include in the populations Q5 and Q7, which express the 
highest SCA with 7239. Out of the 72 combinations with 
the average yield performance ranked from first to tenth in 
order, there are 2 combinations with population Q1, Q10 
and Q11 used as parent, respectively, 1 combination with 
population Q2, Q5,Q7 and Q8 (too early to write about these 
populations because just 1 season tested) used as parent, 
respectively, and no combination with population Q3, Q4, 
Q6, Q9 and Q12 used as parent respectively.

Conclusions (Too early to make conclusion about these 
populations because just 1 season tested)
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Populations Q1, Q10 and Q11 have the highest 
breeding value, which can be suitable for direct use as 
source populations for line development or for improvement 
for other elite maize materials. Populations Q2, Q5, Q7 and 
Q8 are fit for use as source materials for building up more 
broad genetic population for further improvement.

References
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Fig.1 Clustering diagram of 12 Thai corn populations



189

Technical Session 3: Enhancing Yield Potential of Tropical Maize

P_3.15:  Phenotypic stability of quality protein maize inbred 
lines and single cross hybrids for yield and other 
characters
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*Author for correspondence: sitarverma@yahoomail.com, sitarsinghverma@gmail.com

Introduction
Quality protein maize hybrids can definitely improve 

the quality food and feed requirements and also help reduce 
protein deficiencies for maize-based population. Genotypes 
x environment interactions are of major concern for the 
plant breeders in developing improved varieties. However, 
the response of genotypes to environmental fluctuations 
due to genotype × environment interaction is less defined 
and non-predictable. Performance of genotypes in terms 
of yield over environments repeated in space and time has 
always been a challenge for plant breeders. Phenotype is 
the result of interplay of genotype and its environments. 
Therefore, it was considered desirable to carryout stability 
analysis for parents and their resultant crosses on the basis 
of data obtained from different environments. Statistical 
methods for determining stability of genotypes in diverse 
environments are usually used to assist plant breeders in 
selecting superior genotypes. 

Materials and Methods
The present investigation was undertaken at Norman 

E. Borlaug Crop Research Centre, GBPUA&T, Pantnagar, 

Uttarakhand, India with twenty one quality protein maize 
inbred lines (L1, L2….L21), three testers (T1, T2 & T3) and 
their sixty three single crosses alongwith three checks 
(HQPM-1, Shakti-1 and Pragati) during Kharif, 2009 in a 
randomized complete block design with three replications in 
normal (recommended dose of nitrogen), low-nitrogen and 
excess soil moisture conditions. The experimental material 
comprised QPM lines of pool 17, pool 18, pop 61 and other 
lines from DMR and Pantnagar. The inbred lines were 
crossed in line x tester mating design to generate 63 single 
cross hybrids. Experiments were sown in two-row plots of 4 
meter length with row to row spacing of 75 cm and plant to 
plant distance of 25 cm. Observations were recorded on days 
to 50 per cent tasselling, days to 50 % silking, 100-kernel 
weight and grain yield to evaluate the genotypes for their 
phenotypic stability. The stability parameters were calculated 
using the procedure given by Eberhart and Russell (1966). 

Results and Discussion
The mean squares due to genotypes and environments 

were significant for all the characters indicating sufficient 
variability among the genotypes and also sufficient 
differences among the environments. 

Table 1: Parental lines and single crosses with desirable and stable performance for grain yield and other characters

S.No. Character Parental line Single cross

1. Early flowering L1,L3,L4,L10, and 
L20

L6 × T1, L9 × T1, L11 × T2, L13 × T1, L13 × T2. L14 × T1, L14 × T2, L15 × T1, L15 × 
T2, L15 × T3, L16 × T2, L16 × T3, L17 × T1, L17 × T3, L19 × T3, L20 × T2, L21 × T2, L21 
× T3  and Shakti-1.

2. 100 kernel weight (g) L3,  L8 and L12 L2 × T1, L7 × T1, L8 × T1, L13 × T2,  L15 × T3, L16 × T2, and  L19 × T3

3. Grain yield (q/ha) L1, L3, L4, L5, L6,  
L11 L12 and L19

L2 × T3,  L3 × T3,  L5 × T2,   L5× T3, L7 × T1,  L7 × T3, L8 × T1, L8 × T2, L8 × T3, 
L9 × T3, L10 × T1, L10 × T2,  L11 × T2, L11 × T3, L12 × T1, L12 × T3,  , L13 × T3, L14 
× T3, L16 × T2, L16 × T3, L17 × T2, L17 × T3, L20 × T2, L20 × T3, L21 × T1,  L21 × T2, 
L21 × T3 and check, Pragati
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The five most desirable and stable lines i.e., having low 
mean than overall mean,  bi = 1 and S2di = 0, indicating early 
flowering were L1, L3, L4, L10, and L20. The eighteen most 
desirable single cross hybrids i.e., having mean lower than 
the population mean and stable with bi = 1 and S2di = 0 over 
environments were L6 × T1, L9 × T1, L11 × T2, L13 × T1, L13 × 
T2. L14 × T1, L14 × T2, L15 × T1, L15 × T2, L15 × T3, L16 × T2, L16 
× T3, L17 × T1, L17 × T3, L19 × T3, L20 × T2, L21 × T2, L21 × T3  
along with the check, Shakti-1 for this trait. For 100-kernel 
weight, the three most desirable and stable lines were L3, L8 
and L12 and seven single crosses showing desirable stability 
i.e., high mean, bi = 1, S2di = 0 were L2 × T1, L7 × T1, L8 
× T1, L13 × T2,  L15 × T3, L16 × T2, and  L19 × T3   across the 
environments. For grain yield, eight lines L1, L3, L4, L5, L6,  
L11 L12 and L19  with higher mean value than the population 
mean, were considered to be the most desirable and stable 
ones. The  twenty seven single cross hybrids, L2 × T3,  L3 × 
T3,  L5 × T2,   L5× T3, L7 × T1,  L7 × T3, L8 × T1, L8 × T2, L8 × 
T3, L9 × T3, L10 × T1, L10 × T2,  L11 × T2, L11 × T3, L12 × T1, L12 
× T3,  , L13 × T3, L14 × T3, L16 × T2, L16 × T3, L17 × T2, L17 × 
T3, L20 × T2, L20 × T3, L21 × T1,  L21 × T2, L21 × T3 and check, 
Pragati having high mean (>30.38), bi = 1 and S2di = 0 were 
found to be most desirable and stable for the grain yield 
(Table 1). Too many desirable single cross hybrids. Should 
present 1 - 3 best ones combined as many traits as possible.       

Conclusion 
In the present investigation, the inbred lines, L1 

(DQPMC-3(Y)U101-1-2-1-1), L3 (Pool 17 C8(TEYFQPM) 
-B-1-1-1-1) and L4 (Pool 17C8(TEYFQPM) -B-76-1-1-1) 
and  the single cross hybrids, L8 × T3 (DMRQPM-03-103-#- 
 3-1-1-1 x Pool 17C8(TEYFQPM) -B-57-2-1-1), L9 × T3 
(DQPMC-3(Y)U31-1-3-2-1-1 x Pool 17C8 (TEYFQPM) 
-B-57-2-1-1) and L16 × T2 (DMRQPM-17- - -#-U1--
2-1-1 X DMRQPM-03-103-#--2-3-1) were found to be 
most desirable and stable across the environments for early 
flowering and grain yield (Table 2).
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Table 2: Stability parameters for grain yield and other characters in most desirable lines and single crosses pooled over 
environments

Inbred line/ 
Single cross

Days to 50% 
tasselling Days to 50% silking 100 kernel weight Grain  yield

iX bi S2di iX bi S2di iX bi S2di iX bi S2di

DQPMC-3(Y)U101-1-2-1-1 48.67 0.95 1.72 52.33 0.89 0.42 20.04 1.63 24.40 61.80 1.014107.7
Pool 17C8 (TEYFQPM) -B-1-1-1-1 49.00 0.93 0.49 51.67 0.937 1.62 36.33 1.06 2.19 34.8 1.03 45.3
Pool 17C8 (TEYFQPM) -B-76-1-1-1 48.67 1.001 0.13 52.00 1.014 0.946 31.41 1.436 4.11 44.36 1.064100.6
DMRQPM-03-103-#-⊗3-1-1-1 x Pool 
17C8(TEYFQPM) -B-57-2-1-1

49.33 0.992 0.11 52.33 3.57 12.21 32.86 2.233 13.33 34.00 0.899137.7

DQPMC-3(Y)⊗31-1-3-2-1-1 x Pool 17C8 
(TEYFQPM) -B-57-2-1-1

50.00 2.564 1.10 50.00 2.564 1.107 35.26 0.513 22.32 42.72 1.01232.09

DMRQPM-17-⊗ -⊗ -#-U1-⊗-2-1-1  X  
DMRQPM-03-103-#-⊗-2-3-1

49.67 0.94 0.89 52.00 0.951 0.14 36.47 0.97 1.52 31.8 1.08 152.6

Mean 49.69 1.00 53.39 1.00 35.70 1.00 30.3 1.00
SE (±) 0.61 0.55 0.89 0.65 2.4 0.60 6.5 0.98

Single crosses pooled over environemtnts.

*,** Significant at 5% and 1 % probability levels, respectively.
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P_3.16: Sweet corn cultivar multilocation trial - 2010
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Introduction
The 2010 sweet corn cultivar trial was conducted to 

identify pre-commercial and commercial cultivars with high 
yield ear characteristics for local marketing. This year’s 
trial focused on 19 the single cross hybrids from public and 
private sectors. (table 1)

Methods

Planting

Trials planted on May, 2010, on the 8 environments 
tested throughout the northern, north-eastern, central and 
southern region of Thailand. (Figure 1)

Plot Design

A randomized complete block design with 3 replications 
was used. Plots consisted of 4 rows, 5.25 meters long and 
row spacing was 0.75 meter. After emergence, plants were 
thinned to approximately 0.25 meter apart and a uniform 
population of 53331 plants per hectare.

Fertility and Irrigation

Water was applied as needed by the irrigation system 
to supplement rainfall. Fertilizer applied pre-planting 
incorporated at a rate of 312.5 kgs. /ha of compound fertilizer 
(15-15-15 N-P-K). After crop emergence, 187.5 kgs./ha N 
(Urea) was side dressed on 25 days and again on 45 days.

Table 1. Sweet corn cultivar seed source and trial comments.

Cultivar Seed source Comment

CL 1944 SK,  Songkla research and development center. Pre-commercial Hybrid
CL 47344 SK,  Songkla research and development center. Pre-commercial Hybrid
TSS 1006 CP, Bangkok seeds co. Ltd. Pre-commercial Hybrid
TSS 1007 CP, Bangkok seeds co. Ltd. Pre-commercial Hybrid
PACS 9229 PAC, Pacific seeds co. Ltd. Saraburi, Thailand. Pre-commercial Hybrid
PACS 9230 PAC, Pacific seeds co. Ltd. Saraburi, Thailand. Pre-commercial Hybrid
KSSC 219 SW, Suwan Farm, Kasertsart University. Bangkok, Thailand. Pre-commercial Hybrid
KSSC 309 SW, Suwan Farm, Kasertsart University. Bangkok, Thailand. Pre-commercial Hybrid
MJ.5201 MJ,  Maejo University, Changmai Thailand. Pre-commercial Hybrid
CNSH 7570 CN,  Chainat field crops research center Chainat Thailand. Pre-commercial Hybrid
SK 8824 SS, Sweet seeds co. Ltd. Saraburi, Thailand. Pre-commercial Hybrid
SK 7555 SS, Sweet seeds co. Ltd. Saraburi, Thailand. Pre-commercial Hybrid
SC 21806 EWS,  Horticultural genetics research Co. Ltd. Pre-commercial Hybrid
DK 52 KKU, Khonkaen University, Khonkaen Thailand. Open pollinated Cultivar
WSLS 52 KKU, Khonkaen University, Khonkaen Thailand. Open pollinated Cultivar
Sugar Max SG, Syngenta seeds Co. Ltd. Nakorn Sawan, Thailand. Pre-commercial Hybrid
Sugar Star SG, Syngenta seeds Co. Ltd. Nakorn Sawan, Thailand. Pre-commercial Hybrid
SCCT 85853 JIAT, Jiatai seeds Co. Ltd. Bangkok Thailand. Pre-commercial Hybrid
Hibrix 3 PAC, Pacific seeds co. Ltd. Saraburi, Thailand. Commercial Hybrid

Kittipob, et al. (2011)
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Weed Control

Metalachlor herbicide was applied crop suddenly, 
at a rate of 200 ml. / 20 liters of water. The fungicide and 
insecticide were sprayed when a insect and disease found 
and spread out.

Harvesting

The sweet corn ears were harvested at 20 days after 50 
% silking date on each their hybrids. Harvesting area was 2 
rows per plot.

Results and Discussion
After harvest, comparisons of green weight, yellow 

weight, best 10 ears weight with husk and without husk, ear 
width and ear length was made between hybrids. Differences 
were considered by F-test and LSD from the commercial 
hybrid cultivar hybrix-3.  The cultivar CNSH 7550 gave 
highest green weight and yellow weight with 13,657 Kgs. / 
hectare  and 9,525 Kgs. /hectare whereas Cultivar Hybrix-3 
yielded 12,090 Kgs/ hectare with husk and 8,321 Kgs. /
hectare without husk and  Commercial hybrid Sugar Max 

Figure 1. Thailand - Map of Sweet corn experimental sites 
on 2010 rainy season

Table 2. Sweet corn cultivar marketable yield and ear characteristics.

Cultivar
Yield (Kgs/ ha) Best 10 ears Weight (Kgs) Ear Width 

(Cms)
Ear length 

(Cms)Green weight Yellow weight Green Ear Yellow Ear

CL 1944 10,881 7,126 3.76 2.52 4.39 18.3
CL 47344 12,415 8,262 3.96 2.70 4.82 16.8
TSS 1006 13,379 9,426 4.43 3.14 5.00 17.9
TSS 1007 12,587 8,803 4.23 3.03 4.72 19.6
PACS 9229 12,579 9,072 5.03 3.73 4.83 21.1
PACS 9230 13,026 9,363 4.70 3.40 4.68 19.7
KSSC 219 9,399 6,212 4.04 2.82 4.55 18.5
KSSC 309 11,910 8,189 4.18 2.89 4.67 18.6
MJ.5201 10,598 7,483 3.73 2.60 4.33 18.2
CNSH 7570 13,657 9,525 4.71 3.32 4.88 19.1
SK 8824 12,829 9,013 4.55 3.18 4.75 20.7
SK 7555 12,602 8,462 4.17 2.85 4.60 19.4
SC 21806 11,305 7,617 4.49 3.11 4.61 20.3
DK 52 8,839 5,793 4.31 2.93 4.66 18.5
WSLS 52 8,197 5,578 3.92 2.72 4.62 18.3
Sugar Max 13,634 8,824 5.05 3.28 4.88 19.9
Sugar Star 12,180 8,333 4.86 3.44 4.78 20.5
SCCT 85853 11,675 8,194 4.08 2.78 4.64 18.3
Hibrix 3 12,090 8,321 4.75 3.37 5.18 20.2
Mean 11,778 8,090 4.37 3.04 4.72 19.1
F-test ** ** ** ** ** **
LSD (0.05) 169 121 0.24 0.15 0.94 0.5
CV (%) 15.8 16.5 9.5 8.6 3.5 4.6

Kittipob, et al. (2011)
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and Sugar star gave green weight 13,634 and yellow weight 
12,2180 Kgs/ hectare respectively. For averaging best 10 
ears were found that 4.37 and 3.04 Kgs. with husk and 
without husk. (Table 2) 

Ear size have averaged ear width 4.72 Cms. and ear 
length 19.1 Cms. Hybrix-3 had the most ear width 5.19 Cms 
and PACS 9229 had the most ear length 21.1 Cms. (Table 
2)  All cultivars produced acceptable yields except cultivar 

DK 52 and WSLS 52. Their poor yield might have been their 
open pollinated cultivars.

Reference
Vayuparp, K., et al. 2011. Sweet corn cooperative trails in 2010 

rainy. In Future of Thai Specialty corn seminar at Legacy 
resort & hotel, Kanchanaburi Thiland 15-17 Febuary 2011.
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P_3.17:  Improving grain yield and yield components via 
backcross procedure
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Introduction
Transferring a quantitative trait from a donor maize 

(Zea may L.) line into a local elite line is an important 
way to improve local maize line. A backcross procedure is 
widely used method for this purpose (Vasal et al. 1992a, b; 
Goodman, 1999; Li et al. 2001). However, little is known 
about how effective a backcross procedure is for improving 
one or more multiple quantitative traits of recipient maize. 
The objectives of this study were to 1) determine the 
backcross generations at which a quantitative trait was 
recovered to a similar homozygous level of recurrent 
parent; 2) investigate if multiple quantitative traits can 
be transferred from a donor line into a recipient line in a 
consecutive backcross procedure; 3) evaluate if the parental 
lines’ mean, GCA, and SCA effects impact on the changes 
in all studied traits including plant yield, ear length (EL), 
ear diameter (ED), row number per ear (RE), kernel number 
per row (KR) and kernel weight per 100 (KW) at different 
backcross generations. 

Methods
Three tropical, elite maize inbred lines (CML161, 

CML166, CML171) were used as non-recurrent parent 
lines (NRPL), and three temperate maize inbred lines 
(Ye107, K22, and Y1218) were used as recurrent parent 
lines (RPL) to form nine backcross groups. The selected 
NRPLs have one or more quantitative traits being better 
than those of RPLs and are target traits for transferring. 
Each backcross group consisted of seven populations: an 
NRPL, an RPL, F1 of the cross between NRPL and RPL, 
and four consecutive backcross generations called BC1F1, 
BC2F1, BC3F1, and BC4F1. Data for grain yield, EL, ED, RE, 
KR and KW were collected after harvest. The GLM, mean, 
and correlation procedures of SAS (SAS version9.1; SAS 
INSTITUTE, 2005) were used to execute the general linear 
model for both the split-plot experiment and the randomized 
block experiment. General and specific combining ability 

analysis for F1 was conducted using the previous method 
(Fan et al. 2008). Moreover, the grain yield and other five 
yield components traits of including forty-eight testcrosses 
forty five lines (viz. F1, BC1F1, BC2F1, BC3F1, and BC4F1 
from three NRPLs x three RPL) and three RPLs as line were 
evaluated with CML171 as tester.

Results
First, the grain yield and other five yield components 

traits of forty-eight testcrosses were analyzed, it was shown 
that only the means of testcrosses between CML171 and 
BC4F1 consistently were statistically the same as or better 
than that of the F1 from CML171 with 3 RPL (F1) for all 
five traits but other testcrosses had one or more means were 
significantly less than those of the F1. And then, changes 
in grain yield and five yield components in four backcross 
generations were detected, it was found that there were 
significant higher number (p<0.01) of means at BC4F1 either 
being higher than its RPL or in between RPL and NRPL 
and when RPLs had higher values, the means at BC4F1 were 
higher than or close to RPL means, while when NRPL means 
were higher than those of RPLs, most of the means at BC4F1 
were between RPL and NRPL. Furthermore, value decrease 
rate VDRs of grain yield, ED and RE were analyzed, and 
it was found VDRs had significantly negatively correlation 
with RPL mean and the difference between RPL and NRPL. 
Meanwhile, the means of the corresponding traits at BC4F1 
had significantly correlation with the GCA effects of RPL for 
EL and RE but not GCA effects of NRPL and SCA effects.

Conclusions
These results indicated that 1) four consecutive 

backcross generations are necessary to make a new line 
recover to similar homozygous level of recurrent parent 
in the studied quantitative traits; 2) multiple quantitative 
traits from exotic donor line can be successfully transferred 
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into a new line by the consecutive backcross procedure 
incorporated with key agronomic trait selection; 3) a maize 
line with high means from recurrent parent lines (RPL) and 
high positive GCA effects from both parent lines is preferred 
to SCA effect in a cross for improving quantitative traits of 
a recipient line because fixation of additive genes can occur 
in consecutive backcross generations.
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P_3.18:  Utilization potential of the temperate maize inbreds 
with integrated tropical germplasm
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Introduction
Tropical, subtropical maize inbred lines are widely used 

to improve and broaden temperate maize germplasm because 
of their favorable traits such as high yield, exuberant vitality 
and high resistance for abiotic and biotic stress (Holland 
and Goodman 1995; Chen et al. 2000; Fan et al. 2003). 
It was confirmed the traditional backcross procedure is a 
major method used for transferring favorable traits from a 
donor genotype to a recipient elite genotype (Hallauer and 
Miranda, 1988) and four consecutive backcross generations 
are enough to make a new line to the similar homozygous 
level of recurrent parent in some quantitative traits (Chen 
et al. 2010). Now, in this study, the favorable quantitative 
trait of tropical, subtropical maize inbred line is transferred 
into temperate maize inbred to improve the latter. However, 
little is known about (1) combining ability of tropical, 
subtropical lines and the temperate lines with integrated 
tropical, subtropical germplasm; (2) heterosis and heterotic 
performance of these crosses between the improved 
temperate lines with integrated tropical, subtropical 
germplasm and the same tropical, subtropical lines.

Method
A diallel mating experiment was conducted among ten 

maize lines--five tropical, subtropical maize inbreds and 
five temperate maize inbreds developed by consecutive 
backcross with introducing tropical, subtropical germplasm. 
Totally, 90 crosses were made based on Griffing method III. 
And 9 traits including yield per plant (YP), ear length (EL), 
ear diameter (ED), row number per ear (RE), kernel number 
per low(KR), round tip (RT), weight per 100 kernel (WK) , 
growth period (GP) and anthesis-silking interval (ASI) were 
evaluated in 2008 and 2009 in Kunming, Yunnan province 
with Yunrui 6, a local elite hybrid as check. The GLM of 
SAS (SAS version9.1; SAS INSTITUTE, 2005) were used 
for variance analysis. General combining ability rate (GR) 
and special combining ability rate (SR) were analyzed using 

the previous method (Fan et al. 2008). And heterosis were 
analyzed according the formula: H℃%℃=℃F1 - X℃/X×100 
(F1: the YP of every hybrid; X: the YP of Yunrui 6).

Results
The GCA effects for most traits of all tested lines 

were analyzed, it was found that YML598 and YML58 but 
YML107, YML22, YML1218 had highly significant GCA 
effects for most traits. Furthermore, it was shown that there 
is significantly positive correlation between combining 
ability for YP and most of traits except ASI and round tip. 
Moreover, the relative hetierosis for YP of all hybrids were 
detected, there were 15 crosses whose relative heterosis was 
more than 10%, most of them had not only significantly 
positive GCA effects for YP, but also were the crosses 
between tropical, subtropical lines and temperate lines and 
with high SCA effects for YP.

Conclusion
The result on the GCA effects for most traits indicated 

that YML598 and YML58 but YML107, YML22, 
YML1218 should have high potential in maize hybrid 
breeding programs although they all were transferred with 
tropical, subtropical germplasm. And the significantly 
positive correlation between combining ability for YP and 
most of traits suggested that choosing the inbred with high 
combining ability for YP according the combining ability for 
yield component factors is beneficial to get elite hybrids with 
high heterosis for YP in a breeding procedure. Moreover, it 
was confirmed that most of hybrids with relative heterosis 
H≥10% had significantly positive GCA for YP, indicating 
that the parents’ GCA effect had great contribution to YP of 
hybrids. And the hybrids with high relative heterosis were 
the crosses between tropical, subtropical lines and temperate 
lines, most of whose had high SCA effects for YP, which 
suggested that the five tropical, subtropical inbreds and 
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five temperate inbreds were still belong to their previous 
heterotic group respectively, and their heterosis did not be 
changed. Thus, using tropical, subtropical lines as donor, 
backcrossing consecutively with temperate lines may be 
effective way to improve the latter.
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Introduction
Doubled haploid (DH) is a genotype formed when 

haploid cells (n) undergo either spontaneous or artificially 
induced chromosome doubling. Haploid in maize was first 
described by Stadler and Randolph (1929 unpublished, cited 
by Randolph 1932). Chase (1952) utilized haploids in maize 
breeding programmes for the first time. In maize DH could 
be produced by both in vitro and in vivo methods. 

DHs are valuable tool in structural and functional 
genomics, proteomics, metabolomics, marker-trait 
association studies, marker-based gene introgressions, 
molecular cytogenetics, genetic engineering, etc. Use 
of DH in maize breeding leads to increase in the efficacy 
of selection, shortening of breeding cycle, simplified 
logistics, and less time in  commercializing new breeding 
lines (Geiger 2009; Bordes et al. 2006). Since DH lines are 
homozygous and homogeneous from the start, they fully 
meet the requirements for obtaining plant variety protection. 

In vitro Haploid Induction

A number of efforts have been made to induce haploid 
in vitro with limited success. Very low haploid induction 
rate (HIR) reported so far (Tang et al. 2006) indicates that 
gynogenesis could not be a preferred method in maize for 
DH production. A number of successful attempts have been 
made through anther/microspore culture in maize (Wan 
and Widholm, 2010). Androgenesis responsiveness in 
maize is found to be a highly heritable trait (Petolino and 
Thompson 1987; Barloy et al. 1989; Barnabás et al. 2005) 
but maize turned out to be a recalcitrant crop with only a few 
responsive genotypes (Koinuma et al. 1986). This limits the 
utility of the method for basic researches. In maize anther 
derived lines have been developed and used commercially 
(Wu et al. 1983). So far, there is no published report on in 
vitro induction of maize DHs in India. An attempt to induce 
DH through this technique was taken up by us but no success 
was achieved in inducing embryoids or embryogenic calli 
through anther culture (unpublished).

In vivo Haploid Induction

In vivo haploid could be derived by crossing any diploid 
line with specific genotypes generally known as ‘inducers’ 
which results in a certain fraction of kernels with haploid 
embryo instead of normal diploid F1 embryo. Kernels with a 
haploid embryo have a regular triploid endosperm in general; 
therefore such kernels display the same germination rate and 
vigor as those with a diploid embryo (Coe and Sarkar 1964). 
In vivo haploid induction comprises of two methods in 
maize which result in paternal (androgenetic) and maternal 
(gynogenetic) haploids, induced by different inducers, 
respectively (Geiger 2009). Paternal haploids result from a 
cross between an inducer used as female and donor as male, 
whereas, maternal haploid induction needs a male inducer 
and female donor. In India, significant basic researches on 
in vivo method and improvement in haploid induction rate 
(HIR) have been reported (Sarkar et al. 1972, 1994; Aman 
and Sarkar 1978; Gayen et al. 1994; Mahendru and Sarkar 
2000). 

In vivo Androgenesis: Paternal haploids

Paternal haploid in maize is the result of a mutant 
gene ig1 or indeterminate gametophyte, which causes 
an increase in the frequency of androgenetic haploids in 
the progeny (Kermicle 1969). Selected inducers having 
ig1 gene produces about 1-3% androgenetic monoploid 
seeds (Kermicle 1969; Schneerman et al. 2000). The ig1/
ig1 stock is used successfully for conversion of an inbred 
into cytoplasmic male sterile form (Chase 1963). Several 
induction lines with various CMS-inducing cytoplasms 
have been developed using this technique (Pollacsek 1992; 
Schneerman et al. 2000).

In vivo Gynogenesis: Maternal Haploids

Maternal haploid is the result of development of the 
reduced egg into the embryo due to failure of fertilization. 
The fertilization abnormality is under the control of some 
inherent factors in both male and female (Coe 1959; Sarkar 
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and Coe 1966). Coe (1959) reported an overall haploid 
induction frequency of 3.23% in the self-pollinated progeny 
of a maize line designated as ‘Stock 6’ which is considered 
as ‘Mother’ of all subsequently developed maternal haploid 
inducers (Geiger 2009). 

So far, a number of haploid inducer lines for commercial 
use with high HIR have been derived using Stock 6 
(Lashermes and Beckert 1988; Shatskaya et al. 1994; Chalyk 
1999; R℃ber et al. 2005). A strong effect of environment and 
maternal genotype on HIR has been reported (Lashermes 
and Beckert 1988; Eder and Chalyk 2002; R℃ber et al. 
2005). Several reports suggest the possibility of utilizing 
DH technique in tropical maize germplasm as successfully 
as in temperate, owing to sufficiently high HIR (R℃ber et 
al. 2005; Belicuas et al. 2007; Kebede et al. 2011; Dang et 
al. 2011). 

Identification of Haploids

The success of in vivo method depends upon the reliable 
and rapid selection of haploids among the population. A 
number of phenotypic marker systems have been developed 
for haploid sorting in maize (Geiger 2009). Colour marker 
gene was found most useful for identification of haploids at 
seed and seedling stage. Thus dominant genes A1, A2, Bz1, 
Bz2, C1, C2 and R1-nj for purple endosperm crown and 
purple plumule colour, and dominant genes A1, A2, B1 and 
Pl1 for purple leaf, sheath and plants has been incorporated 
into male inducer lines for easy identification of haploids at 
dry seed and seedling stages respectively (Chang and Coe 
2009). 

In the presence of the genes A1 or A2 and C2, R1-nj 
condition deep pigmentation of the aleurone layer in the 
crown region of the kernel along with pigmentation of the 
scutellum (Geiger and Gordillo 2009).  When donor with 
colourless seeds (recessive for r1 gene) crossed with the 
inducer stock having R1-nj along with aforementioned 
dominant pigmentation genes, a kernel with red crown 
and colourless scutellum will be classed as a haploid seed 
whereas normal diploid (F¬¬¬1) seeds will have both 
coloured aleurone as well as coloured embryo (Geiger 
2009). Normal colourless seeds will resemble either selfed 
or contamination due to outcrossing. 

At present the utility of R1-nj gene (red crown or navajo) 
in marking haploid seed is indispensable when crossed as 
male with an r1 parent (Chang and Coe 2009). However, 
presence of R1 gene in homozygous state or dominant 
anthocyanin inhibitor genes such as C1-I, C2-Idf and In1-D 
in donor genome (Coe 1994 cited in Eder and Chalyk 
2002) limits the utility of this marker system. Excess kernel 
moisture content during harvesting might make it impossible 

to sort out haploid kernels, even if there is no inhibitors 
present in maternal parent (Rotarenco et al. 2010). Kebede 
et al. (2011) and Dang et al. (2011) confirmed a significant 
number of misclassified kernels as putative haploids while 
using R1-nj marker. The use of inducers having genes B1 
and Pl1 which in conjunction condition purple pigmentation 
in plant tissue (coleoptile and root), found suitable for the 
cases where haploid sorting is not possible at dry seed stage 
(Rotarenco et al. 2010). A pigmented coleoptile or root in 
the early developmental stage will be considered as hybrid 
against all non-pigmented seedling which will be designated 
as haploids (Geiger and Gordillo 2009). 

DH in Maize Breeding

The total production of maize in India increases more 
than two times since the launch of single cross hybrid (SCH) 
programme, with hardly 20% area covered under SCHs 
(Dass et al., 2009). Elite and novel inbred lines are required 
for the synthesis of outstanding hybrids. Normally it takes 
nearly 6-8 generations to derive a new inbred line followed 
by its testing and subsequent identification of good hybrid 
combination. DH technique considerably reduces the length 
of breeding cycle and fastens the process of developing 
completely homozygous lines. Geiger and Gordillo (2009) 
discussed several breeding schemes with the advantages 
of DH over diploid inbred lines. Considerable saving of 
resources, candidature for plant variety protection, no need 
of rigorous maintenance breeding, easy and fast pyramiding 
of genes with the help of molecular markers are some of the 
practical advantages offered by DH technique (R℃ber et al. 
2005; Geiger 2009).

Future Perspectives
The DH technique is the fastest way to develop a 

completely homozygous line which could be utilized in 
commercial hybrid development. Such a technology will be 
of immense importance for a developing country like India 
with continuously growing population; to meet the food 
demand and continuously increasing industrial demand of 
maize. So far, this technology has been widely utilized in 
commercial breeding programmes in Europe and US and 
to a very limited extent in Asia. Factors like, development 
of improved inducer lines, more efficient chromosome 
doubling and efficient transgenes introgression (especially 
stacked transgenes) make in vivo method much attractive 
(Prasanna et al. 2010). All the inducers developed so far are 
of temperate adaptation, which generally face problems in 
tropical conditions.

CIMMYT Global Maize Program has been intensively 
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engaged on DH technology development in partnership with 
University of Hohenheim, Germany, especially for transfer 
of haploidy inducer trait from temperate to tropical genetic 
backgrounds. Tropicalized haploid inducers (with 8-10% 
haploid induction ability) have been developed through this 
collaboration, and are presently under testing, for sharing 
with the public and private institutions of India and other 
developing countries in the coming years. However, efficient 
DH development depends not only haploid inducers, 
but also on effective identification of haploids, safe use 
of colchicine for chromosome doubling, and agronomic 
management of the resultant DH; therefore, training on all 
these assume critical importance for successful utilization 
of the technology in breeding strategies (BM Prasanna, 
CIMMYT, personal communication).

Conclusion
The DH technique in maize breeding programmes 

has great potential. This is undoubtedly a resource saving 
technology. Its role in widening of germplasm and 
development of breeding lines with novel gene combinations 
in a very short time will be of immense importance. In a 
country like India, where maize is the third most important 
crop, the DH technology could bring the revolution in 
the production of this crop by providing novel DH lines 
for development of SCHs in a very short time and hence 
strengthen the nation’s food security.
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Introduction
Genetic improvements have made substantial 

contributions to maize yield increases and these could be 
accompanied by some trait changes (Duvick 1997, 2004, 
2005). In China, the open-pollinated varieties (OPVs) that 
had been grown extensively before the 1960s were gradually 
replaced by double-cross hybrids in the 1960s. The 1970s 
marked the release of single-cross hybrids (starting with 
hybrid Xindan-1 in this series). Maize yield has increased 
greatly since the 1950s. However, little information is 
available on genetic improvement of yield and other 
agronomic traits. Over the past three decades, Chinese maize 
breeders have tended to develop hybrids with excessive stay 
green and late maturity, which led to immoderate application 
of chemical fertilizers  and reduced the efficiency of N 
utilization. Retrospective analyses of genetic improvement 
are vital for gaining valuable information for further yield 
improvement and designing more effective future breeding 
strategies in China and elsewhere. The objectives of this 
study were to: (a) estimate genetic contribution to yield 
gain, especially those due to increased tolerance to stress; 

(b) assess yield trend and characterize associated changes in 
morphology, including its association with planting density.

Materials and Methods 
Trials were conducted at three locations from 2005 to 

2008, and at five locations in 2009. Twenty-seven single 
hybrids, four double-cross hybrids and four open-pollinated 
varieties, were grown at three densities at each location each 
year. The experimental design was a split-plot with densities 
as main plots and hybrids as subplots. Subplots consisted of 
two rows 0.6 m apart and 4 m long. Seeds of all hybrids were 
freshly prepared by hand pollination from inbred lines that 
had been maintained in cold storage.

Results
Over a 30-yr period from 1970 to 2000, the genetic 

gain in yield averaged 94.7 kg ha–1 per year and 53% of 

Fig 1.  Mean yield of hybrids during different decades and their regressions on year of release at three plant densities in 
Beijing.
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Fig 2.  Mean yield of hybrids during different decades and their regressions on year of release at three 
plant densities in Urumchi.
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this was attributable to breeding undertaken in China. An  
extension of  this time series down to the 1950s showed an 
estimated genetic contribution of 56%. The contribution 
of stress tolerance to genetic yield gain was equal to 46% 
or 74% at 60,000 or 75,000 plants ha-1, respectively. Grain 
yield per plant increased from 141.2g for the OPVs used in 
the 1950s to 306.5g for the hybrids used in 2000s. Newer 
hybrids tended towards larger plant size and later maturity. 
They  also displayed shorter ASI, relatively stable tassel 
length, fewer primary tassel branches, relatively stable leaf 
number, a more upright plant habit, improved tolerance to 
root and stalk lodging, increased ear size (ear length, ear 
diameter, row number per ear, kernel number per row, 100 
kernel weight, etc.)

Conclusions 
The newer hybrids showed increased tolerance 

to compound stress. However, they displayed slight  
improvement in tolerance to high density;  yield improvement 
has occurred at a slow pace at densities of 60,000 and 75,000 
plants ha−1 in China. To effect increasing yield at higher 
plant densities, breeding efforts to improve stress tolerance 
in  dense populations are required. This can be achieved by 
developing inbred lines and their hybrids at such  densities. 
Shorter maturity, smaller plant size and greater tolerance 
to root and stalk lodging will be required for further yield 
improvement. 

Some conclusions are accordant with Dr Duvick’s 
finding, but many traits are quite different from those 
displayed by the US hybrids. The contribution of heterosis 
to yield gains is higher in Chinese than in American hybrids; 
also, the contribution to yield gains showed weak increase 
with the year of the hybrids’ release. 

We should modify the  maize breeding program 
strategy to  develop riskless hybrids: Divide all germplasm 
into 2 groups or alignments, based on the current genetic 
background; improve the germplasm within each group 
and push them to the opposite directions in terms of gene 
frequency; improve germplasm and select inbred lines under 
high population density to enhance  stress tolerance. 
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Abstract
Fifty early-generation maize inbreds (S3) derived 

from three diverse populations were evaluated for their 
physiological efficiency during the winter season of 2004-05 
at the Oilseeds Research Farm of the C.S. Azad University 
of Ag. and Tech., Kanpur. Each inbred was sown in two five-
meter-long rows   with a space  of 60cm x 20cm between 
rows and plants respectively with three replications. The 
observations were recorded on three randomly selected 
plants for various growth, physiological, metabolic and 
yield parameters at three different stages of the crop and at 
maturity stage. High levels of variability were observed for 
all the traits under study. Higher grain yield per plant was 
observed in genotypes, namely, A37 and A47 respectively. 
The total dry matter was high in genotypes/inbreds, namely, 
A22, A9 and A6. These inbreds can further utilized for 
development of productive inbreds to realize high heterosis 
after producing combinations.

The highest PCV was observed for TDM at 75 DAS 
and the lowest for RGR at maturity. Similarly, the highest 
GCV was observed for CGR at 30 DAS and lowest for plant 
height at 30 DAS.

High heritability estimates were observed for all the 
characters except plant height at 30 DAS, which showed 
low heritability.

An advancement of 60.23 g per cycle of selection was 
observed in total dry matter at the maturity stage of the crop, 
and a  minimum of 0.40 g per cycle in TDM was observed 
at 30 DAS stage.

Grain yield per plant showed positively significant 
correlation coefficient with RGR at all the stages, CGR at 75 
DAS and at maturity stages, NAR at 75 DAS and maturity 
stage, plant height at maturity and TDM at maturity stage but 
was negative and significant with LAR at maturity stage at 
genotypic level. At phenotypic level, positive and significant 
association of grain yield per plant was observed with all 
characters at all the stages except CGR at 30 DAS, NAR at 
30 DAS, plant height at 30 DAS and TDM at 30 DAS, which 

were positive but non-significant. The path analysis revealed 
maximum positive direct effects of NAR at maturity, CGR at 
75 DAS, TDM at maturity, plant height at maturity and LAR 
at 30 DAS stage of the crop. The maximum negative direct 
effects were noted for NAR at 75 DAS, CGR at maturity, 
plant height at 75 DAS and RGR at 30 DAS stage. Major 
positive indirect effects were observed for CGR on 75 DAS 
via RGR, NAR at 75 DAS and at maturity stages. 

Introduction

Corn breeders are always trying to select lines that are 
more productive but hesitate to discard those with mediocre 
yields because of the possibility that some lines might possess 
superior combining ability. Therefore, an effective method 
is needed for breeders to identify good lines that have both 
high seed yield and high combining ability with other lines 
resulting in a large number of sister lines which not only 
affect the efficiency of breeders but also increase the scope of 
the hybrid development program. Selfed progeny (S1 or S2) 
or topcross methods have been widely used by corn breeders 
to identify superior lines for population improvement 
and hybrid development. To identify productive inbred 
lines, breeders use a number of selection criteria. Per se, 
productivity of inbreds  is one of them; but sometimes on-
farm performance  fails with advancement of generation. 
Selection of heterotic inbred lines based on physiological 
efficiency may be the most effective  option as they are 
less susceptible to  environmental changes and become 
stable during advancement of generations. The correlations 
and path analysis provides to breeders an effective tool for 
not only better selection but is also helpful in arriving at a 
selection strategy associated with the correlated response.

Material and Methods

Fifty early-generation maize inbreds (S3) derived 
from three diverse populations were evaluated for their 
physiological efficiency during the winter season of 2004-
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05 at the Oilseeds Research Farm of C.S.Azad University 
of Ag. And Tech., Kanpur. Each inbred was sown in two 
five-meter rows spaced at 60cm x 20cm between rows and 
plants respectively and replicated thrice. The observations 
were recorded on three randomly selected plants for various 
growth, physiological, metabolic and yield parameters at 
three different stages of the crop and at the maturity stage.  
Standard statistical and biometrical analyses were done. 

Result and Discussions
Analysis of variance  showed highly significant  values 

for all the characters at each growth stage,  revealing high 
level of genetic variability among inbreds for the characters 
under study. The inbreds, namely,  A8, A44, and A25 showed 
highest Relative Growth Rate (RGR) at 30 and 75 DAS and 
maturity stages of observation. The highest Crop Growth 
Rate (CGR) was observed for A6, A9, and A9 at 30, 75 DAS 
and maturity, and the lowest A48, A42 and A42 at 30, 75 and 
at maturity stages respectively. For Net Assimilation Rate 
(NAR), the highest values were observed for the genotypes, 
namely, A10, A44, and A14 at 30 DAS, 75 DAS and at 
maturity, and the lowest for A35, A42 and A42 at 30DAS, 
75DAS and at maturity respectively. The highest Leaf Area 
Ratio (LAR) was observed for A47, A42, and A42 at 30 DAS, 
75 DAS and at maturity stage and the lowest for A21, A16 
and A16 at 30 DAS, 75 DAS and at maturity respectively. 
The highest plant height was observed for A21, A16 and 
A16 for 30 DAS, 75 DAS and lowest for A44, A48 and A35 
at 30 DAS, 75 DAS and at maturity stage. Highest Total Dry 
Matter (TDM) was recorded in genotypes, namely, A22, A6 
and A9 and lowest in A45, A48 and A43 at 30 DAS, 75 DAS 
and at maturity stage respectively. Dry Matter Production is 
considered an indicator of  high yield in any crop (Joshi and 
Jamdagni, 1990). Higher grain yield per plant was observed 
in genotypes, namely, A37 and A47 respectively. Shivay et 
al. (2002) were also in agreement with these findings.

Highest PCV was observed for TDM at 75 DAS and 
lowest for RGR at maturity. Similarly, highest GCV was 
observed for CGR at 30 DAS and lowest for plant height 
at 30 DAS.

High heritability estimates were observed for all the 
characters except plant height at 30 DAS, which showed 
low heritability. Heritability, in a broad sense, includes 
additive and epistatic genetic effects; it is realized only when 
accompanied with genetic advance. It is also suggested that 
GCV with heritability estimates would give the best picture 
of the extent of genetic advance for selection.

An advancement of 60.23 g per cycle of selection was 
observed in total dry matter at the maturity stage of the crop, 

while it was minimum at 0.40 g per cycle in TDM at 30 
DAS stage. High heritability with high genetic advance for 
LAR at 30 and 75 DAS, plant height at 75 DAS and maturity 
stages, CGR at 75 DAS and at maturity stages and for grain 
yield per plant were observed which indicated the presence 
of additive genes for character expression. . It may also be 
noted here that maximum character expression  was noticed 
at the reproductive stage of the inbreds, i.e.,75 DAS. Arhe et 
al.(1990) were in agreements with these results.

A probable genetic gain to the tune of 105.66% was 
realized for CGR at 30 DAS, while the lowest genetic gain 
over base population for plant height was at 30 DAS stage.

It has been generally accepted that the correlation 
between different characters represents a coordination of 
physiological processes which has often been achieved 
through gene linkages. Thus, knowledge of the strength and 
type of such associations is an important prerequisite to the 
formulation of an efficient breeding procedure. Grain yield 
per plant showed positively significant correlation coefficient 
with RGR at all the stages, CGR at 75 DAS and at maturity 
stages, NAR at 75 DAS and maturity stage, plant height at 
maturity and TDM at maturity stage but was negative and 
significant with LAR at maturity stage at the genotypic level. 
At the phenotypic level, positive and significant association 
of grain yield per plant was observed with all characters at 
all the stages except CGR at 30 DAS, NAR at 30 DAS, plant 
height at 30 DAS and TDM at 30 DAS, which were positive 
but non-significant. The findings of Prasad et al. (1992) are 
in conformity with the  above results. Path analysis revealed 
maximum positive direct effects of NAR at maturity, CGR 
at 75 DAS, TDM at maturity, plant height at maturity and 
LAR at 30 DAS stage of the crop. The maximum negative 
direct effects were noted for NAR at 75 DAS, CGR at 
maturity, plant height at 75 DAS and RGR at 30 DAS stage. 
75 DAS, in general, is the reproductive stage of the crop 
at which the translocation of photosynthates in economic 
part takes place, resulting in increased  plant height and  
decrease in  translocation.  Major positive indirect effects 
were observed for CGR on 75 DAS via RGR, NAR at 75 
DAS and at maturity stages. Firoza et al.(1999) and Geetha 
and Jayaraman (2000) were in lieu of these results.

Conclusions
Development of inbred lines based on agronomical 

parameters are misleading criteria as they are highly  
environmentally susceptible  and rapid reduction in yield 
was observed during the process of inbreeding. On-farm 
seed production has proved uneconomic and growers run 
the risk of losses. . Physiological parameters, on the other 
hand, are reliable and stable. NAR at maturity, CGR at 75 
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Table 1.  Mean, range, coefficient of variations, heritability and    genetic    advance in early generation maize.

Character
Mean 
(x-) Min. Max. PCV% GCV%

Heritability 
(%)

Genetic 
Advance.

GA over mean 
(%)

RGR at
30DAS 28.19 18.33 38.0 17.66 16.02 82.40 8.44 29.96
75DAS 17.93 9.00 29.67 29.79 28.34 90.50 9.96 55.55
Maturity 46.67 35.03 54.63 11.14 11.12 99.60 1.67 22.86

CGR at
30DAS 2.12 0.67 6.83 52.42 51.83 97.70 2.24 105.66
75DAS 12.71 2.67 26.67 49.65 48.92 97.00 12.62 99.29
Maturity 15.03 4.14 30.97 43.69 43.39 98.70 13.55 96.51

NAR at
30DAS 0.76 0.42 1.33 35.13 34.89 98.70 0.54 41.05
75DAS 0.98 0.24 1.91 45.40 45.33 99.70 0.92 93.88
Maturity 2.97 1.18 5.47 35.29 35.26 99.90 2.15 72.39

LAR at
30DAS 41.24 21.43 66.66 29.28 28.41 94.20 23.42 56.79
75DAS 39.78 20.38 60.71 25.95 25.83 99.10 21.08 52.99
Maturity 13.86 6.59 27.63 35.38 34.85 97.00 9.80 70.70

Plant height at  
30DAS 25.13 19.33 31.0 13.89 9.52 47.00 3.38 13.43
75DAS 92.41 69.67 120.0 13.70 11.62 71.90 18.75 20.29
Maturity 113.61 81.00 155.0 16.80 16.05 91.30 35.90 31.60

TDM at
30DAS 0.52 0.17 1.05 38.46 38.08 98.00 0.40 76.92
75DAS 10.33 3.00 32.00 50.94 49.04 92.70 9.95 97.26
Maturity 68.35 22.67 140.0 43.81 43.29 97.60 60.23 88.12
Grain yield/plant (g) 34.51 12.07 71.20 43.48 43.04 80.00 30.29 85.30

*Significant at p= 0.05
** Significant at p=0.01.

Table 2. Association of characters and their direct and indrect efect on grain yield in maize inbreds.

Character

Correlation Coeff. Path of Action

Geno. Pheno. Direct Indirect Effect via

RGR at
30DAS 0.253* 0.226 -0.896

1.827 (CGR), 2.183 (LAR at maturity)
1.674 (CGR), 2.386 (LAR at maturity)

75DAS 0.498** 0.472 0.273
Maturity 0.590** 0.581 0.413

CGR at
30DAS 0.095 0.093 0.160

2.971 (NAR at maturity)
2.957 (NAR at maturity)

75DAS 0.655** 0.639 2.406
Maturity 0.647** 0.633 -2.204

NAR at
30DAS 0.145 0.140 0.081

2.992 (NAR 75 DAS), 2.138 (CGR 75DAS) 
2.157 (CGR at 75 DAS)

75DAS 0.505** 0.498 -3.840
Maturity 0.487** 0.482 3.315

Continued...
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DAS, TDM at maturity, plant height at maturity and LAR at 
30 DAS stage of the crop are the major selection criteria for 
improving the yield potential of inbred lines while CGR on 
75 DAS via RGR, NAR at 75 DAS and at maturity stages of 
maize will indirectly lead to greater yield. Hence they may 
help derive not only productive inbreds with higher yield but 
also  high heterotic lines  in the form of hybrids.   
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Character

Correlation Coeff. Path of Action

Geno. Pheno. Direct Indirect Effect via

LAR at
30DAS 0.120 0.116 0.746

1.803 (CGR at maturity),
3.347 (NAR at 75 DAS)

75DAS -0.122 -0.120 -0.709
Maturity -0.449** -0.441 0.742

Plant height at  
30DAS -0.059 -0.053 0.699

1.049 (CGR at maturity)
75DAS 0.027 0.024 -1.067
Maturity 0.547** 0.533 0.864

TDM at
30DAS -0.176 -0.172 -0.281

2.380 (CGRat75DAS) 

2.966 (NAR at maturity).

75DAS 0.079 0.077 -0.059

Maturity 0.643** 0.640

Grain yield/plant (g) 1.000 1.000

*Significant at p = 0.05.
**Significant at p = 0.01.
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Introduction
Chinese maize yield has increased from 961.5 kg/

ha in 1949 to 5453.8kg/ha in 2010, a reflection of genetic 
improvement and innovation in cultivation technology.
Technological factors have contributed to maize yield 
increase by  providing a theoretical basis for breeding  high-
yield maize and putting in place  cultivation and management 
measures.

Methods
Experiments were conducted at the Gongzhuling 

Experiment Station of Institute of Crop Sciences, Chinese 

Academy of Agricultural Sciences, Gongzhuling, Jilin 
Province, during 2009 and 2010. A split- plot experiment was 
designed, and main treatments included six representative 
maize varieties released in various  years from the 1950s 
to the 2000s (Baihe in the 1950s,  Jidan 101 in the 1960s, 
Zhongdan 2 in the 1970s, Yedan 13 in the 1980s,  Zhengdan 
958 in the 1990s, and  Xianyu 335 in the 2000s);  the sub-
treatments were four nitrogen fertilizer applications (0, 150, 
225 and 300kg/ha), while  the sub-sub treatments were four 
plant densities (37500, 52500, 67500 and 82500 plants /ha).

Results
The results showed that genetic improvement, plant 

density and nitrogen fertilizer application increase were 
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Fig. 1.  Yield of maize grown at different cultivation levels from the 1950s to the 2000s. 1,2,3,4,5,6 indicate Baihe, Jidan101, 
Zhongdan2, Yedan13, Zhengdan958,Xianyu335 on the X axis; h1, ,h2 ,h3 ,h4 indicated the total contribution to yield 
increase, the contribution of genetic improvement to yield increase, the contribution of agronomic-management 
improvement to yield increase, and the contribution of genetic×agronomic-management interaction respectively.
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the main technological factors underlying maize yield 
increase. At the present cultivation level (67500 plants/ha 
with 225kg/ha nitrogen application), the contribution of 
genetic improvement to yield increase was 45.37%, that 
of agronomic-management improvement was 30.94%, 
and of genetic × agronomic-management interaction 
23.69%. at high-yielding cultivation level ( 82500 plants/
ha with 300 kg/ha nitrogen application), the contribution of 
genetic improvement to yield increase was 31.30%,  that of 
agronomic-management improvement was 36.23%, and of  
genetic × agronomic-management interaction was 32.47%. 
From the current to the high-yielding cultivation level, 
the contribution of agronomic-management and genetic × 
agronomic-management interaction to yield increase was 
significant.

Conclusions

Tollenaar and E.A. Lee (2002) point out that 
improvement in maize yield from the 1930s to 1990s can  
be attributed to both genetic gains and improved agronomic-
management;  60% of the improvement could be credited 

to plant-breeding efforts and 40% toimproved agronomic 
practices. Although the genotype ×agronomic-management 
interaction has contributed the most, the role of of  interaction 
factors  has also been appreciable. Zhang et al. (2009, 2010) 
analysed the yield gain of representative maize varieties 
in different eras and the results showed that maize yield 
increase was the result of both breeding and cultivation, 
with the contribution of breeding to yield gain working out 
to 52.9%. Density was the main restrictive factor.;. 

The study showed that selecting density-resistant 
varieties, increasing planting density and nitrogen fertilizer 
application, and strengthening field management were the 
way forward for high-yield  maize in the future.
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Introduction
Since the mid-20th century, maize breeders have 

advocated broadening of the genetic background through 
tropical and subtropical maize germplasms with abundant 
variations, improvements and hybrid development 
(Hallaueretc, 1972; Goodman, 1983; Gooodman, 1985). 
Given the narrow genetic base of maize in China, it is 
important to utilize tropical and subtropical germplasm. 
There are difficulties, however, as these germplasms 
usually do not adapt to temperate conditions. For 
instance, silking and anthesisare not synchronized, 
leading tobarrenness, and so on. Most of the germplasms 
cannot be used directly to developlines because of 
photoperiod sensitivity. Hence, the need to improve them 
for adaptation int emperate regions. Compared with other 
modesof population improvement, mass selection not only 
preserves genetic variance within populations, but also 
preventsgermplasm from inbreeding depression. Many 
tropical and subtropical maize germplasms have registered 
considerable progressthroughmass selection. The Institute 
of Crop Science, Chinese Academy of Agricultural Sciences 
(formerlyInstitute of Crop Breeding and Cultivation), has 
improved two pools (Pool33and Pool34) of subtropical 
quality protein maize. The improved pools were named 
Zhongqun13 and Zhongqun14 respectively (Zhang 
Shihuangetc, 1995).

Materials and Methods 
Original populations of tropical (POB43 and 

SUWAN-1) and sub-tropical (POB69and POB70) maize, 
and their improved cycles by mass selection were evaluated 
in two locations (Beijing and Hainan) during 2006 and 2007. 
The experiment was based on comparisons with POOL33, 
POOL34, and their improved populations (Zhongqun13 and 
Zhongqun14). Each plot comprisedtwo rows with 0.60m 
spacing between rows and a row length of 5.00m;the distance 
between two adjacent plants was 0.40m.Anthesis and other 

agronomic traits were surveyed and genetic diversity 
variance of different cycles of every population was tested 
by SSR molecular markers, in order to evaluateimprovement 
effects of mass selection on genetic variance and adaptation 
of tropical and sub-tropical populations across cycles in 
temperate conditions, as a basis for further improvement and 
utilization in breeding programs. 

Results
Most traits were not significantly different across 

cycles within populations in the tropics (Hainan), but 
manytraits such as anthesis were significantly different in 
temperate regions (Beijing). Most traits were correlated 
significantly with cycles of mass selection, as follows:

Anthesis showed a trend to happen earlier and ASI 
became shorter for the tropical populations (POB43 and 
SUWAN-1). Days to silking decreased from 99.2d to 
79.5d and 90.7d to76.2d respectively, with average gains 
of 4.9d and 3.6d per cycle. Days to anthesis reduced 
from 90.8d to 76.7d and 77.8d to 74.7d respectively, 
and averaged 3.5d and 0.8d per cycle. ASI showed a 
markedtrend to shortening from 8.3d to 2.8d and 12.8d to 
3.5d respectively, and averaged 1.4d and 2.3d per cycle. 
For two sub-tropical populations (POB69-POB70), days 
to silking became shorter from 78.3d to 69.2d and 81.8d 
to 69d respectively, averaged 2.3d and 3.2d per cycle; ASI 
shortened from 7.3d to 1.7d and 9.3d to 2.7d respectively, 
averaging1.4d and 1.7d per cycle. Days to silking and days 
to anthesis responded differently. ASI shortened because 
anthesis showed lowerdegree ofreduction than silking. Trait 
responses to cycles in anthesis and RD (%) value decreased 
with increasing cycles.RD is the relative difference between 
the number of days under long-day and short-day conditions 
for a trait, RD (%) = 100 × (L–S)/S; L means a traitunder 
long-day conditions and S means a traitunder short-day 
conditions.
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Plant and ear height showed a decreasing trend. For the 
tropical populations (POB43 and SUWAN-1), plant height 
reduced from 378.8cm to 334.1cm and 310.0cm to 301.2cm 
respectively, and averaged 11.2 and 2.2cm per cycle. Ear 
height declinedfrom 213.1cm to 176.1cm and 179.6cm to 
166.2cm respectively, averaging9.3cm and 3.4cm per cycle. 
For the sub-tropical populations (POB69 and POB70), plant 
height reducedfrom 301.2 cm to 270.3cm and 287.5cm to 
263.2cm respectively, and averaged 7.7cm and 6.1cm per 
cycle. Ear height decreased from 144.8cm to 131.9cm and 
142.cm to 131.6cm respectively, averaging3.2cm and 2.7cm 
per cycle.

Grain yield, shelling percentage, and resistance to 
barrenness showeda great trend to improvement. For the 
tropical populations (POB43 and SUWAN-1), shelling 
percentage increased from 62.8% to 81.1% and 81.4% to 
80.7% respectively, and averaged 4.58% and -0.81% per 
cycle. Tolerance to barrenness improved from 36.1% to 
85.1% and 71.0% to 85.0% respectively, averaging12.3% 
and 4.4% per cycle. Grain yield increased from 1232.1kg/
ha to 6228.2 kg/ha and 3693.7kg/ha to 5726.9kg/ha. For 
the subtropical populations (POB69 and POB70), shelling 
percentage increased to 82.7% respectively from 77.7% 
and 79.4%, and averaged 1.25% and 0.83% per cycle 
respectively. Tolerance to barrenness increased to 82.7% 
respectively from 68.1% and 58.6%, and averaged between 
4.7% and 8.6% respectively. Grain yield increased from 
3419.3kg/ha to 4559.0kg/ha and 2642.8kg/ha to 4624.3kg/
ha respectively, averaging284.9kg/ha and 508.3kg/ha per 
cycle. 

Ear traits were correlated with other agronomic traits, 
which varied with different populations. 

DNA samples of 24 maize populations were amplified 
using 40 pairs of SSR primers, and then tested by SSR 
fluorescent markers of DNA genetic analyzer automati-
cally. Fortypairs of SSR primers presented polymor-
phism in all tested materials. 343 allele variations were 
detected. Every pair of SSR primer, testing 3–17 alleles, 
averaged 8.57 per site. Variance range of polymorphism 
information content (PIC) of every pair of SSR showed 
0.257–0.899, and averaged 0.747. Shannon-weaver 
index distributed at the range of 1.038–2.494, averag-
ing1.657. The results compared with original popula-
tions did not show significant change ingenetic diversity 
of improved populations. 

Tested genes in improved generations C4 of POOL33, 
POOL34, POB43, SUWAN-1, POB69 and POB70, showing 
104, 111, 105, 107, 108 and 101 respectively, were not 
significantly different from their original generations C0 
(98, 114, 87, 88, 106 and 102 respectively)as regards40 pairs 
of primers. 

Means of genetic diversity index of six populations 
werecalculated. Means of the improved generations C4 of 
POOL33,POOL34, POB43, SUWAN-1, POB69 and POB70 
were1.287, 1.281, 1.286, 1.283, 1.284 and 1.279respectively, 
all of which werenotsignificantly differentfrom the original 
populations: C0 (1.284, 1.287, 1.285, 1.281, 1.287 and 
1.274 respectively).

According to the genetic similarity coefficients of 
original and improved populations, genetic similarity 
coefficients distributed in 0.755~0.843 among cycles 
of POB43, 0.732~0.848 among cycles of SUWN-1, 
0.700~0.793 among cycles of POB69 and 0.726~0.819 
among cycles of POB70, respectively. 24 populations were 
clustered according to genetic similarity coefficient. The 
dendrogram showed that the original (C0) and the improved 
(C1-C4) populations of POB43, SUWAN-1, and POB69 
were in the same group; the original population of POBB70 
and its improved population C1-3 were in the same group 
(unimproved population, including C4).

Conclusion
The adaptability of tropical and subtropical populations 

to temperate conditionswasenhanced, ASI shortened, plant 
and ear height reduced, resistance to barrenness improved, 
grain yield increased, and abundant genetic variance 
wasmaintained for the tropical and subtropicalpopulations 
improved by mass selection. , The improved populations 
canbe used in temperate maize breeding programs.
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Introduction
Maize is a typical C4 crop with high photosynthetic 

efficiency and heterosis was widely utilized in maize 
breeding. It had been studied that maize hybrids had 
higher heterosis than its parents in net photosynthetic rate, 
transpiration rate, chlorophyll fluorescence, activities of 
Hill reaction, photosynthetic phosphorylation activities 
and concentration of ATPase, chlorophyll fluorescence 
induction kinetics etc. Statistical analysis also revealed 
strong correlation between the net photosynthetic rate 
and the chlorophyll fluorescence induction kinetics (Zhao 
et al., 1996). Besides, it had been reported on the maize 
diurnal variation of photosynthetic performance in net 
photosynthetic rate, assimilate export rate, metabolic 
intermediates of sucrose synthesis (Kalt-Torres et al., 1987; 
Usuda et al., 1987. Grammatikopoulos and Manetas, 1990). 
However, the diurnal variations of maize photosynthetic 
performance were still unclear. And it is important to further 
analyze the heterosis of photosynthetic performance and 
its adaptability to environments. The diurnal variance of 
photosynthetic performance is actually the adaptability of 
maize to an environment, and heterosis plays a significant 
role. Therefore, the diurnal variance of photosynthetic 
performance is a base of heterosis. To determine the response 
of heterosis of photosynthetic performance to environments, 
the diurnal variance of photosynthetic performance in maize 
was analyzed in this paper. It provides theoretical bases 
for breeding for the net high photosynthetic efficiency and 
cultivation management.

Methods
This experiment was conducted at Shanjiao Village, 

Jiusuo Town, Hainan Province, China from January to 
February in 2005. The high photosynthetic efficient hybrid 
was 103 (Yinong 103) and its parents were 704 and 512. The 
low photosynthetic efficient hybrid was 7943 and its parents 
79 and 43. Net photosynthetic rate (Pn), respiration rate (Tr), 
stomatal conductance (Gs) of ear-leaf were measured with a 
LI-6400 (LI-COR, USA) portable photosynthetic measuring 

system. The leaf chamber temperature was maintained at 
(25P 0.5)°C, Photon Flux Density Radiation (PPFD) was 
at 2800 μmol/m2 ∙ s, CO2 concentrations was 350 μmol/mol. 
Three to five typical plants were measured for each  variety 
at five time (8:00 a.m., 10:00 a.m., 12:00 a.m., 2:00 p.m. and 
4:00 p.m.). Light-response was measured using PPFD set 
100, 300, 600, 1 000, 1 500, 2 100, 2 800 μmol/m2 ∙ s besides 

Fig. 1. Diural variance of Pn (a) and its heterosis rate 
(b) in different genotypes.
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the above methods. Heterosis of photosynthetic performance = 
(photosynthetic performance value of hybrid - photosynthetic 
performance average value of parents) × 100%/photosynthetic 
performance average value of parents. The efficiency of 
water application was calculated according to the method of 
Bierhuizen and Slatyer (1965): WUE = Pn/Tr. 

Results
The net photosynthetic rate presented an obvious 

single-peaked curve with the peak values occurred at 10:00–
12:00 a.m. in all genotypes. The diurnal variance of Pn and 
Tr had a synergistic relationship. Stomatal conductance 
(Gs) presented an obvious singlepeaked curve in a day, and 
the time that the peak value arose at 10:00–12:00 a.m. The 
WUE values of 103 with high Pn and Tr were distinctly 
lower than 7943 which had low Pn and Tr. We should pay 
much attention to parent material with higher WUE in the 
water-saving and high Pn breeding. Correlation analysis for 
gas exchange parameters indicated that the diurnal variance 
of Pn and Tr in all genotypes was positively correlated with 
Gs, and negatively correlated with WUE. The PAR was an 
important ecological factor to affect main photosynthetic 
performance and was crucial to photosynthesis.

Hybrids showed difference obviously in the diurnal 
variance of photosynthetic performance including Pn, Tr, 
Gs. Namely, the Pn of maize presented a single-peaked 
curve in a day and the heterosis was higher in the afternoon 
than in the morning. The advantage of afternoon mainly 
was because the ecological environments (Ta, RH, PAR) in 
the morning and afternoon had differences which led to the 
physiological metabolic variance in plants. Accordingly, the 
heterosis of photosynthetic performance improved markedly 
in the afternoon. The heterosis value of photosynthetic 
performance in the afternoon was a reference index to 
evaluate genotypes with higher photosynthetic efficient 

heterosis under the stress, and screen the high photosynthetic 
efficiency genotypes. It proved that stomatal modulation 
may play an important controlling role in the photosynthesis. 
Therefore, high Gs is viewed as a significant index for high 
photosynthetic efficient breeding.

References
Bierhuizen J F, Slatyer R O. 1965. Effect of atmospheric 

concentration of water vapor and CO2 in determing 
transpiration-photosynthesis relationships of cotton leaves. 
Agricultural Meteorology, 2: 259–270.

Deng Z C, Sun J Z, Zhang J F.1995. A study on cotton heterosis and 
photosynthetic characters. Journal of Huazhong Agricultural 
University, 14(5): 429–434 

Grammatikopoulos G, Manetas Y .1990. Diurnal changes 
in phosphoenolpyruvate carboxylase and pyruvate, 
orthophosphate dikinase properties in the natural 
environment: interplay of light and temperature in a C4 
thermophile. Plant Physiology, 80: 593

Kalt-Torres W, Kerr P S, Usuda H.1987.. Diurnal changes in maize 
leaf photosynthesis I. Carbon exchange rate, assimilate 
export rate, and enzyme activities. Plant Physiology, 83: 283

Usuda H, Kalt-Torres W, Kerr P S.1987. Diurnal changes in maize 
leaf photosynthesis II. Leaves of metabolic intermediates of 
sucrose synthesis and the regulatory metabolite fructose 2, 
6-bisphosphate. Plant Physiology, 83: 289

Zhao M, Li S K, Wang S A, Wang M Y.1999. Cluster analysis for 
photosynthetic characters of inbred lines of maize in China. 
Acta Agronomica Sinica, 25(6): 733–741

Zhao M, Wang M Y, Li S K .1997. Comparison of photosynthetic 
characteristics of parents and hybrids of corn (Zea mays L.). 
Acta Agriculturae Boreali-Sinica, 12(2): 39–43

Zhao Q, Tang C Q, Kuang T Y .1996. Preliminary studies on 
photosynthetic characteristics of maize hybrid and its 
parents. Acta Agronomica Sinica, 22(5): 560–564 



214

Book of Extended Summaries for the Eleventh Asian Maize Conference

P_3.25:  Evaluation of tropical maize populations for their 
potential to improve a Chinese elite hybrid

Xinhai Li, Hongjun Yong, Mingshun Li, Degui Zhang, and Shihuang Zhang

The National Maize Industrial Technology RD Center, MOA/Institute of Crop Science, Chinese Academy of Agricultural Sciences/Na-
tional Key Facility of Crop Gene Resources and Genetic Improvement, Beijing 100081, P.R. China.

Introduction
Recycling of elite inbreds has narrowed the diversity 

of Chinese maize (Zea mays L.) germplasm (Zhang et al. 
2000). Introgression of exotic maize germplasm into adapted 
local germplasm was considered a means of increasing 
favorable alleles for desired characteristics not present in 
elite germplasm (Tallury and Goodman 1999). Dudley 
(1984a) presented a method for identifying germplasm 
carrying favorable dominant alleles not present in an elite 
hybrid, and several studies indicated that Dudley’s method 
was in greater conformity with pedigree information and 
provided more genetic and breeding information (Stojsin 
and Kannenberg, 1995). As part of an effort to determine the 
value of a group of exotic tropical populations for improving 
an elite hybrid, W9706 × Ji853, a representative of Lancaster 
× Sipingtou heterotic pattern being grown in the Northeast 
Spring Corn Belt in China, the objectives of this study were 
to: (i) identify CIMMYT populations as donors of favorable 
alleles for improvement of yield and yield components to 
the elite hybrid W9706 × Ji853; (ii) determine which inbred 
parent should be improved and whether to backcross to 
one of the inbreds or to directly self the F1 for developing 
improved lines.

Materials and Methods
Fourteen CIMMYT populations (Pob21, Pob28, 

Pob32, Pob43, Pob49, Pob445, Pob446, Pob501, Pool 26, 
Stay green-Y, QPM-Y, Suwan-1, La Posta, Tuxpeno) were 
chosen as potential donors of favorable alleles for improving 
the elite hybrid of W9706 × Ji853. The crosses (W9706 × 
Py crosses, and Ji853 × Py crosses) were made at Hainan 
experiment station of the Chinese Academy of Agriculture 
Science in the 2008 winter season. Seed of crosses were 
bulked for use in field experiments. The 28 crosses and 
the cross between W9706 and Ji853 were evaluated in a 
generalized lattice design with five blocks of six entries and 

three replications in Gongzhuling, Jilin province, Shenyang, 
Liaoning province, and Shunyi, Beijing. The inbred lines 
Ji853 and W9706 were grown in randomized block design 
with 10 replications adjacent to the experiment with crosses 
in the same three locations. The entries were grown in two-
row plots, with the rows  5 m long and spaced 0.6 m apart 
in all three locations. Common cropping practices for maize 
production were used at all locations. Grain yield, ear length, 
ear diameter, kernel length, plant height and ear height were 
evaluated using Dudley’s method.

Results
Significant differences among inbred × population 

crosses, hybrids and inbreds were found for grain yield, 
ear length, ear diameter, kernel length, plant height, and 
ear height in combined environments, except for inbreds in 
kernel length. Two populations, Pob43 and La Posta, had 
positive and significant relative numbers of favorable alleles 
for simultaneous improvement of grain yield, ear length, 
and kernel length in the hybrid W9706 × Ji853, and QPM-Y 
was also a good donor population  as regards improved ear 
diameter and kernel length in the hybrid. If the populations 
Pob43 and La Posta were donors, inbred line Ji853 would 
be improved by selfing from F1 (Ji853 × populations); 
alternatively, inbred line W9706 would be improved with 
donor QPM-Y by selfing from F1 (Ji853 × populations), 
since their Jqjμ values were lower than Lplμ’, but not 
significant. The populations Pob43, La Posta, and QPM-Y 
with new favorable alleles were best donors for improving 
the elite hybrid Jidan261 (W9706 × Ji853). However, more 
attention should be paid in the breeding program because of 
more unfavorable dominant alleles for plant and ear height 
in respect of these populations. These results suggest that 
CIMMYT germplasm had high potential to further improve 
temperate elite inbreds by Dudley’s method, which provided 
a new approach to analyzing tropical germplasm as a source 
to widen the existing germplasm base.
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Introduction

Radiaction mutation breeding is an effective way 
to expand maize germplasm (Wen and Wang 2004). The 
breeding practice in southwestern China has proved that 
inbred lines R08 and 48-2 possess the excellent hereditary 
basis (Ma et al.1998, Zhou 2008). Therefore we applied 
60Co-γ radiation on maize breeding and 101 new mutated 
inbred lines were obtained successfully (Li 2009). In current 
study the partial mutants were utilized to evaluate their 
general combining ability (GCA) of the main characters, in 
order to provide a reference for their further improvement 
and application.

Materials and methods
Inbred lines R08 and 48-2, and their corresponding 9 and 

13 mutants developed from 60Co-γ radiation followed by 

continuous self breeding, have been used in this study. With 
the widely used maize inbred lines as testers, 80 (namely 
8 x 10) R08 groups and 126 (namely 9 x 14) 48-2 groups 
of F1 hybrid combinations were separately performed by 
using incomplete diallel cross design in Hainan, China in 
2008 winter. In 2009 spring, the comparative experiment 
on hybrid combinations was carried out in Ya’an, Sichuan. 
All experiments were conducted independently, all by 
randomized block design, 3 replications, and planting 
density of 49,500 plants hm2 . Agronomic traits and yields 
were investigated.

Results
Results showed that mutants 11 and 17 from R08, and 

mutants 26 and 31 from 48-2 were improved on their GCA 
of yield characters, i.e., they were the better lines for high 
yield breeding (Table 1 and 2). Mutants 23, 25, 28, 29 and 

Table 1 GCA effects of major characters in R08 and its mutants

Mutants
Days to 
silking

Plant 
height

Ear 
height

Ear 
length

Ear 
diameter

Barren ear 
tip length

Ear 
rows

Kernels 
per row

100-kernel 
weight

Kernel 
rate

Yield per 
plant

R08 0.30 -6.67 -4.02 -0.11 -0.024 -0.06 0.01 -0.15 -1.33 -1.06 -7.14
11 0.68 9.04** 3.43** 0.67 -0.073 0.16* -1.04** 1.42 1.57** -0.30 9.80**
12 0.51 11.56** 10.08** 0.99** -0.114 -0.21 -0.73** 2.06** 0.65** -0.41 3.07**
13 -0.74** 4.50** 4.35** 0.92* -0.028 -0.04 -0.61** 1.20 -0.15* -0.21 0.26
14 -0.03 -4.38 -4.02 -0.94* 0.225** 0.02 0.59** -1.43 1.61** -0.70 -0.25
15 1.01 -1.90* 1.85** -0.42 0.115** -0.02 1.04** -0.28 -1.63 0.87** 1.13*
16 -0.16 -16.88** -6.40 -1.25** -0.077 -0.13 -0.34 -2.73** -0.81 -0.29 -20.16**
17 0.26 8.69** -3.19 0.07 -0.040 -0.09 1.01** 1.16 -1.60 1.34** 8.73**
18 0.09 -3.96 -2.36 0.17 -0.044 0.17** -0.30 0.03 1.12** 0.09* 3.60**
19 -1.91** -0.002** 0.29** -0.10 0.062 0.19** 0.36 -1.28 0.58** 0.66** 0.97*
LSD0.05 0.76 4.75 3.24 0.81 0.101 0.18 0.38 1.63 1.10 0.94 7.68
LSD0.01 1.00 6.27 4.27 1.07 0.133 0.23 0.50 2.15 1.45 1.24 10.14

*, **: sig, slope at P<0.01, P<0.05. The same followed in Table 2.
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30 from 48-2 were beneficial due to their shorter growth 
period and decreased plant and ear height, but their yield 
GCA were rather poor; while mutants 24 displayed average 
yield GCA, suggesting it be an ideal lines for shortening 
growth period and decreasing plant and ear height (Table 2). 
Other mutants, with their distinct identity, can be improved 
and utilized appropriately in future breeding practice.

Conclusions
In terms of the yield GCA per mutant plant from inbred 

lines R08 and 48-2 radiated by 60Co-γ, mutants 11, 12, 15, 
17, and 19, except 16, were significantly (P<0.05) or very 
significantly (P<0.01) higher than R08; 7 mutants from 48-2 
were higher than 48-2, and mutants 21, 22, 26, 27, 31, and 
32 reached a significant level (P<0.05). In addition, there 

were noticeable difference between mutants and their base 
inbred lines of their GCA of silking, plant height, ear height, 
and ear traits, indicating that radiation induced mutation 
could produce a wide range of changes in GCA characters 
of maize inbred lines, and mutants with higher GCA were of 
great potential.
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Table 2. GCA effects of major characters in 48-2 and its mutants

Mutants
Days to 
silking

Plant 
height

Ear  
height

Ear 
length

Ear 
diameter

Barren ear 
tip length

Ear 
rows

Kernels 
per row

100-kernel 
weight

Kernel 
rate

Yield per 
plant

48-2 0.39 7.6 -0.17 -0.58 0.076 -0.25 0.27 -1.39 0.62 -0.71 -1.93
21 0.31 13.18* 0.55 0.39** 0.05 0.16** 0.24 -0.27 1.85* 0.76** 12.05**
22 0.57 7.44 1.5 -0.51 0.309** 0.02* 1.42** -0.47 2.54** -0.67 11.41**
23 -1.58** -12.88** -8.94** -0.25 -0.147** 0.31** -0.12 -1.86 -1.78** 0.72** -17.08**
24 -1.43** -9.47** -4.60* 0.07* -0.043* -0.01 -0.25 0.18** 1.83* 1.67** 2.77
25 -1.06** -13.23** -3.01 -0.44 -0.002 0.01* 0.33 -0.16 -2.21** 0.73** -6.92
26 0.13 5.61 10.82** 1.05** 0.083 0.07* -0.48* 0.90** 3.91** 0.09* 17.74**
27 0.31 2.99 3.38* 0.19* 0.268** 0.23** 2.43** 0.99** -3.22** -1.80** 10.49**
28 -1.43** -6.42** -8.28** -0.21 -0.043* 0.11** -1.11** 1.23** -4.15** -2.30** -17.88**
29 -0.76** -16.84** -11.45** -1.39* -0.113** -0.03 -0.50* -1.5 -2.51** 0.32** -19.86**
30 -0.39* -18.33** -15.17** -1.01 -0.258** -0.16 -0.04 -0.25 -4.10** 0.86** -17.93**
31 3.35** 25.54** 24.01** 1.50** 0.068 -0.03 -1.06** 2.73** 3.02** 0.31** 21.84**
32 0.2 14.23** 6.82** 1.45** -0.198** -0.33 -0.38 2.51** 0.51 0.29** 7.68**
33 1.39* 0.58 4.54** -0.24 -0.050** -0.08 -0.75** -2.64* 3.69** -0.28 -2.37
LSD0.05 0.78 4.85 3.50 0.63 0.095 0.26 0.69 1.24 1.22 0.72 6.82
LSD0.01 1.03 6.39 4.61 0.82 0.125 0.34 0.91 1.63 1.61 0.95 8.98
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Introduction
Maize in India is primarily grown in monsoon (kharif) 

season throughout the country, while in winter (rabi) season, 
maize is sown in some part of the country and the spring 
maize is also gaining importance in last few years. The maize 
area, production and productivity are 8.26 million hectare, 
20.0 million tons and 2.44 ton per hectare, respectively 
(2010-11). The full season maturity group in maize is grown 
in all parts of the Indian sub-continent except in northern 
Himalayan hills where extra-early, early and medium 
maturity group maize are grown so as to fit in their cropping 
system. The extra-early group maize matures in 70-80 days, 
early group in 80-90 days, medium group in 90-100 days, 
while full season or late group matures in 100 to 120 days. 

Based upon agro-climatic conditions, the maize growing 
area in the country is broadly classified into five zones i.e. 
Northern Hill Zone (Zone I), North-Western Plain Zone 
(Zone II), North-Eastern Plain Zone (Zone III), Peninsular 
Zone (Zone IV) and Western Plain Zone (Zone V). 

The objective of this compilation was to study the agro-
climatic zone-wise trends in the performance of best entry 
and check of maize over years and its impact on the overall 
productivity of each zone. In this paper we had discussed the 
changes in the performance of new entries reaching second 
year of testing of advance varietal trial. Compound Annual 
Growth Rate (CAGR) calculated every year and over 20 
years of improvement were also discussed.

Table 1: Compound Annual Growth Rate (CAGR) in different agro-climatic zones

Zone II Zone III Zone IV Zone V

Year
Mean 
yield

Moving 
average

Mean 
yield

Moving 
average

Mean 
yield

Moving 
average

Mean 
yield

Moving 
average

1991 14.378 - - - 39.101 - 44.981 -
1993 -29.443 0.194 - - 8.539 18.657 5.063 24.593
1994 24.622 -8.714 -17.964 - 14.437 4.258 29.798 10.513
1995 -11.889 13.156 62.982 13.305 -8.084 9.140 -0.349 -1.422
1996 31.138 -1.611 6.211 6.362 22.843 2.745 -26.636 5.805
1997 -17.690 13.759 -26.205 3.214 -4.025 10.169 58.442 -2.771
1998 35.865 4.413 39.257 5.034 14.208 3.119 -20.874 4.670
1999 1.027 9.575 10.857 21.959 -0.073 -1.454 -5.937 -14.677
2000 -1.118 -0.600 20.769 7.438 -16.561 -4.064 -15.642 2.203
2001 -1.704 -7.648 -6.153 10.613 6.125 -14.156 33.617 -8.084
2002 -20.412 -3.580 19.519 0.151 -30.551 -6.941 -32.588 23.615
2003 15.171 -0.055 -10.433 5.356 9.326 -7.493 95.883 20.870
2004 - - - - 7.493 -3.335 23.059 9.459
2005 8.934 7.877 - - -24.183 15.568 - -
2006 1.092 7.174 9.754 5.282 77.907 13.216 -37.446 -5.060
2007 11.591 6.422 17.194 10.123 4.581 18.110 - -
2008 6.514 -9.421 4.377 8.242 -1.093 -2.350 10.183 -6.893
2009 - - - - -10.323 1.353 21.939 1.594
2010 -42.060 -5.923 4.628 - 17.129 - -21.482 2.783
CAGR over years -0.597 1.092 6.995 7.327 4.168 2.525 3.680 3.046
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Materials and Methods
The data of all India coordinated trials on the best entry 

and the best check in final (third) year of testing in full 
season maturity group of last 20 years (1991 to 2010) was 
used to assess the low and high performing years in all zones 
of the country except Zone I. In this paper we have included 
only the values for the nineteen years for best entry and 
best check obtained from the Annual Progress Report 1991 
to 2010 of ‘All India Co-ordinated programme’ of Maize. 
The assessment of the years was judged based on the mean 
performance as well as moving average performances along 
with difference of best entry and best check. The association 
of zone-wise performance of the best entry was studied 
along with the zone-wise average productivity of maize 
(compiled over states) achieved in the zone after 2 years, 3 
years and 4 years. The differences among correlation values 
were studied using z-test (Sendecor and Cocharan 1967).

Results and Discussion

Based on original values as well as on moving average 
bases, the performance of the best entry and the best check 
has indicated that there is constant improvement in yield 
performance of best entry in last 20 years especially in north-
eastern plain zone (zone III). The best entry has performed 
well over the best check in all these years. The results of 
moving average indicated that there is regular increase in 
yield from 1994 to 2000 and 2002 to 2007 in Zone II; 1997 
to 2010 in Zone III; 1991 to 1999 and 2004 to 2009 in Zone 
IV; and 2001 to 2004 in Zone V. The yields in Zone V which 
covers western and central India, has remain stagnant for 
most of the time (Fig 4a & 4b). It is evident that there is 
need to concentrate more in rainfed cultivation especially in 
western and central India. On the other hand, yield gain has 
consistently increasing in eastern plain Zone (Zone III) but 
the productivity is lowest is this zone (Fig 2a & 2b). Hence 
there is great need to propagate innovative technology in 
Zone II. On the other hand Zone IV covering peninsular 
India has highest productivity and yields has been constantly 
increasing except for a short period from 2000 to 2004 (Fig 3a 
& 3b). This observation is also supported by the Compound 
Annual Growth Rate (CAGR) over years in different zones. 
CGAR is highest for Zone III over mean yield (6.995) and 
over moving averages (7.327) calculated over the best entry 
(Table 1) and similar results were obtained for best check 
(not shown in Table 1).

In order to judge the impact of new hybrids on 
productivity in each zone, the correlation were studied for the 
mean performance of advance evaluation trial (AET) over 
years (1991 to 2010) with average productivity of respective 
zone after 2 years / 3 years / 4 years of testing of entries in 
AET with a presumption that the new hybrid may take two 
to four year to show its impact on productivity of zone. The 
results exhibited that significant positive association of mean 
performance of best entry with zonal productivity in zone II 
and zone III after two years, while there is no association 
after three and four years indicating that the entries/ hybrids 
released had an impact on productivity of zone after two 
years. On the other hand, significant association with forth 
year showed impact of entries after four years in zone IV. 
Non-significant association in zone V indicated little or no 
significant impact even in four years but significant difference 
between the correlation coefficient in moving averages of 3rd 
and 4th year revealed that there is impact after three years 
in zone V which is indicated by signification shift in the 
r-values from negative non-significant to positive though 
non-significant. Such significant were also observed in other 
zone on mean performance and moving average basis. The 
detail analysis will be discussed in the presentation.

Table 2:  Correlation between zonal mean performance 
(best entry) and average zonal productivity after 
2 years/ 3 years/ 4 years of the trial

 

Years after trial

2 yr 3 yr 4 yr

Zone II

Mean Performance 0.557* 0.164 0.292

Number of Years 15 14 13

Moving Average 0.466 0.482 0.226

Number of Years 15 14 13

Zone III

Mean Performance 0.797**@ 0.354# 0.482@#

Number of Years 13 12 11

Moving Average 0.699*$ 0.518 0.504$

Number of Years 12 11 10

Zone IV

Mean Performance 0.276₰ -0.089§₰ -0.642*§

Number of Years 16 15 14

Moving Average 0.316¥ -0.114 -0.432¥

Number of Years 16 15 14

Zone V

Mean Performance -0.328 -0.251 0.165

Number of Years 14 13 12

Moving Average 0.077 -0.484€ 0.505€
Number of Years 14 13 12

Note: * P< 0.05, ** P< 0.01; Correlations with same symbol 
differ significantly from each other P< 0.05
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Table 1. Sectoral distribution of maize consumption in Turkey (2009)

Usage Quantity (tons) and proportional use (%) Remarks

Corn as feed 
3.2 t (71%) 1.65 t as Broiler and turkey feed

1.30 t as Bovine-Ovine feed
0.50 t as Laying hen or breeder hen feed

Starch industry 0.75 t (17%)
Local consumption 0.30 t (7%)
Industrial consumption 0.10 t (2%)
Production loss 0.12 t (3%)
Total 4.47 t 

Introduction
Maize is third-ranked in terms of its importance among 

cereals in Turkey, after wheat and barley, and is grown 
succesfully either as a first or second crop in various agro-
ecological regions in the country. Turkey’s maize production 
is presently over 4 million tons per year (Figure 1). Marked 
increases were recorded in maize production after 1980s. 
The major reasons for this are: modern techniques in 
production, hybrid seed usage, cultivation of maize under 
irrigation, usage of fertilisers, and conducive policies for the 
farmers, including input subsidises.

Maize production and productivity in 
Turkey

The national average maize yield is over 7 ton/ha in 
Turkey. Although maize can be cultivated in every region 
in Turkey, there are some regions where the yields are quite 
high, especially the Adana and Sakarya provinces, where 
yields of 16-17 t/ha have been recoreded by the farmers.

Almost 50% of maize production in Turkey is produced 
as a second crop, after the harvest of wheat and barley.  This 
practice of planting maize and other crops has significantly 
additional contributed to the country’s economy. In this 
regard, the production of maize, has an indispensable 
importance in terms of agriculture in Turkey. The production 
of maize to the contribution of Turkey’s economy, in terms 
of grain, is around $ 1.5 million (based on 2009 values). 

The wide range of agro-climatic conditions within 
Turkey permit cultivation of diverse economically important 
crops; thus, Turkey is agriculturally well-advanced. 
Moreover, approximately 24 per cent of country’s population 
is employed in agricultural sector. However, the share of 
agriculture in gross domestic product and export revenues is 
nearly 10% (TSI, 2010). Turkey has become self-sufficient 
with regard to crops like sugar beet, potato and chickpea, 
while it produced only 94 per cent of its maize requirement 
in 2009. The demand for maize is constantly increasing 
every year (Figure 2.). Maize is used predominantly as feed, 
besides starch and oil industry purposes in (Table 1). 

Maize has the highest productivity among the cereals 
and will continue to play an important role in the country’s 
economy. However, maize prices in Turkey have been higher 
than the world average. Product prices of maize are affected 
on account of the high prices of inputs used in production 
(Figure 4).

Goals of the national maize program
The national maize breeding program has developed 

nearly 35 high-yielding maize hybrids over the last few 
decades, and many of these released hybrids are further 
licensed to private sector for commercialization. Large areas 
of maize cultivation are presently grown using maize hybrids 
from the private sector. However, there is a significant need 
for further scaling-up hybrid maize seed production, as much 
as by 244% to meet the increasing demand (TSI, 2010). The 
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maize farmers in Turkey are progressive and are willing to 
adopt modern maize growing practices and the hybrids with 
high potential, especially for the poultry industry.

Despite the increase in maize production in recent 
years, the requirements of country are not fully met. 
Also, there is a great production potential for maize in 
the country. This present situation makes it important 
to increase maize production and productivity through 
intensive breeding efforts for traits of importance, coupled 
with good management practices. In particular, there is a 
need to increase the maize yield per unit area, in addition to 
ongoing studies related to the extra plantation. Abiotic and 
biotic stress resistance of the maize varieties also needs to be 

improved, especially in the light of global climate change. 
Appropriate irrigation methods and irrigation facilities 
should be further created.

Some ongoing efforts in national maize breeding

1. A number of maize hybrids are being generated and 
evaluated through multi-location trials across the 
country, using inbred lines derived at different research 
institutes. This program is expected to result in good 
hybrids for potential cultivation. 

2. Facilities have been developed at the Central Anatolia 
Bahri Dağdaş Agricultural Research Institute and South 

Figure 1.  Last decade’s corn plantation, production and 
yield values of Turkey

Figure 2. Corn production and consumption

Figure 3. Map of Turkey and corn production amount 
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Eastern Anatolia Agricultural Research Institute , 
Konya and Sanliurfa, for screening crop germplasm for 
drought tolerance, and also for quality traits.

3. Maize inbred lines and hybrids with resistance to the 
European corn borer and the Pink stem borer have been 
developed at the Eastern Mediterranean Agricultural 
Research Institute, and are being evaluated for their 
performance through breeding experiments.

Potential areas for further improvement 
of maize breeding in Turkey
1. The doubled haploid (DH) technology enables cost- and 

time-effective development of homozygous lines, and 
has become an important component of maize breeding. 
The Sakarya Maize Research Station has initiated use 
of this technique with TUBİTAK-1007 project in 2011. 
Application of DH technology in maize breeding across 
the maize breeding centers shall be further strengthened.

2. SSR or microsatellite markers are presently used at 
Sakarya Agricultural Research Institute for analysis 
of genetic diversity in maize germplasm in Turkey. 

Advances in genomics have resulted in identification 
of numerous DNA markers in maize, particularly the 
Single Nucleotide Polymorphisms (SNP) markers. 
High-density genotyping using SNP markers needs 
to be utilized for genetic diversity analysis and other 
important breeding applications. The aim should be 
to effectively use molecular markers for accelerating 
maize breeding.

3. Global climate changes will lead to increasing 
incidence of abiotic stresses (e.g., drought, heat) and 
biotic stresses (e.g., diseases and insect-pests). It is 
particularly important to strengthen the stress breeding 
research on maize in Turkey to prepare well for these 
challenges. 

4. It is possible to further strengthen the research on 
disease resistance of maize in Turkey. This is important 
due to the incidence of diseases like leaf blights, stalk 
and ear rots, and some virus diseases on maize (e.g., 
MDV) in the country.

5. The majority of maize grain produced in Turkey is 
used in the poultry feed industry. The development of 
varieties with high nutritional quality (e.g., high oil and 
high methionine maize) will lessen the use of additives 
in the poultry feed industry. Thus, developing maize 
germplasm with high nutritional quality especially for 
the poultry industry should receive emphasis. 

6. Human resource development and training in important 
research areas, as mentioned above, will be extremely 
important for the national maize breeding program of 
Turkey.

Reference
Agricultural Production Statistics. 2010. Turkey Statistical 

Institute. Ankara, Turkey.

Figure 4.  Comparison of maize prices in Turkey with the 
world average. 
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Introduction 
Maize is one of the important cereal crops in Turkey. 

Hybrid maize breeding program in Turkey began in 1950, 
and to date this program has resulted in a large number of 
inbred lines, and further to the release of 35 maize varieties, 
and many of these are licensed to the private sector for 
commercialization. 

The value of an inbred line depends on its ability to 
produce superior hybrids in combination with other inbreds. 
Combining ability is one of the most important areas in hybrid 
research, with significant impact on inbred line evaluation 
and population improvement, particularly in maize breeding. 
The estimates of combining ability provide information 
about the components of genetic variance involved in the 
expression of various polygenic characters and thus help in 
selection of desirable parents for hybridization. The basic 
knowledge of the diversity of the inbred lines, coupled with 
their combining ability, enhances the possibility of deriving 
commercially useful hybrids, and thus, the success of hybrid 
breeding program. 

Materials and Methods
The subtropical maize inbred lines used in this study 

were derived from diverse sources, and belonged to various 
maturity groups – early, early-medium, medium-late and 
late maturity groups. Two lines from each of the maturity 
groups, namely CG-10, CM-105, A-251, W-182-B, B-75, 
A-239, ADC-455 and ADC-451, were involved in half-
diallel mating design, and a total of 28 experimental 
hybrids were generated. A total of 36 entries, including the 
28 experimental hybrids, were evaluated in a Randomized 
Block Design with three replications. For each of the entries, 
data were recorded on the following traits: number of days to 
tasseling, plant height, number of kernel rows per ear, total 
number of kernels per entry, 1000-kernel weight and grain 
yield. Diallel analysis and analysis of genetic variance were 

undertaken using the models proposed by Jinks and Hayman 
(1953), and Hayman (1958). The combining ability of the 
lines, both in terms of GCA (General Combining Ability) 
and SCA (Specific Combining Ability), were determined 
using Griffing (1956) model.

Results
Statistical analysis revealed significant genetic variation 

in the material analyzed in this study for the traits of interest. 
GCA and SCA variances were significant for all the traits 
studied (Table 1). The results of diallel analysis, including 
various estimates (including combining ability, components 
of variance, and heritability) are presented in Table 2. 
Additive and dominance gene effects were found to be 
significant for all the traits. However, comparative analysis 
revealed preponderance of additive gene effects over the 
dominance gene effects for almost all traits, except number 
of kernels per ear. A comparison of the performance of the 
test entries with the commercial checks in Turkey revealed 
high values of heterosis and heterobeltiosis for grain yield. 

Table 1. Estimates of GCA, SCA, and GCA/SCA.

Traits GCA SCA GCA/SCA

No. of days to tasseling 4003.20** 353.41** 11.330
Plant height 81.02** 42.67** 1.899
Number of kernel rows 
per ear

16.54** 13.01** 1.272

Total number of kernels 
per ear

76.38** 408.69** 0.187

1000-kernel weight 4129.39** 3795.91** 1.088
Grain yield 51.18** 33.45** 1.530

**Signifcant at P<0.01
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Conclusions
The study revealed the presence of significant genetic 

variation with regard to trait performance of the subtropical 
maize lines analyzed in this study. Several promising hybrid 
combinations could also be identified through this study for 
further analysis of their potential for release and commercial 
deployment.
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Table 2. Genetic parameters for different traits evaluated in the study.

Genetic 
Components 
and Ratios

Number of 
days to 

tasseling Plant height

Number of 
kernel rows 

per ear
Total number of 
kernels per ear

1000-kernel 
weight Grain yield

D 46.29**±1.12 741.0**± 23.25 2.52*±0.8 13.20*±4.44 1727.6**± 33.01 7140.8**±192.99
H1 44.76**±2.58 3951.3**±53.46 5.63*±1.84 167.1**±10.2 9472.7**± 75.88 39818.9**±443.66
H2 -54.07**± 2.24 -48267.4**±46.51 -4.49*±1.60 -1292.00**± 8.87 -1302.8**± 66.02 -1175034.9**  ± 385.99
F -0.70ns±2.65 -170.9*± 54.94 -2.98ns±1.89 19.61ns±10.48 878.4**± 77.99 36772.9**± 455,9
h2 76.75**±1.51 16383.6**± 31.16 5.94**±1.07 656.60**  ± 5.96 534.7** ± 44.23 168890.8** ± 258.60
E 0.12ns± 0.37 131.6**±   7.75 0.41ns±0.27 0.53ns±1.48 1.037** ±   0.13 9198.7** ± 64.33
D-H1 1.53ns± 2.21 -3210.3** ±45.83 -3.11ns± 1.58 -153.90**± 8.74 -7745.1** ± 65.06  -232678.1** ± 380.38
(H1/D)1/2 0.98 2.31 1.49 3.56 2.34 5.79
H2/4H1 0.30 3.05 0.20 1.90 0.03 1.22
KD/KR 0.99 0.91 0.43 1.53 1.24 2.59
h2/H2 1.42 0.34 1.32 0.51 0.41 0.14
H2 0.51 0.16 0.24 0.08 0.17 0.04

ns: non-significant; *, **Significant at P<0.05, P<0.01
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Introduction
Determining the genetic and morphological diversity 

of inbred lines is important for developing source populations 
and for creating high-yielding combinations in hybrid maize 
breeding. Information on the combining ability of inbred 
lines can be effectively used for creation of such source 
populations as well as for identification of useful hybrid 
combinations for potential deployment. Many researchers 
use the top-cross method to determine the combining ability 
of the lines. The most important issue to be considered for 
this method is proper choice of the testers. Selection of such 
testers must be done, on the basis of genetic information, for 
further use in proper classification of inbred lines. Another 
important aspect is the generation at which testing is done. 
Although breeders have advanced various opinions in this 

regard,  S4 or S5 is the latest generation that the lines should 
be tested.

It is possible to predict the combining abilities and the 
heterotic groups of the inbred lines by the top-cross method, 
which can be integrated into the pedigree method. For 
unselected lines, the general combining ability (GCA) of the 
inbred lines is relatively more important than the specific 
combining ability (SCA) for the lines. For selected lines, 
SCA is relatively more important than GCA, especially in 
terms of grain yield and other important traits. In order to 
identify lines with high combining ability, breeders have 
proposed various models (Ordas 1991; Alvarez et al. 1993; 
Sinobas and Monteagudo 1996; Gouesnard et al. 1996). In 
this study, the top-cross method was employed to determine 
lines with good combining ability in the early generation of 
hybrid maize breeding. 

Table 1. Some selected inbreds through the test-cross experiments, based on the general combining ability and grain yield 
(in t/ha) in combination with the two testers.

Line code

Grain yield (t/ha)

Line code

Grain yield (t/ha)

FRMo17 GCA ADK-451 GCA

SYM-307 (S5) 16.42 4.11 SYM-420 (S4) 14.06 4.12
SYM-441 (S3) 15.62 3.31 SYM-443 (S4) 14.05 4.11
SYM-417 (S4) 15.19 2.88 SYM-355 (S5) 13.67 3.73
SYM-412 (S4) 15.13 2.82 SYM-356 (S5) 13.63 3.69
SYM-420 (S4) 15.07 2.76 SYM-464 (S6) 13.19 3.25
SYM-357 (S5) 14.94 2.63 SYM-465 (S6) 12.05 2.11
SYM-361 (S5) 14.78 2.47 SYM-346 (S5) 11.92 1.98
SYM-305 (S3) 14.77 2.46 SYM-316 (S4) 11.91 1.97
SYM-374 (S3) 14.59 2.28 SYM-459 (S6) 11.85 1.91
SYM-320 (S4) 14.49 2.18 SYM-374 (S3) 11.81 1.87
P.31G98 13.68 P.31G98 14.05
ADA 523 13.37 ADA 523 13.71
ADA 9516 13.10 ADA 9516 13.04
P.32T83 13.07 P.32T83 13.30
SHEMAL 12.75 SHEMAL 12.22

 FRMo17  LSD: 2.24 Average: 9.94 t/ha C.V: 11.4%
 ADK-451 LSD: 2.98 Average:12.31 t/ha C.V: 12.23%
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Materials and Methods
In 2009, a total of 112 inbreds (in S2 to S6 stage) 

were crossed with two testers – FRMo17 (Lancaster) and 
ADC-451 (Leaming)—that represent two different heterotic 
groups for the Turkish maize germplasm. These genetically 
diverse lines belong to medium or mid–late maturity groups, 
and have yellow kernel texture. The candidate lines were 
planted in two rows, and each of these two rows was crossed 
(as female) with each of the two testers (as male), through 
controlled pollination.

The 224 experimental crosses, along with the standard 
hybrid checks, were evaluated in an Alpha Lattice 
experimental design at Adapazari location. Important 
characteristics of the experimental crosses were recorded as 
per standard procedures, and the trial results were analyzed 
by MSTAT-C program for heterosis and combining ability 
estimates. 

Results
According to the results obtained from the research, 

the yield of the lines which crossed to the FRMo17 tester 
ranged between 4.4 ton/ha to 14.06 ton/ha and the crosses 
with ADC-451 tester yield ranged from 6.1 ton/ha to 16.42 
ton/ha. The highest value of general combining ability was 
4.12 from FRMo17 tester and 4.11 from the ADK-451 tester 
(Table 1). When the homozygote increased, the heterosis 
rate of  some inbreds also increased. However, despite the 
low yield performance of hybrids of S6 levels, it can be said 
that inbreds are similiar to  tester lines.

Conclusions
Based on the yield performance, GCA estimates, plant 

characteristics, and assessment of heterotic groups, a total 
of 60 lines have been identified for further evaluation. The 
number of selected lines include: 4 from S2, 11 from S3, 19 
from S4,  16 from S5, and 10 from S6 generations. 
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Figure 1. Number of lines selected from the top-cross experiment
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Introduction
In Turkey, yellow dent or flint types of maize are mainly 

cultivated; however, there is also great demand forothertypes 
of maize, especially silage maize. In order to meet grower 
and consumer demands, studies have been undertaken 
over the last three decades at the BatiAkdeniz Agricultural 
Research Institute (BATEM), Antalya, for developing 
suitable silage, popping, and white-seeded maize hybrids.  
To date, three silage, three pop corn, and two white-seeded 
maize hybrid varieties have been registered. These specialty 
maize varieties were the first locally-generatedmaize hybrids 
in Turkey and released for production. In this presentation, 
we discuss the progress made in breeding for the above-
mentioned specialty maize hybrids in Turkey.

Silage maize 
Maize is one of the most important feeds for ruminants. 

Silage maize differs from the normal or grain maize in 
terms of its nutritive valueand forage yield.The digestibility 
of improved silage maize varieties is as important as 
theforage yield.  Genetic variation of digestibility in maize 
was reported;also, important parameters of forage quality 
and quantity can be improved by selection (Vatikonda and 
Hunter, 1983, Bertoia et al. 2002,Argillier 1995).Silage 
maize is  increasingin importance in Turkey. However, 
till just a few years ago,no silage maize hybrids had been 
locally developed and registered.As a result,  farmershad 
been usinggrain maize hybrids for animal feed. 

To fill this important gap and to meet the silage maize 
need, a breeding programwas initiated at BATEM in 2003. 
Inbreds derived from different source populations were 
used for breeding studies. Pedigree breeding procedures 
were used and different selection criteria were applied. In 
the silage maize breeding program, forage yield and maize 
silage digestibility parameters were used for selection. Two 
silage maize hybrids -- BATEM BURAK and BATEM 
ŞAFAK -- were released through this process in the year 
2008. BATEM EFE hybrid was registered as silage maize 
cultivar in the year 2009. 

Popping Maize
Popping maize (popularly known as Pop corn) is 

anotherimportant specialty maize that is increasing in 
importance worldwide. A major trait that distinguishes the 
popping maize from other types of maize is the formation 
of large flakes after kernel popping as a response to 
heat treatment (Pajic, 2007). Endosperm hardness is a 
characteristic trait of popping maize.  Yield, popping 
volume, popping rate and tenderness traits are usedduring 
selection. After many studies on popping maize, the first 
improved local popping maize hybrid developed in Turkey 
wasAnt Cin-98, which was released in 1998. NerminCin and 
KocCinare other popping hybrids developed locally, and 
registered in 2002 and 2005 respectively.

Table 1. Traits of the released silage maize hybrids improved at BATEM

Hybrid
Registration 

year

FAO 
Maturity 
Group

Plant 
Height 
(cm)

Forage 
yield 

ton/ha
Crude 

protein (%) 

Digestible 
Crude Protein 

(%)
Cellulose 

(%)
Dry Matter 

(%)

BATEM BURAK 2008 750 262 71.9 9.4 6.0 18.1 28.5
BATEM ŞAFAK 2008 700 216 65.7 9.4 6.1 16.4 40.4
BATEM EFE 2009 700 290 72.9 9.3 6.0 13.9 -
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White-seeded maize
White-seeded maize hybrids carry white endosperm 

and are mostly used as human food in many countries, 
including Turkey. Although yellow-seeded maize hybrids 
are predominant in Turkey, there is a rising demand for the 
white-seeded maize, especially for human consumption. 
Therefore, two white-seeded,improved maize hybrids, 
Ant Bey and KocBey, have been developed locally and 
registered,in 1994 and 2005 respectively,by BATEM.

Conclusion
In view of the growing demand for different types of 

specialty maize, the maize breeding program at BATEM 
in Antalya, Turkey, developed and released a series of 
specialty maize hybrid varieties that are now commercially 
cultivated. 

References
Argillier O, Barrière Y and Hébert Y. 1995. Genetic variation and 

selection criterion for digestibility traits of forage maize. 
Eupytica 82: 175-184 

Bertoia L.M.,  Ruggero B and Torrecillas M. 2002.  Identifying 
inbred lines capable of improving ear and stoveryield and 
quality of superior silage maize hybrids. Crop Sci. 42:365–
372

Pajic Z. 2007. Breeding of maize types with specific traits at the 
Maize Research Institute, Zemun polje. Genetika, 39: 169-
180.

Vattikonda, M.R., and Hunter, R.B. 1983. Comparison of grain 
yield and whole-plant silage production of recommended 
corn hybrids. Can. J. Plant Sci. 63:601–609.

Table 2. Traits of the improved, locally-developed and released popping maize hybrids at BATEM

Hybrid
Registration 

year

FAO 
Maturity 
Group

Plant 
Height 
(cm)

1000 Grain 
Weight (g)

Ear 
length (cm)

Popping 
Volume 
(cc g-1)

Yield 
(t/ha)

Ant cin 98 1998 550-600 210 135-150 18 26-28 5.5
Nermin cin 2002 600 195 165 18 27 6
Koc cin 2005 600 200 100 18 27 5- 6.5

Table 3. Traits of the improved popping maize hybrids developed and released by BATEM

Hybrid
Registration 

year
FAO Maturity 

Group Grain Type Starch (%)
1000 grain 
weight (g)

Ear length 
(cm)

Yield 
(ton/ha)

Antbey 1994 600 dent 63.3 340-350 20 9-10
Koc bey 2005 700 dent - 300 20 10-11



234

Book of Extended Summaries for the Eleventh Asian Maize Conference

P_3.32:  Identification of superior maize hybrids for grain yield 
in spring season over target region of Pakistan based on 
GGE biplot.

Mohammad Yousaf* and Muhammad Ashraf

Maize Program, Crop Science Institute, National Agriculture Research Centre (NARC), Park Road Islamabad-45500, Pakistan.
*Author for correspondence: mohdyousaf2001@yahoo.com

Introduction 
Newly developed plant material, exotic or indigenous 

maize hybrids need to be tested under multiple environments 
and years, especially under specific crop zone. To achieve this 
goal, adaptation trials were conducted in spring and autumn 
seasons of 2008 and 2009 by National Maize Coordinated 
Research Program (NMCRP) with collaboration of 
provincial maize breeding institutions and seed companies. 
Differential responses of hybrids to variable environmental 
conditions, especially when associated with changes in 
hybrid ranking, limit the identification of superior and stable 
hybrids. The GE interactions are as much a function of the 
environmental variables as a function of the genotypic, 
morphological, phenological, and physiological traits of the 
hybrids (Xing-Ming et al. 2007). Identification of causal 
factors of the GE effect and quantification of unexplained 
variation are of prime importance for selecting for stability 
or to recommend environmentally specific varieties.

It is estimated that about 29% of the total maize area 
in Pakistan is planted to maize hybrids roughly equally 
divided in spring and autumn (Kharif) seasons. This is 
probably among the lowest even in the region. However, 
currently, above 60% of maize production comes from the 
area under hybrids. Several factors contribute to the low 
yields of maize obtained in Pakistan, and different strategies 
have been proposed to improve maize productivity. Seed 
(especially hybrid seed) is the most important factor in maize 
production. In Pakistan, the commercial hybrids from the 
multinational seed companies are mostly exotic and adapted 
to spring season area in Punjab excludes the main season as 
well as the area available for maize hybrid production. 

The primary goal is to identify superior maize hybrids 
for the targeted region. A secondary, but important, goal is 
to develop understanding of the region and, in particular, 
to determine if the area can be subdivided into different 
mega-environments. Investigation of mega - environments, 
which has been an important issue of much MET research, 
is a prerequisite for meaningful cultivar evaluation and 
recommendation.

Materials & Methods 
Information for each year from 2008 to 2009 was taken 

from the database maintained at the NMCRP, National 
Agriculture Research Center  Islamabad. Each year 40 to 
60 newly developed or introduced maize hybrids in spring 
season were tested in the Punjab Province at 10 to 15 
locations representing 4 to 5 purportedly different growing 
areas. At each location a randomized complete block design 
with two replicates was used. Planting date, planting density, 
and management were according to protocols outlined by 
the NMCRP. In addition to yield, several phenological (date 
of tasselling, date of silking, date of maturity), agronomic 
(plant height, lodging) were recorded at most of the locations. 
Locations and genotypes in the adaptation trials varied each 
year, resulting in highly unbalanced year x genotype and 
year x location data, although the yearly genotype x location 
data was largely balanced. Ten hybrids were common in the 
year 2008 and 2009 out of 72 and 52 hybrids, respectively. 
While seven locations were common during 2008 and 2009 
out of 10 and 12 locations, respectively, hence data for seven 
locations were analyzed and presented here.   

Grain yield data was studied for the pattern of G x E 
interaction in the diverse maize cropping area of Punjab, 
Pakistan. The experimental plots consisted of two rows 
of five-meter length and inter row spacing of 0.75cm with 
plant to plant distance 20 cm in each row at each site were 
maintained. At maturity, data for grain yield was determined 
by manual harvesting/threshing of each plot in each trial. 
Data for grain yield per plot was converted to kg/ha and 
analyzed  to examine the partitioning of sum of squares to 
G, E and GxE interaction. For classification, a hierarchical 
agglomerative clustering method (Ashraf et al, 2010) 
with incremental sum of squares as the fusion criteria was 
applied to the matrices of the studied attributes. Dendrogram 
was constructed on the basis of fusion level to investigate 
similarities in pattern of performance among genotypes 
and environments. The GGE biplot technique was used 
to display performance of hybrids in a single graph. In 
graphic display each genotype is presented by point, called 
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marker, defined by genotype’s scores on all PCs, and each 
environment is presented by vector defined by environment’s 
scores on all PCs. The primary and secondary effects of 
genotypes and environments were calculated according to 
the shifted multiplicative model to search for separability 
in crop cultivars (Xing-Ming et al 2007). The GGE Biplot 
can be multidimensional but two dimensional biplots are the 
most common, both for biological reason as well as for easy 
comprehension.

Results and Discussion:
Analysis of variance for partition of sum of squares for 

GxE model for both the years 2008 & 2009 conducted during 
spring season for 10 hybrid at seven locations indicated 
that differences among groups of hybrids with standardize 
environment effect, and genotypes x environments were 
significant at P ≤ 0.01 (Table 1). The partitioning of the 
sum of squares indicated that hybrids accounted for 85.4% 
& 62.9% of the total sum of squares. The GxE interaction 
variance was 53.65 & 67.07%, respectively of the total 
sum of squares. Ward’s fusion strategy of hierarchical 
clustering was used on GxE data of grain yield (kg ha-1). 
Cluster analysis showed that hybrids (10) and environments 
(7) could be separated into 5 and 4 groups respectively for 
both the years 2008 & 2009 for response pattern across the 
environments and across genotypes (Table-2). It clearly 
indicated that hybrid AGN6400 and CKD932 are different 
from the remaining in their response over the environments. 
Group clusters labeled as five groups (I, II, III, IV and V) 
had significant different response in terms of grain yield 
over all seven environments. Within group-III comprising 
of three hybrids viz., X4B147, CKD933 and HYB2235 
produced grain yield kg ha-1 in same pattern. As regards the 
cluster analysis of environments district Okara and Jhang 
were grouped together forming one mega environment 
(group-II). Similarly, environment clusters had four groups 

(I, II, III, and IV), which were different to each other. Group-
IV contains three environments viz: Sahiwal, T.T. Singh and 
Faisalabad had similar response to each other. Lahore and 
Islamabad fall in separate groups and thus considered as 
different to each other during spring 2008. During the year 
2009, three groups of mega environments were observed: 
i.e. Islamabad, Sahiwal and Lahore were considered as one; 
T.T.Singh, Faisalabad and Jhang were  third; and Okara 
fall in the second group. Performance plots were used to 
illustrate each genotype group performance in a series of 
environment groups based on cluster analysis. 

The GGE biplot was constructed against primary effect 
scores of each genotype and each environment against 
their respective secondary scores (Fig.1). Biplot can be 
used to evaluate specific cultivars at specific environments; 
the environment centered the yield approximated by the 
product of the genotypic and environment in PC1 plus the 
product of the genotypic and environment in PC2 score. 
This property allows the following information to visualize 
i) the similarity and difference among the environments in 
their differentiation of the genotypes, ii) the similarity and 
difference among the genotypes in their response to the 
environments and iii) the nature (positive vs. negative) and 
magnitude of the interaction between any genotypes.

In Figure 1, numbers are representing genotypes and 
vectors generating from the origin for environments. The 
hybrids (AGN5800 & CKD932) had good grain yield 
closer to mega environment comprising of three vector 
environments Lahore & Okara followed by genotype 
ND6628 fall at environment Islamabad & Jhang. The 
genotypes NK7034, X4B147 & HYB2235 produced grain 
yield below average, as they had negative magnitude of 
interaction with environment Sahiwal & T.T.Singh. Entries 
that are closer together are similar in performance across 
environments while adjacent environments are similar in the 
way they discriminate among genotypes. High yielding and 
unstable hybrids HYB2234 and KWS0562 usually tended 

Table 1.  Two-way Anova at specified levels for Analysis of variance for the partition of the 
sum of squares for the G x E model for the two-way grouping model for the year 
2008 and 2009 during spring season.

Source   

Year 2008 Year 2009

MSQ (%) MSQ (%)

Genotypes  0.162 - 0.083
Between groups (genotypes) 0.311 85.42 0.118 62.94
Within groups (genotypes) 0.043 14.58 0.055 37.06
G x E interaction 0.105 - 0.118
Between G grp xbetween E grp 0.190 53.65 0.268 67.07
Within G grp x within E grp 0.028  4.9 0.022  3.48
Remainder of interaction 0.084 41.0 0.067 29.44



236

Book of Extended Summaries for the Eleventh Asian Maize Conference

to be on the upper right quadrant of the joint plot. The 
genotypes AGN6400 and CKD933 being in the bottom right 
quadrant gave the highest average yield and were defined 
as widely adapted over the sites as described by Yan et al., 
(2000) and Mujahid et al., 2011. Genotypes KWS0562 & 
HYB2234 gave higher grain yield than average but were not 
very stable due to their large secondary effects. Maximum 
angle among the vectors of environments is less than 900. 
This suggested that these environments were similar in the 
manner that they discriminate among genotypes. These 
environments had large primary effects and would thus 
facilitate identification of genotypes with better general 
adaptation. Therefore, from the perspective of selection for 
high yielding and stable genotypes as is evident from the 
finding of Yan et al., (2001), the best environments should 
have large primary effect scores but near zero secondary 
effects. So in the above mentioned environments, Islamabad 
& Jhang, Okara & Lahore could be the best for selecting 
hybrids in maize. 

Conclusions
It was concluded that response of AGN6400, CKD932 

and HYB-22340 was different from the rest of hybrids over 
the seven locations for two years 2008 & 2009. The Hybrid 
NK7034 gave highest average grain yield as compared 
to other genotypes for two years 2008 & 2009. Hybrids 
CKD933, ND6628 & NK7034 performed best and were 
widely adapted over the set of locations/environments, and 
can be used as source of genetic variability. In terms of 
environments, Islamabad and Jhang seemed to be the best 
for selecting desirable genotypes.

TABLE 2. Group memberships at specified clusters for grain yield during spring season during 2008 & 2009.

Clusters 

Hybrids group contribution Environment group contribution

2008 2009 2008 2009

I 2 (G1 & G7) 2 (G1 & G5) 1 (Islamabad) 3 (Islamabad,  Lahore 
& Sahiwal)

II 3 (G3, G8 & G9) 3 (G2, G8 & G9) 2 (Okara & Jhang) 1 (Okara)
III 3 (G2, G6 & G10) 2 (G6 & G7) 1 (Lahore) 1 (Faisalabad)
IV 1 (G5) 2 (G3 & G4) 3 (Faisalabad, 

T.T. Singh & Sahiwal)
2 (T.T.Singh & Jhang)

V 1 (G4) 1 (G10)

Genotypes represents: G1 (HYB2234), G2 (HYB2235), G3 (AGN5800), G4 (AGN6400), G5 (CKD932), G6 (CKD 933), 
G7 (KWS0562), G8 (ND6628), G9 (NK7034) & G10 (X4B147)

Fig 1.  GGE Biplot for grain yield (Kgha-1) of 10 maize 
hybrid over seven locations during the 2008 spring 
season.

Environments represents: E1 (Islamabad), E2 (Sahiwal), 
E3 (Faisalabad), E4 (T.T. Singh), E5 (Okara), E6 (Lahore) 
& E7 (Jhang) 

Genotypes represents: G1 (HYB2234), G2 (HYB2235), 
G3 (AGN5800), G4 (AGN6400), G5 (CKD932), G6 (CKD 
933), G7 (KWS0562), G8 (ND6628), G9 (NK7034) & 
G10 (X4B147)
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Introduction
Maize ranks 3rd in Pakistan as well as in world’s cereal 

production after wheat and rice. More than 70 countries 
produce maize which is widely used for food, feed & 
industrial raw material (Figure). The process of varietal/
hybrid evaluation under different ecological zones due to 
changing climatic and biological variations is of constant 
feature. Olakojo and Iken (2001) noted significantly different 
maize yield at different locations. Naizir et al. (2006) stated 
that maize hybrids usually have high yield potential than 
OPVs due to hybrids vigour. Aziz et al. (1992) and Khan 
et al. (1999) suggested variety testing and observation plots 
to compare commercial varieties with promising and newly 
released hybrids in order to improve the adoption rate of new 
hybrids/varieties. Such testing is more important than that of 
OPVs because hybrids have limited range of adaptation due 
to their narrow genetic base.

Methods
The reported study was conducted in strips arrangement 

(11 m x 3.75 m) to evaluate the yield potential and 
adaptation of nine promising and commercial yellow maize 
hybrids in different ecological domains of central Punjab 
viz., Yousafwala, Arifwala, Harapa, Pakpattan, Depalpur, 
Chinniot, Sargodha, Abbaspur, Jhang and T.T. Singh, during 
two cropping seasons (Spring & Kharif) 2009. The data 
regarding the yield (kg/ha) were noted for these promising 
maize hybrids at seven varied locations and were subjected 
to analysis of variance technique (Steel and Torrie, 1980) 
and subsequently Least Significance Test (P≤ 0.05) was used 
to determine the level of significance among the treatment 
means by using MSTAT C programme.  Each hybrid was 
sown in two rows with R-to-R & P-to-P distance of 75 and 
20 cm, respectively. Fertilizers were applied @ 138-69-75 & 
120-60-50 NPK kg ha-1 during spring and autumn seasons, 

respectively. All P&K and half N were applied at planting 
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whereas; the other half of the nitrogen was given after 30 
days of sowing. 

Results 

The maize hybrids differed significantly (P≤0.05) 
in yield kg/ha and locations (replications) as reported by 
Olakojo and Iken (2001). The promising hybrid YH-1921 
performed better than the renowned commercial hybrids (32 
F-10, 34 N-43, 8288) by yielding 12637 kg/ha and led by 
commercial hybrid 8441 (13104 kg/ha) at the farmer’s field 
Chinniot, during Spring, 2009 while it ranked 3rd at Jhang 
during Kharif, 2009. In Autumn season 2009 the promising 
hybrid YH-1898 out yielded all the commercial hybrids by 
yielding 12300 kg/ha at Jang and YH-1921 ranked 3rd at the 
same location by yielding 11360 kg/ha, depicting that both 
the promising hybrids have wider adaptability in both the 
seasons and are almost at par in yield with the commercial 
hybrids. These results are in close conformity with Shah 
(1994). 

Conclusion
The promising hybrid YH-1921 performed better than 

the renowned commercial hybrids by yielding 12637 kg/
ha and led by commercial hybrid 8441 (13104 kg/ha) at 
the farmer’s field Chinniot, during Spring, 2009 while it 
ranked 3rd at Jhang during Kharif, 2009. In Autumn season 

2009 the promising hybrid YH-1898 out yielded all the 
commercial hybrids by yielding 12300 kg/ha at Jhang and 
YH-1921 ranked 3rd at the same location by yielding 11360 
kg/ha, depicting that both the promising hybrids of MMRI, 
Yousafwala, Sahiwal have wider adaptability in both the 
seasons and are almost at par in yield with the commercial 
hybrids. They are suitable for general cultivation in the area 
to cut short the huge import bill, burden on the National 
economy.
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Table 1. ANOVA for Yield (kg/ha) for hybrids at varied locations

S.O.V.

d.f. Sum of squares Means squares F. values

Sp. 09 Kh.09 Sp. 09 Kh.09 Sp. 09 Kh.09 Sp. 09 Kh.09

Replication 
(Locations) 6 6 208407002.89 65865466.12 34734500.48 10977577.69 35.19** 30.27**

Varieties/hybrids 8 6 26837778.70 13856733.27 3354722.34 2309455.54 3.40** 6.37**
Error 48 36 47377407.96 13057449.88 987029.33 362706.94
Non-.Adiditivity 1 1 1947575.09 536141.87 1947575.09 536141.87 2.01 1.50
           Residual 47 35 45429832.87 12521308.01 966592.19 357751.66

62 48 282622189.56 92779649.27
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Introduction
Maize is currently produced on nearly 100 million 

hectares in 125 developing countries and is among the 
three most widely grown crops in 75 of those countries 
(FAOSTAT, 2011). Maize is grown for food, feed, and 
income in 24 diverse and mostly rainfed farming systems 
in about 37 million hectares in the tropics and subtropics 
of Latin America and South and Southeast Asia (Hartkamp 
et al.,2000). One of the expected threats of climate change 
is more frequent and severe drought. With most maize 
production depending on rainfall, the crop is particularly 
vulnerable to drought and its yield fluctuates more widely 
from year to year than is the case for rice and wheat, which 
are more commonly  irrigated. Additionally, other abiotic 
stresses (low fertility, water logging and soil acidity) as 
well as biotic stresses (diseases and pre and postharvest 
insects) impose even more threats on maize production. 
CIMMYT’s Global Maize Program has made tremendous 
efforts for improving maize germplasm adapted to tropical 
and subtropical environments in the developing world. 

Methods
Research programs for tropical and subtropical maize 

germplasm development are being conducted in Latin 
America (Mexico, Colombia) and Asia (India, China). 
These programs are based on a concerted engagement of 
international and national academic institutions, national 
programs, farming communities, NGOs, and private 
seed sector. In general, we aim for a judicious blend 
of conventional and modern technologies to develop 
stress tolerant, nutritionally enhanced and high-yielding 
germplasm. Abiotic stress tolerance is a major breeding 
goal. Control irrigation and planting dates are used routinely 
for screening for drought, water logging and heat tolerance. 
In the past two years increased emphasis have been given to 

precise phenotyping for a combination of drought-heat and 
drought-water logging tolerance. N-depleted soils and pH-
controlled soils are also used for screening germplasm in the 
breeding pipeline. Nutritional enhancement, especially QPM 
is an important goal in some countries such as Guatemala, 
Honduras in Latin America and India and Philippines in 
Asia.  Modern and more efficient technologies are being 
implemented. DH technology is now in place for programs 
in Africa and Latin America and soon in Asia and tropically-
adapted inducers are in the final phase of development. 
Genome-wide selection is being explored and additional tool 
for dramatically increasing rate of genetic gain. A pilot study 
has been design and will be executed for tropical germplasm 
(San Vicente et al., 2010).

Results 
Thru the years CIMMYT has made significant 

progress in developing germplasm with broad tropical and 
subtropical adaptation. Efforts are underway and have 
been able to identify some common target population of 
environments within and across major ecological regions. 
Several CIMMYT tropical hybrids are competitive with 
elite commercial materials (San Vicente et al., 2011).  
A diverse array of inbred lines, OPVs and hybrids has 
been developed for these regions and several have been 
used successfully by public and private sector across the 
developing world. In fifteen years CIMMYT has released 
234 and 138 CMLs with tropical and subtropical adaptation, 
respectively. Among these lines we find differences in grain 
color, maturity, nutritional quality and heterotic group. 
Additionally, several tolerance donors for key abiotic traits 
such as low N, drought, and low pH are also included. New 
good-combining and more vigorous inbred lines are in the 
final stages of the release process. The use of robust and 
practical precision phenotyping techniques has allowed for 
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the identification of new and stable donors for abiotic and 
biotic stress tolerance.

Conclusions
An integrated breeding scheme in collaboration 

with several partners across the world has resulted in the 
development of improved maize germplasm adapted 
to tropical and subtropical environments. Continuous 
genetic gains have been achieved and will increase with 
the implementation of new modern techniques and new 
partnership models.
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During the next decades, breeders will face formidable 
challenges to release improved cultivars able to provide 
an appropriate level of food security while enhancing the 
sustainability of agricultural practices. These challenges 
will be even more daunting in view of global climate 
change, the dwindling availability of irrigation water and 
increasing cost of fertilizers (FAO 2011). These issues 
are particularly relevant to maize production, a crop that 
requires high amounts of water and fertilizers to express 
its high yield potential Although conventional breeding 
has been very effective in constantly raising maize yield 
and resistance to environmental constraints during the 20th 
century (Duvick 2005; Crosbie et al 2006), meeting the fast-
increasing demand in maize grain and feed will require an 
acceleration of the selection progress so far achieved. To 
this end, genomics-assisted breeding offers unprecedented 
opportunities to identify loci influencing maize performance 
and to select plants with the desirable combination of alleles 
at such loci (Varshney and Tuberosa 2007; Xu 2010). Until 
recently, mapping genes and/or QTLs in maize was pursued 
exclusively using biparental mapping populations (Ribaut 
et al 2007; Tuberosa et al 2007; Prasanna et al 2009; Hao 
et al 2010) or introgression libraries (Salvi et al 2011). 
The availability of numerous studies reporting QTLs for 
agronomically valuable traits allows for more precise 
QTL mapping through meta-analysis (Chardon et al, 2004; 
Salvi et al, 2009; Hao et al 2010; Welcker et al 2011). A 
new paradigm for gene discovery has been ushered in by 
association mapping (AM; Yu et al 2008; Rafalski 2010) 
based on linkage disequilirium (LD) between markers and 
target loci within a set of unrelated accessions (Krill et al 
2010; Hao et al 2010; Lu et al 2010; Liu et al 2011; Setter 
et al 2011; Tian et al 2011; Van Inghelandt et al 2011). In 
view of the low LD present in maize (Lu et al 2011), AM 
is particularly suited for validating the role of candidate 
genes (Belo et al 2008). More recently, nested-association 
mapping (NAM) has been implemented to facilitate the 
identification of minor QTLs while enhancing the accuracy 
of their mapping and the possibility of directly cloning major 
QTLs without resorting to the tedious procedures typically 
required by positional cloning (McMullen et al 2009; Guo 
and Beavis 2011; Kump et al 2011). The availability of a 
vast number of SNPs allows for haplotyping the maize 
genome with great accuracy for genome-wide association 
studies (GWAS; Barbazuk and Schnable 2011). 

Notwithstanding the spectacular progress during the 
past two decades in mapping loci of agronomic interest 
(Tuberosa and Salvi 2008), only a minute portion of these 
loci have been exploited for breeding purposes via marker-
assisted selection (MAS), marker-assisted backcrossing 
(MABC) or marker-assisted recurrent selection (MARS). 
While both MAS and MABC have been adopted for the 
selection and introgression of major loci, more modest 
results have been reported for the improvement of resistance 
to abiotic constraints (Ribaut and Ragot 2007) and for the 
selection of yield per se, mainly due to the elusive nature of 
the relevant QTLs and the unpredictability of their effects 
(Collins et al 2008). Therefore, a particularly critical step 
is the limited availability of major QTLs characterized by 
consistent effects across different genetic backgrounds and 
environments. A rare example of this is provided by the 
Vgt1 locus that affects flowering time (Salvi et al 2007; 
Buckler et al 2009). The large and consistent additive effect 
of Vgt1 has facilitated its positional cloning, revealing the 
role of non-coding DNA in regulating the expression of 
an important quantitative trait (Salvi et al 2007). MABC 
is routinely applied to quickly introgress a desired allele 
(e.g. a transgene) in different genetic backgrounds. While 
the effectiveness of MABC is evident when it involves a 
small number of independent major loci, it quickly becomes 
unmanageable when numerous loci are considered, thus 
requiring increasingly larger backcross populations. When 
much of the variation for the target trait is controlled by 
minor QTLs (up to 20-25), a more effective strategy is to 
deploy MARS to increase the frequency of favourable 
marker alleles in core populations from which the desired 
genotypes are selected. Notwithstanding the significant 
gains through MARS that have been reported in maize by 
breeders in the private sector (Eathington et al 2007), limited 
efforts have been undertaken along this direction in the 
public sector. 

A breakthrough for a more effective application of 
genomics-assisted improvement of yield and other complex 
traits controlled by a plethora of QTLs has recently been 
provided by genome-wide selection (GWS; Heffner et al 
2009; Jannink et al 2010). GWS is based on the hypothesis 
that with a sufficiently high density of markers covering the 
entire genome, all of the genetic polymorphisms contributing 
to trait variation are in high linkage disequilibrium (LD) with 
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random markers segregating in the population under study. 
The models for genomic prediction are developed based on 
a large training population for which molecular profiling 
and phenotypic data are available. The genetic value of 
untested selection candidates can then be predicted based 
on their genomic information. A major advantage of GWS 
is that unlike MAS and MARS it does not require any a 
priori knowledge about the loci influencing the target traits. 
Instead, GWS considers the effects estimated with a marker 
set sufficiently large to capture a large portion of the additive 
variation underlying the variability of the target traits. 
Simulation studies clearly indicate GWS as the best option 
to increase the selection gain for complex quantitative traits 
in maize and other crops (Bernardo and Yu, 2007; Piepho 
2009; Lorenzana and Bernardo 2010). In the first large-
scale experimental study on genome-based prediction of 
testcross values in an advanced cycle breeding population of 
maize, encouraging results have been reported with respect 
to genome-based prediction of the genetic value of untested 
lines in advanced cycle breeding populations and the 
implementation of GWS in the breeding process (Albrecht 
et al 2011). A cross-validation experiment using a large data 
set for flowering time of 25 NAM populations indicated that 
GWS provided significantly higher predictions compared 
to MAS based on composite interval mapping (Guo et al 
2011). Cheap and high-throughput SNP markers make GWS 
increasingly affordable and applicable on a broader scale 
(Jones et al 2009; Mammadov et al 2010; Yan et al 2010). 
Furthermore, the availability of the maize sequence (Pennisi 
2008) and the low sequencing costs made possible by next-
generation sequencing platforms offer novel opportunities 
for gene discovery and allele mining via resequencing 
(Davey et al 2011),. 

While QTL mapping and cloning will continue to 
shed light on the mechanisms of maize adaptation to 
abiotic constraints, a growing emphasis on candidate gene 
identification, “-omics” platforms and reverse-genetics 
approaches (e.g. TILLING, miRNA interference, etc.) 
will accelerate the pace of discovery of loci controlling 
agronomically valuable traits and functions in maize, 
particularly heterosis (Melch, Frascaroli et al 2007; 
Malchinger et al 2008; Tang et al 2010), the holy grail of 
commercial maize breeding. A topic of great importance for 
a deeper understanding of heterosis is the regulation of DNA 
methylation and its impact on gene expression. Although 
significant progress has recently been reported in the study 
of the epigenome and its influence on the phenotype (Elling 
and Deng 2009), little is presently known on the extent 
to which epigenetic variation controls the expression of 
quantitative traits.

As the genomics tools and approaches at breeders’ 
disposal become increasingly cheaper for profiling/

sequencing the genome of individual plants, phenotyping 
remains the overwhelmingly limiting factor for leveraging 
genomics-assisted breeding more effectively. An accurate, 
relevant phenotying is key for identifying agronomically 
meaningful QTLs, particularly under drought conditions 
(Tuberosa 2010),  and for a successful implementation of 
GWS (Jannink et al 2010). Automated, high-throughput 
platforms able to handle thousands of plants per day deliver 
large amounts of accurate phenotypic data on morpho-
physiological traits that influence maize growth and yield. 
In field conditions, imaging and remote sensing are being 
exploited to extract meaningful information, particularly 
under environmentally constrained conditions (Cabrera-
Bosquet et al 2011). Increasing efforts are being devoted 
to investigate how variability in root system architecture 
(RSA; Hochholdinger and Tuberosa 2009) affects yield 
and yield stability (Landi et al 2007; Hammer et al 2009), 
particularly under low water and nutrient availability (Zhu 
et al 2006; Ribaut et al 2007; Coque et al 2008; Landi et 
al 2010; Tuberosa et al 2011). In view of the difficulty in 
phenotyping roots, major QTLs for RSA are ideal targets for 
a MAS approach to optimize water and nutrients capture.

Cloning loci of agronomic interest should be valued 
for facilitating allele mining in wild germplasm and for 
deploying genetic engineering to optimize trait expression, 
should naturally occurring alleles not allow for an ideal level 
of expression of the target trait. As our genetic dissection 
capacity improves, the focus of genomics-assisted breeding 
shifts progressively toward the exploitation of allelic 
diversity at target loci or, in the case of GWS, toward the 
integrated action of the multitude of minor QTLs affecting 
field performance. A valuable opportunity to leverage 
genomics information is provided by modeling crop 
growth and yield based on the effects of major QTLs in 
response to different environmental factors (Cooper et al 
2009; Tardieu and Tuberosa 2010). The objective is to use 
growth parameters to simulate and predict differences in 
growth and eventually in yield among virtual genotypes 
in response to different environmental and management 
conditions. Ultimately, modelling aims to predict the best 
allelic combinations able to optimize yield. Combining 
the quantitative genetic model and the crop growth model 
provides a genotype-to-phenotype, multi-trait model that 
can simulate the contributions and value of traits and 
their QTLs to genetically improve crop performance in a 
particular target environment. 

Notwithstanding all the novel opportunities offered 
by genomics-assisted approaches, the major challenge 
remains how to best apply them in order to accelerate 
the release of improved maize cultivars (Xu and Crouch 
2008). Appropriately meeting this challenge will require 
interdisciplinary efforts based on a closer collaboration 
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between breeders, molecular geneticists, agronomists and 
crop physiologists. 
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Introduction

The maize genome is large and complex. Its genetic 
variation has been characterized by using molecular 
markers and by sequencing multiple alleles from selected 
loci (Tenaillon, M.I., et al. 2002). With the advanced high-
throughput sequencing technology and the availability of the 
B73 reference maize genome (Schnable, P.S., et al. 2009), 
it has become feasible to resequence the entire genome of 
maize and thereby allow the genome-wide survey of genetic 
variation.

Materials & Methods
We selected inbred lines (Zheng58, 5003, 478, 178, 

Chang7-2 and Mo17) for genetic variation study on the basis 
of their agronomic importance and genetic relationships. 
Lines Zheng58, Chang7-2, 178 and Mo17 are all members 
of a popular heterotic group used in China. Inbred line 478 
is a parent and inbred line 5003 is a grandparent of Zheng58. 
Resequencing of the group of six elite maize inbred lines 
with next generation sequencing technology yielded 1.26 
billion 75-bp paired-end reads, which comprised 83.7 Gb of 
high-quality raw data. Sequence reads were aligned to the 
maize reference genome using SOAP software v2.18 (Li, R., 
Li, Y., et al. 2008). SNPs were called with SOAPsnp (Li, R., 
et al. 2009) using a conservative quality filter pipeline. 

Results
More than one million SNPs have been found and 

this collection can be used to develop genetic markers to 
enhance breeding efforts and basic genetic studies. Over 
thirty thousand indel polymorphisms (IDPs) and 101 low-
sequence-diversity chromosomal intervals have been 
uncovered in the maize genome. High-density SNPs and 

IDPs markers reported in this study are expected to be a 
valuable resource to explain the molecular basis of heterosis, 
and to identify QTLs for molecular breeding applications. 
Several hundred complete genes that exhibit presence/
absence variation (PAVs) have also been identified among 
these resequenced lines.

Conclusions
We report here a whole genome map of SNPs, IDPs 

and gene content variation among elite maize lines. Our 
results suggest that gene content complementation might 
be an important factor in heterosis in maize. Genome-
wide association studies will provide additional clues to 
the molecular basis of heterosis and will help researchers 
to identify quantitative trait loci that are important for crop 
improvement.
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Association mapping (AM), also known as “linkage 
disequilibrium mapping (LD mapping)”, is a method of 
mapping quantitative trait loci (QTLs) that takes advantage 
of historic recombination events  to link phenotypes to 
genotypes. Availability of high density marker maps as well 
as development of sophisticated statistical tools has led to 
the ‘association era’ in maize breeding that promises to 
unravel the genetic architecture of useful agronomic traits 
that are often genetically complex. Based on the nature of 
genotype data used, AM could either be ‘candidate gene’- 
based or ‘genome-wide high density marker’- based. For 
traits that are complex and mulitple pathway dependent, 
AM based on genome-wide high density markers is more 
powerful (Myles et al. 2009). Genomic selection (GS), on 
the other hand, uses genome-wide marker data to predict the 
genetic value of selection candidates in breeding programs 
(Heffner et al. 2011). GS uses a ‘random-effects’ approach 
to jointly estimate all marker effects without significance 
testing so as to capture small-effect QTLs that are generally 
excluded in a conventional marker assisted selection  
(MAS) approach. GS is promising for traits that are highly 
quantitative, characterized by low heritability and high 
genotype x environment (G x E) interactions. Recently, 
the Global Maize Program of CIMMYT has undertaken 
a number of AM and GS experiments in tropical maize 
germplasm using 55K SNP data to characterize abiotic & 
biotic stress tolerance as well as nutritional characteristics, 
especially the provitaminA (proA) content in the endosperm. 
Here, we will briefly review the progress made until now 
specifically for drought tolerance, disease resistance and 
proA improvement in tropical maize germplasm.

AM for Drought Tolerance: An association panel 
(DTMA-AM) comprising of around 300 lines, mostly 
from CIMMYT’s tropical germplasm was test crossed to a 
common tester (CML312SR) and the hybrids were evaluated 
for grain yield (GY) under drought stress as well as optimal 
conditions across 9 locations in Mexico, Kenya, Zimbabwe 
and Thailand. The heritability of drought trials ranged from 
0.31 to 0.79 and 0.62 across all the nine locations in the 
combined analysis. The mean GY in the combined analysis 

was 2.13 t/ha as compared to 6.4 t/ha in the combined analysis 
across eight trials of well-watered conditions. The lines 
were genotyped using 55K chip of Illumina on the Infinium 
platform at Cornell genotyping facility. High density SNP 
data revealed that the genome-wide LD was 0.26 (EM-R2) 
and the average physical distance between adjacent markers 
is 55kb. The low LD in the DTMA-AM panel coupled 
with the dense marker positioning in the 55K chip should 
potentially aid in higher resolution of identified genomic 
regions. Association analysis was performed for GY under 
stress based on combined analysis BLUPs (best Linear 
Unbiased Predictors) across five locations, correcting for 
population structure through principal component analysis 
(GLM - General Linear Model) using SVS7 of Golden 
Helix. Subsequently, a mixed linear model (MLM) was also 
implemented, correcting for population structure (first 10 
PCs) and kinship using TASSEL software. Nine genomic 
regions that emerged as consensus regions between GLM 
and MLM analyses are presented in Table1 along with p and 
R2 (per cent phenotypic variance explained) values, effect 
sizes and minor allele frequencies (MAF). Individually, the 
regions explained 4.6 to 7.6 per cent of phenotypic variance 
and approximately 12 to 22 per cent genetic variance for 
GY under stress. Among the trait-associated SNPs that had 
robust MAFs, the effects ranged from 25 to 50 kg/ha, which 
represented significant gains, considering the low average 
mean GY under stress across five locations (1.3t/ha).  The 
SNPs on chr.10 (142.6Mb) and chr.7 (72.2Mb) that had most 
significant association were located within a starch synthase 
and MYB family transcription factor related protein gene 
that have strong evidences of being associated with drought 
tolerance in other species (Wang et al. 2006 and Saibo et 
al. 2009). Besides, several ‘rare alleles’ that had large 
positive effects on GY under stress were identified, mostly 
from LaPosta Sequia and DTP germplasm that co-located 
with drought candidate genes such as Annexins, ethylene 
insensitive-2, amino-transferases etc. The identified 
putative drought tolerance candidate genomic regions are 
currently being validated independently through biparental 
populations as well as back-cross derived Near Iso-genic 
Lines (BC-NILs).
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AM for Maize Streak Virus (MSV) and Gray Leaf Spot 
(GLS) resistance: The DTMA-AM panel was evaluated for 
MSV in Harare in 2009 and 2010. Association analysis using 
55K data identified a strong QTL on chr.1 (86.065Mb) that 
explained 11.5% of phenotypic variance with an effect size 
of 1.2 rating. Besides, few other regions on chr.4 (28.77Mb), 
chr.8 (59.94Mb) and chr.3 (111.06Mb) were also highlighted 
that together explained around 24% of phenotypic variance. 
The large effect QTL on chr.1 (msv1) was also independently 
identified in three biparental populations viz., CML206 x 
CML312, CML202 x CML312 and [MSRxPool9]c1F1-176-
4-1-4-Sn x CML312, which is being further fine mapped 
through large F2 populations. Combining the association 
and biparental population results, a resistant haplotye 
involving 4-5 SNPs in the msv1 region has been identified, 
which is currently being validated in several DH (Doubled 
Haploid) lines derived independently in different breeding 
programs within CIMMYT to facilitate marker assisted 
incorporation of MSV tolerance. Association analysis for 
GLS resistance based on combined analysis means across 
six locations (Mexico, Columbia, Kenya and Zimbabwe) 
identified a region on chr.6 (38.2Mb) that explained around 
9% of phenotypic variance, while the other regions on chr.1 
(9.9Mb), chr.5 (153.3Mb) and chr.2 (188.8Mb) accounted 
for 6 - 8% of the phenotypic variance individually. The leads 
obtained from the association results are being confirmed 
through a number of biparental populations involving 
resistant and susceptible parental lines.

AM for proA content in the endosperm: Association 
mapping based on candidate gene sequencing led to the 
identification of two key genes, LcyE (Lycopene Epsilon 
Cyclase) and CrtRB1 (hydroxylase) whose naturally 
existing mutant alleles resulted in significantly enhanced 

accumulation of provitaminA compounds in the maize 
endosperm (Harjes et al. 2008 and Yan et al. 2010). 
Functional markers have been developed especially suited 
for the tropical maize germplasm, which are routinely being 
used in Harvest Plus (H+) breeding program for fixing 
the early generation breeding materials for the favorable 
CrtRB1-3’TE polymorphism. A large-scale allele mining 
effort is also underway at CIMMYT , which has identified 
a number of lines with favorable allele constitution at either 
or both the loci in diverse tropical/sub-tropical germplasm 
backgrounds. With the help of these functional markers, H+ 
target of developing hybrids with 10-15 ppm of proA seems 
realizable in near future. Besides, an association mapping 
initiative based on high density SNP genotypes, funded by 
Syngenta Foundation has identified an additional locus on 
chr.2 that may be of interest for further elevation of proA 
content in the maize endosperm.

Genomic Selection: Three models were compared 
for their accuracy of prediction – Ridge regression (RR), 
Bayesian LASSO (BL) and Recursive Partitioning (RP) 
– for a range of traits from grain color to GY under stress 
based on 55K genotype data.  The DTMA-AM panel with 
282 individuals was used for the GS experiments of which, 
80% of the lines were used randomly for building the 
training portion while the rest 20% as validation/hold-out 
set. Correlation between predicted and actual means with 
5-fold cross-validation was high (0.8 to 0.96) for genetically 
simple traits like grain color and tryptophan content, 
moderate (0.52 to 0.68) for MSV, GLS and ProA and low 
(0.34 to 0.36) for GY under stress. All the three models 
performed equally well for most of the traits except proA, 
for which RP gave significantly higher prediction accuracies 
in the carotenoid panel.

Table 1.  Significant genomic regions putatively associated with GY under stress across 5 locations based on DTMA-AM 
panel and 55K genotype data

SNP Chr Position P value MAF
R2 
(%)

Effect 
(kg/ha) Candidate Gene

SYN39332 10 142655119 9.62E-06 0.49 7.6 29.3 Starch Synthase 

PZE-107042377 7 72216348 1.49E-05 0.32 7.3 35.6
Myb family transcription factor-related 
protein 

PZE-108046876 8 77237318 2.33E-05 0.35 6.9 -34.4
PZE-110029252 10 50842298 7.77E-05 0.40 6.8 -26.3
PZE-107032355 7 45011599 6.62E-05 0.38 6.2 38.6

SYN37988 2 146399448 3.84E-05 0.26 6.1 49.5
TSA: Zea mays contig27975, mRNA 
sequence 

PZE-101090321 1 80757998 1.67E-04 0.46 4.9 -31.4
PZE-109041733 9 62608362 1.35E-04 0.42 4.9 25.5
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Introduction
In vivo doubled haploid breeding is a recent advancement 

that allows the production of homozygous maize lines within 
half the time required for conventional methods of line 
development (see Geiger 2009 for a review). The process of 
in vivo doubled haploid line development  in maize consists 
of four main steps: (i) haploid induction by pollination with 
inducer lines; (ii) selection of haploid kernels based on 
specific morphological markers, (iii) doubling of identified 
haploid kernels, and (iv) selfing to to develop diploid maize 
seed. The technique has been standardized and utilized 
by many breeding companies and the public sector in the 
temperate zone while its applicability in the tropics haven’t 
been reported until CIMMYT initiated its adoption in 2007. 
This is a review of what has been accomplished so far 
with regard to haploid induction using temperate inducers, 
identification of different factors affecting haploid induction 
rate (HIR) under tropical conditions, and the development of 
tropically adapted inducer lines. 

Materials and Methods
Temperate inducers RWS and UH400 were used 

for induction of tropical source germplasm that include 
landraces, OPVs, and single cross hybrids. The nurseries 
for induction of haploids and production of the DH lines 

were established in CIMMYT’s experimental field station 
Agua Fria, Mexico. Induction was achieved by pollination 
of source germplasm with inducer. While identification of 
haploid seed was done using a seed purple color marker 
controlled by the R-nj (R-Navajo) gene. Seed identified 
as putative haploids using seed color marker but were 
false positives were discarded from the field using purple 
stem color and were used to calculate misclassification 
rate (MCR) and true HIR. Crosses were made between 
CIMMYT advanced lines as females and inducer hybrids 
RWS x UH400 and RWS x RWK as pollinators, as well as 
backcrosses to both parents. The pedigree breeding scheme 
comprising mass selection on individual F2 plants, for highly 
heritable and visually scorable traits, followed by family-
based selection for HIR and other agronomic characteristics 
in advanced and backcross generations was employed for 
breeding improved tropically adapted haploid inducers.

Results and discussion
HIR for the two temperate inducers was in general high 

and similar with results obtained in the temperate zone, 
which indicates that they can be directly used in the tropical 
environment (Prigge et al. 2011). However they were highly 
susceptible to diseases in the tropics and had poor overall 
agronomic performance. The source germplasm showed 
significant difference in HIR and MCR (Fig 1). This gives 

Table 1. Mean and range for haploid induction rate (HIR) and misclassification rate (MCR) of single cross hybrids (source 
germplasm) in the summer and winter season and across seasons

Season

HIR (%) MCR (%)

Mean Range Mean Range

Summer 6.11 1.82-10.30 12.46 1.61-44.19
Winter 7.37 3.20-10.77  7.25 0.54-31.48
Across seasons 6.74 2.90-  9.66  9.86 1.46-37.34

Source: Kebede et al. (2011)
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indication that source germplasm is an important factor 
that contributes to different HIR in addition to the inducer 
(Kebede et al. 2011). Therefore, number of plants to be 
induced for obtaining the desired number of DH lines differ 
for different source germplasm. Furthermore, winter season 
had higher HIR and lesser MCR than summer season (Table 
1), which indicates that environment is also one important 
factor determining HIR and thus winter season was more 

suitable than summer season for induction at Agua Fria, 
Mexico. The most advanced tropical inducer candidates 
combine HIR of up to 10% with improved pollen production, 
disease resistance and plant vigour compared to temperate 
inducers under tropical conditions (Table 2).

Conclusions 
DH technology can be initiated directly with the 

temperate inducers by pollinating sufficient number of 
plants of source germplasm under suitable environmental 
conditions. Optimized protocols and methodologies of the 
four main in vivo processes for DH line development are 
crucial for success.  Tropically adapted inducer candidate 
lines with an average HIR of 8 - 10% are under multi-
location testing for adaptability to different maize growing 
ecologies. These inducer lines will significantly improve 
induce seed maintenance and improve the doubled haploid 
line production pipeline. 
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Table 2. Haploid induction rates (HIR) and associated 90% confidence intervals (CI) intensity of purple color (EMC), days 
to anthesis (DTA), tassel size and plant aspect at flowering time (PAF) of tropically adapted inducer candidates 
(Agua Fria-2009).

No. Pedigree HIR CI N
EMC
1-5† 

DTA
days

TAS
1-5†

PAF
1-5†

1 ((CML494×(RWSxUH400))×(RWSxUH400))-36-1-1 10.2 7.1-14.1 226 1 43.3 1.3 2.0
2 ((CML494×(RWSxUH400))×(RWSxUH400))-36-1-2 10.0 6.7-14.2 200 1 45.3 1.5 2.3
3 (CML451×(RWSxRWK))-B-17-2-1 8.7 6.3-11.7 332 2 46 1 1
4 (((CML494×(RWSxUH400))×(RWSxUH400))×(RWSxUH400))-1-2 6.8 4.8 – 9.2 385 1 43 1 1.8

†Score: 1 = very good and 5 = very poor.

Fig 1.  Haploid induction rate (HIR) and misclassification 
rate (MCR) of tropical source germplasm: single 
cross hybrids (SC), land races (LR) and open 
pollinated varieties (OPV). Source: Prigge et al. 
(2011)
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Introduction
The mechanisms by which kernel water relations might 

regulate kernel development have not yet been established, 
however, a close coordination between dry matter deposition, 
water content development, assimilate supply and crop 
husbandry has been reported (Borrás and Westgate, 2006; 
Melchiori and Caviglia, 2008). To have a better understanding 
of traits contributing to the kernel water content to find the 
specific points of manipulation, it is necessary to find out the 
main responsible traits. Recently, agricultural and biological 
research studies have used various techniques of data 
mining for analyzing large data sets and establishing useful 
classification patterns in data sets (Hsiao et al., 2006). Data 
mining problems often involve hundreds, or even thousands, 
of variables (Ye et al., 2009). Fitting a neural network or 
a decision tree to a set of variables this large may require 
more time than is practical (Gromiha and Suresh, 2008)
Automated/*methods </keyword> <keyword> Sequence 
Alignment/*methods </keyword> <keyword> Sequence 
Analysis, Protein/*methods </keyword> <keyword> 
Structure-Activity Relationship </keyword> </keywords> 
<dates> <year> 2008 </year> </dates> <isbn>1471-2105 
(Electronic. We trained different neural networks with/
without feature selection and classification modeling on all 
available features to find traits contributing to maximum 
kernel water content (MKWC). 

Methods
Data were obtained from two field experiments 

conducted during 2008 and 09 growing seasons, at the 
Experimental Farm of the College of Agriculture, Shiraz 
University, Badjgah, (29° 50´ N and 52° 46´ E; elevation 
1810 m above mean sea level), and from literature. 
Experiments on the subject of sink/source manipulations 

in maize were collected from twelve fields (as records) of 
different parts of the world differing in 23 characteristics 
(traits). A dataset of traits was imported into Clementine 
software (Clementine_NLV-11.1.0.95; Integral Solution, 
Ltd.). To compare the effects of feature selection algorithms 
on various models used in this study, all models were applied 
to the data sets with or without the use of feature selection. 
We used various screening techniques (anomaly detection, 
feature selection), clustering methods (K-Means), decision 
tree models (Classification and Regression Tree (C&RT), 
CHAID, Exhaustive CHAID), to find the most important 
traits that contribute to kernel water content. The percentage 
of correct and wrong, performance evaluation, range, mean 
correct, and mean incorrect variables for all models were 
calculated.

Results
When the anomaly detection model was used, the 

records divided into two peer groups. In the first peer group 
of 67 records, 1 record found to be anomaly, respectively. 
Features classification (Table 1) indicated that among 23 
tested traits, 15 traits were the most important traits related 
to the MKWC pattern recognition (Table 1). In K-Means 
clustering model, 27 records were put into the first cluster 
and 12, 4, 7, and 89 records were put into the second, third, 
fourth, and fifth clusters, respectively (data not shown). The 
K-Means model was applied on the dataset with feature 
selection filtering; again five clusters were generated, with 
27, 12, 72, 7, and 21 records in each cluster, respectively. 
We did not find any significant difference between results of 
C&RT with or without of feature selection. In both C&RT, 
with or without of feature selection the country (location), 
duration of grain filling period, and kernel growth rate 
features were the most important trait for decision tree rule 
sets (Fig. 1).
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Figure1. A decision tree generated by the C&RT modeling method without feature selection

Table 1.  Results of feature selection on important (and unimportant) features 
contributing to the maximum kernel water content of maize
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Conclusions
We found that most of the mentioned algorithms can 

be used to find the most relevant traits with accuracy in the 
range of 98–100% contributing to maximum kernel water 
content in maize. Interestingly, all decision tree models had 
a similar accuracy (higher than 99%) and no significant 
differences were observed between analysis with or without 
feature selection. Although, traditional statistical methods 
have been already applied to agricultural experiments, we 
expect that bioinformatics models to bring still more fruitful 
results.
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Introduction
Sorghum downy mildew is one of major diseases of 

maize. A major QTL has been mapped in the middle of 
chromosome 6 and this QTL was validated in several maize 
mapping populations of different geographical origin. To 
understand the mechanism of resistance, we have collected 
the genes present in the 6.05 bin location of this QTL. A 
total of 12 genes have been selected to assess their role in 
the resistance mechanism. 

Methods
Primer pairs were synthesized for all the selected 

genes and the PCR conditions were standardized. A set 

of 12 genotypes comprising resistance and susceptible 
lines selected and their disease reaction were assessed in 
the disease hot spots at Maize Research Station, Mandya, 
Karnataka, India. Based on their reaction to disease, Dmg 
1159 was identified as resistant and Dmg 1147 was selected 
as susceptible. The two genotypes were selected for testing 
the genes for their resistance mechanism to sorghum downy 
mildew. 

Leaf samples from these two entries were collected from 
Mandya and transported to IARI. Total RNA was isolated 
from these genotypes using Qiagen Kit at Maize Genetics 
Unit, Division of Genetics, IARI. The quantity of the total 
RNA of individual samples was tested using Nanodrop. 
Working stock of RNA was prepared from the total RNA 
with a concentration 25 ng/ul for use in Real-Time PCR and 

Table 1: List of up-regulated and down-regulated genes and fold changes.

S No Gene Function Fold Change Regulation

1 Elfα Reference gene - -

2 18s RNA Reference gene - -

3 Esp1 late embryonic protein 2.46 Up regulated

4 Nip Aquaporin 2.65 Up regulated

5 Sod3 Detoxification enzyme 0.2 Up regulated

6 Su2 Starch synthesis 0.172 Up regulated

7 NDM - 2.9 Up regulated

8 Rop3 Detoxification enzyme 0.3 Up regulated

9 Mlo8 Defense enzyme 2.75 Up regulated

10 Krp9 Signalling 9.03 Downregulated

11 FPK Glycolysis enzyme 1.05 Downregulated

12 Dehydrin Stress protein induced by ABA 3.75 Downregulated

13 CesA Cellulose synthesis 2.12 Downregulated
14 PK1 protein coding 2.3 Downregulated
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one-step Invitrogen reagent Kit was used for PCR reactions 
with technical replications. The amplified products of those 
genes were analysed using Mxpro software. All these 12 
genes including two reference genes (Elfα and 18s RNA) 
were amplified in Dmg 1159 and Dmg 1147 using RT PCR. 
Among 12 genes that are amplified, seven were identified 
as up-regulated and five were down-reregulated (Table 1).

Results
Genes NDM and Mlo8 were significantly up-regulated 

whereas Sod3 and Rop3 were weakly up-regulated. Out of six 
genes showing down regulation, gene Krp9 showed strong 
down regulation, implied that synthesis or accumulation 
this gene product was less in the resistant genotypes (Figure 
1). The RT-PCR results showed that the abundant of NDM 
and Mlo8 and less content of Krp9 are the indications of the 
significant role of these genes in controlling the resistance 
mechanism against downy mildew. 

Figure 1: Relative regulation of NDM gene in RT PCR: NDM and Mlo8 are up-regulated and Krp9 is down-regulated

Conclusion
The genes identified from this experiment will play 

crucial role in resistant mechanism of sorghum downy 
mildew. Transferring these genes into elite lines will impart 
durable resistance against sorghum downy mildew for the 
maize cultivars.
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Introduction
The crop losses caused by field pests are greatly 

controlled by the use of chemical pesticides. Besides 
well known environmental and health issues linked with 
chemical pesticides, their production also contribute to 
the carbon footprints in terms of greenhouse gases emitted 
during their production and also the destruction of non target 
organisms including useful organisms such as parasites and 
predators. The nine pesticides registered for maize pests 
(Annonymous 2009) are not free from this malaise. In order 
to reduce the dependency on the use of these pesticides, 
inundative release of Trichogramma chilonis, synchronized 
with the egg stage of stem borers in the field, offers an 
important ecologically sound component of integrated pest 
management. The availability of this parasitoid is scarce, 
since its mass production is cumbersome. Trichogramma is 
an effective biological control agent against the European 
corn borer, Ostrinia nubilalis (Lepidoptera: Pyralidae), 
throughout Europe (Mertz et al. 1995), North America 
(Andow et al. 1995) and in India (Jalali and Singh 2006). 

Trichogramma spp. are reared on the eggs of a fictitious host 
insect, Corcyra cephalonica Stainton. This host insect is 
reared in millions for its eggs.   The present paper deals with 
the novel tools which assuage the drudgery, health hazards 
to the workers and improve the production efficiency of this 
host insect at different stages of production.

Novel Tools
Following tools were developed for automation at 

different stages of production of C. cephalonica.

An insect handling device (Patent application no. 
0224/DEL/2007)

The Corcyra moth collection device developed by 
Kumar and Jalali (1993) was improved in which the moths 
are collected with the help of a sucking tube and injected 
directly in to the oviposition cage from below (Fig 1). The 

Figure.1  Insect handling device Figure 2.  Corcyra egg cleaning device
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moths are released in to the oviposition cage against the 
gravity; hence the moths can be safely sucked at relatively 
higher suction force thereby faster collection. 

Egg Cleaning Device (Indian Patent no. 213744)

In the oviposition cage, the moths fly, mate and lay the 
eggs. During the process, lots of scales are shed.  Eggs and 
scales pass through the wire mesh provided in the base of the 
oviposition cage and collected in the tray kept below it. The 
eggs are to be extricated from the puff of scales for which this 
device is used. The egg cleaning device is a vertical column 
connected to a suction source (a vacuum cleaner) at the top 
and a specialized funnel at its lower end (Fig. 2). There is 
a collection tube just above the funnel. The content from 
the tray (eggs and scales) is sucked in the column through 
the collection tube. The content discharged in the funnel 
is fluidized with the jet of the air coming from the funnel. 
The suction force is regulated by a regulator provided in the 
upper part of the column, so that scales being lighter ascend 
up with the air and are lodged in the dust bag of vacuum 
cleaner and eggs being spherical and heavier are not able to 
ascend. After sucking the content from the tray the vacuum 
cleaner is switched off. The immaculately clean eggs fall 
down through the funnel and are collected in a container. 

UV-C Sterilization Chamber

The embryo of Corcyra eggs are killed by exposing 
the eggs to UV-C radiation before they are used for 
Trichogramma production. To get uniform exposures of 
eggs to UV-C, for desired period of time, a sterilization 
chamber was designed. The sterilization chamber is provided 
with two drawers which have semi-circular base (Fig. 3). 
Approximately 20,000 Corcyra eggs are pasted on one post-

card size card. These cards are arranged inside the semi-
circular drawers. The drawers are provided with longitudinal 
flanges to prevent the egg bearing cards to slide over. The 
ceiling of each chamber is provided with 30 watt UV-C 
tube light so that it is positioned at the centre of the semi-
circular surface of the drawer. These tubes are provided with 
individual timer for setting the desired time of exposure. The 
distance from tube to the surface of the semicircular drawer 
is equal everywhere thereby giving uniform exposure to the 
eggs pasted on the cards. Each drawer can hold 75 cards.

Results 
Using insect handling device, two persons can collect 

nearly 10,000 moths per hour approximately ten times faster 
than manual collection. Further, since the moths are picked 
up by suction, they do not get chance to flutter and fly thus 
they are not able to shed their scales which otherwise keep 
the insectary’s environment polluted. These scales if inhaled 
by the workers, cause pulmonary problems. Secondly, there 
is no injury to the moths as they are picked up by the sucking 
air. With the egg cleaning device, eggs from one tray can 
be cleaned in a few minutes. Because the scales are sucked 
undisturbed, they do not contaminate the environment, 
instead collected mechanically in the dust bag from where 
they can be safely disposed off. The UV-C in the sterilization 
chamber produces ultra-violet radiation of 260 nm which is 
suitable for killing the embryo.  

Conclusion

The use of these tools improves the efficiency of 
production of Trichogramma, thus brings down cost 
of production and enhances the scope of availability. 
Additionally, they reduce professional health hazards. The 
augmentative releases of Trichogramma greatly obviate 
the use of chemical pesticide thus offer ecologically sound 
method of pest suppression. 
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Introduction

Maize is the one of the most important cereals for 
global food security. Abiotic stresses, especially drought 
stress and water-logging stress greatly influences the 
maize productivity in India. Water deficit during flowering 
stage is one of the major factors for reduced grain yield. 
Genetic studies in maize showed that yield components 
and morphological traits involved in drought tolerance are 
regulated by several genes (Ribaut et al 2002). Natural allelic 
diversity is an important genetic component for phenotypic 
variation (Doebley and Lukens, 1998). The maize genome 
has high level of DNA sequence polymorphism as proved 
by studies of single nucleotide polymorphisms (SNPs), 
insertion/deletions, to large variants in structure involves 
several kb of DNA fragments (Fu and Dooner, 2002). These 

allelic variants play a vital role in gene regulation and affect 
the expression level. These key genes can subsequently be 
used as targets for screening for elite alleles in breeding 
populations. We are interested in allelic variation contributing 
abiotic tolerances using Indian maize genotypes.

Methods
Seventeen drought tolerant genes, ZmDREB1, Root 

ABA 1, Vgt 1, ZmDREB1, RAB17, ZmAsr1, ZmPIP1, 
ZmNF-YB2, ZmDBP3, Expansins, Oxalate oxidase, 
Dehydrin, Cytokinin response regulator, ZmMPK3, 
ZmPP2C, Heat shock protein26  Metallothionein1 and 
eleven water-logging tolerant genes, Aldolase 1, Alcohol 

Figure 1:  Presence of nucleotide polymorphism for ZmDREB1 in the selected panel of inbreds 
for drought tolerance.
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Figure 2:  Presence of nucleotide polymorphism for Sub1a in the selected panel of inbreds for 
water-logging tolerance.
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dehydrogenase 1 , Alpha amylase , Pyruvate decarboxylase 
1 , Glucose 6 Phosphate Isomerase 1 , Sus1, Shrunken1 
, Sub1a , Enolase 1, Xyloglucan Endotransglycolase , 
Superoxide dismutase 9 were selected from the public 
domains. Overlapping primers, each of them in the size of 
600 bp were designed by using Primer 3 software to cover 
the entire sequence of genes. About five genotypes for each 
stresses (three tolerant and two susceptible) were selected 
and the genomic DNA was isolated by CTAB method. The 
gene specific primers were standardised and amplified by 
using 50µl master mix containing 100ng template DNA, 
1µM forward and reverse primers, 1.5 units Taq polymerase, 
25 mM MgCl2 and 1mM dNTPs were used. PCR products 
were eluted on 1% agrose gel and subjected to automated 
DNA sequencing. The resultant sequences of the gene 
specific primers were subsequently confirmed through 
BLAST. Multiple alignment was done by using Clustal W 
and Bioedit to find out allelic variation.

Results
The principle reason for allele mining is to identify and 

isolate alleles or genes that are candidates for conferring 

essential traits. Our work focuses on genes conferring 
tolerance to drought and water-logging tolerances. We found 
out SNPs and Indels at various positions in the sequences 
between tolerant and susceptible genotypes with the help of 
Multiple alignment by Clustal W (Fig. 1 &2). The identified 
SNPs and Indels will be used in association mapping in 
future to validate association. 
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Abstract
The challenge to maize breeders is to identify 

inbred lines that produce highly heterotic hybrids. In the 
present study ten SSR primer sets were used to detect the 
polymorphism among the 27 maize inbred lines. These ten 
primers pairs identified a total of 23 alleles among the 27 
inbred lines. The average number of alleles per locus was 2.3 
in a range from two to four. The maximum number of alleles 
was detected at the phi126 locus. The PIC values of the SSR 
loci ranged from 0.25 to 0.66 with mean of 0.45. The marker 
profile with ten SSR primer pairs has grouped 27 genotypes 
into five clusters at a reasonable similarity coefficient of 
0.62. The inbred UMI 1023-6, UMI 1114-10 and UMI 
1093 were grouped in one cluster, the line UMI 1025-10 
and tester UMI 1119 were grouped into another cluster.The 

testers used in the Line x Tester analysis were grouped in a 
separate clusters. Interestingly, the inbred UMI1266-7 and 
UMI 1265-6 were close even at 0.79 similarity index which 
is quite obvious from the similarity in their parentage. Even 
though the inbred lines were grouped in different clusters, 
the flint and dent types are grouped in same cluster and 
yellow and orange kernel types also grouped in same cluster. 
In the present study, three single cross hybrids viz., UMI 
1044-7 x UMI 61, UMI 1093 x UMI 61 and UMI 2244-1 x 
UMI 1119 were found to possess significantly high per se 
heterosis and sca effects for grain yield. Incidentally, in the 
marker based classification of parents of these three hybrids 
were distinct apart. Hence, these results revealed that SSR 
marker based molecular diversity analysis could be much 
useful in classifying the maize inbreds to produce highly 
heterotic hybrids.
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Introduction 
The production of haploid plants by anther culture 

is considered to be an effective new means for obtaining 
maize pure lines. Up to now, more than two hundred pure 
lines have been obtained from fifty different combinations. 
Furthermore, several hundred cross combinations have been 
made from these pure lines, some of which are being used in 
agricultural production (Z. Guo,Y. Yang and Y. Guo 2000). 
After the development of N6 and Yu-pei medium, some 
success has been achievedin developing pure  haploid lines 
through anther culture. This could be considered a useful 
alternative approach (Kuo et al.,1986). Breeding purposes 
require high frequency of spontaneous doubling of generated 
haploids to make the anther culture technique more useful. 
Spontaneous doubling is very rare but with the method of 
early genome doubling this problem can be addressed.

Methods 
Tassels were harvested just before emergence from 

the whorl. After the collection, the tassels were covered 
with aluminium foil and stored at 70Cfor one week. After 
a week,  surface sterilization of tassels with 20% Sodium 
Hypochlorite was carried out. Colchicine was added to 
the induction medium for early genome doubling at a 
concentration of 30mg/l. The anthers were inoculated on the 
colchicines containing the medium and left for 3 to 4 days and 
then transferred to a colchicines-free induction medium(YP 
medium) until the appearance of calli or embryo-like 
structures. After one month, the calliweretransferred directly 
to the N6 regeneration medium.

Results 
The asymmetric type of the first mitotic microspore 

division seems to be characteristic ofthe development of 
callus(Barnabas et al., 1999). As a consequence of using 
colchicines for treatment of induced anthers, a moderate 
increase in embryo yield could be observed (Tab.1). The 

colchicines treatment did not basically modify anther 
response of the given genotypes but affected the rate of 
spontaneous doubling. During the one-month incubation 
period, a considerable number of calli and embryo-like 
structures of microspore origin were developed from the 
anther cultures.

Conclusions 
With the help of the protocol, including early genome 

doubling accompanied by YP and N6  regeneration media, 
success in vitro androgenic ability couldbe achieved. The 
androgenic DH lines can be utilized in hybrid production and 
for transmitting androgenic ability through backcrossing to 
the other promising elite materials non-responsive to anther 
culture.

Table 1. In-vitro androgenic capacity of various genotype 
of maize.

Genotype
Induction frequency of microspore 

derived structures (%)

Hybrids
FH-985 -
FH-949 46.9
FH-810 68.2
FH-793 56.7
FH-1042 18.2

Inbred Lines
FH-217 -
FH-182 15
FH-165 10
FH-132 72.5
FH-107 96.8

Varieties
Sahiwal2002 35
Pearl -
MMRI-Yellow 55
EV-77 10
EV-20 -
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Abstract
Black maize is a kind of excellent natural pigment 

resources, in which the major component anthocyanin 
has different roles to the plant itself and possesses various 
physiological functions to human. In order to promote black 
maize breeding, it is very important to comprehensively 
study the gene loci of pigment-related traits. In this paper, 
nine pigment-related traits such as color of kernel (COK), 
anthocyanin content of pericarp (ACP),  color of cob (COC), 
anthocyanin content of cob (ACC), color of leaf vein 
(COV), color of leaf auricle (COA), color of sheath (COS), 
color of anther (COAn) and color of cape (COCa) as well 
as the QTL associated with these traits were determined 
using two related F2:3 populations derived from the cross 
MU6×SDM (WD) and MO17×SDM (YD), in which SDM 
is a super dark maize inbred line newly bred by southwest 
university of PRC, MO17 is a worldwide yellow maize 
inbred line and MU6 is China southwest white inbred line. 
There existed highly significant difference between SDM 
and MO17 /MU6 for all nine traits. Except for COAn, all 
other eight traits were highly positively correlated with 
each other. The total number of QTL detected in WD was 
29, with five for COK, four for ACP, six for COC, three for 
ACC, three for COV, two for COA, one for COS, three for 
COAn and two for COCa, of which eleven QTL, COK-1a 
(bins 1.04), COK-6b (bins 6.04), COK-10a (bins 10.04), 

ACP-6a (bins 6.04), COC-6a (bins 6.04), COC-10b (bins 
10.04), COV-10a (bins 10.04), COA-10a (bins 10.04), 
COS-10a (bins 10.04), COAn-10a (bins 10.04 and COCa-6a 
(bins 6.04), each explained more than 20% of phenotypic 
variation. The total number of QTL detected in YD was 32, 
with four for COK, four for ACP, four for COC, five for 
ACC, two for COV, two for COA, three for COS, four for 
COAn and four for COCa, of which ten QTL, COK-10c 
(bins 10.06) , COC-10c (bins 10.06), COC-10d (bins 10.06), 
COV-6b (bins 6.04), COV-10b (bins 10.07), COA-6b (bins 
6.04),COA-10b (bins 10.06), COAn-6b (bins 6.04), COAn-
10c (bins 10.04), and COCa-6b (bins 6.04), each explained 
more than 20% of phenotypic variation. Compared with the 
IBM2 2008 Neighbors Frame6, the number, distribution and 
effect of QTL in two populations were highly consistent, 
and constitutive QTL (with contribution rates higher than 
20%) for pigment-related traits in two populations were both 
clustered and mainly distributed in the intervals umc1979-
umc2006 (bins 6.04) and umc1506-umc1196a (bins 10.04-
10.06). The QTL that were stable across different genetic 
backgrounds might be closely linked to each other, or they 
were a same pleiotropic QTL, which could be used for fine 
mapping and cloning of pigmentation related gene in maize.
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Introduction
Molecular markers are very useful tools for diversity 

analysis. In India maize research is focused on development 
of Single Cross Hybrids (SCH). Diversity analysis among 
the inbred lines is important to select diverse lines for 
developing hybrids expressing high heterosis. The current 
study focuses on diversity analysis of inbreds collected from 
various maize research centers of India. Thus, knowledge 
of genetic diversity and relationships among these inbred 
lines would help reduce genetic vulnerability and broaden 
the genetic base.

Material and Method
Inbred lines from various research centres are 

maintained at winter nursery center, Hyderabad (India). 
Based on morphological traits a set of 48 inbred lines selected 
for the study (Table 1). DNA was isolated from 10 plants 
of each inbred using CTAB method. PCR was carried out 
using 46 SSR markers for genotyping inbreds. The primer 
pair sequencing information was obtained from maize 
genome database (www.maizegdb.org). The SSR amplicons 
resolved in 3.5% Metaphor high resolution agarose gel 
electophoresis. The alleles were scored manually.

SSR data was analyzed using POWERMARKER 
software (Liu and Muse, 2005). Allele frequency, gene 
diversity, and PIC value were estimated. Roger’s (1972) 
distance was used to calculate the distance among the inbred 
lines. The distance estimates were used to construct unrooted 
tree using UPGMA.

Results
In the present study a total of 202 alleles were found. 

The average alleles per locus were 4.39 and the alleles per 
locus ranged from 2 to 8. PIC value ranged from 0.33 to 
0.78 and average PIC value was 0.62. Gene diversity at each 
locus ranged from 0.36 to 0.79. Major allele frequency was 
0.78 for bnlg2238 was highest which suggest that this allele 
is most commonly selected in maximum inbred lines.

The unrooted tree distinctly grouped 48 inbred lines 
in four major clusters. This is probably because these 
lines are derived from a diverse source. The inbred lines 
have also shown a very high genetic distance. Maximum 
genetic distance of 0.92 was observed between HKI488 
and HKI551-2. But, there was no pattern found between the 
inbred lines clustering together.

Table1. Material used in the study for diversity analysis.

S.No Material S.No Material S.No Material S.No Material

1 HKI1015 13 CM104 25 HKI1324-4 37 CM-145
2 HKI1040-5 14 CM111 26 HKI300 38 CM-152
3 HKI1094 15 HKI488 27 HKI147 39 CM153
4 HKI209 16 HKI536 28 HKI1126 40 CM212
5 HKI335 17 HKI1347 29 HKI288-2 41 CM502
6 HKI47 18 HKI1035-9 30 LM-12 42 CM-105
7 HKI1572 19 HKI226 31 LM-16 43 CM-114
8 HKI1025 20 HKI287 32 LTP-3 44 CM-118
9 LM-5 21 HKIC322 33 V-336 45 CM-120
10 LM-6 22 HKI551-2 34 V-351 46 CM-122
11 NAI105 23 HKI586 35 CM-127 47 CM-125
12 CM139 24 HKI1040-4 36 CM-141 48 CM115



269

Technical Session 4: Novel Tools/Technologies for Enhancing Maize Production

Conclusion
The lines used in the present study are diverse and these 

lines can be used in hybrid breeding program. This data can 
be appended with large number of inbreds available in India 
to formulate an association mapping panel to map various 
agro-morphological traits.
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Figure 1.  Unrooted tree showing the genetic relation ship between the inbred lines. The identity 
numbers refers to the serial number of inbred lines list (Table 1).
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Introduction
Double haploid breeding technology can greatly reduce 

the time required to develop new parent lines and improve 
breeding efficiency (Röber et al., 2005). Of the three  ways 
ofr artificial induction of haploids, parthenogenesis induced 
by maternal-inducers is acknowledged in  production of 
maize haploid for its simplicity and ease of application on a 
large scalee (Liu Zhi-xian et al., 2008). Much work has been  
done on producing maize haploid by hybridizing temperate 
maize genotypes with inducer lines. However, there is little 
data currently available on haploid induction for tropical 
maize germplasm (Pedro et al., 2007). Twenty different 

genotypes of tropical flint maize, which meet the breeding 
goal of maize in Guangxi, were used as female parents for 
haploid induction by hybridizing them with haploid inducer 
Stock6. 

Materials and Methods
Twenty genotypes of tropical flint maize were pollinated 

with the pollen of Stock6 during flowering. Identification for 
haploid was performed as per the previous description (Geiger 
and Gordillo, 2009). According to the R-navajo markers 
displayed on maize grains, each seed of the combinations 

Table 1. Haploid frequency of different tropical flint maize materials induced by haploid-inducing line Stock6

Name of 
materials

Type of 
materials No. of kernel

No. of putative 
haploid kernel

No. of haploid 
seedling

Induction 
rate (%)

Intensity of the 
R-navajo marker 
expressed

18-4-2-1 Inbred line 523 50 19 3.63 intermediate
19-1-1 Inbred line 405 8 8 1.98 intermediate
DK-1-2 Inbred line 491 27 20 4.07 strong
SL4-7-3-2-1 Inbred line 465 49 33 7.10 strong
SN-8-1-1 Inbred line 713 48 33 4.63 intermediate
18-2-2-3 Inbred line 653 48 14 2.14 strong
SN-14-1-1 Inbred line 427 14 5 1.17 weak
Takfa2 Inbred line 289 27 10 3.46 weak
511314 Hybrid cross 217 8 2 0.92 intermediate
722DK Hybrid cross 621 56 25 4.03 intermediate
81161 Hybrid cross 621 44 16 2.58 intermediate
722178 Hybrid cross 306 23 11 3.59 intermediate
722319 Hybrid cross 416 23 13 3.13 strong
7221165 Hybrid cross 467 37 11 2.36 strong
FA 15℃ Hybrid cross 556 35 5 0.90 strong
FA 1514 Hybrid cross 438 23 6 1.37 intermediate
FA 1111 Hybrid cross 367 27 14 3.81 intermediate
FA 1321 Hybrid cross 212 26 8 3.77 weak
FA 181 Hybrid cross 575 27 8 1.39 intermediate
22381 Hybrid cross 1072 99 9 0.84 intermediate
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obtained was identified. Kernels with red crown and non-
pigmented scutellum were selected as putative maize 
haploids, whereas kernels showing anthocyanin-pigmented 
aleurone layer and scutellum were identified as diploid 
maize. The putative haploid kernels were planted in the field 
and then the putative haploid seedlings were observed for 
the expression of the ABP1 purple-plant markers. The green 
seedlings were identified as haploids, whereas those with 
purple leaf sheath were identified as diploids.

Results
Haploid maize could be distinguished clearly from 

diploid maize when the R-navajo marker was involved 
together with the ABP1 purple-plant markers. All of the 
20 tropical flint maize tested, including 8 inbred lines and 
12 hybrid crosses, could be induced by Stock6 to produce 
maize haploids with the haploid induction rate ranging from 
0.84% to 7.10% as well as the mean induction rate of 2.84% 
(Table 1). 

Conclusions 
Twenty different genotypes of tropical flint maize tested 

could be induced by Stock6 to produce maize haploids. The 
haploid frequency of tropical maize germplasm was similar 

to that reported previously for other maize genotypes when 
Stock6 was used as the male parent. Based on the frequency 
of the haploid induction acquired and the intensity of the 
marker gene R-navajo expressed, 5 tropical flint maize 
genotypes—DK-1-2, SL4-7-3-2-1, 18-2-2-3, 722319 and 
7221165—were identified as the germplasm suitable for the 
development of doubled-haploid lines and used as source 
materials for the creation of tropical maize haploid inducer 
lines.
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Introduction

Yellow maize (Zea mays L.) is the only among the major 
cereals which consisted of carotenoids in its kernel (Buckner 
1990) however kernel colour in maize is not associated 
with carotenoids (Harjes 2008, Mishra and Singh, 2010). 
Considerable natural variations for kernel carotenoids are 
present in maize germplasm, with some lines accumulating 
as much of 66 mg/g of kernel carotenoids (Harjes 2008). 
However, this necessitates that allelic variants in maize 
germplasm must be characterized and quantified so that 
the desirable alleles could be made available in breeding 
programme for biofortification. The SSR markers linked 
to the QTLs have been developed using mostly temperate 
germplasm. They may be useful in characterizing allele 
specific diversity for carotenoids in short duration maize. 
The present study was thus aimed to analyze allele specific 
diversity for kernel carotenoids and further its correlation 
structure with quantitative data in short duration maize.

Materials and methods
The kernel carotenoids was extracted from seeds of 

25 maize lines consisted of 18 inbred lines and 7 OPVs. 
Seeds were further used for isolation of genomic DNA. PCR 

reactions with SSR markers and resolution on PAGE was 
performed following CIMMYT protocol (CIMMYT, 2005). 
The Jaccard’s similarity coefficients, UPGMA clustering 
algorithm and polymorphic information content (PIC) values 
were analysed using NTSYS-pc 2.02 software whereas boot 
strapping was done using WINBOOT software. Linear 
regression was analysed to establish correlation between 
SSR based groupings and carotenois content. 

Results and Discussion
A total of 66 polymorphic loci were amplified from 15 

markers (Fig 1). The six alleles were detected with y1SSR, 
umc1553, bnlg 1792. The PIC ranged from 0.63 (umc 2047) 
to 0.83 (y1SSR) with mean value of 0.72. The markers umc 
1692, umc 1506, y1SSR, umc 1595, umc 2332, umc 1553 
and bnlg 1792 had PIC values more than average while 
umc 2313, phi 091, umc 1070, umc 2373, umc 1403, umc 
1447, umc 2047 and umc 2115 had PIC values less than the 
average. The similarity coefficients were found to vary from 
0.16 to 0.65. The 25 genotypes were classified into 7 clusters 
based on markers data which indicated the power of SSR 
markers in detection of allele specific diversity. However, 
the cluster constitution revealed grouping of low, medium 
and high carotenoids lines together in some of the clusters.  

Fig 1. umc1070 profile of 25 maize genotypes (Lane M- Molecular weight marker, Lane 1-25 are maize genotypes)



273

Technical Session 4: Novel Tools/Technologies for Enhancing Maize Production

The linear regression analysis revealed non-significant 
correlation between SSR based clustering and quantitative 
data. Further, low coefficient of determination (R2=0.027) 
indicated that SSR based clustering pattern had little influence 
on quantitative estimates of carotenoids (Fig 2). Thus, data 
revealed that allelic variations did not differentiate clearly 
the lines with high, medium and low carotenoids content. 
One reason of such disparity may be due transferability of 
markers from one population to other, and the other probable 
reason may be due to environmental influence on upward or 
downward estimates of the carotenoids. 

Conclusions
The 25 genotypes of maize were characterized with 15 

carotenoids specific markers and classified into 7 clusters. 
Allele specific SSR markers did not clearly distinguished 

lines with low, medium and high carotenoids. Non-
significant correlation and poor coefficient of determination 
further indicate the little influence of SSR based groupings 
on kernel carotenoids. 
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Introduction
Maize storage proteins are deficient in two essential 

amino acids, lysine and tryptophan; and contains on an 
average, about 2% lysine in the endosperm which is less 
than one-half of the concentration recommended for human 
nutrition by the Food and Agriculture Organization (FAO 
1985). The discovery of nutritional value of the opaque-2 
mutation in maize was a significant breakthrough, as it 
resulted in enhanced concentration of lysine and tryptophan 
(Mertz et al. 1964). This finding later led to the development 
of Quality Protein Maize (QPM) (Bjarnason and Vasal 1992; 
Prasanna et al. 2001). Conversion of a normal maize line 
to a QPM version through conventional backcross breeding 
requires at least 6-7 generations, besides involving intensive 
biochemical tests and land, labour and financial resources. 
Opaque-2 specific SSR markers offer tremendous advantage 
in molecular marker-assisted conversion of non-QPM lines 
into their QPM versions (Gupta et al. 2009; Babu et al 2005). 
‘Foreground selection’ for the o2 allele and ‘background 
selection’ for recovering recurrent parent genome, aid in 
rapid conversion of normal genotypes into QPM version.

Methods
Three medium duration maize hybrids (HM-4, HM-8 

and HM-9) released in India have been targeted for the 
marker-assisted conversion programme. Each of the 

parental inbreds of the hybrids was crossed with QPM 
donor inbred lines having opaque-2 allele. The selection 
of the donor inbreds were based on nutritional quality and 
opaque-2 specific SSR marker polymorphism among the 
donor and recipient lines. BC1F1 populations for HKI1105 
× CML161 and HKI323 × HKI161 were raised during 
at IARI experimental farm during rainy season, 2010. 
Heterozygotes for the opaque-2 allele were selected and 
were used for crossing with the respective recurrent parent 
for the generation of BC2F1 populations. Simultaneously 
each of the selected BC1F1 plants was selfed to generate 
BC1F2 seeds for checking kernel modification pattern. In 
BC2F1 generation, identified heterozygotes were selfed at 
Maize Winter Nursery, Hyderabad during winter season, 
2010-11. BC1F1 population for HKI1128 × HKI-193-1 
was generated during winter season, 2010-11. Selected 
heterozygotes were backcrossed to its recurrent parents 
for the generation of BC2F1 population. In case of all the 
three populations, background selection using SSR markers 
distributed throughout the genome, were carried out for the 
recovery of the genome of the recurrent parents.

Results
BC1F1 generation for all three cross combinations 

were screened for the presence of heterozygotes at opaque-2 
locus. Target locus specific SSR markers umc1066 and 
phi057 effectively differentiated the homozygotes and 

Figure 1: Foreground selection of opaque-2 allele using phi057 SSR marker in the BC1F1 population of HKI1105 × CML161. 
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heterozygotes, and showed nearly 1:1 segregation pattern in 
the BC1F1 population (Fig. 1). Based on the plant phenotypes, 
24, 24 and 32 heterozygote plants in HKI1105 × CML161, 
HKI323 × HKI161 and HKI1128 × HKI-193-1, respectively, 
were selected for the generation of BC2F1 families. Further, 
based on information such as ear appearance such as 
kernel colour and texture; and information on recovery of 
recurrent parent genome (Fig. 2), four families in each in 
the cross combinations, HKI1105 × CML161 and HKI323 
× HKI161 were selected for raising of BC2F1 generation. 
Foreground selection was carried in each of the population 
and were selfed to generate BC2F2 families. Taking into 
consideration of maturity, plant architecture, two families 
have been finally selected further advancement.   

Conclusions
Opaque-2 specific SSR markers, umc1066 and 

phi057 differentiated the heterozygotes effectively from 
homozyogotes in both BC1F1 and BC2F1 generations. 
Genomic SSR markers were successfully employed in 
background selection to identify the genotypes with higher 
recovery of recurrent parent genome. 

Figure 2: Segregation of pattern of umc1690 in the BC1F1 population for background selection of HKI1128 × HKI193-1 
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Introduction
For the past three decades CIMMYT has been using 

managed drought trials along with multi-location well-
watered trials as an effective method of selection for 
increasing maize yield for drought prone environments 
(Bänziger et al, 2006). The in vivo double haploid breeding 
technique is currently employed in drought tolerance breeding 
at CIMMYT (Kebede et al, 2011). Therefore in our study, we 
evaluated double haploid lines for their tolerance to drought 
and predict the relative efficiency of indirect selection under 
well-watered environment (WW) as compared to direct 
selection in managed drought environment (DRT). Further, 
we estimated genotypic correlations among CIMMYT’s 
African and Mexican experimental sites.   

Methods
There were 6 environments used for evaluating the 

testcross performance of 259 DH lines. The development 
of DH lines using the in vivo double haploid breeding 
technique has been described by Röber et al (2005). There 
were two DRT trials and four WW trials where one of the 
DRT trials was very severely heat and drought stressed and 
the other was moderately stressed. The trial were conducted 
during the year 2010. Data on anthesis date, anthesis-silking 
interval, and grain yield were recorded. Analysis of variance, 
heritability and genotypic and phenotypic correlations 
among the different environments were estimated. 

Table 1.  Mean performance of well-watered (WW) and managed drought (DRT) environments for grain yield (GY), anthesis 
date (AD) and anthesis-silking interval (ASI), relative difference among each trait in the different environments 
(Δ), genotypic (rg(AB)) and phenotypic (rp(AB)) correlation coefficients, and efficiency of indirect selection for managed 
drought environment (CR/R) 

Environment
A               B

GY

Mean (tons/ha)

Δ§ % rg(AB) rp(AB) CR/R†A B

WWave - DRTkib 4.36 1.87 57.1 0.93 0.70** 0.76
WWave - DRTChi 4.36 0.22 95.0 -0.54 -0.18** -0.09
WWAfr - WWMex 4.48 3.85  14.1 1.15 0.62** 0.45

AD

Days
WWave - DRTkib 61.73 69.75 13.0 0.94 0.87** 0.99
WWave - DRTChi 61.73 75.96 -23.1 0.96 0.85** 1.10
WWAfr - WWMex 66.02 57.43 13.0 0.96 0.86** 0.94

ASI

Days
WWave - DRTkib 3.04 8.16 -168.4 3.15    0.09 0.00
WWave - DRTChi 3.04 3.30 -8.6 0.41 0.28** 0.39
WWAfr - WWMex 4.38 1.70 61.2 0.91 0.43** 0.46

§ Δ = ((A – B) / A) × 100
† CR/R = (h2

A × rg(AB)) / h
2
B
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Results and discussion 
The DH lines’ performance varied between and 

within WW and DRT environments. Average grain yield 
at managed drought environments decreased by 57% and 
95% at Kenya and Zimbabwe, respectively when compared 
with combined average grain yield of all well-watered 
environments. Genotypic correlation coefficient for DRTkib 
and WWave was high and positive (rg = 0.93) while for DRTchi 
and WWave was low and negative (rg = -0.54), indicating that 
evaluation under severe stress gave substantially different 
DH rankings than evaluation under moderate stress or 
well-watered conditions. Efficiency of selection of drought 
tolerant genotypes for grain yield under DRTkib and DRTchi 
through indirect selection at WWave was 76% and -0.09%, 
respectively compared to direct selection at the two DRT 
environments.  Genotypic correlation between African and 
Mexican trial sites was positive and significant, indicating 
that preliminary selection in one region can result in the 
identification of promising germplasm for the other.

Conclusions
Our findings underpin (i) the severity of a managed 

drought trial is detrimental in identifying true drought 
tolerant genotypes, (ii) Promising genotypes from one 
region can be used as breeding material and perhaps can be 
used directly in hybrids, in the other. 
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Introduction
Drought is the main environmental factor causing 

substantial yield reductions in maize, which is estimated 
between 9.3 and 15.5% every year (Gou et al., 2008).
Conventional breeding has been found to be effective in 
bringing moderate yield gains under drought conditions 
but insufficient to throw light on the genomic regions 
responsible for such yield improvements. QTL mapping is a 
technique that helps to identify genomic regions responsible 
for a given heritable phenotype and helps augment the 
breeding process through marker assisted selection of the 

identified QTLs. The present study aims to identify QTLs 
for grain yield under drought and well watered conditions in 
a biparental population.

Methods
In this study, we used 249 F2:3 families derived from 

the cross, COMPE2 x CML440. The grain yield evaluation 
trials were conducted under water-stress and well-watered 
conditions in Tlaltizapan, Mexico (180N, 990w, 940 m a.s.l). 
Alpha-lattice design with one-row plots and two replications 

Tabel 1.  QTL analysis of grain yield in COMPE-2 x CML440 population of maize under drought stress and well 
watered conditions in Mexico

Environ. QTL

QTL Position  Genetic Effect Gene Action

Chr
Pos 

(cM) Left Mar. Right Mar.
Distance 
(Mpb) LOD R2(%) Ad Dom D/A Nature

MexWS Gy1 1 260.0 PZA03189.4 PZA01267.3 11.793 3.791 10.367 0.103 -0.499 -4.849 OD

Gy4 4 160.0 PZA02779.1 PHM1684.20 1.933 2.679 1.418 0.042 0.183 4.337 OD

Gy5 5 178.0 PZA01530.1 PZA02408.2 142.619 2.947 2.387 -0.170 -0.068 0.402 PD

Gy8 8 211.0 PHM1834.47 PHM4560.54 1.119 2.844 5.895 0.047 -0.386 -8.283 OD

Gy10 10 206.0 PHM3309.8 PHM3844.14 135.004 7.204 19.938 0.040 0.718 17.774 OD

       Total 40.006     

MexWW Gy2 2 132.0 PHM3055.9 PHM2094.34 15.782 3.628 5.932 -0.344 -0.325 0.946 D

Gy3 3 304.0 PZA01688.3 PHM2423.33 4.012 2.809 6.700 -0.352 -0.373 1.059 D

Gy4 4 228.0 PHM5599.20 PZA03322.5 2.782 3.896 3.538 -0.265 -0.253 0.952 D

Gy5 5 155.0 PZA00996.1 PZA01530.1 0.006 3.665 7.486 0.457 0.122 0.268 A

Gy6 6 172.0 PZB01222.1 PZA02815.25 3.464 3.575 5.234 -0.131 -0.518 3.944 OD

Gy8 8 123.0 PZA00739.1 PZA01049.1 23.248 2.613 6.214 0.247 -0.487 -1.972 OD

Gy9 9 50.0 ZHD1.1 PZA01999.3 1.175 4.078 7.002 0.449 -0.020 -0.045 A

       Total 42.106     
1Gene Action was determined on the basis of the average level of dominance calculated as the ratio (Dom/Add), using the criteria 
of the Stuber et al. (1987): additive (A= 0 to 0.20), partial dominance (PD= 0.21 to 0.80), dominance: (D=0.81 to 1.20) and 
overdominance (OD > 1.20).
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was used. The drought stress was applied three weeks before 
the expected average date of anthesis and sustained until the 
end of flowering. The linkage map was constructed with 194 
SNP markers and the QTLs were identified by composite 
interval mapping using ICIM. The genomic breeding values 
(GBV) were estimated using Bayesian Ridge Regression 
(RR) through a R-script in BLR package (Paulino et al. 
2010).

Results and Discussion
The average reduction in yield due to drought stress 

was 2.13 ton/ha. The heritability estimates of grain yield 
in stress and well-watered conditions were 0.75 and 0.51 
respectively. Under water stress conditions (MexWS), 
all QTLs together explained 27.3% of total phenotype 
variation. Only the QTL on chromosome 5 showed partial 
dominance, while the rest exhibited over-dominance effects. 
On the other hand, in well-watered conditions (MexWS), 7 
QTLs together explained 35.6% of the phenotype variance. 
Three were dominant, tow additive and two over-dominant.  
Though QTLs were detected on chromosome 4, 5 and 
8 in both the environments, they did not share the same 
physical positions (Table 1). GEBVs were estimated using 
Bayesian RR-BLUP method to facilitate marker assisted 
recurrent selection in the subsequent cycles. The correlation 
between the predicted and observed values were 0.61 and 

0.60 for well-watered and water-stress conditions. The 
predicted model accounted for 36% of the phenotypic 
variance in water stress conditions and 35% in well-watered 
conditions, indicating that GEBVs estimated using genome-
wide markers may be useful in rapid advancement of this 
population without further phenotypic evaluations.     

Conclusions
Different set of QTLs were identified for water stress 

and well-watered conditions indicating that genetics of 
grain yield under drought conditions may be significantly 
different from that of optimal conditions. Genomic selection 
(Meuwissen et al. 2001) approaches that take into account 
genome-wide variations may prove to be effective than 
marker assisted selection strategies based on few QTLs, 
whose effects typically tend to be overestimated, especially 
in bi-parental populations of small sizes. 
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Figure 1. Linear regression between observed values and predicted values (GBV) by Bayesian Ridge Regression in drought 
(A) and well-watered (B) conditions. 
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Introduction
Association mapping (AM) is increasingly being 

adopted as a method complementary to traditional bi-
parental linkage mapping to carry out genome-wide searches 
for chromosomal regions harboring loci with allelic variants 
that regulate the phenotypic expression of target traits (Yu 
and Buckler, 2006). An ideal association panel must contain 
enough genotypic diversity to find polymorphism, and also 
characterized by medium to high linkage disequilibrium 
(LD). The population diversity and structure needs to be 
validated prior to association analyses as it can create 
an obstacle by creating spurious genotype-phenotype 
associations (false positive) (Myles et al., 2009). Present 
study aimed to assess the genetic diversity and structure of a 
panel of maize genotypes with SNP markers

Materials and Methods
A set of 156 maize inbred lines was chosen to represent 

diversity available among current lines used in CIMMYT-

Asia breeding for association mapping panel. These lines 
were genotyped with 1214 SNP markers at KBioscience, 
KBioscience, UK using KASPar chemistry assay. 
PowerMarker (Liu and Muse, 2005) was used to calculate 
allele number, gene diversity, allele frequency, polymorphic 
information content (PIC) and Nei’s genetic distance (Nei, 
1972). The UPGMA (Unweighted Pair Group Method with 
Arithmetic Mean) tree based on Nei’s genetic distance was 
constructed using DARwin5.

Result and Discussion
Of 1214 SNPs marker genotyped among 156 lines, 

only 1051 SNPs were used for further analysis based on 
PIC value ( >0.1). The PIC value for selected SNP loci 
ranged from 0.11 to 0.64, with mean PIC being 0.39. Gene 
diversity for SNPs and genotypes was between 0.11 and 
0.70, with mean of 0.43. Genetic distance between most 
of genotype pairs were 0.48 to 0.76 (Figure 1).  Observed 
genetic distance exhibited considerable genetic diversity 
among the panel of maize inbred lines. The constructed tree 

Figure 1.  Genetic Distance between 156 maize inbred lines revealed by 1051 SNPs 
markers
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based on Nei’s genetic distance revealed five clusters among 
the 156 genotypes (Figure 2).  Among the five clusters, 
cluster 5 was deviating considerably from the panel. Thus, 
appropriateness of these lines in association mapping panel 
will be examined through population structure analysis. The 
results of population structure will be presented in full text

Conclusion
A set of 156 maize inbred lines presented here exhibited 

considerable genetic variation for SNP markers. Explained 
genetic diversity for maize inbred lines based on genetic 
distance and clusters is found to be favorable for association 
mapping studies; however population structure has to be 
better understood. 
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Introduction
Maize is the largest cereal crop, both in the world and in 

China. It integrates food, forage and industrial usage, but the 
ratio of amino acids in the maize kernel is unbalanced, and 
the content of the essential amino acid, lysine, is low. Thus, 
the nutritional value and utilization efficiency of maize is 
greatly reduced (Bryan et al. 2005). Improvement of lysine 
and total protein content in the maize kernel has been an 
important field of research and, fortunately, the problem can 
be solved by utilizing the Opaque-2 gene mutant (Mertz et 
al. 1964). However, the gene is recessive, and the floury 
kernel texture makes it hard to store, limiting the use of the 
gene (Mertz and Olson 1987). Disrupting the 19-kDa and 22-
kDa gene family of α-zein function with RNAi technology 
(Huang 2004; Segal et al. 2003; Soave et al. 1981), which 
provides an important option for broadening the genetic 
resources for quality protein maize and can be used without 
impacting genetic-background, may  help improve the lysine 
content in maize. Therefore, RNAi plants of 19-KD and 22-
KD α-zein genes in maize were constructed in this study.

Methods
The promoter zp22/6, which is specifically expressed 

in the endosperm, was cloned from the B73 maize inbred, 
the 19-kDa α-zein gene was cloned with  primers which 
were designed according to its matching sequence in the 
MaizeGDB, while the 22-kDa α-zein gene was cloned 
with  primers according to Segal (2003). Then, the 19-kDa 
and 22-kDa α-zein gene RNAi vectors were individually 
constructed with the specific promoter, positive gene, intron 
GUS, reverse gene and polyA terminator, and finally were 
transformed into the embryo callus of F2 of H99×Hi II B 
and Hi II A×Hi II B after being individually validated by 
multiple enzyme digestion experiments and sequence 
analysis and mixed with Bar gene.

Results

To check these vectors, not only multiple enzyme 
digestion experiments using Xba, +Hind III, Xba, Sac I 

+ Xba and Sac I +Hind III were carried out (Fig. 1), but 
also the final sequence analysis was conducted by BGI 
Company (China). The results of these experiments showed 
that these two 19-kDa and 22-kDa α-zein gene RNAi 
vectors were successfully constructed. These vectors were 
then individually transformed to the maize embryo callus. 
Furthermore, 81 and 60 transgenic maize plants respectively 
at T0 generation were obtained (Fig. 2a) after screening 
of resistance to Phosphinothricin and PCR analysis. 
However, due to low vitality,  just 12 and 9 transgenic plants 
respectively had the ability to seed (Fig. 2b).

Conclusions
In this study, the 19-kDa and 22-kDa α-zein gene RNAi 

vectors were successfully constructed and transformed to 
embryo callus of the F2 of H99×Hi II B and Hi II A×H II B; 

Fig 1.  Restriction map of pUC19-22 RNAi and pUC19-19 
RNAi plasmid 
 
M-Trans8K DNA Marker; A: pUC19-22 enzyme 
analysis; B: pUC19-19 enzyme analysis. 
 
1,5 plasmid/ Xba I+Hind III; 2,6 plasmid/ Xba I; 
3,7 plasmid/ Sac I+Xba I; 4,8 plasmid/ Sac I+Hind 
III
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12 and 9 transgenic plants respectively which had ability to 
seed were obtained. Despite the fact that lysine assay was 
not carried out, it is hoped that  the lysine content in these 
transgenic plants can possibly be  raised, and that these 
transgenic plants can be used to develop qualitatively new 
protein maize. 
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The entries were established in single 2m row plots with 
10 plants per plot, and replicated three times. Ears were 
artificially inoculated seven days after silking using the 
sponge and nail punch method (Drepper et al. 1990). Cobs 
were harvested and rated using a 1 to 5 scale; where 1 
represent no symptoms and 5, a cob with 76-100% symptoms. 
Each line was genotyped using 55k SNPs. Neighbor-joining 
tree and principal-component analyses were used to infer 
population structure of the set. Association mapping was 
conducted using the Mixed Linear Model in the program 
TASSEL.

Results and discussion
Association analysis identified 25 SNP markers associated 

with F. verticillioides resistance. The phenotypic variation 
explained by each SNP marker ranged from 4.65% to 6.31% 
revealing presence of minor genes. Disease resistance QTL 
were localized on chromosomes 1, 2, 3, 4, 5, 6, 8, 9 and 10, 
and in the same chromosomal regions previously reported for 
F. verticillioides (Figure 1 & Table 1). 

Introduction
Fusarium verticillioides is a major pathogen of maize, 

inciting stalk and ear rot diseases leading to serious yield 
loss and reduced grain quality. Much of the maize that is 
produced and stored is at risk of being unsafe as food or 
feed due to mycotoxins of the fumonisin group produced 
by F. verticilioides, which are toxic to humans and livestock 
(Gelderblom et al. 1988). Development of resistant maize 
germplasm is the most promising strategy to mitigate 
the detrimental effects of F. verticillioides, but complete 
resistance has not been found. Using linkage mapping, 
several F. verticillioides resistant QTLs have been identified 
(Pérez-Brito et al. 2001; Robertson-Hoyt et al. 2006), but 
these have not been validated and are currently not used in 
breeding. Genetic association studies assess correlations 
between genetic variants and trait differences on a population 
scale, and offer a powerful approach for identifying and 
mapping causal genes with modest effects (Flint-Garcia, 
2005).

Materials and Methods
A set of 281 inbred maize lines were evaluated for their 

response to F. verticillioides ear rots in three environments. 

Figure 1 Genome-wide association studies of ear rot resistant level (1-5).
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Conclusions
Resistance to F. verticillioides is controlled by minor 

genes that seem to be organized in clusters ‘hot spots’ 
throughout the entire maize genome (Weiser et al., 2006). 
The significant markers offer a possibility for developing 
gene-based markers that could be used in breeding to develop 
F. verticillioides resistant maize varieties and hybrids.

Table 1 Genome-wide significant association signals of for ear rot resistant level (1-5)

Marker chr Position P_Value PVE (%) Compare previously QTL Bin

PZE-104157213 4 245787531 7.71E-05 6.31 - 4.11
SYN10803 1 51440571 1.71E-04 5.71 Zhang et al., 2007 1.03-1.04
SYN23338 4 238861316 1.79E-04 5.65 Robertson-Hoyt,et al, 2006 4.09
PZE-106046440 6 96097613 1.91E-04 5.61 Pérez-Brito, et al., 2001 6.02
PZE-103176493 3 220884897 2.92E-04 5.43 - 3.09
PZE-102117209 2 153542668 2.95E-04 5.23 - 2.06
PZE-106046449 6 96097875 3.52E-04 5.15 Pérez-Brito, et al., 2001 6.02
PZE-102123771 2 168953104 3.87E-04 5.11 - 2.06
SYN24902 4 169608577 4.47E-04 4.93 - 4.06-4.07
PZE-109093491 9 135558868 4.78E-04 4.89 - 9.06
SYN15960 9 149327152 4.90E-04 4.87 Zhang et al., 2007 9.07
SYN4000 6 157863333 5.11E-04 4.92 Zhang et al., 2007 6.06
SYN14012 1 295142726 5.40E-04 4.93 Robertson-Hoyt,et al, 2006 1.11
PUT-163a-78116027-4353 8 23797921 5.54E-04 4.79 - 8.03
PZE-102131393 2 178780986 6.40E-04 4.67 - 2.07
PZE-104099233 4 174826649 6.66E-04 4.67 - 4.07
PZE-110054523 10 103485988 6.83E-04 4.62 - 10.04
PZE-101198781 1 246523981 6.86E-04 4.74 Pérez-Brito, et al.,2001 1.08

PZE-110035824 10 67872211 7.28E-04 4.65 Jun-Qiang et al., 2008 10.03

PZE-102104865 2 127748978 7.50E-04 4.60 - 2.05
PZE-101219839 1 270260793 7.98E-04 4.53 Robertson-Hoyt,et al, 2006 1.1
SYN21477 5 1344220 8.14E-04 4.55 - 5
PZE-101124568 1 156581335 8.49E-04 4.53 - 1.05
PZE-105022450 5 10863406 9.08E-04 4.40 - 5.03
PZE-104050647 4 86469202 9.82E-04 4.36 - 4.05
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Method
The integrated map of QTLs for maize yield related 

traits was established with the IBM2 2008 neighbors (http://
www.maizegdb.org/map.php) as a reference map. QTLs for 
maize yield related traits were collected from MaizeGDB 
(http://www.maizegdb.org/) and published research papers. 
The integration map were constructed with the projection 
function of QTL Finder (Li L et al. 2007), and consensus 
QTLs were identified by the meta-analysis of QTL Finder.

Introduction
Maize is one of the most important food crops in 

China. Many QTLs for maize yield related traits have been 
identified. But the QTL mapping results are not consistent 
among researchers because of the variation in genetic 
background, environment and statistic methods used in 
QTL mapping. By meta-analysis, the QTL intervals can be 
further narrowed down and the efficiency and accuracy of 
QTL mapping be improved (Goffinet B et al. 2000). So it 
is necessary to construct an integration map for maize yield 
related traits and identify consensus QTLs, which will be 
important for maize improvement. 

Table 1. Summary of QTLs for maize yield and related traits

Traits

Chromosomes

Ch1 Ch2 Ch3 Ch4 Ch5 Ch6 Ch7 Ch8 Ch9 Ch10 Total

100 kernel weight 23 7 11 9 7 11 12 9 5 6 100
Bare tip length 4 2 1 1 0 3 0 3 1 2 17
Cob diameter 10 9 5 4 7 1 5 3 1 3 48
Ear diameter 15 17 10 8 12 6 9 7 3 9 96
Ear length 20 8 13 4 9 6 6 10 9 8 93
Ear weight 6 6 6 2 5 1 5 2 4 1 38
Ears per plant 2 4 6 1 2 4 1 1 0 1 22
Grain index 8 5 3 1 6 5 3 4 2 0 37
Grain yield 30 21 20 11 16 18 13 18 12 8 167
Kernel depth 1 4 2 0 1 1 1 0 0 1 11
Kernel length 4 2 1 2 2 3 0 1 0 0 15
Kernel number 7 6 2 1 3 3 1 3 3 1 30
Kernel no per row 15 7 3 0 7 7 1 6 5 3 54
Kernel row 15 17 17 19 11 11 7 6 14 15 132
Kernel weight 12 12 6 7 9 6 6 3 8 4 73
Kernel width 2 2 1 2 1 1 1 2 1 0 13
QTL 174 129 107 72 98 87 71 78 68 62 946
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Results
946 QTLs for grain yield and related traits in maize, 

collected from 36 different experiments (Stuber CW et al. 1992; 
Tuberosa et al. 2002), were used to construct the integration 
map and consensus map. The results showed that QTLs for 
maize yield and related traits were unevenly distributed on all 
10 chromosomes (Table 1). QTLs for ear length, 100 kernel 
weight, kernel number per row and grain yield were mainly 
distributed on chromosome 1, while QTLs for cob diameter 
and kernel width on chromosome 1 and 2, QTLs for ear 
diameter mainly on chromosome 1 and 2. For other traits, the 
QTLs is evenly distributed on chromosomes. 287 Consensus 
QTLs for grain yield and related traits were identified by the 
meta-analysis function of QTL Finder (Fig 1). 

Conclusion
946 QTLs for maize yield and related traits were 

collected, and 287 Consensus QTLs were identified by the 
meta-analysis function of QTL Finder. These results can 
be useful in QTL fine mapping, gene cloning and marker 
assisted selection for maize yield and related traits.
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Figure 1. The distribution of consensus QTLs for maize yield and related traits
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use efficiency and low N tolerance in maize
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Results and Conclusions

Analysis of variance revealed the significant effects of 
genotype on LNAE, NAE, and GY. The estimated broad-
sense heritability was 0.38 for LNAE, while it was only 0.11 
for NAE, implying that selection based on LNAE should be 
more effective than NAE for NUE. LNAE exhibited highly-
positive genotypic and phenotypic correlations with GY, ear 
kernel number, kernel weight, plant height, and chlorophyll 
content at low-N conditions, while it was negatively 
correlated with grain-N content and anthesis-silking interval. 
Path analysis indicated that the EKN at low-N stress had the 
highest positive effects on LNAE.

Nine miRNA families (miR164, miR169, miR172, 
miR397, miR398, miR399, miR408, miR528, and miR827) 
were identified in leaves, and nine miRNA families 
(miR160, miR167, miR168, miR169, miR319, miR395, 
miR399, miR408, and miR528) identified in roots at the 
seedling stage. They were verified by real time stem-loop 
RT-PCR, and some with the time course of the nitrate 
limitation. The miRNAs identified showed overlapping and 
unique responses to chronic and transient nitrate limitation, 
as well as tissue specificity or dependence. The potential 
target genes of these miRNAs in maize were identified. The 
expression of some of these was examined by qRT-PCR. The 
potential function of these miRNAs in responding to nitrate 
limitation were described. This provided an insight into the 
timing and tissue specificity of the transcriptional regulation 
to low nitrate availability in maize. The knowledge gained 
will help understand the important roles miRNAs play in 
maize responding to a nitrogen-limiting environment and 
eventually help develop strategies for  improvements  in 
maize genetics. 

Key words: Genetic variation, Low-N stress 
tolerance, N-use efficiency, miRNA, Nutrient deprivation, 
Transcriptional regulation

Introduction
Nitrogen (N) is one of the essential elements for crop 

growth and development and is heavily used in modern 
agriculture to maximize yields (Guo et al., 2010; Tilman 
et al., 2002). Indeed, only about a third of the applied N 
is stored in  cereal grain worldwide and around 25.2% of 
the applied N is recovered in maize in north China (Ju et 
al, 2009). Therefore, improving the nitrogen-use efficiency 
(NUE) and low-N tolerance (LNT) is of great importance 
since the ultimate goal is maintaining production with 
lower N input. To achieve this end, some attempts to better 
understand and improve NUT and LNT in maize have been 
made at the Chinese Academy of Agricultural Sciences.  
Among these, we have reported the genetic variation in LNT 
and NUE among maize inbreds (Wu et al., 2011) and the 
responsive and regulatory role of microRNAs (miRNAs) 
in low N stress (Xu et al., 2011). The attempts were to 
provide the basic genetic parameters, and fresh  insight and 
understanding of miRNAs as key regulators. 

Materials and Methods 
A panel of 189 diverse maize inbred lines from 

China and from across the world was evaluated under 
contrasting levels of N availability over 2 years. Low-N 
agronomic efficiency (LNAE), absolute grain yield (GY) at 
low-N conditions, and the ratio between GY at low-N and 
optimum-N conditions were taken into account to represent 
low-N tolerance. Additionally, N-agronomic efficiency 
(NAE) along with other agronomic traits was also analyzed. 

The Ye478 maize inbred line was treated with low and 
normal nitrate, and 15 days’ stress (chronic) and time course 
samples of young shoots and roots from treatment were 
collected. The SmartArrayTM and GeneChip® microarray 
systems were used to perform a genome-wide search to 
detect miRNAs responding to the chronic and transient 
nitrate limiting conditions in maize. 
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transgenic Trichoderma strains with CWDEs encoding 
genes cloned from entomopathogens was  necessitated. 

Methods
The transformation of Trichoderma was performed 

by protoplast transformation and Agrobacterium-mediated 
transformation (ATMT). Assay of transformant activity 
against larvae were performed by using spore suspensions 
and fermentation liquids. Larvae mortality and larvae growth 
inhibition study were carried out. Transmission Electron 
Microscope (TEM) observation and RT-PCR analysis of 
midgut associated genes was performed. 2-D analysis of 
proteomic changes was undertaken to study the differential 
expression proteins in silkworm. To further improve 

Introduction
Many chemical pesticides have been confirmed to be 

useful in the control of maize borer. However, increased 
use of chemical pesticides in maize production would be 
detrimental to food safety and the environment (Meissle 
et al. 2010). It is important, therefore, to look to biological 
control measures synergistically to control maize borer 
larvae and ear rot,  especially in the case of some crop 
diseases and insect pests occurring in the same crop organ at 
almost same time in the growth season. Some attempts have 
been made to construct transgenic Trichoderma harboring 
exogenous Cry I A(b) gene capable of killing two-instar corn 
borer larvae (Gao and Yang 2004). However, maize borer 
larvae have been reported to evolve some resistance to Cry 
genes (Venette et al. 2000). Therefore, the construction of 

Fig. 1  Death of corn borer larvae after being fed artificial diets containing conidial suspensions (108 spores/ml) of different 
Trichoderma transformant
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transformant inhibition efficiency in respect of corn borer 
larvae, five chitin-binding domains were synthesized to be 
fused with chit42 gene. In addition, chit42 or chit42-fused 
chitin domains from different organisms were constitutively 
co-expressed with pr1 and subsequently transformed into 
Trichoderma wild-type strain.

Results 
Transformants harboring M. anisopliae- sourced chit42 

fused with chitin-binding domains increased mortality rate of 
corn borer larvae by 10% and the co-expression transformant 
increased mortality rate of corn borer larvae by 23.3 % as 
compared with transformant containing chit42 only (Fig. 
1). TEM observation showed that corn borer larvae midgut 
was significantly affected by chitinase from the transformant 
which mainly degraded insect gut peritrophic membrane,  
resulting in goblet cell enlargement and microvilli decrease 
(Fig. 2). Furthermore, the expression of juvenile hormone 
diol kinase gene, aminopeptidase N gene and cytochrome 
P450-like gene in corn borer larvae midgut was inhibited—
more evidently in the treatments with transgenic biomass to 
feed larvae than with the wild type. Besides, the transgenic 
Trichoderma strains were found in vitro to have a similar 

ability to inhibit the growth of maize ear rot pathogen, 
Fusarium verticilloides, as compared with the wild-type 
strain.

Conclusions

The transgenic Trichoderma harboring chit42 gene from 
Metarhizium anisopliae CY1, or transferred with chit42 
fused with chitin-binding domains or co-expressed chit42 
and pr1 showed improved lethal effect on corn borer as 
compared with wild type. Transformants with co-expressed 
varied genes or chitin binding domains could remarkably 
improve efficacy in checking the growth and development 
of corn borer as compared with the ones with only one gene 
transformed. All transformants screened in the study showed 
no changes in capability to arrest Fusrarium verticillioides .
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Fig. 2 Histopathological changes in the midgut of corn borer larvae fed on artificial diets containing conidial suspensions 
(108 spores/ml) of different Trichoderma transformants in the 48 h. A, CK (midgut microvilli, bar=2 µm); B, chit42 
transformant (midgut microvilli, bar=2 µm); C, chit42 gene and pr1 gene co-expression transformant (midgut 
microvilli, bar=2 µm); D, CK (midgut goblet cell and its microvilli, bar=5 µm); E, chit42 transformant (midgut 
goblet cell and its microvilli, bar=5 µm); F, chit42 gene and pr1 gene co-expression transformant  (midgut goblet cell 
and its microvilli, bar=2 µm). 
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Methods
Two types of MAPK genes in C. lunata, which were 

highly homologous to Pmk1 and ChMps1 in C. lunata 
and separately designated as Clk1 and Clm1, were already 
respectively identified using homology-based cloning 
approach. Firstly, homologous fragments of the two MAPK 
genes were cloned. Then, the flanking sequences were 
obtained using RACE. In order to understand the function 
of two genes, we deleted the two genes using targeted 
disruption using homologous recombination, respectively. 
Moreover, we studied growth rate, spore morphology, 

Introduction
Curvularia leaf spot of maize, caused by Curvularia 

lunata (Wakker) Boed., has become one of widely distributed 
fungal diseases in China. The mitogen-activated protein 
kinase (MAPK) cascade system, generally known to be 
involved in multiple signals transduction, are responsible for 
the filamentous pathogen development and pathogenicity to 
host plants. However so far little work has been carried out 
to illustrate the role of MAPK genes in the mediation of C. 
lunata infection to maize leaves.

Figure 1.  Effects of Clk1 deletions on fungal growth, pathogenicity, and conidiation. (A) Growth curve of wild type CX-3 and 
deletion mutants on PDA at 28 oC. (B) The disease spot area of WT, and Clk1 mutant 1 and 2. (C) Light microscopy 
images of hyphae and spore from wild type CX-3 and deletion mutants (Clk1 mutant 1 and 2). 
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appressorium formation, pathogenicity, and the activity 
of cell wall degrading enzymes(PG, PMG, Cx) of mutant 
strains.

Results 
The full length cDNA of Clk1 and Clm1 was 1271 bp 

and 1251 bp respectively, separately coding 352 and 416 
amino acids. The two Clk1 deletion mutants produced more 
aerial hyphae, displayed lower vegetative growth rate in the 
early development, lost ability of forming typical conidia 
but produced some dark and thick cell wall spores like 

chlamydospores, dramatically declined infection potential 
to detached maize leaves, and produced less cell wall 
degrading enzymes (PG, PMG, Cx) and toxin as compared 
with wild type  (Figure 1). 

In addition, Clm1 deletion mutants were proved to be 
lower virulence to detached maize leaves,  higher vegetative 
growth rate, produce a certain amount of deformed spores, 
and hyphae with incomplete cell wall, as well as secrete 
cellulase (Cx) with declined activity  as compared with wild 
type (Figure 2), which might implicate that Clm1 gene are 
closely involved in the mediation of cell wall integrity and 
virulence in C. lunatae. 

Figure 2.  Developmental and growth characteristics of wide type (WT) and Clm1 disruption mutant (mt). (A), (B): Conidial 
morphological appearance of WT and mt. (C), (D): Appressorium formation of WT and mt. (E): Strains were 
cultured on PDA at 28 ℃. (F): Strains were cultured on PDA at 24℃. (G): Strains were inoculated on PDA amended 
1mol/L mannitol at 28℃. Capital letters were stand for significant differences at P = 0. 01 level.
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Conclusions

Taken together, these results indicated that Clk1 and 
Clm1 were essential for regulating C. lunata development 
and infection leading to maize spot.
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P_4.21:  Understanding the virulence variation of Curvularia 
lunata on resistant maize by comparing analysis of 
proteomics and suppression subtractive hybridization
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Out of the 28 proteins, Brn1, Brn2 and SCD were key proteins 
for melanin synthesis, and HSP 70, peroxiredoxin TSA1 
and SOD were related to stress tolerance. The six proteins 
all served as crucial markers or factors directly involved 
in the potential virulence differentiation of C. lunata, and 
showed a dynamic change in expression along the course 

Introduction

Curvularia leaf spot caused by Curvularia lunata 
(Wakker) Boed. has led to tremendous yield loss of maize 
in northern China. In recent years, the occurrence of the 
disease has declined to some extent, because a wide range 
of resistant cultivars containing tropical or subtropical 
germplasms have been planted on a massive scale,however, 
this way in application of resistant cultivars have resulted 
in significant differentiation in virulence among C. lunata 
strains isolated from maize fields nationwide. General 
speaking, such changes are commonly believed to be 
caused by long term planting of resistant cultivar with too 
narrow genetic background in a given area. Therefore, it 
was important to understand the mechanism of virulence 
variation of C. lunata specifically and consecutively induced 
by resistant maize with tropical germplasm. 

Methods
We carried out consecutive subinoculation with weak 

virulence strain of C. lunata (WS18) on 4–5 leaf stage 
resistant population Pob21 and Pob101 for 11 generations 
and on inbred line 78599-1 for 7 generations. Pathogenicity 
assay was assessed with 10 plants inoculated with each 
generation strain. Differential proteins and genes involved in 
virulence variation were screened by 2-D gel electrophoresis 
and SSH method, respectively. Subsequently, MS/MS 
identified differential proteins.

Results
As the generation of subinoculation increased, the 

virulence of strain WS18 was gradually enhanced and peaked 
at the sixth generation on host plant Pob21 and Pob101 as 
well as the fourth generation on host plant 78599-1 (Figure 
1). Proteomic analysis showed that 12 and 16 proteins were 
up-regulated and down-regulated, respectively (Figure 2). 

Figure 1.  The dynamic change of disease index of 
subinoculated C. lunata strains to resistant 
inbred lines.
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Figure 2. The raw 2-DE images of the proteins of WS18-Pob21-11 (A) and WS18 (B).
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of subinoculation on resistant inbred lines. Moreover, 14 
up-regulated differential genes were found to be indicators 
for the evolution of pathogen virulence at the transcriptional 
level by SSH. Ouf of the 14 genes, some encoding Brn1, 
ubiquitin, laccase-1 precursor, peroxiredoxin TSA1, 
and SOD were all involved significantly in the potential 
virulence variation of the pathogen. HSP, Brn1, and SOD 
expressions at mRNA level exhibited similar tendencies to 
corresponding proteins detected in the proteomic assay. In 
addition, other genes or proteins might at present change 
not significantly enough to reflect the pathogen virulence 
differentiation induced by host plants, but probably evolve 
in progressive process of pathogen towards remarkable 
virulence genetic variation.

Conclusions
Taken together, the results indicated that differential 

proteins or genes involved in the pathogen melanin synthesis 
and tolerance response to stress can be considered hallmarks 
of potential pathogen virulence variation.
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Results
Differential expression genes were involved in catalytic 

process, structural molecular, transportation, electron 
carrier, enzyme regulator, transcription regulator, translation 
regulator, nutrient reservoir molecular transducer and 
other biochemical process. Also, numerous ROS (reactive 
oxygen species), which led to degradation of protein, 
nuclear acid, lipid and cell death, were induced under the 
fungus infection. Pathway analysis reveals that genes 
LOC542465, LOC542227, LOC100273405, TIDP2949, 
pco145926 of plant-pathogen interaction, rop3 gene of 
natural killer cell medicated cytotoxicity, Bx7, Bx6 gene of 
benzoxazinoid biosynthesis significantly different in L43, 
L282 and Qi319 compared with Huangzao4. 75 genes in 
response to heat smut infection were located in Bin2.09, and 
three of them harboring the LRR domain (receptor protein 
kinase CLAVATA1, BRASSINOSTEROID INSENSITIVE 
1-associated receptor kinase 1, hypothetical protein) may be 
the candidate resistance genes.
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P_4.22:  Gene expression profiles of response to head smut 
infection in maize (Zea mays L.)
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Introduction
Head smut, caused by Sporisorium reiliana, is one 

of the serious diseases in temperate maize-growing areas. 
Yield losses caused by head smut infection were reported 
in China, North America, Mexico, Australia, and European 
countries (Stromberg, 1981; Bernardo et al., 1992). Some 
studies have reported on germplasm evaluation and QTL 
identification for head smut resistance (Frederiksen, 1977; 
Jin, 2000; Lübberstedt, 1999; Lu and Brewbaker, 1999; Li, 
2008). While there were few studies about the mechanism 
of head smut resistance. The objective of this work is to 
analyze the gene expression profiles in response to head 
smut infection and to identify genes resistant to head smut.

Materials and Methods
Two maize resistant introgression lines, named L43 and 

L282, have been developed with inbred lines of Mo17 and 
Qi319 as donors under Huangzao4 (susceptible) background, 
respectively. Gene expression profiles (0d, 1d, 2d, 4d, 7d) 
in response to S. reiliana infection (artificial inoculation on 
mesocotyl, coleoptile and radicle) was analyzed with L43 
and L282 and their parents used Afymetrix GeneChip® 
Maize Genome Array (September 29, 2004).

Fig. 1. Expression of LOC542465, rop3 and Bx7 genes under pathogen inoculation in maize
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Table 1. Candidate resistance gene in Bin2.09

GeneID ProbeID Description Chr. location

100281253 Zm.10534.1.A1_x_at receptor protein kinase CLAVATA1 chr=2:230583533..230585418

100280966 Zm.10830.1.S1_at BRASSINOSTEROID INSENSITIVE 
1-associated receptor kinase 1 chr=2:219629313..219636025

100217307 Zm.10111.1.A1_at LOC100217307 chr=2:222235488..222241159
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P_4.23:  Genome-wide association study identifies candidate genes that affect plant 
height in Chinese elite maize (Zea mays L.) inbred lines 
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alleles of SNPs were calculated using PowerMarker 3.25 
[4]. The population structure and kinship information of 277 
line for mixed linear model were taken using the software 
STRUCTURE version 2.3 [5] and SPAGeDi with 5,000 
SNPs (MAF≥0.2), respectively. The STRUCTURE was run 
to test K=6 according to our previous study for three times 
with a burn-in period of 500,000 and 500,000 replications. 
General linear model (GLM) and mixed linear model 
(MLM) implemented in the program TASSEL 3.0 version 
[6] were used for genome-wide association mapping with 
41,101 SNPs (MAF≥0.05) and the SNPs with –log10P≥4 
were selected for candidate gene analysis.

Results

A subset of 44,235 SNPs (80%) with known physical 
position was generated in this study. The selected 44,235 
SNPs showed a wide distribution in minor allele frequencies 
(MAFs), ranging from nearly monomorphic (MAF <0.5%) 
to equally frequent (MAF≈50%) across the 277 inbred lines. 
Across three environments, taking the population structure 
into consideration, the mean value for –log10

P was markedly 
decreased about half (0.552551/0.973008) within total 
41,101 SNPs, and the peaks of SNPs on chromosomes were 
reduced with MLM. The 204 SNPs covered 105 genomic 
blocks harboring coding regions, from which more than 225 
cDNAs were identified.

Conclusions 

In this study, we were not able to detect the previously 
published maize dwarf loci across this panel. Meanwhile, 
our work shows that the favorable allele for dwarf trait on 
chromosome 5 might have been previously selected during 
maize breeding in China and the candidate genes for this 
QTL should be of greatly agronomic importance to maize 
breeding and production.

 
Introduction 

Attaining high and stable yield has been one of the 
major goals in crop production including maize. The semi-
dwarf, an important agronomic trait that contributes to crop 
yield, improves the harvest index and nitrogen response 
by increasing lodging resistance [1]. Plant height is one of 
complicated quantitative traits. Currently, plants defective 
in either signaling or biosynthesis of gibberellins and 
brassinosteroids give rise to a typical dwarf phenotype, 
respectively. To date, using different mapping populations 
more than 219 quantitative trait loci (QTLs) for plant height 
have been reported across maize ten chromosomes (update to 
2010 December in Gramene database). Several approaches 
have been successfully used to identify candidate genes, 
such as map-based cloning and association mapping. So 
far, two kinds of genome-wide association panels have been 
constructed for performing association mapping studies in 
maize [2, 3]. There is, however, little information of GWAS 
with genome-wide SNP markers in panel of elite inbred lines 
and the dwarf loci in Chinese germplasm, particularly for 
the widely used inbred line Shen5003. The objectives of this 
study therefore were to: 1) carry out GWAS of plant height 
including major dwarf loci using 41,101 well-selected SNPs 
covering whole genome; 2) identify loci for plant height in 
Chinese elite maize inbred lines under three environment 
conditions.

Materials and Methods 
A total of 284 diverse inbred lines were used for 

genotyping and SNP calling, which represented six 
subpopulations identified by population structure analysis. 
A subset of 190 of the 284 diverse inbred panel, was grown 
across three locations. SNP genotyping was performed using 
the MaizeSNP50 BeadChip by Emei Tongde (Beijing). The 
SNP content featured on this chip, using 56,110 evenly 
spaced markers to cover the whole maize genome according 
to the B73 reference sequence, was selected from several 
public and private sources with 984 negative controls. The 
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P_4.24:  Identification of nucleotide polymorphism in sugary1 
and shrunken2 genes in maize
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alleles. Full length gene sequence of su1 and sh2 was 
obtained from the MaizeGDB and only exonic regions were 
targeted. Primers were designed using Primer3 software 
and in total, eight primers for su1 and six for sh2 gene were 
designed covering the entire exonic regions. Amplicon 
size between 200-500 bases, primer length between 18-22 
bases, annealing temperature between 55-60°C, and ideal 
GC content between 50-60%, were considered during the 
designing of the primers. Genomic DNA was isolated using 
CTAB method from the above inbred lines and PCR condition 
for each primer pairs was standardized. PCR products were 
then analyzed by agarose gel electrophoresis and sent for 
sequencing. Alignment of sequence was performed using 
ClustalW and BioEdit softwares.

Results
The PCR amplicons for each of the primer set provided 

single and sharp band in the agarose gel, depicting the 
correct synthesis of primers (Fig. 1). Analyses of sequence 
of su1 and normal allele showed the presence of InDels, 
transition and transversion. InDels detected in the study 
ranged from single nucleotide to several nucleotides (Fig. 
1). Nucleotide polymorphism detected among the sh2 and 
the normal allele, also include single nucleotide insertion, 
deletion and replacement of nucleotides by purines and 
pyramidines. The nucleotide polymorphism detected among 
the different mutant and normal alleles of su1 and sh2 genes 
hold promise to utilize them in the breeding programme. 

Conclusions
The polymorphism detected among the exonic regions 

of the su1 and sh2 genes included InDels, transitions and 
transversions. The putative changes need to be validated 
in a larger set of genotypes. Development of markers 
differentiating the alleles holds promise in the marker-aided 
selection programme.

Introduction
Sweetness in sweet corn genotypes is due to the 

presence of one or more simple recessive alleles that alter 
the carbohydrate content of the endosperm. Among various 
genes, two mutant allele such as sugary1 (su1) and shrunken2 
(sh2) contribute significantly to the accumulation of sugar in 
the maturing kernel. Sh2 codes for the large sub unit of the 
ADP-Glucose pyrophosphorylase and the gene is present 
on chromosome 3. On the other hand, su1 gene is present 
on chromosome 4 and responsible for coding debranching 
enzyme. In case of sh2, the enzyme works in the early 
stages of the starch synthesis pathway and is responsible 
for enhanced accumulation of sugar. Due to elevated sugar 
levels, varieties of these genotypes are popularly called 
‘super sweet’ or ‘extra sweet corn’. Su1 on the other hand, 
leads to smaller increase in total sugar concentration at 20-
22 days, mainly due to the catalyzing steps at later stages of 
the starch pathway (Boyers and Shannon 1984). Both the 
genes were cloned and sequence information is available 
in the public domain (Shaw and Hannah 1992; James et al. 
1995). Several generations are required for conversion of a 
normal maize line into sweet corn type through conventional 
backcross breeding, as recessive alleles are to be present in 
homozygous form and involves progeny testing after every 
backcross. Besides, it also involves significant land, labour 
and requires biochemical analyses. Thus it is important to 
identify nucleotide polymorphism among the normal and 
mutant alleles, and the information can be effectively used 
to develop suitable markers for undertaking marker assisted 
breeding programme. 

Methods
Five inbred lines in the genetic background of su1su1 

and 12 inbreds with sh2sh2 gene combination, developed at 
the IARI, New Delhi were included in the present analyses. 
Five normal inbred lines from diverse genetic background 
were also taken for comparison between mutant and normal 
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Figure 1:  Standardization of PCR conditions using designed primers from shrunken2 (top left) and sugary1 genes (top 
right). Sequence comparison of a selected exonic region in sugary1 gene using Clustal W software (below).
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P_4.25:  Tagging of shrunken-2 and sugary-1 genes using 
microsatellite markers: a step towards marker-assisted 
selection in sweet corn

F. Hossain1*, A.K. Vishwakarma1, T. Nepolean1, N. Pandey1, R. Kumar1, B.M. Prasanna2 and H.S. Gupta1.
1Indian Agricultural Research Institute, New Delhi, INDIA
2Global maize Program, CIMMYT, KENYA
*Author for correspondence: fh_gpb@yahoo.com

Methods
Mutant inbreds in the genetic background of shrunken-2 

and sugary-1, developed at IARI, were crossed with two 
normal inbreds, V364 and V390, respectively. The respective 
F1s were raised and individual plants were selfed. The 
harvested ears showed segregation of normal and mutant 
types, and seeds were separated based on the phenotypes. 
In both crosses, 128 normal types and 48 mutant types were 
sown in separate rows to raise the F2 populations at IARI 
during the rainy season, 2010. DNA from the individual 
plants was isolated using CTAB methods, and bulk 
segregant analysis (BSA) was carried out (Michelmore et 
al. 1991). Since, shrunken-2 and sugary-1 genes are present 
on chromosome 3L and 4S respectively, SSR markers were 
selected from the respective linkage groups and were used 
for genotyping parents and bulks. Selected putative markers 
were then used in genotyping the F2 population.

Results
The harvest of F1 plants from each of the two 

populations clearly showed segregation of mutant 
(shrunken-2 or sugary-1) and normal alleles, in the expected 
ratio of 3:1. In case of sh2sh2 × V364 population, three 
SSR markers differentiated the bulks and parents, while 
for su1su1 × V390, six SSR markers could be selected for 
further analyses in the F2 population. The SSR markers 
putatively linked to shrunken-2 and sugary-1 loci, belong 
to the same linkage group where the respective genes are 
reported to be located. SSR marker, mgu132 was found to 
be placed at 1.14 cM distance from the shrunken-2 gene, 

Introduction
Sweet corn has become popular, both as a fresh and 

processed vegetable, throughout the world, including India. 
Nearly all commercial sweet corn genotypes are based on 
one or more simple recessive genes that alter carbohydrate 
content of the endosperm with higher degree of sweetness. 
Among them, shrunken2 (sh2) falls in Class I mutant – 
where it  accumulates sugars at the expense of starch and 
have greatly decreased total carbohydrates at the matured 
seed stages. Due to elevated sugar levels, varieties of these 
genotypes are often called ‘super sweet’ or ‘extra sweet 
corn’. In case of sugary-1, a class II mutant, it affects the 
types and amounts of polysaccharides produced and lead to 
slightly less starch accumulation in the matured kernel with 
smaller increase in total sugar concentration at 20-22 days 
(Boyers and Shannon 1984). Besides high concentration 
of kernel sugar in ‘super sweet’, it depletes kernel sugar 
at slower rate after harvest as compared to su1 type, thus 
enjoys the benefit of extended shelf life. Conversion of 
a normal maize line to sweet corn type requires several 
generations through conventional backcross breeding, since 
the desired alleles (shrunken-2 and sugary-1) have to be 
present in a recessive homozygous form, thereby involving 
progeny testing after every backcross. In addition, such a 
breeding programme would also involve significant land, 
labour and requires rigorous biochemical analyses. In view 
of the growing importance of sweet corn and to accelerate 
the pace of progress of sweet corn cultivar development, 
it is important to identify microsatellite markers linked to 
shrunken-2 and sugary-1 genes that in turn would help in 
undertaking marker-assisted selection and would expedite 
the breeding process.  
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while mgu227 showed a distance of 2.33 cM (Fig. 1). In case 
of sugary-1 gene, both mgu196 (Fig. 2) and mgu1937 were 
found to be linked at a distance of 1.73 cM distance. Other 
putative markers showed large distance from the gene due to 
higher recombination. 

Conclusions
Bulk segregant analysis of the shrunken-2 and sugary-1 

genes, identified several putative SSR markers between the 
bulks and parents. Among them mgu132 and mgu227 for 
shrunken-2 gene and mgu196 and mgu193 for the sugary-1 

gene, were found to be tightly linked with the respective 
genes. The linked SSRs can be potentially utilized in the 
marker-assisted backcross breeding to accelerate the sweet 
corn hybrid development.
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Figure 1: Segregation of mgu227 in the sh2sh2 x V364 F2 population, P1: sh2sh2 inbred, P2: normal inbred

Figure 2: Segregation of mgu193 in the su1su1 x V390 F2 population, P1: su1su1 inbred, P2: normal inbred
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P_4.26:  Multiple shoot Induction form mature embryo of 
Indian maize inbred lines
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to biotic stress and tolerance to abiotic stresses is expected 
to address many of these issues synergistically with 
conventional breeding strategies. Green and Philips (1975) 
have first reported regeneration from immature embryos of 
maize. Since then, maize regeneration has been reported 
from immature embryos, mature embryos,  nodal regions, 
leaf  tissues , anthers , tassel and ear meristem, Protoplast  
and shoot meristem. However immature embryos are 
predominantly used for establishing regeneration-competent 
cells or callus cultures for genetic transformation. However, 
maize genotypes adapted to temperate regions have been 
used in these studies on regeneration and transformation 
(Bohorova et al., 1995). To harness the benefits of genetic 
transformation in breeding programme under Indian 
condition it is important to develop protocols of regeneration 
and transformation with maize inbreds adapted to tropical 
and sub tropical climatic conditions of India. Therefore, the 
objectives in the present investigation were to establish a 
reproducible regeneration protocol for well adopted Indian 
maize inbred lines.

Abstracts
Maize seed has split into two halves and to expose 

the scutellum, colepotilar ring and shot apical meristem 
into the Multiple Shoot Induction media responded direct 
organogenesis for producing more shoots form single 
explant. Unlike immature embryo, mature embryo explants 
are simple, time independent for inoculation and high 
response for shoot induction. Using this mature embryo as 
explants up to 5 shoots were obtained from single explants 
within 3-4 weeks of inoculation in Multiple Shoot Induction 
media with optimum concentration of 17.6 µM of BAP is 
found to be a good choice of getting multiple shoots from 
mature embryo.

Introduction
Maize is third important cereal crop in India. Genetic 

transformation of maize with genes conferring resistance 

Figure 1.  Multiple shoot induction from mature embryo in tropical Indian maize inbred. (A) Split seed; (B) Bulging of 
mature embryo; (C) Direct organogenesis of shoot; (D) Multiple shoot from single explant.
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Materials and Method 

Genotypes

BML 2, CM 300, HKI I93-1, CML 331 and BML 5 
were used for the study.  Five seeds from each genotype has 
taken and three replication has been formed for the study.

Media

Kernels were washed with Tween-20 followed by 
surface-sterilization with sodium hypochlorite (0.6%) for 
20 min. Subsequently, kernels were washed five times with 
sterilized distilled water. Kernels were soaked in sterile 
distilled water for 24 hr, after that they were soaked in 
LS with 13.6 µM of 2,4-D for 48 hrs. Soaked seeds were 
germinated in vitro in MS with 9 µM of 2, 4-D  in a petri 
dish. The embryo axis is positioned so that the seed is split 
longitudinally into two identical halves using a pair of 
forceps and a scalpel with surgical blade. Then, each explant 
was cultured facing the wounded side on the medium kept 
for 3-4 days (Fig.1A-B). Then the explants were transferred 
to Multiple Shoot Induction (MSI) media.

The direct multiple shoot induction medium (MSI) 
included MS basal salts (Murashige and Skoog 1962) 
supplemented with B5 vitamins in addition to 1mg/l glycine, 
400 mg/l casein hydrolysate and 30g/l sucrose solidified 
with 8 g/l agar. The PH was adjusted to 5.8 with KOH, prior 
to adding agar, and the media was autoclaved at 1210C for 
20 minutes. Various concentration of BAP (0, 4.4, 13.2, 17.6 
and 26.4 µM) in combination with 9.2µM concentration of 
kinetin were added in the autoclaved media. Explants were 
kept in MSI medium for 3-4 weeks in 16 hr photoperiod, 
50-70 µ E/m2/s light intensity, and 280C. After 3-4 weeks, 
number of multiple shoots(Fig.1C-D) produced by each 
explants was recorded.  

Result and Discussion
Maize immature embryos have been the most widely 

used regeneration explants, especially for the production of 
transgenic. Besides the inherent difficulty of maintaining 
a continuously supply year round, which requires high 
quality green house space and particular care during winter 
months, the predictable regeneration response is genotype 
dependent. Similarly, mature embryos have been considered 
more recalcitrant to tissue culture manipulations than 
immature embryos based on the limited number of reports 
for the regeneration of maize plants form mature embryo 
(Hunag and Wei, 2004).  In our studies we found multiple 
shoot Induction is highly achievable in this method.

Maize regeneration media has been widely supplemented 
with cytokinins for MSI in varied concentrations o kinetin, 
Zeatin and BAP (Sairam et al., 2003). Number of shoots per 
explants increased by increasing concentration of BAP to 
a maximum of 5 shoots per explants was observed at 17.6 
µM( Table.1).  Among the genotypes BML 2 has produced 
3-5 Shoots per explants, followed by BML 5 (2-5 shoots), 
CM 300(2-4 shoots), HKI 193-1(1-2 shoots) and CML 331( 
0-1shoots).

Conclusion
This split seed of mature embryo can produce higher 

number of shoots through direct organogenesis in a reduced 
amount of time. Three competent cells in split seed viz., 
scutellum, coleoptiles ring and shoot apical meristem played 
a vital role in multiple shoot induction.
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Table.1. Multiple shoot formation on media supplemented 
with different concentration of BAP

Genotype

No of shoots formed with different 
concentration of BAP

0 
µM

4.4 
µM

13.2 
µM

17.6 
µM

26.4 
µM

BML 2 (3-5) 3 3 4 5 3
CM 300(2-4) 2 3 2 4 2
HKI 193-1(1-2) 1 2 1 2 1
CML 331(0-1) 1 1 0 1 1
BML 5(2-5) 2 3 4 5 3
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by Shijian 8 recoverable satellite before continuous selfing 
in Sichuan and Hainan, China. A total of 31, 43, and 41 SP3 
mutated lines were obtained respectively by shuttle breeding. 
These 115 SP3 and their untreated lines went into the field 
experiment in Ya’an, Sichuan, in which there were 2 rows in 
each line with 28 plants in total and the density of 50,000/
hm2. DNA was extracted from the young leaves during 
seedling by 2×CTAB method. The SSR primer sequence was 
obtained from maize data base (http://www.maizegdb.org), 
and the PCR amplification products were subjected to 6% 
degeneration polyacrylamide gel electrophoresis detected 
by yinranfa. Site polymorphism PIC and the variation of 
genotype H’ were calculated. NTSYSpc2.1 (Version 2.11a) 
was used to calculate the genetic similarity coefficient and to 
perform cluster analysis.

Introduction
The increase of germplasm resources is of great 

significance to the improvement of maize breeding. 
Aerospace mutagenesis has the advantages of expanding 
mutation spectrum and faster stabilization of mutants and 
thus has made great progresses in various crops (Wen et al. 
2004; Zeng et al. 2003). This study was to analyze the genetic 
variation of three maize inbred lines and their mutants SP3 
by SSR markers to provide references for the creation and 
application of maize germplasm resources.

Materials and methods 
The commonly used maize inbred lines K305, K169 and 

698-3 coming from southwest China were carried into space 

Fig. 1 Clustering diagram of SP3 lines based on genetic similarity coefficient of SSR markers
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Table 1 Genetic diversity of SP3 Lines with SSR markers

Primer Chromosome

No. of alleles No. of genotypes
Polymorphic 

information content Genetic diversity indexes

K305 K169 698-3 K305 K169 698-3 K305 K169 698-3 K305 K169 698-3

bnlg439 1.03 5 5 2 4 6 3 0.277 0.357 0.092 0.582 0.818 0.224
phi1011 1.09 3 1 3 5 2 6 0.559 0.474 0.779 1.090 0.667 1.605
phi308707 1.10 1 7 5 2 4 5 0.061 0.590 0.488 0.139 1.377 0.965
phi96100 2.01 3 5 6 4 6 10 0.322 0.320 0.782 0.645 0.726 1.824
umc1165 2.02 3 5 5 4 5 11 0.279 0.211 0.862 0.598 0.505 2.159
bnlg1064 2.03 1 4 2 2 5 4 0.061 0.319 0.490 0.139 0.695 0.951
bnlg1633 2.07 6 5 5 7 7 11 0.660 0.393 0.850 1.336 0.921 2.082
bnlg198 2.08 6 4 8 8 6 15 0.576 0.483 0.811 1.299 1.057 2.149
phi127 2.09 6 7 7 9 12 14 0.605 0.737 0.890 1.382 1.933 2.380
phi049 3.01 4 5 6 6 11 12 0.746 0.783 0.830 1.509 1.922 2.085
phi073 3.05 13 12 7 21 28 18 0.930 0.935 0.914 2.862 3.059 2.655
umc1399 3.07 4 5 3 7 20 5 0.770 0.914 0.706 1.661 2.713 1.387
phi047 3.09 4 5 5 7 8 14 0.816 0.818 0.858 1.786 1.830 2.266
umc1136 3.10 4 5 5 5 6 7 0.604 0.601 0.747 1.104 1.230 1.585
phi072 4.01 5 6 4 6 11 7 0.422 0.738 0.745 0.936 1.712 1.563
umc1294 4.02 2 3 7 3 4 15 0.508 0.491 0.876 0.831 0.911 2.364
nc004 4.03 - - 9 - - 13 - - 0.821 - - 2.112
umc1652 4.04 - 3 3 - 4 4 - 0.633 0.473 - 1.112 0.806
bnlg589 4.10 2 3 3 3 4 5 0.174 0.350 0.370 0.371 0.710 0.800
phi006 4.11 - 4 3 - 6 3 - 0.533 0.353 - 1.120 0.633
phi331888 5.04 2 2 5 2 3 10 0.061 0.129 0.802 0.139 0.292 1.951
umc1918 6.04 3 6 7 4 11 10 0.455 0.831 0.755 0.892 2.036 1.740
phi299852 6.07 5 6 6 11 18 13 0.876 0.845 0.872 2.177 2.384 2.272
phi089 6.08 6 5 6 11 8 15 0.764 0.717 0.887 1.813 1.614 2.396
phi112 7.01 - - 4 - - 8 - - 0.658 - - 1.426
phi034 7.02 4 7 8 6 19 16 0.539 0.879 0.871 1.148 2.523 2.377
bnlg1305 7.03 4 4 4 5 8 6 0.670 0.680 0.667 1.307 1.469 1.301
umc1304 8.02 3 3 3 4 6 4 0.279 0.613 0.544 0.598 1.298 0.883
phi014 8.05 2 5 5 3 9 7 0.271 0.745 0.556 0.512 1.612 1.140
bnlg619 9.07 3 4 6 5 11 12 0.674 0.801 0.808 1.319 1.931 1.997
phi041 10.00 6 2 6 10 3 15 0.672 0.206 0.890 1.581 0.411 2.431
umc1152 10.01 1 1 2 2 2 4 0.404 0.491 0.616 0.594 0.684 1.121
Mean - 3.96 4.63 5.00 5.93 8.43 9.44 0.501 0.587 0.708 0.909 1.290 1.676

Results
A total of 32 SSR primers of stable polymorphism 

among 132 primers used were selected, and 129, 154, and 
181 polymorphic fragments, with the average allele number 
per SSR locus of 3.96, 4.63, and 5.00 and the allelic variation 
of 1-13, 1-12 and 2-9 for each primer, were detected from 
K305, K169 and 698-3, respectively. PIC value of each 
locus was 0.501, 0.587 and 0.708, and the average H’ was 
0.948, 1.290 and 1.276, respectively (Table 1). The mutants 
of three maize lines were divided into 4, 5, and 6 groups 
respectively by UPGMA (Fig. 1), among which all K305 
mutates went into different cluster with highest difference 
from untreated group.

Conclusions
Aerospace mutagenesis can create rich genetic variation 

and broaden hereditary basis for maize germplasm. The 
sensitivity of different maize inbred lines to aerospace 
mutagenesis was varied and the mutation effect may be of 
great difference (Vaulina et al.1984). Our study clarified that 
mutation effect was highest in K305, followed by 698-3 and 
then K169.
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Introduction
The tropical maize race Tuxpeño has been incorporated 

in pools and populations in CIMMYT. Its productivity per 
se and combining ability in crossing with ETO is known as 
Tuxpeño-ETO heterotic patterns. CMLs were developed 
from CIMMYT populations and pools. Some of them 
have a background of Tuxpeño germplasm. The accessions 
evaluation experiments at CIMMYT identified unique 1,350 
accessions in the race complex. U.S. GEM has developed 
enhanced lines from breeding crosses grouped into stiff stalk 
(SS) and non-stiff stalk (NSS) heterotic patterns. Recently, 
GEM recommended lines become available from NC7 
maize genebank, ISU, Iowa, USA. As Tuxpeño germplasm 
has not been used in the GEM project, comparison of genetic 
diversity of them would be of interest to maize breeders. 
The objectives were to assess genetic diversity and genetic 
distance among the Tuxpeño core, CMLs, GEM lines to 
investigate potential utilization of the Tuxpeño core or 
minicore in tropical maize improvement. 

Materials and Methods
A total of 498 accessions in the panel included 321 

landrace accessions of Tuxpeño core set (two individual 

Abstract
The tropical maize breeding has used a race complex 

of Tuxpeño for its wide adaptation, productivity, and high 
heterotic response to population ETO. CIMMYT maize 
germplasm Bank evaluated the collection of the race to 
develop core and minicore subset to facilitate further 
use of it in breeding program. In order to investigate 
how it could be exploited in future maize improvement, 
a panel of maize germplasm accessions was assembled 
and characterized using genome-wide Single Nucleotide 
Polymorphism (SNP) markers. This panel included 321 core 
accessions of Tuxpeño race from the International Maize 
and Wheat Improvement Center (CIMMYT) germplasm 
bank collection, 94 CIMMYT maize lines (CMLs), 54 U.S. 
Germplasm Enhancement of Maize (GEM) lines, and 29 
other reference lines and populations. Clustering analyses 
(CA) based on Modified Rogers Distance (MRD) clearly 
partitioned all 498 entries into their corresponding groups. 
No sub clusters were observed within the Tuxpeño core 
set which may contribute to enhancing GEM-SS heterotic 
lines. Breeding strategies such as enhancement of heterotic 
patterns of CML-A with GEM stiff stalk (SS) lines and 
CML-B with GEM non stiff stalk (NSS) lines in tropical 
maize breeding are suggested, based on grouping of the 
studied germplasm and genetic distance among them.  

Table 1. Pair-wise genetic distances studied by 1,041 SNP markers among Tuxpeño core (Tux.core), and CML and GEM 
heterotic groups.

Group CML-A CML-B GEM-NSS GEM-SS Tux.core

CML-A 0.570+0.034 - - - -
CML-B 0.571+0.023 0.562+0.053 - - -
GEM-NSS 0.586+0.017 0.588+0.019 0.503+0.062 - -
GEM-SS 0.657+0.035 0.656+0.035 0.636+0.032 0.580+0.057 -
Tux.core 0.480+0.019 0.478+0.020 0.491+0.022 0.571+0.040 0.335+0.026

*The values are average MRD + SD, and the values in the diagonal represent average MRD within each group.
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plants each accession except 24 accessions with one plant 
investigated), 94 CMLs (48 heterotic group A, 38 B, and 
8 of A/B pattern), 54 GEM lines (34 stiff stalk and 19 non-
stiff stalk lines), 4 temperate maize inbred lines, 14 landrace 
accessions from the U.S., and 11 CIMMYT populations. 
DNA was extracted using a modified CTAB procedure. 
Genotyping was performed using Illumina Golden Gate 
assay on 1,536 bi-allelic SNP markers developed by Yan 
et al. 20101. The software Illumina BeadStation 500 G 
(Illumina, Inc., CA, USA) was used for SNP genotyping 
according to the protocol described by Fan et al. 2006. A 
neighbor-joining tree of these 498 entries was constructed 
based on the MRD using 1,041 SNPs. Phenotypic traits and 
genotypic data from evaluation of 321 Tuxpeño accessions 
were used to develop a minicore subset.

Results
A total of 1,443 polymorphic SNPs (93.3%) were 

successfully called, with less than 10% missing data. They 
were evenly distributed across the whole maize genome, 
with coverage ranging from 103 SNPs on chromosome 10 
to 213 SNPs on chromosome 1. The Neighbor-Joining tree 
of all 498 entries showed Tuxpeño core, CMLs and GEM 
lines clearly separated. Population 21 including Tuxpeño 
clustered amongst the Tuxpeño accessions. Allelic frequency 
of 1,041 SNPs was detected within the Tuxpeño core, CML 
and GEM lines. There were 35 and 33 SNPs with allelic 
frequency difference of more than 0.5 in the comparisons 
of Tuxpeño core versus GEM, and CMLs versus GEM, 
respectively. However, only one SNP was found within 
this range, when comparing Tuxpeño core versus CMLs. 
Out of the 1,041 SNPs, 35 and 13 alleles were absent in 94 
CMLs and 54 GEM lines, respectively, which were present 
in the Tuxpeño core. Pair-wise MRD among Tuxpeño core, 
CML heterotic groups A and B, GEM heterotic groups SS 
and NSS, as well as MRD within each group showed that 
larger genetic distances were observed between Tuxpeño 
core and GEM groups than that between Tuxpeño core and 
CML groups. MRD between CML heterotic groups A and 
B were less than that between GEM heterotic groups SS 
and NSS. The Tuxpeño core was closer to GEM NSS group 
than GEM SS group. A minicore subset of 64 accessions had 
gene diversity, heterozygosity, PIC and Gower distance (Gd) 
as equal as or higher than those of the core.

Conclusion 
MRD revealed clear separation among Tuxpeño core, 

CML, and GEM lines. There were no absent alleles in the 
Tuxpeño core in 1,041 SNPs studied. GEM lines showed 
larger genetic divergence from CMLs and the Tuxpeño core. 
Breeding for tropically adapted SS-A heterotic pattern and 
NSS-B heterotic pattern is recommended. 
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Figure 1.  Neighbor-joining clustering of all 498 accessions based on the modified Rogers distance calculated using 1,041 
SNPs. 



313

Technical Session 4: Novel Tools/Technologies for Enhancing Maize Production

with development of core subsets of the CIMMYT maize 
collection. 
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Introduction
The HarvestPlus partners, including CIMMYT, IITA, 

ZARI (Zambian Agricultural Research Institute), and 
many others are developing biofortified maize to help 
alleviate malnutrition, which afflicts nearly half of the 
world’s population.  Micronutrient malnutrition, caused 
by inadequate consumption or utilization of iron, zinc or 
vitamin A, compromises the health of many populations.  
While the preferred solution is for all to consume balanced, 
healthy diets, the reality is that many do not currently enjoy 
access to such diets.  Furthermore, recent global trends, such 
as the “food crisis” of 2008 in South Asia, suggest that as 
food prices increase, consumption of nutrient rich meats and 
vegetables may decrease among poor consumers who are 
driven to consume relatively more of cheaper, staple grains.

Biofortification of staple food grains can be an effective 
way to provide essential nutrients to consumers whose diets 
rely heavily on these grains.  Other effective strategies 
include supplements and fortification of foods, but these 
are costly interventions that require repeated or continuous 
investments, whereas biofortified crops could be produced 
and regularly consumed, as long as appropriate varieties are 
available.  The development and promotion of biofortified 
maize varieties has been an important effort at CIMMYT 
for more than 30 years (Gunaratna et al., 2010; Krivanek et 
al., 2007), and HarvestPlus and partners have been working 
for about 8 years on provitamin A bioforotification of maize.

Micronutrient Biofortification of Maize
Pixley et al. (2007) reported about the opportunities 

and strategies for biofortified maize during the ninth Asian 
regional maize workshop held in Beijing, 2005.  Since then, 
excellent review papers have been published by Ortiz-
Monasterio et al. (2007) and Pfeiffer and McClafferty 
(2007a, 2007b).  Therefore, the objective of this paper is 
to report selected highlights of recent progress within the 
HarvestPlus maize team.

Conventional breeding to increase iron concentration 
has been mostly discontinued within the maize HarvestPlus 
team because of limited natural variation found for this trait.  
However, collaborative research with the USDA Soil and 
Plant Nutrition Laboratory at Cornell University, USA, has 
found significant genetic variation for bioavailability of iron 
in maize, opening a possible strategy which we thus far 
have not pursued due to prioritization of efforts as well as 
complexity and cost of the bioavailability assay (Pixley et al., 
2011).  Selection and breeding to increase zinc concentration 
in grain is progressing, and genotypes have been found or 
developed with zinc levels that exceed the target level (about 
40 parts per million (ppm)) set by HarvestPlus.  Exciting 
potential exists to enhance the bioefficacy of both provitamin 
A carotenoids and Zn in maize (or more broadly, in the 
diet) by increasing concentrations of both simultaneously; 
Tanumihardjo et al. (2010) have discussed the interrelated 
nature of these nutrients in processes related to macular 
protection, membrane transport and retinol formation, which 
impacts on their utilization by humans.  One important 
complication applies to both iron and zinc: Because these 
minerals can not be synthesized by plants, they must be 
taken-up from the soil and translocated within the plant to 
the grain.  This implies that the soil content of iron or zinc, 
and soil characteristics such as pH may be limiting factors, 
and even “efficient” genotypes may have low concentrations 
of these minerals when grown on certain soils.

Most of the maize biofortification work of HarvestPlus 
concerns breeding for increased concentrations of 
provitamin A carotenoids.  As proof of concept, three 
cycles of intra-population S1 recurrent selection were 
completed at CIMMYT for three African open-pollinated 
varieties (OPVs), ‘Obatanpa’, ‘SAM4’ and ‘ZM301’.  
In each selection cycle, the best S1 lines with desirable 
agronomic traits and higher levels of provitamin A content 
were selected and inter-crossed to form the new cycle of 
selection. A trial consisting of the original cross (i.e. the 
cross or “backcross zero” between the OPV and a source 
of high provitamin A concentration) and the F2 for each 
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cycle of selection of each of the three populations was 
evaluated for agronomic performance at more than 10 sites 
and for provitamin A concentrations at three sites. Results 
of analysis of controlled-pollination grain samples harvested 
from the three sites and analyzed at three laboratories 
showed a realized gain of 0.9 μg/g of total provitamin A per 
selection cycle in the three populations. The attainment of 
significant gains from S1 recurrent selection across sites and 
laboratories provides evidence that these traits are heritable 
and selection gains are possible.

CIMMYT’s maize biofortification program is primarily 
devoted to inbred line and hybrid development, while 
developing OPVs as a spin-off of this work.  The general 
breeding strategy is to cross elite lines from our breeding 
programs in Africa, Mexico and elsewhere with source lines 
that have 10-20 μg/g of provitamin A carotenoids.  These 
F1’s are backcrossed to the elite line, and BC1F1 kernels 
are visually selected for intense orange or yellow color.  
Experience has convinced us that BC1-derived lines are 
unlikely to have more than about 5 μg/g of provitamin A, so 
we now routinely perform a second cross (“2nd dose”), BC1 
by provitamin A source line.  Best hybrids from this program 
have been obtained with ≈8 μg/g of provitamin A.

A first generation or set of provitamin A biofortified 
maize hybrids was tested for two years (2008-2009 and 
2009-2010) in multiple locations in Zambia, Zimbabwe 
and Mexico.  Eight hybrids were preliminarily identified 
as agronomically competitive with currently popular 
commercial hybrids, and five of these were submitted by 
ZARI for inclusion in the Zambian national performance 
trials, as part of pre-release requirements, during summer 
2010-2011.  Seed of these hybrids is being multiplied for 
use in farmer-participatory trials and demonstration plots 
during 2011-2012.  Various acceptability trials, including 
preparation and tasting of popular foods, have been and 
will continue to be conducted for these hybrids.  It is 
hoped that one or more hybrids will be suitable for release, 
commercialization and promotion in Zambia by 2013.

The use of marker-assisted selection (MAS) in 
breeding for provitamin A concentration in maize became 
possible after Harjes et al. (2008) published results of 
association mapping research, and PCR-based markers were 
subsequently developed to enable selection for favorable 
alleles of LycE (lycopene epsilon cyclase), a crucial gene 
that governs partitioning of alpha and beta carotene branches 
in the carotenoid biosynthetic pathway.  More recently, 
collaborative research between CIMMYT, the University 
of Illinois, and Cornell University, reported important 
allelic variation and developed useful markers for alleles 
of a second crucial gene that is involved in the conversion 
of beta carotene into beta cryptoxanthin in the downstream 

carotenoid pathway, CrtR-B1 (carotene beta-hydroxylase 
1) (Yan et al., 2010).  A large-scale allele mining effort is 
underway at CIMMYT , which has identified a number of 
lines with favorable allele constitution at either or both the 
loci in diverse tropical/sub-tropical germplasm backgrounds.

The effectiveness of these markers for selection in 
tropical and sub-tropical adapted germplasm was validated 
at CIMMYT using several crosses with diverse genetic 
backgrounds, including seven segregating for favorable 
and unfavorable alleles of both genes.  Seeds of 400 plants 
derived from each population were analyzed for carotenoid 
composition and genotyped using markers linked to the most 
important alleles of the two key genes to determine their 
effect on provitamin A content. The results of analysis of the 
nine genotypic classes in the six crosses showed that these 
alleles had strong effects, ranging from 43% to 258% increase 
(average 150% increase, i.e. 250% of the homozygous 
unfavorable genotype) for provitamin A concentration 
in all crosses. These markers are currently being used at 
CIMMYT to enrich provitamin A concentrations in tropical 
and sub-tropical maize. The markers are also currently being 
validated at IITA using diverse inbred lines with contrasting 
provitamin A content. 

We are now using MAS to develop better source lines, 
combining both of these favorable alleles together with 
above-average concentrations of provitamin A. Use of MAS 
promises to increase the efficiency and effectiveness of 
breeding programs for provitamin A, and we expect to soon 
have hybrids with 10-15 μg/g of provitamin A.

Challenges and opportunities
An important concern in this work relates to the post-

harvest retention or loss of provitamin A carotenoids.  
Both enzymatic and non-enzymatic (oxidative) reactions 
can result in deterioration of provitamin A carotenoids.  
Preliminary results suggests that losses are greatest, and may 
range from 25-50% during the first 4-8 weeks after harvest, 
and that storage form (i.e. unshelled with or without husks, 
shelled grain, milled flour, etc.) and conditions (primarily 
temperature) significantly influence the extent of losses.  Of 
course, cooking also results in some loss of provitamin A 
carotenoids, but these losses seem to be more consistent and 
predictable than those caused by other factors mentioned 
above.  The total expected losses from harvest to consumers’ 
plates have been taken into account in setting the breeding 
targets for biofortification, but improved understanding of 
retention/losses, as well as other important determinants 
of bioefficacy and bioeffectiveness, may require periodic 
adjustments to these target levels.
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The greatest challenges in this work are to develop 
biofortified cultivars that combine: 1) meaningfully 
enhanced levels of one or more nutrient, 2) competitive 
agronomic performance (e.g. yield, stress tolerance), 3) 
farmer acceptance, and 4) consumer acceptance.  Data and 
evidence to date indicate that the technical goals can be 
achieved, at least in developing agronomically competitive 
maize with enhanced levels of provitamins A. At the same 
time, participatory variety selection programs, education 
and marketing efforts must be combined in a coordinated 
strategy that paves the way for adoption and consumption of 
biofortified maize varieties.

The greatest opportunity is to realize the potential of 
biofortification: Simultaneously increasing productivity and 
nutritional value of the staple food of millions of consumers, 
some of whom suffer from micronutrient malnutrition.

For further information, or to request seed of 
experimental biofortified germplasm, the reader is invited to 
contact the corresponding author of this manuscript.
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Introduction
Vietnam has experienced difficulties  increasing the 

acreage of maize due to strong competition from other 
crops, including cassava, rubber and sugarcane. Therefore, it 
is important to increase the value of maize by: 1) enhancing 
productivity and 2) QPM. The second option has been 
developed in collaboration with CIMMYT (1999-2005), 
and has led to the release of HQ2000. However, the hybrid 
suffered from a high level of ear rot (10-15%) and low yield 
(5-6 tones ha-1) as compared to normal hybrid LVN10 (6-7 
tones ha-1). Between 1999-2007, NMRI imported hundreds 
QPM lines from CIMMYT, but percentage of usable lines 
has been only 1-2%. Therefore, since 2004, a conversion 
program of adapted normal inbred lines into QPM by both 
conventional methods and double haploid anther culture has 
been under way.

Materials and methods

2.1. Materials

Four QPM inbred lines from CIMMYT (CML161, 
CML165, CML161/422, CDVA16), four QPM lines 
(Q10, Q11, Q18 and Q21) converted from normal lines 
by conventional breeding methods (Ly Chau Ngoc, 2010) 
and TCH1 (check);eleven DH inbred QPM lines of QPM  
(V57, V63, V64, V66, V68, V72, V79, V152, V181, KQ7, 
C131) developed through anther culture (Ly Chau Ngoc, 
2010).

Two testers, V152 and KQ7, were chosen based on their 
high yield and good agronomic traits.

2.2. Methods

Cluster analysis of genetic diversity using SSR 
markers was obtained by Jaccard’s coefficient (JC) using 

the NTSYSpc, Version 2.1, software package (Rohlf, 2000) 
UPGMA. 

40 topcrosses and two commercial hybrids (C919 and 
HQ2000) were evaluated using a 7 x 6 alpha lattice design. 
GCA and SCA of grain yield were analysed following model 
of Griffing (1956). 

Figure 1. Genetic distance of 19 new QPM lines based on 
20 SSR markers (Spring, 2008)



321

Technical Session 5: Nutritionally Enriched and Specialty Maize

Results and discussion

3.1. Genetic diversity among 19 QPM and 1 normal 
inbred line

V152 had 60%  genetic difference from  19 other inbred 
lines (Figure 1) and the 20 lines divided into 3 main genetic 
groups: the first with V152; the second group contained 
V181, Q18, Q21, Q10, Q11, TCH1, and KQ7; the third 
group consisted of the remaining lines on the denogram.

3.2. General (GCA) and specific combining ability 
(SCA) of 18 lines with 2 testers

Table 1 showed that GCA of lines with two testers was 
highest for V63 (+10.758), then for CML165 (+8144), V64 
(+6198), Q10 (+5399), CML161 (+4611), V79 (+4551), 
V66 (+4308) and Q18 (+2148). However, Q18 had highest 
SCA (+12,421) with V152, followed by CML161 (+12.595), 
Q10 (+10.113), V79 (+9.508), V64 (+9.161). Grain yield 
was highest for V64/V152 (97.650 qtls ha-1), followed by 
CML161/V152 (90.35 qtls ha-1) and Q18/V152 (88.36 qtls 
ha-1). These three experimental hybrids had very little ear rot.

Results of VCU and DUS testing under the national 
variety testing network combined with  evaluations over an 
area of more than 2000 hectares, led to the release of V64/
V152 under the name LVN154 in March 2011. Property 
rights of this hybrid  were transferred to Dai Thanh Ltd 
Company in April 2011.

Conclusions
DH lines by anther culture (V152, V64), CML161 

and the conventional backcross QPM line (Q18) are the 
best QPM inbred lines for use in Vietnam, and provide 
good opportunities for generating new QPM hybrids in the 
country. Conversion of the parents of commerial hybrids in 
to QPM lines is an efficient form of releasing commerial 
QPM hybrids.

References
GRIFFING, B. 1956. Concept of general and specific combining 

ability in relation to diallel crossing systems. Australian 
Journal of Biological Science, v.9, p.463-493.

Table 1.  General (GCA), specific combining ability (SCA) of 17 QPM lines with V152 and KQ7 as QPM testers and grain 
yields between lines x testers. Spring 2008  Dan Phuong, Ha Noi

No Inbred lines GCA

V152 KQ7

Variation
SCA with 

parent
Yield

(Qtls ha-1)
SCA with 

parent
Yield

(Qtls ha-1)

1 CDVA16 -16202 -6.769 43.030 6.769 78.190 91.634
2 161/422 3283 -8.844 50.497 8.844 57.173 156.426
3 Q10 5399 10.113 85.203 -10.113 85.333 204.539
4 Q11 -11311 5.276 65.953 -5.276 59.547 55.676
5 Q18 2148 12.421 88.360 -12.421 71.830 308.571
6 Q21 -4022 4.421 76.073 -4.421 63.780 39.094
7 V57 -4351 -11.024 42.587 11.024 71.053 243.049
8 V59 3688 -3.509 50.897 3.509 63.230 24.624
9 V64 6198 9.161 97.650 -9.161 73.670 167.854
10 V63 10758 -1.162 85.210 1.162 70.720 2.701
11 V66 4308 4.395 84.623 -4.395 50.020 38.623
12 V68 -2952 -8.129 60.877 8.129 50.573 132.156
13 V72 -5881 1.473 69.100 -1.473 60.173 4.339
14 V79 4551 9.508 76.923 -9.508 73.977 180.798
15 V181 -8367 -15.964 57.167 15.964 63.133 509.687
16 CML161 4611 12.595 90.350 -12.595 58.560 317.243
17 CML165 8144 -13.962 63.413 13.962 75.057 389.884

C919 63.7 63.7
CV% 15,5 15,5
LSD0.05 11.5 11.5
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Tocopherols (vitamin E) are important nutrition and 
antioxidant for human beings as well as plants. Here, we 
conducted an association study (GWAS) with an association 
panel of ~500 diverse maize inbred lines to explore 
the genetic architecture of vitamin E biosynthesis. The 
association mapping panel was genotyped using a maize 
50K SNP chip and RNA sequencing of the kernels of 20 
DAP (days after pollination). Totally, about five million 
SNPs are obtained and 1.1 million high quality SNPs were 
used for GWAS. Six genes were identified to associate 

with α-tocopherol content significantly which can explain 
the phenotypic variation about 46% (p=2.5e-48). Some 
genes were found to locate within the known vitamin E 
biosynthesis pathway, however, most of them are not. The 
vitamin E biosynthesis may be controlled by a few major 
genes and a number of gens with small effects. We will show 
some genes validated by multiple evidence. This information 
will help us to understand the genetic architecture of vitamin 
E biosynthesis, thus improving vitamin E nutrition in maize 
kernel by marker assistant selection.
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Introduction
Many small/baby size vegetable varieties such as 

cucumber, cabbage, cauliflower, melon, watermelon, bell 
peppers, and a yellow supersweet corn hybrid “mini Mirai”   
have been bred and released in response to urban consumer 
demand: taste, convenience, health, and snacking.  With 

the dual aim of expanding consumption and creating 
market opportunities, a small ear supersweet corn breeding 
program has been under way at PBRCSA since 1999. 
Knowledge of genetic control of carbohydrate synthesis in 
maize reported by Creech in 1965 was used as a conceptual 
tool to create the unique hybrid for fresh and processing 
markets with good eating quality. 

Figure 1. Small bicolor double ears super sweet corn hybrid breeding diagram
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Methods

Standard hybrid breeding method was used. Inbred 
lines were extracted using a classical pedigree scheme 
during 2003 and 2008, by selfing from  KKU’s small ear 
supersweet corn population.  This population was attained 
from four cycles of modified mass selection in  a base 
population derived from backcrossing F2 population, 
developed by crossing Thai small ear waxy corn with Thai 
supersweet corn, with high quality US supersweet corn 
hybrid.  On the basis of results from hybrid evaluations 
during 2008-2009, a bicolor hybrid was selected and 
tested for six seasons in Thailand (Fig.1). The hybrid was  
released in 2010  and  is now being tested for commercial 
production in Thailand and other countries in Asia. 

Results
The bicolor hybrid was obtained from crossing 

between two inbred lines: a yellow female line, no 8Y-105 
and a white male line, no 2W-307. It has two small ears per 
plant, very high number of ear yield, early maturity, and 
good eating quality (Table 1).  Consumer response to this 
hybrid has been favorable with respect to both taste and 
convenience. 

Conclusion 
The new bicolor small double ear supersweet corn 

hybrid can be used to meet urban demand by developing 
innovative products such as healthy and ready-to-eat snacks. 
Therefore, it provides an opportunity  for both growers and 
processors to increase income. Commercial hybrid seeds 
will be available in 2011. Two new hybrids in the pipeline 
are the yellow and white kernel. Applications in sweet corn 
on cob products, canning, freezing, and retort pouches are 
being tried out. Information is  needed to ascertain trends 
attributable to season or region of production.

Acknowledgements
This work was supported by Plant Breeding Research 

Center for Sustainable Agriculture, Khon Kaen University 
and National Science and Technology Development Agency, 
Thailand.

References  
Creech, R.G. 1965.  Genetic control of carbohydrate synthesis in 

maize endosperm.    Genetics 52, 1175-1186.  

Table 1. Characters of small bicolor double ears super sweet corn hybrid compared with popular large ear hybrid.

Variety
Maturity 

(days)
Plant height 

(cm)
Ear height 

(cm)
Ear length 

(cm)
Ear diameter 

(cm) Row count
No of 
Ear/A

Husked 
ear weight 

(ton/A)

Small ear-Bicolor 56-60 150 75 12.7 3.5 8-10 40,000 3,800 
Sugar 75* 70-75 175 71 20.4 4.6 16-18 16,000 5,368 

*A popular large ear commercial super sweet corn hybrid in Thailand
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Introduction
Micronutrient malnutrition or ‘Hidden hunger’ has 

become a major problem and affects millions of people. 
Vitamin A deficiency is the cause of blindness, besides 
causing susceptibility to severe infection and anemia, and 
is linked to increased mortality rates. As compared to other 
cereal grains, maize has the greatest phenotypic diversity in 
β-carotene, β-cryptoxanthin and α-carotene content which 
are all considered provitamin A units (Menkir et al. 2008). 
Increasing provitamin A carotenoids in staple food crops 
through breeding has been proposed as a viable strategy 
to minimize the adverse effects of widespread vitamin A 
deficiency (VAD) in humans (Pfeiffer and McClafferty 
2007). Quantifying the provitamin A carotenoid content 
of maize samples using HPLC is expensive and time-
consuming process, and breeding programmes will therefore 
benefit greatly from use of marker assisted selection (MAS) 
to reduce the need for phenotypic assays. Following the 
publication of results of association mapping studies for 
maize biofortification (Harjes et al. 2008; Yan et al. 2010), 
sequence-tagged, PCR-based markers were developed 
and demonstrated for use in selecting favorable alleles of 
lcyE (lycopene epsilon cyclase) and crtRB1 (β-carotene 

hydroxylase), crucial genes in the carotenoid pathway. The 
present study was undertaken to identify the maize inbreds 
having favourables alleles for the crucial genes to use them 
as potential donors in MAS breeding.

Methods
A set of 412 diverse maize inbreds originated from 

Indian and CIMMYT research programmes, were used in 
the present study. The selected inbreds varied for kernel 
colour ranging from pale yellow to dark orange, and were 
developed by various maize breeding centres of the country. 
The selected set includes inbred parents of released hybrids, 
elite inbred lines, breeding lines and specialty corn inbreds 
such as sweet corn, pop corn and baby corn etc. Inbred lines 
with favourable alleles developed at CIMMYT were used as 
checks. Inbreds were grown at the IARI experimental farm 
during rainy season 2010, and DNA was isolated from each 
inbred using CTAB procedure. Primers for different genomic 
regions such as 3’TE, InDel4 in the crtRB1 (β-carotene 
hydroxylase) gene and 5’TE in the lcyE gene (lycopene 
epsilon cyclase) were synthesized. PCR amplification 
was carried out using the standard cycle conditions as 

Figure 1: Polymorphism at 3’TE of crtRB1 locus



327

Technical Session 5: Nutritionally Enriched and Specialty Maize

given by Harjes et al. 2008 and Yan et al. 2010 with minor 
modifications. Amplified fragments were separated using 
agarose gel electophoresis and were scored for the presence 
of favourable alleles.

Results
PCR amplification of the diverse inbreds revealed 

polymorphisms for different alleles of the lcyE and crtRB1 
loci in the carotenoid biosynthetic pathway. Among the 412 
inbreds, 13 inbreds from Indian maize breeding program 
showed 3’TE favourable allele with 543bp size in the 
crtRB1 locus (Fig. 1). Besides, 23 CIMMYT inbreds used as 
checks also showed the presence of the favourable allele. 48 
Inbreds also exhibited favourable InDel4 polymorphism in 
the crtRB1 locus. Among the total inbreds, only two inbreds 
viz., SE-547 and CIMMYT Entry 15 possessed favourable 
allele for both 3’TE and InDel4 polymorphisms at crtRB1 
locus. The crtRB13’TE and crtRB1 InDel4 together 
explained 7-27% of the phenotypic variation for absolute 
amount of β-carotene and its proportion relative to total 
carotenoids (Yan et al., 2010). However, none of the inbreds 

had the favourable allele at 5’TE polymorphism of lcyE 
locus, which alters flux down α-carotene versus β-carotene 
branches of the carotenoid pathway.

Conclusions
Inbreds possessing favourable alleles in the crtRB1 

locus can be effectively utilized as potential donors for 
marker-assisted backcrossing to enrich β-carotene in maize. 
Newly developed biofortified maize for provitamin A will 
provide sustainable, targeted and cost-effective approach to 
alleviate vitamin A deficiency.
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Introduction
Population improvement is one of the important phases 

for long-term sweet corn breeding program in Thailand. 
Therefore, genetic diversity and identification of heterotic 
groups are needed for increasing favorable gene frequencies 
for fresh yield, eating qualities (sweet, tenderness and 
flavor), resistance to diseases and insects and tolerance 
to unfavorable environments. Elite field corn varieties 

are useful germplasm sources for improving exotic sweet 
corn (Aekatasanawan and Aekatasanawan 2007) for these 
traits, except for eating quality, and adaptation to tropical 
environment. The objectives of the Sweet Corn Improvement 
Project of Kasetsart University were to improve sweet corn 
populations and develop inbreds and single-cross hybrids 
for high yield, good eating quality and desirable agronomic 
traits for the fresh market and processing.

Table 1.  Means, relative to C0 and general combining ability (GCA) for fresh yields, eating qualities and some agronomic traits 
for KSC 3 (A), TSC 1 DMR (B) and KSC 2 (C) sweet corn populations, evaluated at the 2009 early rainy season at 
Suwan Farm.

Population

Ear wt. (t/ha) Cut
kernel 
(%)

Tender
(1-5)1

Sweet.
(%brix)

Ear (cm) Kernel (mm)
Kernel
rows

Days 
to 50% 
silk (d)

Height (cm) Root
Lodg 
(1-5)

Leaf
dis. 

(1-5)

Husk
cover 
(1-5)Green Good Length Width Length Width Plant Ear

AC0  13.33 8.07 37.5 3.5 14.4 18.4 4.6 11.3 9.4 13.2 56 165 92 4.3 3.8 4.3

GCA2   0.20 -0.09 -1.02 0.06 -0.03 -0.30 0.03 0.00 0.04 0.57 -0.13 4.25 0.96 0.04 0.04 -0.08

GCA3  -0.68 -0.36 -0.21 -0.12 -0.14 0.59 -0.08 0.68 -0.33 0.06 0.09 3.63 0.86 0.34 0.03 0.17

AC3 14.93  9.40 39.8 3.7 14.8 17.5 4.9 12.7 11.1 13.8 55 163 89 4.3 4.0 4.5

% AC0 112.0  116.5 106.1 105.7 102.8 95.1 106.5 112.4 118.1 104.5 98.2 98.8 96.7 100.0 105.3 104.7

GCA2 0.73 0.80* 0.54 0.00 -0.03 0.57** 0.01 -0.17 -0.29 -0.30 -0.46 -0.25 -1.71 -0.29 -0.13 -025

GCA3 0.51* 0.36 1.78 0.11 0.39 -0.39** 0.04 -0.23 0.05 -0.39 0.09 -2.63 -2.39  -0.3** -0.16  -0.27*

BC0 14.93 9.00 38.1 3.4 14.3 18.5 4.6 12.5 10.7 13.4 56 183 99 3.8 4.0 4.5

GCA2 -0.27 0.63 -0.84 -0.02 0.14 -0.47 0.01 -0.08 0.04 0.10 0.42 -1.38 -0.88 -0.04 -0.04 -0.17

BC2  14.67 8.33 35.5 3.6 13.7 19.6 4.6 11.5 10.2 13.8 54 192 102 3.5 3.5 4.5

% BC0    98.2   92.6 93.2 105.9 95.8 105.9 100.0 105.4 100.0 103.0 96.4 104.9 103.0 92.1 87.5 104.7

GCA2 -0.32 0.27 0.18 0.05 -0.33 0.37** 0.00 -0.21 -0.33 0.15 -0.46 3.00 1.63 0.08 -0.04 0.21

CC0   14.27 8.07 32.9 3.4 14.4 19.5 4.4 19.5 4.4 13.2 55 173 94 4.3 4.3 3.8

GCA3 -0.48  -0.99 -4.02 -0.08 -0.16 -0.04 0.13 -0.53 -0.15 -0.64 0.34 -1.63 -1.87 0.16 0.09 0.11

CC3 18.00  9.27 32.7 3.6 14.3 19.0 4.8 19.0 4.8 14.4 57 169 98 3.8 4.5 4.5

% CC0  126.1 114.9 99.4 105.9 99.3 97.4 109.1 97.4 109.1 109.1 103.6 97.7 104.3 88.4 104.7 128.6

GCA3  0.19 0.61** 3.30** 0.02 -0.21 0.29* 0.05 -0.28 -0.13 0.31* 0.22 1.25 1.48 0.03 0.22 -0.02
1 Ratings 1-5; 1 = poorest, 5 = best.  
2, 3 GCA  effects calculated from factorial crosses of  KSC 3(HI)C0-C3 (A) and TSC 1 DMR (HI)C0-C2 (B) and KSC 2(HI)C0-C3 (C), respectively.  
*, ** Significant from C0 at P<0.05 and P<0.01, respectively.
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Materials & Methods
Three sh2 supersweet corn populations of KSC 3 (AC0), 

TSC 1 DMR (BC0) and KSC 2 (CC0) were improved by 
using S2 testcrossed with inbred testers KSei 14004 for 
the AC0 and BC0 and SSWI 114 for the CC0, except for 
CC3 using S3 testcross. During 3 years (2007-2009), KSC 
3(HI)C3 (AC3), TSC 1 DMR (HI)C2 (BC2) and KSC 2(HI)
C3 (CC3) were successfully improved using 25 selected 
lines for recombination including their inbred and hybrid 
development. Population crosses were formed by factorial 
cross followed North Carolina Design II. Progress from 
selection was evaluated using the populations, population 
crosses and hybrids at the National Corn and Sorghum 
Research Center (Suwan Farm) in the 2008 dry season 
(population B) and 2009 early rainy season (populations A 
and C).

Results & Discussion
Compared with their C0 and C0xC0, results showed that 

the S2 and S3 testcrosses methods could improve fresh yields, 
eating qualities, agronomic traits and general combining 

ability especially for the AC3 and CC3 (Table 1) and the 
population crosses AC3 x BC2, AC3 x CC3 and BC2 x CC3 
and their specific combining ability (data not shown). The 
best five hybrids from each population were also selected 
for these traits, compared with the four commercial hybrid 
checks (data not shown). 

Conclusions
Population improvement using half-sib selection with 

inbred tester was successful in improving fresh yield, 
eating qualities, agronomic traits and combining ability of 
the populations and their hybrids in the sweet corn hybrid 
program.
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Introduction
Waxy corn kernel (Zea mays var. ceratina) is consumed 

at immature stage for its sticky texture with a little amount of 
sweet taste similar to sticky rice by boiling or steaming. It is 
a popular crop in Asia such as China, Korea, Vietnam, Laos, 
Thailand and Myanmar. Reports from Boyer et al (1984) and 
Creech (1965) studies provide information for a possible 
way to improve a sweet taste in waxy corn.  They are two 
objectives of this study. The first is to determine the effect 
of incorporating sweetness genes in various combinations 
into waxy gene background on sugar contents. And the 
second is to identify gene combinations that are suitable for 
developing commercial waxy corn hybrid with improving 
the sweet taste.

Materials and Methods
The experiment was conducted at Research Farm, 

Faculty of Agriculture, Khon Kaen University, Khon 
Kaen Thailand in dry season 2008. Three different sweet 
corn inbred lines with waxy gene background (Table 1) 
were crossed to generate four F1 hybrids (two crossing 
and two reciprocal crosses) and eight backcross hybrids. 
These crosses, their parents, and four checks; waxy corn 
(Big White 852), small ear waxy corn (TNS), sweet corn 
(Accord) and super sweet corn (Sugar 75) were evaluated 
at 24 days after pollination for sucrose, glucose, fructose, 
and total sugar content (Simla et al., 2010). The analysis of 

variance was carried out for all parameters according to a 
randomized complete block design using MStat-C software 
program. The least square difference was used to compare 
means at 0.05 probability levels.

Results and Discussion
The result indicated that sugary (su), brittle (bt) and 

shrunken-2 (sh2) genes can be incorporated into waxy gene 
background inbred lines resulted in waxy corn hybrids 
with increased in sweetness by the segregation of genes in 
F2 seeds. Interestingly, sugar content in those hybrids was 
higher than the waxy corn check varieties, but lower than 
the sweet corn and super sweet corn check varieties. Sugar 
content in combination cross hybrids between sweet and 
waxy corn were ranged from 62.28 to 100.25 mg g-1 fresh 
weight (Fig. 1).  Additionally, F1 and backcross hybrids were 
sweeter than the waxy corn check varieties. It was suggested 
that the high rate of sugar kernel segregation in the ear 
increased sugar content. 

Conclusion
Three recessive genes; su, bt and sh2, that controlled 

sweetness of sweet corn could incorporated into waxy 
corn inbred lines to produce new hybrids. Moreover, the 
combinations of these genes increased sugar content and 
improved the sweetness of waxy corn. 
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Table 1: Inbred lines of vegetable corn used as parents in 
generating 12 hybrids

Inbred line Phenotype Genotype

101bt White kernel super 
sweet corn btbt Sh2Sh2 SuSu wxwx

101su White kernel sweet 
corn BtBt Sh2Sh2 susu wxwx

216sh2
Yellow kernel super 
sweet corn BtBt sh2sh2 SuSu wxwx
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Introduction
Micronutrient malnutrition has been one of the major 

concerns of public health problems particularly in the 
developing and the less developed world. Development 
of micronutrient enriched staple food holds considerable 
promise towards the eradication of malnutrition worldwide. 
4-5 billion of people worldwide and more than 2 billion 
people in the developing world are afflicted due to Fe and 
Zn related deficiency. Maize is an important food and feed 
crop globally. Hence improving the micronutrient profile of 
maize kernels will help in nutritional security of a sizable 
population of the world.

Materials & Methods 
A set of 80 maize genotypes were grown at four 

locations of India. Representative grain samples were 
drawn in triplicate and the individual samples were ground 
into fine powder using iron-free mill. Biochemical analysis 
for kernel Fe and Zn concentrations was carried out and 
analysed following standard procedure. Phenotypically 
contrasting lines in respect of kernel-Fe and -Zn were used 
for developing mapping populations. Three F2:3 mapping 
populations were developed and used for mapping kernel Fe 
and Zn concentration. The genotyping and phenotyping of 
these mapping populations were used to map usedful QTLs 
for kernel Fe and Zn content.

Results & discussion: 
The result indicated the presence of significant 

variation for both kernel Fe and Zn concentration among 
the maize genotypes. The kernel Fe concentration varied 
from 20.38 to 54.29 mg/kg across three years, while 
the overall range for kernel Zn was found to be 20.15 to 
29.88 mg/kg. No correlation was observed between kernel 
Fe and Zn concentration among the selected set of maize 

genotypes. The study revealed low to moderate extent 
of genotypes x environment interaction for both kernel 
Fe and Zn concentration. Taking into consideration the 
stability parameters, V336, CM129, CM139, V340, VQL1 
and VQL5 were found to be most stable and promising 
genotypes for kernel Fe concentration, while, in case of 
kernel Zn, BAJIM-06-10, CM129, V340 and VQL1 were 
identified as the stable genotypes. Using the F2:3 mapping 
populations few major QTLs were identified for Fe and Zn 
content in maize kernels which contributed 2 to 3 PPM.

Conclusions
 • No correlation was observed between kernel Fe and 

Zn concentration among the selected set of maize 
genotypes. 

 • Low to moderate extent of genotypes x environment 
interaction for both kernel Fe and Zn concentration. 

 • Few major QTLs were identified for Fe and Zn content 
in maize kernels which contributed 2 to 3 PPM.
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Introduction
Genetic variability, a pre-requisite for varietal 

improvement, is generally the first concern of plant breeders. 
Among the traits that add commercial value to maize are 
related to nutritional quality, specially protein and oil 
content, are of great interest to the feed industry. Inbreds with 
superior oil content are essential for developing new hybrids 
with good quality and higher yield. High-oil (HO) corn 
contains 1.5 to 2 times more oil and higher quality protein 
than normal corn. It normally contains more than 6 % oil. It 
is attractive as a livestock feed because it has greater energy 
value and can replace more expensive dietary sources of fats 
and proteins. Development of high oil corn would be a great 
contribution to modern maize breeding. The development 
of first HO strain started in 1899 by Hopkins was a really 
historic event which demonstrated the feasibility for altering 
oil content in maize kernel. Promising sources for high 
oil corn inbreds identified are Talar, Shahid, TLWQ (HO) 
QPM-C and Temp x Trop High Oil QPM. Therefore, an 
attempt was made to identify superior inbreds with respect 
to oil content using biochemical analysis (Mangolin et al., 
2004; Vasal, 2001).

The objective of this work was to study the variability 
of oil content for further utilization in breeding program. 
Thus, in this paper we have included only the values for the 
thirty-seven genotypes having the high oil content without 
making the paper excessively long.

Materials and Methods
Two hundred and thirty-nine maize inbred lines were 

analyzed for their oil content on dry weight basis from its 
whole kernel using NIRT (Near-Infrared Transmittance) 
for each seed lot. NIRT was found to be rapid and non-
destructive method with high correlation (r=0.83) with 
Soxhlet estimation. The inbred lines with high oil above 
5.0 were repeated thrice following Soxhlet method of 
oil estimation. The majority of the inbreds selected for 

analyses were having good yield potential. A selected set 
of germplasm supplied from NBPGR, New Delhi was also 
included for the analysis. Each inbred was sown in two rows 
of two meter length, spaced 0.6 m between rows and 0.2 m 
between plants in a randomized block design.

Statistical assessment in inbreds from 
biochemical screening

Considering the grand mean (M), the standard error 
(S.E) and critical difference (1% & 5% level of significance) 
of 239 inbreds, the lines having oil content more than 5.0 per 
cent and significantly superior than mean value (4.28) were 
categorised into different groups. 

Results 
The 239 maize inbreds showed high variability for 

oil content, which varied from 7.37% in (Temp x Trop 
(HO) QPM-B-B-B-60-B-B) to 2.86% in (EC646025). The 
percentage content and grouping of thirty-seven lines with 
high oil quantity is given in Table 1. The overall mean of all 
the inbreds for oil content was 4.28.  Statistically, 37 inbred 
lines with high oil content were categorised into 9 groups 
at 1% level of significance irrespective of the maturity 
group. Generally the superior lines are with yellow grains, 
pigmented anthers and silk, straight lateral branches and 
narrow angle between main axis and lateral branches. These 
37 inbred lines with diverse genetic background will be 
utilized for breeding programs as well as molecular studies. 
This will be discussed in the detailed presentations.

Conclusions
A wider variation in oil content was found among maize 

inbreds in the Indian breeding program. The screening 
resulted in the identification of thirty-seven inbreds viz. 
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Table 1. Mean performance of 37 inbreds with high oil content (>5.0%)
Sr. No Inbreds Maturity Oil content (%) Grouping at 1% Grouping at 5%

1 Tempx Trop(H0)QPM-B-B-B-60-B-B Early 7.37 I I

2 Temp x Trop(H0)QPM-B-B-B-100-B-B Early 6.52 II II

3 DMHOC 4 Early 6.46 II II

4 HKI Talar Late 6.44 II II

5 Tempx Trop(H0)QPM-B-B-B-57-B-B Early 6.34 II II,III

6 HKI Tall-8-1-1 Early 6.11 III IV

7 AF-04-B-5796-A-7-1-1 Late 5.99 III V

8 HKI-164D-3-3-2 Late 5.90 III,IV V

9 Tempx Trop(H0)QPM-B-B-B-14-B-B Early 5.84 IV,V V,VI

10 Indimyt-345 Late 5.76 V VI

11 CA-0010-6-1 Late 5.73 V VI,VII

12 TLWQ(H0)QPMC15-B-B-B-51-B-B Late 5.68 V VII
13 CML338 Early 5.66 V VII

14 HKI-194-2ER-1 Early 5.64 V VII

15 TLWQ(H0)QPMC15-B-B-B-59-B-B Late 5.63 V,VI VII

16 CML446 Late 5.60 VI VII,VIII

17 HKI-194-2 Late 5.58 VI VIII

18 JCY3-7-1-2-1-’b-1-1-2-3-1-1 Medium 5.53 VI VIII
19 HKI-162 Late 5.38 VII IX

20 Tempx Trop(H0)QPM-B-B-B-45-B-B Early 5.36 VII IX

21 EC 637405 - 5.35 VII IX

22 HKI-1025 Early 5.33 VII IX

23 POBLAC 70 C0 Late 5.22 VII,VIII X

24 HKI-170(1+2)*HKI-1128 - 5.22 VII,VIII X

25 HKI-193-1 Late 5.22 VII,VIII X

26 HKI-38-2-2(1-6) - 5.21 VII,VIII X

27 JCY3-7-1-2-1-’b-1-1-2-1-1-1 Late 5.17 VIII X

28 02POOL 33 C23 Late 5.14 VIII X

29 HKI-5072-2BT(1-2)-2 Late 5.10 VIII X,XI

30 HKI-163 - 5.10 VIII XI

31 CML 341-1 Late 5.08 VIII,IX XI

32 TLWQ(HO)QPMC15-B-B-B-20-B-B Late 5.07 IX XI

33 HKI-164-7-7ER-1 Late 5.06 IX XI

34 HKI-164-7-7ER-4 - 5.06 IX XI

35 EC 646038 - 5.02 IX XI

36 P65C6-B-B-B-23-B-B Late 5.02 IX XI

37 Indimyt-300-A - 5.00 IX XI

 Mean 4.28
 SE 0.05
 CD (1%) 0.128
 CD (5%) 0.098
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Temp x Trop(HO)QPM-B-B-B-60-B-B, Temp x Trop(HO)
QPM-B-B-B-100-B-B, DMHOC 4, HKI Talar, Temp x 
Trop(HO)QPM-B-B-B-57-B-B, HKI Tall-8-1-1 etc with 
high levels of oil. Hence, 37 inbred were identified which 
can be used in further breeding program for developing 
hybrids with high oil content. This variability permits ample 
scope for the development of high oil corn with improved 
nutritional security and industrial uses.
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Introduction
Among the three major cereals, maize has advantage 

of being the only crop that contains appreciable amount 
of carotenoids (Wurtzel, 2004) with wide range of genetic 
variability and therefore qualify for a good candidate crop for 
biofortification of pro-vitamin A carotenoids. Carotenoids 
are derived from the isoprenoid biosynthetic pathway 
and are precursors of the plant hormone abscisic acid and 
of other apo-carotenoids. The first committed step of this 
pathway is formation of phytoene from geranylgeranyl 
diphosphate by phytoene synthase (y1/psy1). Maize exhibit 
considerable natural variation for kernel carotenoids, with 
some lines accumulating as much as 66.0 µg/g (Harjes et al. 
2008). However, most yellow maize grown and consumed 
throughout the world has only 0.5 to 1.5 µg/g β-carotene. 

Methods
The experimental material comprising 7 varieties were 

evaluated as per protocol. Maize quick carotenoids extraction 
protocol was used to analyze carotenoids content of maize 
kernel (Schaub et. el., 2004). The total carotenoids content 
of maize kernel was determined spectrophotometrically 
using Lambert-Beer equation.

c = OD/130056 × 557.7× 1000/0.5 

Where, c = concentration of total carotenoid (µg/g) in a 
given sample on dry weight basis and OD= optical density 
at 450 nm wavelength. All work to be carried out in dim 
daylight. 

Thin layer chromatography (TLC) analysis

The thin layer chromatography (TLC) was used to 
determine the value of provitamin A carotenoids in relation to 
non-provitamin carotenoids compounds in total carotenoids 
of maize kernel (Schaub et. el., 2004).

Based on the visual observation of the TLC profile of 

the individual genotypes, the lines with relatively higher 
provitamin on top of band and lower provitamin on bottom 
of band in the form of di-hydroxy.

Results
Analysis of variance was carried out for kernel 

carotenoid content to test the differences among treatments. 
The results are presented in Table 1. Variance was 
found to be significant for kernel carotenoid. The mean 
performance along with range of variation of genotypes 
that includes parents for kernel carotenoid is given in Table 
2.Spectrophotometric determination of kernel carotenoids 
revealed variation from 23.01 to 33.56 µg/g of seed. The 
highest carotenoid content was observed in Gaurav (33.56 
µg/g) and the lowest content of carotenoid was observed in 
Tarun (23.01 µg/g). D-765, Amar, Pragati, Navin and Surya 
contained carotenoid content of 31.67, 31.61, 29.31, 26.87 
and 23.02 µg/g respectively.

Conclusions
Thin layer chromatography (TLC) was performed to 

determine the relative fraction of provitamin A and non- 
provitamin A fraction in total kernel carotenoids (Fig.1.). 
The bottom band in the chromatogram showed di-hydroxy, 

Table 1: Analysis of variance for CRD

S. 
No.

Source of 
variation d.f SS M.S F. value 

1 Treatment 6.00 435.71** 72.62** 426.89**
2 Error 20.00 3.572 0.17
3 Total 27.0 439.28
4 Sem± 0.21
5 CD at 5% 0.61
6 CD at 1% 0.83
7 CV (%) 1.45

*, ** Significant at 5% and 1%, respectively 
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middle band showed mono-hydroxy and top band showed 
carotenes. The upper and middle band in each thin layer 
chromatogram depicts the provitamin A fraction whereas 
band at bottom indicate non-provitamin A fraction in total 
kernel  carotenoids. Based on TLC pattern line number 1 
(Tarun), 3 (Gaurav) and 4 (D-765) consisted of relatively 
more amount of provitamin A content than non-provitamin 
A fraction.

Fig. 1: Carotenoid pattern analysis by thin layer chromatography
Where, Line 1 = Tarun, Line 2 = Navin, Line 3 = Gaurav, Line 4 = D 765, Line 5 = Surya
Line 6 = Amar and Line 7 = Pragati
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Introduction
Traditional baby corn production uses fertile baby 

corn varieties which require the removal of tassels or 
detasseling for earlier harvest, higher yield, and prevention 
of pollination. However, it results in higher costs, is time-
consuming and perhaps  affects yield  on account of some leaf 
loss (Aekatasanawan 2001). C-cytoplasmic male sterility 
was used to develop the non-detasseled baby corn variety 
and single-cross hybrids by the Baby Corn Improvement 
Project at Kasetsart University (Aekatasanawan 2001; 
Aekatasanawan et al. 1994; 2008).

Materials & Methods
The new non-detasseled single-cross hybrid KBSC 

605 (Aekatasanawan et al. 2008) was put to the  test on 
farmland  in the extension areas of Agro-On Co, Ltd. in 
Krasiew, Nong Yasai district, Suphanburi province, and 
Wangkwai, Nong Prue district, Kanchanaburi province. The 
population density of 133,333 plants/ha was used in the strip 
test in the 2008 dry season, as compared with the detasseled 
commercial hybrids PAC 271 and CP 468. Their nutritional 
values were analyzed. Hybrid seed production of KBSC 
605 was also tested by planting male (PACB 421-S14-223) : 
female (Ki 28cms) rows in the ratio of 1 : 4 at the National 

Corn and Sorghum Research Center (Suwan Farm) in the  
late rainy season of 2007.

Results & Discussion
KBSC 605 gave the mean of good ear weight of 1,245.8 

kg/ha higher than that of CP 468 by 7.62% but lower than 
PAC 271 by 8.77%. As compared to means of low, medium 
and high yields, KBSC 605 gave the means of 796.4, 
1,262.8 and 1,927.7 kg/ha higher than those of PAC 271 
by 5.81, 3.20 and 8.08% and CP 468 by 19.86, 3.16 and 
8.70%, respectively (Table 1). It  registered plant weight of 
35.0 t/ha higher than those of PAC 271 and CP 468 by 3.70 
and 19.15%, respectively. Nutritional analysis showed that 
KBSC 605 possessed carbohydrate and fat similar to CP 468 
but higher fat and protein than PAC 271. Moreover, it had 
high vitamin B3 and Ca. Seed yield of KBSC 605 in hybrid 
seed production was 1,043.75 kg/ha. The cost of hybrid seed 
production could be reduced due to  absence of detasseling 
in female rows. 

Conclusion
 The results demonstrated the acceptability of KBSC 

605  to  farmers and processing plants because of high yield, 

Table 1. Ranges and means of good ear weight for KBSC 605 as compared with PAC 271 and CP 468 in farmer’s fields in 
Krasiew, Nong Yasai district, Suphanburi province and Wangkwai, Nong Prue district, Kanchanaburi province, 
planted in the 2008 dry season1

Hybrids
Farmers 

(no.)

Range of
good ear weight

(kg/ha)

Mean of
good ear weight 

(kg/ha)

Relative to
CP 468

(%)
KBSC 605 24 675.0 – 2,359.4 1,245.8 107.62
PAC 271 21 746.9 – 1,912.5 1,365.4 117.96
CP 468 26 403.1 – 2,012.5 1,157.6 100.00

1 Planting dates: 25 January - 28 April, 2008; harvesting dates: 25 March - 28 April, 2008.
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non-detasseling, high plant weight and good ear performance 
for processing.
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Table 2. Nutritional value of KBSC 605 compared with commercial hybrids of  Kasetsart 2, PAC 271, CP 468 and Yodpet 
(1979)’s data1

Composition KBSC 605 Kasetsart 2
Pacific

271 CP 468
Yodpet
 (1979)

Ash (g/100 g) 0.59 0.58 0.61 0.62 0.06
Carbohydrate (g/100 g) 8.37 8.00 8.78 8.37 8.20
Fat (g/100 g) 0.67 0.61 0.55 0.68 0.20
Moisture (g/100 g) 87.84 88.17 87.61 87.31 89.10
Protein (g/100 g) 2.53 2.64 2.45 3.02 1.90

1 Yodpet, C. 1979. Studies on sweet corn as potential young cob corn (Zea mays). 
Ph.D. thesis, Univ. of the Philippines. Philippines.
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Introduction
Dairy farming is fast emerging as a potential business in 

rural India. Regular and steady supply of fodder is essential 
for economical dairy farming. Fodder based cheaper feeding 
strategies are required to reduce the cost of quality livestock 
product as the feed alone constitutes 70% of the milk 
production cost. Milch animals need around 40 kg of green 
fodder daily for better milk production and for maintaining 
good health of the animal. There is a tremendous pressure of 
livestock on available total feed and fodder, as land available 
for fodder production has been decreasing. At present, our 
country faces a net deficit of 62.76% green fodder, 23.46% 
dry crop residues and 64% concentrate feeds (Draft report 
Xth five year plan). In India farmers are routinely faced with 
an acute shortage of green fodder twice a year particularly 
during the months of Nov-Dec and May-June, called the 
lean periods. During this period the farmers have to feed 
straws and stovers along with the costly concentrates to 
fulfill the daily dietary requirements of cattle. The straws or 
stovers are not nutritious and are often deficient in some vital 
nutrients and hence reduce the milk production potential of 
the cattle, whereas the concentrates are economically not 
viable. The stalks of baby corn and sweet corn maize, which 
are abundantly available, could play a major role at this 
stage. These stalks, particularly baby corn stalks, are green 
at harvesting stage and could be used as animal fodder. 
Keeping the importance of maize as fodder, the present 
study was designed to evaluate the fodder quality of maize 
produced under different use pattern.

Materials and Methods

Eight genotypes grouped under different use pattern 
were grown in the experimental area of Department of Plant 
Breeding and Genetics, Punjab Agricultural University, 
Ludhiana, India during kharif 2008. The genotypes were 
sown in the plot size of 4m X 5m in three replications. The 
baby corn starts emerging at about 45 days after sowing. The 
baby corn was removed till there is no further emergence of 
baby corn. The genotypes grown for baby corn along with 
the varieties of forage type maize are harvested at this stage 

and the samples were collected for forage quality analysis 
of the stalks. Similarly the genotypes grown for green cobs 
were harvested when there is no further emergence of green 
cobs and the samples were again collected for forage quality 
analysis. The genotypes grown for stover were harvested at 
the gain maturity stage and the stover samples were analyzed 
for forage quality. Sample taken from each plot are dried in 
shade followed by drying in hot air oven at 80°C overnight 
for dry matter estimation. Dried samples were ground in 
willey mill grinder using 2 mm sieve and were used for 
proximate analysis and in-vitro dry matter digestibility 
(IVDMD). The proximate analysis of nutrients was carried 
out as per the AOAC (1995) and the IVDMD was estimated 
using the method of Tilley and Terry (1963).

Result

The data is summarized in Table 1. Highest green 
fodder yield is produced by forage type maize followed by 
baby corn stalks. However, green cob maize stalks produced 
low yield except PMH-1 which showed significantly high 
yield. The best quality fodder was exhibited by forage type 
maize followed by baby corn maize stalks, sweet corn maize 
stalks and maize stover. Maize grown for fodder showed 
highest protein content, whereas the protein content of baby 
corn stalks comes out to be in the range of 7-8 per cent. 
Crude fiber is almost comparable between forage type maize 
and baby corn stalks. However, the crude fiber of green cob 
maize stalks and maize stover is much higher. The in-vitro 
dry matter digestibility (IVDMD) is again almost same in the 
forage type maize and baby corn maize stalks. The IVDMD 
of green cob maize and maize stover is, however, quite low 
which may be due to higher lignin content in mature stalks. 

Conclusions

From above it may be concluded that amongst maize 
grown under different use pattern, the forage type maize 
and baby corn maize stalks are superior in fodder quality 
and possess excellent digestibility and could efficiently be 
used as animal fodder. The increasing cultivation of baby 
corn in the peri-urban areas, therefore, could greatly help 
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in reducing the green fodder deficit of India and thus could 
further boost the livestock industry in peri-urban areas of 
the country.    
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Table: 1. Proximate analysis of maize genotypes grown under different use pattern.

S. No. Type Genotype GFY (q/ha) DMY (q/ha) CP (%) CF (%) TA (%) IVDMD (%)

1
Forage

J-1006 300.33 63.19 8.97 32.00 4.10 57.50
2 African tall 261.00 66.00 8.97 29.00 4.30 60.50
3 Chadihar local 266.67 73.04 9.40 30.00 6.50 56.00
4

Baby corn
JH-3459 218.33 51.90 7.65 31.50 5.50 55.00

5 Parkash 182.00 44.95 7.43 33.00 6.40 57.50
6 PMH-2 163.33 41.00 7.22 34.00 6.15 58.50
7

Green cob
VL-78 115.00 42.09 7.00 37.50 6.30 46.50

8 PMH-1 208.33 70.48 7.22 37.50 8.15 39.00
9 Parkash 134.33 45.45 6.34 42.00 7.10 49.00
10

Seed
JH-3459 122.00 49.56 5.47 44.50 6.70 40.50

11 PMH-1 118.33 49.12 4.81 44.00 4.40 33.50
12 PMH-2 116.00 51.74 4.37 46.00 4.20 41.00

13 African tall 
(Check) 261.00 66.00 8.97 29.00 4.30 60.50

CD (5%)
CV

NS NS 0.67  1.78 0.37  2.13
8.99 9.64 4.36  2.22 2.94  1.98
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Introduction
Sweet corn consumption is gaining in popularity in 

many countries for its taste. It is an ideal source of dietary 
carotenoids, especially lutein and zeaxanthin. These 
carotenoids have been recognized as an important source in 
prevention of some cancers, cardiovascular disease, and age-
related macular degeneration (Khalid and Juvik, 2009). This 
study is designed to provide information on the carotenoid 
content of the sweet corn germplasm. It is the first phase of 

our breeding program planned to create new varieties with  
high levels of these phytochemicals  which have compounds 
beneficial to health.  

Method

Forty-seven yellow-orange endosperm color genotypes 
of sweet corn were selected for this study. Dry seed was 

Table 1.   Lutein, zeaxanthin and total carotenoid contents (µg/g dry weight) of 47 sweet corn genotypes.

Genotype Lua Zea T Lu+Zea T Caro Genotype Lu Zea T Lu+Zea T Caro

Vita 243 GG   3.52+0.53   1.92+0.23   5.43+0.75   9.03+0.45 H39 15.26+0.92   8.28+0.74 23.54+1.66 24.12+0.67
Siverado   0.24+0.03 0.13+0.02   0.37+0.04   1.31+0.05 H41   5.60+0.25   5.16+0.23 10.76+0.34 14.32+0.60
Huabao 1   4.07+0.12   3.87+0.02   7.95+0.12 15.16+0.88 H42   0.07+0.02   0.26+0.21   0.33+0.22   1.46+0.46
Yuncaotion 6   2.62+0.53   7.57+1.67 10.20+2.19 11.80+0.62 H43 10.17+0.78   6.69+0.77 16.86+1.13 19.11+0.61
Jinfen 5   5.18+0.22   7.96+0.11 13.13+0.33 18.32+1.28 H44 13.24+1.36 12.00+1.18 25.23+1.32 27.33+1.94
Luse xanfeng   3.71+0.36 15.13+0.92 18.83+1.27 33.80+0.71 H45   8.16+0.16   6.02+0.44 14.19+0.29 15.39+0.92
WSK98F4   0.33+0.06   0.22+0.03   0.54+0.09   2.58+0.48 H46 12.41+1.68 11.18+2.01 23.59+1.79 28.54+1.87
(03)F1 11.48+1.81   8.41+1.15 19.89+2.16 29.81+1.34 U03   3.25+0.19   1.53+0.16   4.78+0.34   6.71+0.37
T03   8.83+0.36   8.33+1.04 17.15+0.75 24.61+0.92 U12   1.33+0.21   1.10+0.62   2.42+0.67   2.55+0.09
H01   4.33+0.42   2.18+0.09   6.50+0.47 12.53+0.53 CP Sweet   3.26+0.09   5.26+0.27   8.52+0.35 14.26+0.81
H07   5.06+0.44   5.49+0.84 10.54+0.64 18.48+1.05 Hybrix3   5.63+0.22   3.48+0.35   9.11+0.51 10.03+0.18
H08   5.44+0.42   5.42+0.34 10.85+0.75 15.06+0.85 Su75   3.67+0.14 11.75+0.72 15.43+0.85 19.27+1.04
H09   8.79+1.27   8.62+1.15 17.41+1.09 26.62+1.26 ATS5   1.94+0.40   5.78+0.50   7.71+0.90   8.95+0.94
H10   8.96+0.66   6.71+0.46 15.67+1.12 20.52+0.92 8Y   0.45+0.01   0.74+0.04 19.90+0.41 24.12+0.17
H11   7.50+1.28   6.36+1.91 13.87+1.58 25.44+2.07 5Y   4.51+0.60   7.00+0.99   5.10+0.38   6.88+0.19
H12   6.07+0.36   4.74+0.83 10.81+0.93 15.89+1.03 2W   2.09+0.24   3.33+0.16 1.19+0.05   1.70+0.18
H13 11.55+0.83   7.01+0.45 18.56+0.92 28.40+0.77 8Y8Y   1.24+0.27   2.17+0.26 11.51+1.55 16.20+0.46
H17   3.27+0.95   6.10+2.52   9.36+2.30 13.01+0.78 8Y2W   6.62+0.78   5.90+0.45   5.41+0.28   8.63+0.97
H18   4.08+0.57   3.87+0.36   7.95+0.92 12.00+0.67 2W8Y   3.19+0.14   3.16+0.42   3.40+0.51   5.50+0.11
H20 12.42+0.61   7.75+0.37 20.17+0.97 29.01+0.64 In/2C   6.65+1.13   8.17+1.24 12.52+1.13 18.37+1.59
H23 10.80+0.36   8.41+0.30 19.21+0.63 29.56+1.02 216L   3.19+0.14   3.16+0.42   6.35+0.55 11.00+0.45
H24 12.68+2.41   8.61+1.01 21.30+2.27 28.17+0.90 G13   6.65+1.13   8.17+1.24 14.82+2.36 18.64+0.98
H32 11.55+0.47 12.34+0.82 23.89+0.74 26.00+2.53 101L   0.15+0.02   0.13+0.02   0.28+0.03   0.35+0.03
H37   8.24+1.91   5.97+0.48 14.21+1.76 16.10+1.09

a Lu = lutein, Zea = zeaxanthin, T Lu+Zea = Total Lutein+Zeaxanthin, T Caro = Total carotenoids. 
Values are presented means of triplicate analyses ± SD
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obtained from Khon Kaen University sweet corn germplasm 
plots. The extraction and analytical methods were performed 
as described by Schaub et al. (2004) in the maize quick 
carotenoid extraction protocol. The extracted sample was 
stored at -20 °C until HPLC analysis. Twenty microlitres 
of each extract was injected into a YMC C30 Carotenoid 
Column, 5μm, 4.6×250 mm (Waters, Milford, MA, USA), 
isocratic separation of carotenoids was accomplished, with 
a mobile phase consisting of acetonitrile: dichloromethane: 
methanol (70:20:10 (v/v)), at a flow rate of 1 ml per min. 
The effluent was monitored at 450 nm. Quantification 
and quality control were performed by external standard 
calibration using peak areas.

Results
The variability in lutein and zeaxanthin concentrations 

occurs in the range from 0.07 to 13.24 µg/g dry weight and 
0.13 to 15.13 µg/g dry weight respectively (Table 1). The 
board variation of carotenoids concentrations from this 
study is similar to those reported previously by Kurilich and 
Juvik (1999), and by Khalid and Juvik (2009).There are five 
genotypes: H44, H32, H46, H39 and H20 have high total 
lutein and zeaxanthin content above 20 µg/g dry weight 
(Figure 1). 

Conclusions
This finding points to an opportunity to breeders for 

the improvement of these two carotenoids in sweet corn. 

Genotypes containing high concentrations can be used to 
create a base population for breeding new hybrids. Studies 
on the effect of cooking methods on carotenoid content and 
inheritance of carotenoid content in sweet corn are now 
under way. 
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Introduction 
Maize is a staple food crop, of approximately 20 

developing countries, but is deficient in two essential amino 
acids, lysine and tryptophan. To nutritionally enhance the 
maize, QPM was developed by the researchers of CIMMYT. 
For development of QPM hybrids agronomically superior 
and diverse inbred lines are needed. Knowledge of the 
genetic diversity and relationships among inbred lines 
is indispensable to identify promising combinations for 
exploitation of heterosis (Legesseet al.2007). Molecular 
markers have proven valuable for diversity analysis as not 
influenced by environmental factors.SSRs are co-dominant, 
highly polymorphic, multiallelic and have become the 
marker of choice for genetic analysis (Gupta and Varshney 
2000)

Methods
Twenty QPM inbred lines, comprising 13 lines from 

India and7 lines from CIMMYT, Mexico were studied 
(Table 1). DNA was extracted fromfresh young leaves 
following the method of Saghai-Maroofetal. (1984), with 
minor modifications. A set of 25 SSR primers were selected 
covering all the 10 chromosomes of maize genome. The 
PCR reactions and gel documentation were carried out 
using standard procedures and amplified products resolved 
on 3.5% agarose gel. The similarity matrix was constructed 
using NTSYS-pc 2.02. The biochemical analyses for total 
protein content and tryptophan in endosperm was carried out 
following standard procedures as reported by Villegas and 
Mertz (1971).

Results
Among 25 SSR loci, 23 were found to be polymorphic 

while 2 loci were monomorphic.A total of 63 alleles detected 
at an average of 2.73 alleles per locus (Table 2). A total of 
8 unique/ rare alleles detected and maximum of these were 

Table 1: List of QPM inbred, their pedigree, tryptophan 
and protein content

Primer Bin Location Repeats No. of Alleles

Bnlg149 1.00 - 4
Bnlg1720 1.09 AG(13) 3
Phi1230 1.11 AAG 3
Bnlg1092 2.01 AG(30) 1
Umc1003 2.05 TAAA(9) 3
Bnlg1182 3.09 AG(19) 2
Umc1746 3.00 CAC(4) 3
Umc1528 3.07 TGCG(6) 2
Nc004 4.03 AG 2
Bnlg1265 4.05 AG(33) 3
Bnlg1337 4.11 AG(21) 3
Bnlg1287 5.04 AG(15) 3
Bnlg143 5.01 CA 2
Bnlg1043 6.00 AG(20) 2
Dupssr15 6.06 CA(30) 1
Bnlf1521 6.07 AG(27) 2
Bnlg1367 7.00 AG(42 2
Phi116 7.06 ACTG/ACG 3
Umc1161 8.06 GCTGGG 2
Umc1370 9.01 CGGG(5) 3
Bnlg1129 9.08 AG(12) 3
Umc1636 9.02 ACTGC(4) 2
Bnlg1360 10.07 AG(25) 4
Bnlg1079 10.03 AG(14) 2
Bnlg1526 10.04 AG(!5) 3

found in CIMMYT QPM Lines, as reported by Kassahunet 
al,2003. The dendogram generated through UPGMA 
analysis grouped all the 20 genotypes into 5 clusters (Fig 
2) , while most of the CML inbreds were clustered together 
(cluster IV) and HKI lines clearly made another cluster I

Conclusion
The study indicated that SSR markers largely separated 

the inbred lines into different clusters, which generally 
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Table 2: List of SSR primers

Genotype Parentage Protein % Try % Grain Colour Grain type

HKI162 CML 162 9.51 0.53 Yellow F
HKI163 CML 163 8.93 0.69 Yellow SD
HKI164-4-(1-3)-2 CML 164 8.73 0.85 Yellow F
HKI164-4-(1-3) CML 164 9.36 0.78 Yellow F
HKI-MBR-139      - 11.67 0.60
HKI-193-1 CML 193 9.34 0.60 Yellow F
DMR QPM-58 Shakti  1 9.22 0.68 Yellow F
DMR QPM – 03-0124 Derived from Shakti 1 10 0.65
DMR QPM – 03-104   ,, 10.3 0.61
DMRQPM-108 CLQRCYQ47B 9.12` 0.52 Yellow D
DMRQPM101 CLQ-RCYQ28 8.19 0.58
DMRQPM-103 CLQ-RCYQ41 9.61 0.44
DMRQPM-102 CLQRCYQ 30 7.99 0.46
CML – 153 Pop62 12.1 0.90 White F
CML -158 Pop 62 9.2 0.70 White F(D)
CML – 176 (P63-12-2-1/P67-5-1-1)-1-2-B-B 7.4 1.10 White F
CML – 172 10.8 0.90 Yellow F
CML – 170 9.6 1.00 Yellow D
 CML – 169 P26QPM 9.5 0.90 Yellow D(F)
CML - 165 Pop 66 11.1 0.80 Yellow D(F)

Figure 1.
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agreed with their pedigree records. Most of the inbred lines 
could be differentiated with the combination of primer 
pairs used for diversity analysis. On the basis of cluster 
diagram, crossing between two highly dissimilar genotypes 
with high tryptophan content will be useful to produce 
transgressivesegregants or hybrid. 

Figure 2.
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Introduction
Biofortification can be a sustainable method to deliver 

micronutrients to reduce malnutrition using familiar foods, 
that is why it is now becoming one of the focus agenda in 
major crop breeding programme.  In fact, biofortification 
defined a method of breeding crops where the objective is 
to increase their nutritional value. High yielding hybrids 
and OPVs in maize are no doubt attractive due to high yield 
potential but majority of them are poor and had narrow range 
of pro-vitamin A carotenoid (Harjes et al 2008). Landraces 
and germplasm of maize had wide range of carotenoids 
(Harjes et al 2008) probably because of the presence of 
desirable allele (s) or block of adapted genes which may 
prove to be potential donor source for improvement of 
carotenoids in maize kernel. Uttarakhand from where 
the land races of maize for the present investigation were 
collected comprised of wide range of altitudinal and 
topographical variations right from well fertile plain tarai 
region to alpine zone with variable microclimatic niches. 

Material and Methods
Thirty maize landraces (27 yellow and 3 white 

grained) were evaluated along with two checks under 
three environments i.e. normal nitrogen dose and irrigated 
(E1), low nitrogen and rainfed (E2) and low nitrogen and 
excess soil moisture condition (E3) in randomized complete 
block design at the N. E. Borlaug Crop Research Centre 
(CRC) of Govind Ballabh Pant University of Agriculture 
and Technology, Pantnagar, Uttarakhand, India. The 
experimental site is situated in foothills of Himalayas and 
geographically it is located at 290North latitude, 79.300 
East longitude and at an altitude of 243.84 m asl. Each plot 
consisted of two rows of 4m. Grain yield was calculated (q/
ha) at 15% moisture content. Each genotype was quantified 
for kernel carotenoids (µg/g dry matter basis) using Quick 
carotenoids extraction protocol. Behaviour of grain yield and 
kernel carotenoids across the environments was quantified 
by the procedure given by Eberhart and Russell (1966). 

Result and Discussion
Analysis of variance indicated significant variances for 

kernel carotenoids and grain yield in all the environments. 
These observations support that the sampled landraces from 
Uttarkhand had wide genetic variation for both the trait and 
can be inducted in maize improvement programme (Xiang 
et al 2010). The range of variation for grain yield was found 
to vary from 23.99 to 49.31 q/ha with population mean of 
36.71 q/ha, from 19.10 to 54.88 q/ha with population mean 
of 36.52 q/ha, and from 16.69 to 59.94 q/ha with population 
mean of 37.95 q/ha in E1, E2 and E3, respectively. Estimates 
on kernel carotenoids varied from 2.07 in white grained 
genotype to 42.21µg/g with population mean of 31.52 µg/g, 
from 2.47 in white genotypes to 44.59 µg/g with population 
mean of 28.93 µg/g and from 4.12 in white grained genotypes 
to 41.98 µg/g with population mean of 29.58 µg/g in E1, E2 
and E3, respectively. 

Pooled analysis of variance indicated highly significant 
genotypic variance for kernel carotenoids and grain yield 
(Table 1).  Significant mean squares due to G × E interaction 
indicated that the expressions of both the traits are influenced 
by the environment such as availability of nitrogen and soil 
moisture condition. Out of the 30 genotypes, 12 were found 

Table1. Pooled Analysis of Variance for carotenoid and 
grain yield in maize

Source of 
variation

Mean square

Degree of 
freedom Carotenoid Grain yield

Genotype 33 245.92** 235.39**
Environment 2 61.96** 20.34
G×E 66 17.14** 51.27*
E+(G×E) 68 18.46 50.36
E(linear) 1 123.94** 40.68
G×E(linear) 33 24.32** 53.47
Pooled deviation 34 9.66** 47.63**
Pooled error 198 1.46 27.86
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to be unstable for carotenoids due to significant deviation 
from regression. The remaining 18 genotypes were either 
adapted to rich environment or poor environment for kernel 
carotenoids. For grain yield, five genotypes were found 
to be unstable whereas the remaining 25 genotypes were 
either adapted to poor or rich environmental conditions for 
grain yield. None of the genotypes were found to fulfill the 
stability criteria for grain yield and kernel carotenoids. Based 
on the pooled analysis, five genotypes namely Nunawala 
Local-1, Pashim Khera Local-2, Bahadarabad Local-8, 
Sahaspur Local-6 and Bahadarabad Local-3 were identified 
to be superior for grain yield whereas Bajpur Local-1, 
Rudraprayag Local, Sahaspur Local-8, Redapur Local-1 and 
Khusalpur Local-3 were identified to be the five promising 
landraces for kernel carotenoids. The landraces namely 
Bahadarabad Local-7, Purvikhera Local, Bahadarabad 
Local-8, Sahaspur Local-8, Redapur Local-1 were identified 
to be promising when both kernel carotenoids and grain 
yield was considered together. 

Conclusion
The significant genetic variance for kernel carotenoid 

and grain yield indicated that land races of maize from 
Uttarakhand had potential as a breeding material in maize 
improvement programme. Since most of the lines were 
found to be either adapted to poor or rich environments, 
specific breeding approaches for specific adaptation seems 
to be more desirable.
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Introduction
Normal maize is low in protein quantity and protein 

quality, but an even more serious limitation is maize 
protein’s low level of two nutritionally vital amino acids 
lysine and tryptophan, which are nearly two times higher 
in Quality protein maize (QPM) than normal maize. 
Consumption of QPM can help alleviate human malnutrition 
problems in regions with maize-based diet and reduce costs 
of animal feed (Pixley and Bjarnason, 2002), but usually 
low performance of QPM hybrids compared to normal 
commercial check is reported (Hellin et al. 2008). Yield is 
an important factor in crop production and normally farmers 
don’t want to loose yield in any other aspects. Hybridization 
among QPM inbreds normally produce better quality double 
cross hybrids. Instead of using only sole QPM lines, the use 
of both QPM and normal inbreds can be a useful way to 
obtain high yielding double cross hybrids with increased 
heterosis and adjustable quality. However, little is known 

about this. The study focused on to assess the possibility 
of producing high yielding double cross hybrid maize with 
adjustable quality using both QPM and normal inbreds. 

Methods

Twenty four double cross (DX) hybrids were produced 
from 4 different types of crosses i.e., type I: (normal×normal)×
(normal×normal)-6; type II: (QPM×QPM)×(QPM×QPM)-6; 
type III: (QPM × QPM)×(normal×normal)-6 and type IV: 
(QPM×normal)×(QPM×normal)-6. The parents (single 
crosses) of the DX hybrids were selected from normal × 
normal, QPM × QPM and QPM × normal crosses based on 
some desirable characters viz. medium plant and ear height, 
earliness, erect leaves, plant and ear aspects, disease free 
and also considered those single crosses (parents of DX) 
which were produced from closely related lines having 

Figure 1.  High yielding double cross hybrid maize along with adjustable 
quality produced from crossing of (QPM×QPM)×(normal×normal) 
inbred lines
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same source of origin. The 24 DX hybrids were evaluated 
along with normal (Pacific 11) and QPM (BHM 5) check 
variety following alpha lattice design with 3 replications 
at Bangladesh Agricultural Research Institute, Gazipur in 
2008. Data were recorded on kernel yield plant-1 and quality 
traits like total protein, lysine and tryptophan. Standard 
heteross was estimated against the check varieties. Protein, 
lysine and tryptophan were estimated from F2 kernels 
taken from middle of the selfed ears of each double cross 
hybrid and check varieties. Protein estimated on N basis, 
%Protein=%nitrogen × 6.25. Tryptophan and lysine was 
estimated following AOAC (1975) and Joslyn (1976).

Results 
Out of four types of 24 DX hybrids, the six QPM 

DX produced from sole QPM inbreds of type II crossing 
(QPM×QPM)×(QPM×QPM) expressed significant high 
heterosis for all the quality traits against the normal check, 
but all of them showed significantly negative or low 
heterosis for yield against both the check varieties and had 
low means also (data not shown). It is interesting to note 
that, none of the DX hybrids produced from type I, II and IV 

crossing had significant positive heterosis for yield over any 
of the check variety. On the other hand, the six DX hybrids 
produced from type III crossing (QPM×QPM)×(normal× 
normal) although had significant negative or low heterosis 
against the QPM check BHM 5 for all quality traits, yet 
almost all of them reversely expressed significantly higher 
heterosis over the normal check Pacific 11 for the same 
quality traits (Table 1). Moreover, among the 4 types of 
crosses, almost all the hybrids from only type III crossing 
exhibited significantly higher heterosis over both the check 
varieties for yield (Table 1) and had high means also. The 
results showed that there is possibility of increasing kernel 
yield in DX hybrid maize with adjustable quality by crossing 
of (QPM×QPM)×(normal×normal) inbreds.

Conclusions
It is possible to increase kernel yield in DX hybrid 

maize with adjustable quality using both QPM and normal 
lines through crossing of (QPM×QPM)×(normal×normal) 
inbreds. The DX having high yield and adjustable quality 
can be used for commercial variety after verifying the 
performances. 

Table 1.  Percent standard heterosis over the QPM (BHM 5) and normal (Pacific 11) checks for yield and quality traits in DX 
hybrids produced from 4 types of crosses.

Types of 
double crosses

Yield plant-1 (g) Protein (%) Lysine (%) Tryptophan (%)

BHM 5 Paci 11 BHM 5 Paci11 BHM 5 Paci.11 BHM 5 Paci.11

Type I cross: (Normal × normal) × (Normal × normal)
(Q2×Q4)×(Q3×Q5)  -7.4**  -4.2**  -2.4  -4.5 -31.6**  -3.8 -17.8**  -1.1
(Q6×Q7)×(Q2×Q4)  -21.6**  -18.9**  7.1**  4.9* -34.5**  4.1 -25.8  2.2

Type II cross: (QPM × QPM) × (QPM × QPM)
(P2×P3)×(P5×P6)  -0.6  2.7  1.4  4.8  2.9 38.4**  4.1 61.7**
(P4×P5)×(P1×P2) -15.9** -13.1**  9.5**  7.2** 4.7* 34.6**  6.9 51.5**

Type III cross: (QPM × QPM) × (normal × normal)
(P1×P7)×(Q6×Q7)  -0.2  3.2  0.6  3.5 -23.6** 11.5**  -5.8 21.2**
(P2×P3)×(Q6×Q7)  7.9** 10.5**  - 0.2  -2.3 -23.6** 11.5**  -5.8 21.2**
(P2×P3)×(Q2×Q4)  9.7** 13.4**  -3.4  -2.1 -18.4** 11.8** -14.1** 10.6**
(P2×P3)×(Q4×Q5) 5.1*  8.6** 11.7**  7.2** -13.1** 26.9**  -5.1 21.2**
(P1×P2)×(Q4×Q5)  1.8  5.1** 10.1**  7.7** -26.3**  9.9** -15.2** 13.4**
(P1×P2)×(Q2×Q4)  3.7*  6.9** 14.2**  11.8** -23.6** 11.5** -14.1** 12.9**

Type IV cross: (QPM × normal) × (QPM × normal)
(P7×Q5)×(P6×Q2)  -1.2  2.1 13.4** 11.1** -21.1** 15.4** -21.2** 21.2**
(P2×Q2)×(P3×Q4)  -18.7**  -16.0**  5.0 6.5* -19.5** 11.5** -17.6** 23.0**
CD(0.05) 3.37 3.49 5.07 4.87  4.62  7.11  7.03 9.37

*, **Significant at P=0.05 and P=0.01, respectively
Note: In case of Type I, II and IV double crosses, only the highest and lowest heterotic crosses for yield are shown in the Table.
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Introduction
Maize (Zea mays L.) is one of the most important crops 

of the world including India. Breeding for improved protein 
quality in maize began in the mid 1960s after the discovery 
of mutants such as opaque-2, that produced enhanced 
levels of lysine and trypophan, eventually paving way for 
the development of Quality Protein Maize (QPM) cultivars 
(Vasal, S.K. 2001). The nutritional and biological value 
of QPM is high and equivalent to that of milk. The aim of 
the study was to assess the phenotypic variability among 
elite QPM inbred lines so as to identify genetically diverse 
inbreds for breeding superior Single Cross QPM hybrids.

Materials and Methods
A set of 60 maize inbred lines was evaluated for 

different morpho-phenological and post harvest traits at 
Directorate of Maize Research, Pusa campus, New Delhi 
during Kharif 2009 and 2010. Data were recorded on traits 
viz. days to anthesis(50%), days to silking(50%), plant 
height(cm), ear placement(cm), leaf width(cm), tassel traits 
(density of spikelets, angle between main axis and lateral 
branches, tassel length etc), ear traits (length, diameter, 
shape, number of rows of grains,), kernel traits (shape, row 
arrangement,1000 kernel weight) and per se performance 
(tons/ha). Data was analysed using Indostat.

Table 1: Mean performance of desirable Quality Protein Maize inbred lines 

Sr. No. Pedigree
Days to 
Athesis 
(50%)

Days to 
Silking 
(50%)

Anthesis 
Silking 

Interval (ASI)

Plant 
height 
(cm)

Ear 
placement 

(cm)

per se 
performance 

(tons/ha)

1 HKI 163 52 54 2 123 73.3 -
2 HKI 164-4-(1-3)-2 55 59 4 123 73.3 -
3 HKI 164-4-(1-3) 52 54 2 107 48.3 2.81
4 HKI 164-7-4 61 66 5 123 48.3 2.76
5 HKI-164-7-4-2 55 61 6 112 53.3 3.11
6 HKI 164-7-4 ER-3 52 55 3 122 73.3 2.71
7 HKI 191-1-2-5 56 59 3 122 73.3 3.49
8 HKI 193-1 57 60 3 108 51.7 3.33
9 HKI 193-2-2 59 64 5 120 73.3 3.96
10 HKI 5072-2 - BT 56 59 3 125 73.0 2.63
11 HKI 31-2 55 58 3 97 51.7  -
12 HKI 1345 65 68 3 122 46.7  -
13 DMR QPM-102 54 58 4 133 81.7  -
14 CML  451Q 55 59 4 95 43.3 2.88
15 DMRQPM 58 50 53 3 113 58.3 2.78
16 CML 158 50 59 9 113 48.3 3.57
17 CML 165 56 61 5 108 48.3 2.91
18 CML175 55 58 3 143 72.0 - 
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Results
Mean performance over the two years for all of the 

measured traits of the  inbreds studied showed significant 
variation between lines. On the basis of Days to Anthesis 
(50%), the lines were classified into three maturity groups: 
early (16), medium (32) and late (12).  Anthesis silking 
interval (ASI) ranged from 1-9 days with a mean of 4.09. On 
the basis of low ASI (0-1), two lines namely DMR QPM-
112 and CML 166 with stay green trait were identified. 
Data related to traits such as tassel length (16-35 cm), plant 
height (65-168 cm), ear placement (20-95cm), leaf width 
(4.4-11cm) showed wider variability among all the lines. 
Most of the lines were uniform w.r.t. post harvest traits as 
ear length (9-16cm), ear diameter (2.5-4.0 cm), number of 
rows of grains (10-14) with straight row arrangement. The 
1000 kernel weight varied from 112-300 gm. On the basis 
of tassel and ear traits, 18 desirable lines (Table 1) were 
identified and categorised into male and female parents to 
be utilized in augmenting the Single Cross Hybrid breeding 
program of Quality Protein Maize.  On the basis of per se 
performance, the productive lines with more than 2.00 tons/
ha yield viz., HKI 164-4-(1-3), HKI- 164-7-4, HKI- 164-

7-4-2, HKI- 164-7-4-ER-3, HKI-191-1-2-5, HKI 193-1, 
CML451Q and CML 158 were identified.

Conclusions
The QPM inbreds exhibited wide variability (between 

lines) for different morpho-phenological traits. The study 
resulted in the identification of 18 desirable inbreds viz. 
HKI 164-4-(1-3), HKI- 164-7-4, HKI- 164-7-4-2, HKI 31-
2, DMR QPM-102, CML 158 etc. (Table-1) to be utilized 
in augmentation of QPM single cross hybrid breeding 
program.. 

Reference:
Vasal, S.K. 2001. Keynote address, Quality protein maize 
development: an exciting experience Seventh eastern and 
southern Africa regional maize conference 11-15th Feb. 
CIMMYT, Apdo, Postal 6-41,00600 Mexico, D.F., Mexico
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P_5.13:  Exploitation of hybrid vigour for yield and quality from 
normal and quality protein maize inbreds
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*Author for correspondence: amiruzzaman95@yahoo.com

Introduction

Development of quality protein maize (QPM) hybrids 
using QPM inbreds is a common process and in most of the 
cases, performances of QPM hybrid was lower than normal 
commercial varieties (Bhatnagar et al. 2004). Instead of 
using only sole QPM lines, breeding efforts involving both 
QPM and normal inbreds can be a useful and better way 
to obtain high yielding hybrids with increased heterosis and 
adjustable quality. A comprehensive study involving QPM 
and normal maize covering both morpho-genetic and quality 
parameters is lacking. The study focused on the possibility of 
producing high yielding single cross hybrids with adjustable 
quality using both QPM and normal maize inbreds. 

Materials & Methods 

Two sets of selected diverged inbred lines of maize 
(each set contained 7 QPM and 7 normal inbreds) were 

crossed separately among themselves (QPM × QPM and 
normal × normal) following half diallel fashion and between 
them (QPM × normal) Design II mating scheme to produce 
three sets of single cross hybrids. All the three sets of hybrids 
were evaluated separately along with QPM check BHM 5 for  
QPM × QPM, normal check Pacific 11 for  normal × normal 
and both the checks for QPM × normal following alpha 
lattice design with 3 replications at Bangladesh Agricultural 
Research Institute, Gazipur in 2007. Observations were 
recorded on kernel yield plant-1 and quality parameters like 
total protein, lysine and tryptophan content. Combining 
ability analysis was carried out following Model I (fixed 
effect model) and Method 4 (one set of F1’s only) according 
to Griffing (1956). CropStat program for Design II analysis 
and standard heteross was estimated against the check 
varieties. Protein, lysine and tryptophan were estimated 
from F2 kernels taken from middle of the selfed ears of each 
hybrids and check varieties. Total protein was estimated 
based on percentage of nitrogen. %Protein=%nitrogen × 
6.25. Tryptophan and lysine was estimated following AOAC 
(1975) and Joslyn (1976).

Table1. Comparison of mean of standard heterosis for yield and quality traits of hybrids produced from QPM × QPM, 
normal × normal and QPM × normal crosses of maize.

Type of cross Yield plant-1 (g) Protein (%) Lysine (%) Tryptophan (%)

QPM × QPM: Heterosis estimated over QPM check BHM 5
Mean of heherosis -3.62 15.72 3.23 2.19
Max. heterosis (%) 6.35** 31.06** 15.60** 14.47**

Normal × normal: Heterosis estimated over normal check Pacific 11
Mean of heherosis -0.83 - - -
Max. heterosis (%) 9.71** - - -

QPM × normal: Heterosis estimated both over QPM and normal check BHM 5 and Pacific 11

BHM 5 Paci 11 BHM 5 Paci 11 BHM 5 Paci 11 BHM 5 Paci 11

Mean of heterosis 4.78 6.71 7.16 5.62 -23.18 18.18 -7.66 23.12
Max. heterosis (%) 21.37** 23.61** 24.64** 29.28** -7.50** 42.41** -5.68** 40.91**

**Significant at p=0.01
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Results
Results revealed that mean of heterosis (ave. heterosis) 

for yield had negative values both in QPM × QPM and 
normal × normal crosses, but for QPM × normal crosses 
it showed high positive value (Table 1). In QPM × QPM 
and normal × normal crosses, only a few hybrids showed 
significant positive heterosis for yield, but in case of QPM 
× normal crosses most of the hybrids expressed significantly 
high heterosis over both the QPM and normal checks for the 
same trait and had high mean values also (data not shown). 
The QPM hybrids produced from QPM × QPM crosses, 
those showed significant positive heterosis for quality traits, 
most of them had significantly negative or low heterosis for 
yield. The maximum heterosis 6.35% was observed in QPM 
× QPM crosses over the QPM check and 9.71% over the 

normal check in normal × normal cross; whereas it reached 
21.37% and 23.61% over the QPM and normal check 
variety in QPM × normal cross (Table 1). In case of quality 
traits like protein, lysine and tryptophan standard heterosis 
reached up to 29.28%, 42.31% and 40.91%, respectively in 
QPM × normal crosses against the normal check, Pacific 11. 
Besides, all of the hybrids produced from QPM × normal 
crosses showed significantly higher lysine and tryptophan 
content over the normal commercial check Pacific 11 and 
also had high mean values, although they showed significant 
negative heterosis for these two quality parameters with 
the QPM check BHM 5. It showed from the results that 
kernel yield in hybrid maize can be increased effectively 
maintaining adjustable quality by crossing of QPM with 
non-QPM inbreds. 

Figure:  High yielding single cross hybrid maize along with quality produced from crossing of QPM × 
normal inbred lines
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Conclusions
It is possible to increase kernel yield effectively in 

hybrid maize along with adjustable quality by exploiting 
heterosis of crossing between diverse QPM and normal 
inbred lines. The crosses exhibited high heterosis for yield 
and desirable traits along with quality could be used for 
commercial variety after verifying their performances. 
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P_5.14:  Effect of harvest time milk stage on nutritional quality 
of protein maize (Srikandi Putih and Srikandi Kuning) 
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Indonesian Cereal Research Institute (ICERI), Indonesia. 
Email: aaniyahya@yahoo.com

Summary
Corn milk in Indonesia is vital to addressing nutrition 

and food insecurity and meeting  a wide range of needs 
as regards processed foods—traditional, semi-traditional 
and modern; it can, and must, be made available at a price 
affordable to all sections of the people, whether in the 
villages or in the urban areas. 

Research on the nutritional composition of Quality 
Protein Maize (QPM) at harvest-time milk stage has been 
carried out at the ICERI Chemistry Laboratory, Maros, South 
Sulawesi, and at the Analytical and Calibration Laboratories 
Center for Agro-Based Industry, Bogor, in West Java, 
using two QPM lines from CYMMIT that were released 
in 2004: Yellow Srikandi-1 (SK-1) and White Srikandi 
(SP-1). The experimental design was completely random  
with two-factor treatment. The first factor was harvest time 
75hst, 80 hst, 85 hst, 90 hst. The second factor comprised  
the White Srikandi and Yellow Srikandi maize varieties. 
The samples were prepared for analysis of the following 

types of content: carbohydrate (Anthrone method), protein 
(micro-Kjeldahl method), fat content (Soxhlet extraction 
with petroleum ether), crude fiber (aqueous base and acid 
hydrolysis), amino acid (HPLC method), mineral (Ca, P, 
Fe/AAS), Vitamin C (Spectrophotometer), β-carotene/pro-
Vitamin A (HPLC), and moisture (Oven 105◦C). The result 
of this research indicated the following harvest time results 
for Yellow Srikandi and White Srikandi at 90 hst: moisture 
content 72.28-72.77%, protein content  4.41 - 4.52%, fat 
content 1.61-1.79%, carbohydrate 22.27-22.76%, crude 
content 2.09-2.14%, Ca 3.5-4.1mg, P 126-148 mg, Fe 0.8 – 
1.1mg, Vitamin B 0.15-0.18mg, C 11.5-12.6 mg.  Results of 
the research also showed that harvesting at greater maturity 
increased  the nutritional component.  As for consumers, 
they too have shown aversion to hard seeds (dent stage). 
The augmented nutritional composition of QPM (Yellow 
Srikandi and White Srikandi)  will be beneficial for  both 
breeders and consumers alike.

Key words: Maize, milk stage, nutritional composition 
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P_5.15: Ethanol production from corn stover

Jin Hua, Liu Liping, Hou Lin, and Zhang Junbo 
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Among the available residuals in agriculture production, 
corn stover is far the most abundant raw material of lingo 
cellulosic for fuel ethanol production in China. Some 200 
million tons of corn stover is produced annually, representing 
approximately 40 million tons of ethanol.

The aim of this work was to perform experiments 
with free cell or calcium-alginate immobilized cell of 
Saccharomyces cerevisiae and Mucor indicus in sterile 
synthetic substrate and non-sterilizing corn stover 
hydrolysate under different fermentation conditions. 

Continuous fermentation with immobilized M. 
indicus using a synthetic substrate with 20 g/L glucose and 
hydrolysate of corn stover added 20g/l glucose and 10g/l 
xylose, resulted in maximum ethanol yields of 0.37g/g and 
0.41g/g of total consumed sugars, respectively.

Continuous fermentations were carried out by 
immobilized S. cerevisiae and immobilized M. indicus 
together on both synthetic substrate (added glucose, 
arabinose and xylose) and corn stover hydrolysate (added 
glucose). The fermentation using synthetic substrate 
resulted in ethanol productivity of 0.28g/l.h, whereas using 
corn stover hydrolysate gave an ethanol yield productivity 
of 0.38g/l.h.

Continuous cascade fermentation was carried out using 
two different reactors to consume glucose and xylose by 
immobilized S. cerevisiae and immobilized M. indicus, 
respectively. The ethanol concentration reached 7.294g/l 
in the first reactor and 7.871g/l in the second reactor. The 
specific ethanol productivity was 1.4g/l.h and 0.752g/l.h, by 
S. cerevisia and M. indicus respectively.
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Introduction
Waxy maize is an important staple food as well as a 

traditional vegetable in Southeast Asia. As a staple food, 
maize of any kind is insufficient in delivering the minimum 
amount of quality protein necessary for children during 
the first five years of life.The combination of the recessive 
endosperm quality traits, wx and o2, canalmost guarantee 
the required daily amount of essential amino acids.Double 
recessive wx-o2 genotypes, generated as double haploids or 
by selfing from crosses heterozygous for wx and o2, were 
analyzed for their starch composition and amino acid profile.

Material and Methods 
Double recessive wx-o2 genotypes were developed 

either from Chinese waxy and QPM material by inducer 
lines or from Thai material by selfing combined with 
backcrossing (Dang et al., 2011a; Sinkangam et al., 2011). 
Genotypes derived from inducer lines were cultivated in a 
greenhouse in Switzerland, genotypes derived by selfing 
on a Thai field station in two seasons. The detection of the 
both recessive traits was done by marker-assisted selection. 
Grains were analyzed for the amylose/amylopectin ratio 
was evaluated by spectrophotometry. Amino acids were 
analyzed by acid hydrolyzation followed by high pressure 
liquid chromatography(HPLC).

Results and Discussion
Both in Chinese and Thai double recessive genotypes 

the amylopectin content was close to 100%, somewhat 
higher than in the parental waxy lines (Table 1). The 
contents of essential amino acids like lysine and tryptophan 
were about doubled in comparison to conventional maize 
and still higher than in the parental opque2 parental lines. 
In o2 genotypes fractions of proteins belonging to non-
zein groups are increased that are rich in the amino acids 
lysine or tryptophan. These are sound proofs that the goal 
of combining two quality traits within one grain was fully 
achieved (Dang et al., 2011b).The average sugar content 
was about 70 mg/g in non-mature seeds, twice as high as 

in conventional maize, still higher than in the parental waxy 
maize; this will support the acceptance of double recessive 
genotypes by vegetable consumers (Sinkangam et al., 2011).

Conclusion
Two major changes in chemical grain composition 

were achieved by double recessive waxy-QPM (wx-o2) 
genotypes from Chinese and Thai origin without impairing 
the physical grain properties. By consuming QPM (or high 
quality protein maize) maize, the height of infants can 
increase about 10% in comparison to those children who 
consume only normal maize (Gunaratnaet al., 2010). Thus 
it is motivating to transform waxy maize as a staple and a 
vegetable into a double quality one. 
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Table 1:  The average percentage of amylopectin in the total 
endosperm and of tryptophan in the endosperm 
protein content in endosperm for the Thai and the 
Chinese waxy x opaque2 genotypes

Genotypes
Amylopectin 

(%)

Tryptophan 
in protein 

(%)waxy
waxy x 
opaque-2

Thai (Selfing) 97.6 1.27
Chinese (Double Haploid) 100.0 2.11
Thai Check 58.8 0.24
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Introduction
Maize is the most widely distributed crop of the world, 

cultivated in tropics, sub-tropics and temperate regions 
to almost in all the conditions of irrigated to semi-arid. It 
is, after wheat and rice, the most important cereal grain, 
providing nutrients for humans and animals and serving as 
a basic raw material for the production of a large number 
of industrial products. Besides being the principal source of 
carbohydrates and energy, maize like other cereals is also the 
largest single source of protein in the diet of the people for 
whom it is a staple food. Nutritional quality of maize protein 
is poor because of imbalanced amino acid composition due 
to deficiencies of two main essential amino acids, lysine 
and tryptophan and excess of leucine (Lodha et al. 1976). 
However, the discovery of association of high lysine and 
tryptophan with opaque-2 maize endosperm by Mertz et 
al. (1964) opened up new vistas in improving the protein 
quality of maize and thus the work on developing quality 
protein maize was started. Keeping in mind the importance 
of nutritional quality of maize, the present study was planned 
to observe the variability in the nutritional profile of some 
elite maize genotypes received from different maize centers 
across India. 

Materials and Methods
Twenty three elite maize genotypes received from 

AICRP maize centers located across India were used for 
this study. Protein and oil were estimated by the method 
of AOAC (1970). Tryptophan was estimated by papain 
hydrolysis method of Villages et al. (1971). The lysine 
was estimated calorimetrically by the method of Tsai et. al. 
(1972). The carotenoids and b-carotene were estimated by 
ether extract spectrophotometrically with the help of column 
chromatography by method of Rodriguez et al. (2004). 
Statistical analysis was done by using CD at 5% level.

Genetic Distance Measurement
A Euclidean coefficient of dissimilarity i.e. Euclidean 

distance among 23 maize varieties was calculated by the 
formula given below:

Cluster Analysis
The genetic relationship of 23 maize genotypes as 

depicted by Euclidean distance was obtained through 
cluster analysis using unweighted pair group method using 
arithmetic average (UPGMA). Cluster analysis gives 
various clustering algorithms like ‘Sequential Hierarchical 
and Neighbor clustering’. All analysis was done by using 
DARwin 5.0.158 software.

Results and Discussions
A non-significant variation was observed in the protein 

content. In contrast, a significant variation was observed 
in the tryptophan (0.30 to 0.77 per cent of protein) as well 
as lysine content (1.14 to 2.96 per cent of protein) of the 
samples. The genotype HQPM-8 recorded the highest 
tryptophan (0.77% of protein), whereas the maximum 
value of lysine was exhibited by the genotypes HQPM-4. 
Starch content showed a non-significant variation ranging 
from 67.7 to 72.72 per cent. Similarly a significant variation 
was observed in the oil content. The most significant 
achievement of the present study was the wide variability 
observed in the caroteniods and b-carotene content of these 
samples. Carotenoids content ranges from 16 to 32 percent, 
whereas the b-carotene was found to be present in the range 
of 1 to 9 per cent in these samples. 
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Fig. 1:  Dendrogram of maize genotypes showing Euclidian 
distance based on quality parameters. 

The total parameters were distributed in two clusters 
based on the Euclidean coefficient of dissimilarity (fig. 1). 
The highest distance was observed in Shaktiman-3 and 
PMH-1. These were further followed by the pairs HQPM-
7 and Buland, HM-8 and PMH-2. The lowest distance was 

observed in the pair HM-8 and Prakash followed by HM-7 
and FH-3356. The dendrogram separated the genotypes into 
two different clusters based upon their dissimilarity. 

Conclusion
The present study shows that the pairs of genotypes 

showing high Euclidean distance were genetically diverse 
for quality characters. So, these pairs can be exploited for 
breeding nutritionally improved superior inbred lines while 
the pairs showing less Euclidean distance are genetically 
more similar for these characters and could be used for 
improving genetic base of the material. 
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Introduction
Corn is second importance stable food after rice in 

Indonesia, but in the eastern part like in NTT, NTB, South 
Sulawesi, Maluku and Papua, corn is the main food for 
indigenous famers. There are 34 opv. released as national 
varieties until 2010, all these were commonly normal corn. 
Since 2007 breeding for β-carotene (Provit-A) in ICERI was 
started to improve the population and generate elite lines for 
promising new variety.  β-carotene corn was high nutrition 
(vitamin-A) than normal corn. The content of β-carotene is 
vary 0.7-4.7 µg/g (Menkir et al., 2005). Pixley et al. (2005) 
breeding to increase β-carotene is to select seeds with the 
dark orange or yellow color. β-carotene was potential health 
benefits for humans, deficiency was higher risk of visual 
impairment and blindness (Crowley, 2008; Pixley et al., 
2005). The experiment was conducting as evt to found the 
best β-carotene and high yield of population Provit-A in 
eight location under rainy and wet season.

Methods
Seven population of β-carotene corn Obatanpa-

BC1C2-F2, Zm305(Pro-A)BC2C1-F2, Sam4(Pro-A)
BC2C1-F2, KUICarotenoid Syn, KUICarotenoid 
Syn(broad), Carotenoid Syn-3, Carotenoid Syn-3(broad), 
and two check normal maize of ICERI (Sukmaraga, Srikandi 
yellow-1). The experiment was conducted by RCBD with 
four replication. Each entries was to planting in four rows 
with spacing 75x20 cm. Location of trial is central corn 
production in South Sulawesi (Maros, Bajeng, Bontobili), 
Central Sulawesi (Donggala), East Java (Probolinggo), 
North Sulawesi (Manado), NTB (East-Lombok), and Riau 
(Pakanbaru) under rainy and dry season. Data was analyzed 
by yield stability to found the interaction (location x entries 
x season) by procedure of Eberhart and Russel, in Singh and 
Chaudhary (1985). Concentration β-carotene of seeds were 
analyzed in “Indonesian Post-Harvest Institute” in Bogor 
West-Java. 

Table 1. Average yield (w.c.15%) in eight location under two season. evt 2009-2010

Treatment (Entries)

Rainy Season Dry Season Average

Asi, 
days

Plant 
aspect, 
score

Yield 
(t/ha)

Ratio 
(%)

Yield  
(t/ha)

Ratio 
(%)

Yield 
(t/ha)

Ratio 
(%)

Provit-A
 Obatanpa(Pro-A)BC1C2-F2 6.75 17.40 6.95 4.66 6.85 10.48 2.50 1.0
 Zm305(Pro-A)BC2C1F2 6.53 13.56 6.34 -4.52 6.44 3.87 1.65 2.3
 Sam4(Pro-A)BC2C1F2 6.09 5.91 6.16 -7.23 6.13 -1.13 0.70 1.1
 KUI Carotenoid Syn 6.19 7.65 7.14 7.53 6.67 7.58 2.20 1.0
 KUI Carotenoid Syn (broad) 6.47 12.52 6.40 -3.61 6.44 3.87 2.25 1.0
 Carotenoid Syn-3 5.97 3.82 6.32 -4.81 6.15 -0.80 1.90 1.0
 Carotenoid Syn-3 (broad) 6.31 9.73 6.06 -8.73 6.19 -0.16 3.15 2.0
Check
 Sukmaraga 5.75 - 6.64 - 6.20 - 2.05 2.1
 Srikandi yellow-1 5.55 - 6.12 - 5.84 - 2.65 2.0
CV (%) 9.58 - 12.87 - 6.00 - 4.15 8.5
LSD5% 0.59 - 0.83 - 0.36 - 1.10 ns

Ratio (%) : Ratio of Provit-A candidate vs. best reference (Sukmaraga)
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Result 
The average yield in eight location under two season 

shown in table 1. Obatanpa (Pro-A)BC1C2-F2 and 
KUICarotenoid Syn were the highest yield of Provit-A and 
significant different compared two normal corn Sukmaraga 
and Srikandi yellow-1. The different of yield compared 
best check Sukmaraga found 10.48% of Obatanpa(Pro-A)
BC1C2-F2 and 7.58% of KUI Carotenoid Syn. The content 
β-carotene of Obatanpa(Pro-A)BC1C2-F2 were 4.05 µg/g 
and higher than Sukmaraga and Srikandi yellow-1 were 
68.8% and 113.2%. KUI Carotenoid Syn content 7.25 
µg/g higher than Sukmaraga and Srikandi yellow-1 were 
202.1% and 281.6% (Table 2). Anthesis silking interval (asi) 
of Provit-A was observed 0.70-3.15 days and check 2.05-
2.65 days. Plant aspect to score 1.0-2.0 and there are not 
significant between entries

Conclusion
Two population of Provit-A would be promising as 

new opv and significant different with check normal corn 
(1) Obatanpa(Pro-A)BC1C2-F2 with average yield 6.85 t/
ha and content of β-carotene 4.05 µg/g,  (2) KUI Carotenoid 
Syn yield 6.67 t/ha and β-carotene 7.25 µg/g. Asi of Provit-A 
0.70-3.15 days, and plant aspect to score 1.0-2.3

Table 2. Concentration of β-carotene and ratio of increase to normal corn

Treatment (Entries)
β-carotene

µg/g

Ratio increased (%) on

Sukmaraga Srikandi yellow-1

Provit-A
 Obatanpa(Pro-A)BC1C2-F2 4.05 68.8 113.2
 Zm305(Pro-A)BC2C1F2 5.15 114.6 171.1
 Sam4(Pro-A)BC2C1F2 7.25 202.1 281.6
 KUI Carotenoid Syn 7.25 202.1 281.6
 KUI Carotenoid Syn (broad) 6.30 162.5 231.6
 Carotenoid Syn-3 7.46 210.8 292.6
 Carotenoid Syn-3 (broad) 2.90 20.8  52.6
Check
 Sukmaraga 2.40 - -
 Srikandi yellow-1 1.90 - -

References

Crowly. L. 2008., New research boosts vitamin A content in maize. 
News headlines science and nutrition food Navigator.com/
Europe.

ICERI., 2009. Description varieties of corn. opv and hybrids. 
ICERI. CRIF. AARD. Maros.

Menkir. A., Liu. W., White. W. S., Maziya-Dixon. B., Rocheford. T., 
2005. Carotenoid diversity in tropical-adapted yellow maize 
inbred lines. International Institute of Tropical Agruculture 
Oyo Road PMB 5320. Ibadan Nigeria.:521-529.

Pixley. K., Beck. D., Palacios. N., Gunaratna. N., Guimaraes. P. E., 
Menkir. A., White W. S., Nestel.  P., and Rocheford., 2005. 
Proceedings of the Ninth Asian Regional Maize Workshop. 
September 5-9, 2005. Beijing, China. China Agricultural 
Science and Technology Press; 219-223.

Singh. R. K.. and Chaudhary. R. D.. 1985. Biometrical Methods in 
Quantitative Genetic Analysis. Kalyani Publishers. Kamia 
Nagar. India:253



364

Book of Extended Summaries for the Eleventh Asian Maize Conference

P_5.19:  Influence of Storage on the functional and rolling 
quality of quality protein maize (QPM) flour 

Shobha. D*, Sreeramasetty TA, Pandurange Gowda KT, Puttaramanaik 

AICRP (Maize), Zonal Agricultural Research Station, VC Farm, Mandya – 571 405, Karnataka, India
*Author for correspondence: shobhafsn@gmail.com

Introduction
Maize (Zea mays L.) is the third important crop after 

rice and wheat. The quality protein maize (QPM)  has got 
special distinction among cereals due to presence of  high 
amount of Lysine and Tryptophan  which  makes it rich in 
quality of  proteins,  hence can be utilized for diversified 
purpose in food and nutritional security(Jat et al 2009). QPM 
flour along with germ and outer layer serve as a good source 
of protein, fat, vitamins and minerals. Hence   the  present  
investigation  focused on keeping quality of flour for long 
term use to prevent hazards like insect infestation, oxidative 
rancidity, changes in functional and rolling properties during 
storage. 

Materials and methods
Seeds of Quality Protein Maize hybrid HQPM-7   were 

subjected to lime treatment, then stored in polyethylene 

and plastic bottles .During storage bulk density (BD g/ml), 
water absorption and oil absorption capacity (WAC and 
OAC) were determined by the method of Beuchat (1977). 
The method of Ukpadi and Ndimele (1990) was used for the 
swelling capacity. The quality of flour is directly related to 
roti quality and which in turn is affected by water uptake, 
rolling quality and diameter after baking; hence these 
parameters were tested (Murthy and Subramanian 1982). 
The data obtained from each treatment were subjected for 
analysis Steel et al (1997).

Results and Discussion
The results presented in table I showed that as the 

storage period progressed, the bulk density (0.61g/ml), 
Water absorption capacity decreased significantly. The 
initial oil absorption capacity of the flour was 140% and 
it increased significantly over a period of six months in 
both the packages (143.43% in plastic box, 142.29% in 

Table 1. Effect of storage on the Functional properties of QPM flour

Months

BD g/ml WAC% OAC% SWC g/g LGC% pH
PV 

mEq/kg fat

B P B P B P B P B P B P B P

M0 0.61 0.61 187.3 187.34 140.0 140.0 2.92 2.92 6.0 6.0 6.13 6.13 0.60 0.60
M1 0.61 0.61 184.0 188.0 142.0 141.0 2.75 2.82 6.0 6.0 6.05 6.08 0.68 0.65
M2 0.60 0.61 181.0 186.0 143.0 141.0 2.72 2.82 6.0 6.0 6.05 6.02 0.76 0.74
M3 0.60 0.60 174.6 181.0 145.0 142.0 2.51 2.61 8.0 6.0 5.95 6.02 0.81 0.80
M4 0.59 0.60 171.0 176.67 144.34 143.0 2.12 2.34 8.0 8.0 5.98 5.85 0.85 0.86
M5 0.58 0.60 162.0 160.0 142.0 142.0 1.90 2.10 8.0 8.0 5.80 5.62 0.96 0.93
M6 0.58 0.60 160.3 158.34 147.67 146.67 1.92 2.11 8.0 8.0 5.80 5.68 1.12 0.97
Mean 0.56 0.61 174.3 176.76 143.43 142.29 2.31 2.46 7.34 7.0 5.98 5.91 0.82 0.79

SEm±
CD

(0.05) SEm±
CD 

(0.05) SEm±
CD 

(0.05) SEm±
CD 

(0.05) SEm±
CD 

(0.05) SEm±
CD 

(0.05) SEm±
CD 

(0.05)

Packaging 0.000 0.001 0.290 0.843 0.239 0.701 0.001 0.002 NS NS 0.004 0.011 0.002 0.007
Months 0.000 0.001 0.543 1.578 0.414 1.214 0.001 0.003 NS NS 0.007 0.020 0.004 0.013
M × P 0.001 0.142 0.768 2.231 0.585 NS 0.002 0.006 NS NS 0.010 0.028 0.006 0.018

BD = Bulk Density; WAC = Water Absorption Capacity; OAC = Oil Absorption Capacity; SWC= Swelling Capacity; LGC = 
Least Gelation Concentration, pH = Hydrogen Ion Concentration; PV = Peroxide Value, Mo-M6 = Months Interval, NS = Non 
Significant.
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polyethylene cover). For fresh flour, SWC was 2.92g/g and 
it decreased significantly in both the packaging material. 
There was no significant (p>0.05) difference in the pH value 
(6.02: P, 5.95: B) up to 3 months of storage. As the storage 
period increased, the water uptake of the flour decreased 
(37-28ml (P), 36.5-25.5(B) (Fig 1). Rolling quality of the 
fresh roti was 21.55cm which decreased to 19.8 (P) and 18.7 
cm (B), respectively. By the end of storage period, diameter 
of roti after baking was 21.5 cm which decreased to 19.0 
and 17.9 cm, respectively in polyethylene and box stored 
samples, flour could not be rolled into thin dry pancake(roti)  
after fourth month ,which is directly related to less water 
holding capacity .

Conclusion
The present investigation revealed that the QPM flour   

can be kept in polythene covers of 200 gauge thickness for 
a period of 3 months without affecting the functional (BD, 
LGC, WAC, OAC and PV) and rolling parameters (water 
absorption by flour, rolling quality, diameter of the roti 
after baking), where as the plastic boxes retained the above 
parameters up to 2 months at ambient conditions. 
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High-oil corn is a kind of value added corn, its special 
character is high oil in germ. It contains some 4-5% fat in 
normal corn, whereas 7-9% fat in high-oil corn. The starch 
can be processed into ethanol after extracting oil from high-
oil corn. So planting 1 ha high-oil corn is closed to total 
output value of 1 ha food crops and 1 ha oil crops together. 
In a word, it will bring much more economic benefits in 
ethanol industry if using high-oil corn as raw material to 
produce ethanol. 

The aim of this work was to decrease production cost 
by improving the technology conditions of wet milling in 
ethanol production using high oil corn as raw material. The 
results indicated that the germ recovery rate reached 92.4%, 
the oil yield reached 6.12% basis on dry corn, fermentation 
time can be shortened by 5 hours, high-oil corn powder 
fermentation is better than normal corn flour by 0.7% 
alcohol contents in the beer. 
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KN_6:  Climate change and food security – role of nutrient 
management

A.M. Johnston, Vice President Asia & Africa

International Plant Nutrition Institute (IPNI), Saskatoon, CANADA

Recent food shortages in many countries have increased 
concern that food security could pose major challenges to 
economic and social development.  This has been heightened 
by the increasing number of serious weather events, which 
can have a devastating effect on crop production and in-
country food reserves.  Nutrient management has been 
clearly demonstrated to play a key role in increasing crop 
production, along with improved genetics, pest management 
and general agronomy.  In fact, full expression of crop yield 
with hybrid genetics is often impaired without optimizing 
crop nutrition.  The International Plant Nutrition Institute 
(IPNI) has developed a series of program activities in 
Asia and Africa which are focused on supporting fertilizer 
recommendations based on the site specific crop yield goals.  
While maximizing yield may be the priority in one region, 
simply making small incremental changes in yield is the 
focus in another area.  The development of Nutrient Expert, 
a decision support system tool supported by response 

functions from the Quefts model and site-specific input from 
a farmer, has provided reliable recommendations in many 
parts of Southeast Asia, South Asia, and China on maize 
and wheat.  Developing a model that takes into account the 
regional variability in each country, such as indigenous soil 
fertility, crop genetics, water supply, and economics, allows 
for site-specific tailoring of the recommendation system.  A 
process of field research and on-farm trials with research 
cooperators is followed by verification trials with farm 
advisors who work with individual growers.  Ultimately it 
is adoption by the farmer advisory services working in rural 
regions which will determine the full opportunity to use this 
technology.  It is imperative that the fertilizer industry plays a 
significant role in developing suitable recommendation tools 
which not only help with site specific recommendations, but 
also support the industries 4R Nutrient Stewardship program 
(www.ipni.net/4R).  
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Introduction
South Asian agriculture is currently facing the two major 

challenges of resource fatigue and decelerating productivity 
growth of cereal crops. The challenges are further 
exacerbated in recent years with the sharp rise in the cost 
of food and energy, depleting water resources, vulnerability 
of soil to degradation, indiscriminate and imbalanced use 
of external production inputs and overarching effects of 
changing climates. This has lead to lower farm profit, making 
farming unattractive and unsustainable (Jat et. al., 2011). 
Notwithstanding South Asia accounts for less than 2% of 
the world’s total land area and contributes 14 % acreage of 
the global agricultural land. About 94% of the agriculturally 
suitable area is already under cultivation (FAO, 2002; CA, 
2007) with almost no scope for further horizontal expansion 
of agriculture. Therefore, vertical expansion using modern 
tools, techniques and approaches is the way forward to 
satisfy the growing demand for food in the region. 

During recent past, maize has become increasingly 
important in South Asia owing to its versatility, high 
biomass production capacity and better adaptation to 
changing climates.  Efficient use of production inputs by 
maize and its growing demand in multiple consumer sectors 
has increased its significance in global food security and 
economy. However, the evidences show that conventional 
cropping practices may not be able to meet the ever-growing 
need for food with limited and fatigued natural resource 
base. Therefore, it is necessary to develop crop management 
strategies that help meet the growing food demand in an 
economically and environmentally sound and sustained 
natural resource base. This paper attempts to describe 
concepts, tools and techniques for precision-conservation 
agriculture based technologies for attaining higher yields 
by bridging management yield gaps in small holder maize 
farming systems. 

Methods
Integration of Precision Agriculture (PA), “a 

management strategy to increase productivity and economic 
returns with a reduced impact on the environment” through 
application of production inputs as needed, in the amounts 
needed and where needed for the most economic production” 
(Searcy, 1997) and Conservation Agriculture (CA) “a 
concept for resource-saving agricultural crop production that 
strives to achieve acceptable profits together with high and 
sustained production levels while concurrently conserving 
the environment” (FAO 2007), is an holistic approach (Jat 
et. al., 2009). 

For defining recommendation domains for site-specific 
management, identification of yield gaps within and across 
production systems and ecologies is the first and foremost 
step and should follow targeting technologies more 
precisely. The yield gaps in maize under different ecologies 
and production systems were computed based on simulated, 
attainable and actual yield of the maize in respective 
ecologies. For simulated and attainable yields, DSSAT 
4.5 model was used where the actual yield, and the yields 
realized in the respective region were used. The precision-
conservation agriculture (PCA) based technologies for site-
specific management and defining recommendation domains 
have been hypothesized based on integrating the available 
information( in isolation). The major production constraints 
that lead to wide management yield gaps include mainly 
poor crop establishment as maize is generally planted with 
random broadcasting, poor seed quality, not sufficient and 
variable soil moisture and inappropriate and inadequate 
plant nutrition. Therefore, the PCA based technological 
solutions based on small farm precision planting machinery 
and decision support tool (Nutrient Expert for maize) for 
precision nutrient management has been hypothesized as 
potential technologies for bridging the yield gaps. 
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Results
The analysis of the simulated, attainable and actual 

maize yields in major maize growing ecologies across South 
Asia revealed a wide ‘management yield gaps’ ranging from 
36 to 77% (Figure 1). These gaps are ascribed mainly by 
three major factors, (i) low yielding genotypes, (ii) poor 
crop establishment due to random broadcasting and (iii) 
inadequate and inappropriate fertilizer nutrient applications 
as 15-45% maize acreage remains un-fertilized and the rest 
of the acreage has imbalanced nutrient applications (Dass et 
al., 2008). Studies revealed that for bridging ‘management 
yield gaps’, targeting technologies based on principles of 

‘Precision-Conservation Agriculture’ coupled with high 
output genotypes defined for different ecologies could be 
promising for all categories of farmers including small 
holders. 

For efficient crop establishment, new generation 
conservation agriculture planters with precise seed metering 
systems (Figure 2) has been developed and evaluated 
through farmers’ participatory field trials involving small 
farmers across the region. The results showed perceptible 
yield gains with substantial reduction in cost of production 
and saving on water and labour compared to conventional 
maize production practices. The ‘Nutrient Expert’, a decision 

Figure 1. Potential, attainable and actual yields and management yield gaps under different ecologies across South Asia

Figure 2. Small farm planting machinery (hand & 2-wheel tractor operated) with precision seed metering systems (in Inset)
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support tool developed and being validated for maize is 
based on the principles of site-specific nutrient management 
(SSNM) and guides nutrient recommendations based on 
soil supplying capacity and plant demand for attaining 
a targeted yield. The location specific recommendations 
developed through “Nutrient Expert” have marked effects 
on enhancing productivity of maize with higher nutrient 
use efficiency and economic gains and can be a potential 
tool for guiding nutrient management and disseminating 
location-specific recommendations using information 
communication technologies (ICTs).

Conclusions
The technologies based on the principles of precision-

conservation agriculture are divisible in nature and flexible 
in applications and can address the twin challenges of 
small holders for precise application of production inputs, 
conserve resources and bridging management yield gaps 
with potential economic gains. 
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Or_6.02:  Subsoiling technology application and soil 
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Shihuanga&c, Zhao Minga&c, Wang Guozhang, Pan Xingboh
a The National Maize Industrial Technology RD Center, MOA
b Mechanized Maize Production Lab, China Agricultural University, No.17 Qinghuang East Road, Haidian District, Beijing, 100083, P.R. China
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d Provincial Academy of Agricultural Science
e Henan Agricultural University
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Introduction
Compared to the traditional moldboard plowing system, 

soil deep loosening tillage system could break the hardpans 
and improve soil property. It helps the restoration of soil 
porosity and reduces soil bulk density to a suitable level for 
crop roots growth, and improves crop yields. Meanwhile, 
subsoiling will keep the residues on top of the soil to reduce 
water and soil erosion, to enhance soil fertility as well. This 
technology is widely applied for soil preparation in China 
as well as in the world, different types of subsoilers were 
developed and field experiments were carried out.

Soil actual situation in China
The National Maize Industrial Technology R&D Center 

of China had done an investigation on soil cultivation 
conditions in the major corn production regions in 2008. The 

national average topsoil depth is only 16.5cm, far below the 
25cm as needed for corn healthy growth, and falls far below 
35cm of the United States (Fig.1). Available top soil for crop 
growth is significantly less ( Fig.2)

This is resulted from the small scaled individual farms 
in China by widely using small tractors to drive rotators  
(Fig.3) or very shallow plows for land preparation in the last 
few decades, caused soil compaction and hardpans formed 
(Fig.4). The corn roots were in very poor conditions (Fig.5).

Rippers developed and Measurements 
taken to improve soil condition

Combined tillagers have been widely adopted as an 
important part of less subsoiling tillage for conservation 
tillage system in the developed countries. 

Fig. 1. China cultivated soil Fig. 2. Topsoil effective amount of (× 106kg/ha)
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China had started subsoiling tillage experimenting 
in some areas since 1970s, and gained significant yield 
increase. In 1990s, Full subsoilers were widely used in 
the subsoiling operation. Although the subsoilers were 
structured simple, the high column subsoiler leaved more 
loose soil on top of the surface after the ditch, aggravated 
invalid evaporation of soil moisture. And this type of ripper 
has very big traction resistance, so large tractors with more 
than 120hp are needed, farmers could not afford to use.

 In order to reduce the resistance and save energy, new 
models were developed such as vibrating ripper, bionic 
rent reduction and magnetic reduced resistance and so on. 
The concept of bionic units can be applied to subsoiling 
components in order to reducesoil resistance. Different 
ripping methods were conducted to improve soil property. In 
one-crop a year area in northern part of China, deep loosing 
operations were done in fall, right after crops harvested. 
While in two-crops a year area in Huabei, where strip shank 
ripper was used to loosen soil between crop rows, and 
fertilizer could be applied in the same pass. For those kinds 
of rippers, middle size tractors with 60~80hp were possible 
for the job, soil loosen depth could arrive 30cm or even 
35cm.

Results
Field experiment indicated that traction resistance with 

vibrating shank was reduced by 16~20% compared to non-
vibration type (Fig.6). Recent ripping study in Northeast 
area showed that deep tillage significantly increased yield, 
generally increasing by 10% to 20% when it was performed 
twice a year (Fig.7).

Conclusion and Suggestion
Research achievements and practice results showed 

that hardpans inhibit root penetration and cause drainage 
problems which result in reduced crop yields. Subsoiling 

techniques can improve soil water storage capacity, and 
increase the yield by 10-20%. Farms are buying more and 
more big and suitable farm equipments by the policy of Farm 
Machinery Purchasing Subsidy. Deep loosening operation 
has been listed as the key technology by the Chinese central 
government, and farms could get 450~600RMB/ha of 
subsidy for the field deep ripping operation, so it will be 
widely applied in the rural area in China in next decade. 
But remember that it is not necessary to rip every year, 
and must be combined with other relative tillage. It is still 
a new technology to most of the farms in China, different 
areas must develop different machines and proper operation 
technologies to compromise the local real situation when it 
is applied. New technologies and power saving equipments 
should be selected for the field operations.
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Introduction 
Previous studies on estimating maize N requirements 

are often derived from site-specific field experiments, 
mostly research stations, whereas only few studies 
has attempted to model N uptake-yield relationship 
across widely differing farming environments (Liu et 
al., 2010; Setiyono et al, 2010). An understanding of 
the N uptake requirement and physiological efficiency 
with the increasing grain yield is essential to devise 
fertilizer management practices and agricultural policies 
to optimize N fertilizer application and further increase 
grain yield. Here, we have collected a large on-farm data 
which covers a wide yield range from 3 Mg ha-1 to 21 Mg 
ha-1. The objective of this study is to quantify the grain 
yield-N uptake requirement relations in China. 

Materials and Methods 
The database used for this analysis included 1246 

measurements of maize yield (with the moisture of 15.5%), 
total dry matter and N concentration in grain and straw at 
maturity from 2005 to 2009 at 105 locations of on-farm and 
station experiments in spring maize domain of Northeast, 
Northwest of China and North China Plain. Maize was 
either grown as continuous maize or following soybean. 
All on-farm experiments were well managed, with good 
control of weeds, diseases and insect pests. At all sites, local 
commercially available maize hybrids were grown which 
were adapted to the specific environment. Plant population 
densities were mostly in the range of 50,000–75,000 
plants ha−1. The data set contained many different nutrient 
management treatments. Nitrogen applications ranged from 
0 to 450 kg N ha−1 (mostly around 200 kg N ha−1). 
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Results 

Across all data, the maize N demand for 1 Mg grain 
averaged 17.4 kg. To further understand grain yield-N 
uptake requirement relations, grain yields pooling all data, 
were grouped into five levels: <7.5 Mg ha-1 (the number of 
available data, n = 78, mean yield: 6.3 Mg ha-1), 7.5−9.0 
Mg ha-1 (n = 138, mean yield: 8.4 Mg ha-1), 9.0-10.5 Mg 
ha-1 (n = 278, mean yield: 9.8 Mg ha-1), 10.5-12.0 Mg ha-1 
(n = 332, mean yield: 11.2 Mg ha-1), and >12 Mg ha-1 (n 
= 421, mean yield: 13.6 t ha-1), respectively. The maize N 
demand for 1 Mg grain decreased and when the yield was 
higher than 10.5 Mg ha-1 the maize N demand for 1 Mg 
grain kept stable (Fig. 1a). NPE (kg grain per kg nitrogen 
uptake in the aboveground plant) showed the opposite trend 
(Fig. 1b). Harvest index first increased then kept stable and 
N harvest index showed the similar changing trend. Straw 
N concentration decreased from <7.5 Mg ha-1 to 7.5−9.0 
Mg ha-1 and then kept constant while grain N concentration 
decreased from <7.5 Mg ha-1 to 10.5-12 Mg ha-1 and changed 
little when yield was higher than 12 Mg ha-1 (Fig. 2). 

Conclusions 
 Due to the large data analysis as the yield increased the 

nitrogen demand for 1 Mg grain yield decreased and NPE 
increased, mainly because of changing of HI, NHI, grain and 
straw N concentrations.
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Introduction
In Sub-Saharan Africa, maize is grown by resource-poor 

farmers using traditional tillage methods, with little or no use 
of fertilisers, using poor seed quality or poor cultivars, and 
limited weeding, in highly variable climates, and on highly 
degraded soils. This means that farmers make decisions on 
the allocation of limited resources, i.e. cash, land, water 
and labour, in a highly uncertain environment, with limited 
knowledge and generally weak institutional support, where 
the stakes are high.  Therefore, it is critical that (i) in the 
short to medium terms, we work to reduce uncertainties and 
reduce food shortages by increasing the productivity of food 
grain crops and improving the resilience of maize-legume 
farming systems; while (ii) in the medium to long terms, we 
develop more sustainable and diversified farming systems 
which are responsive to expected changes in climates and 
markets.  Due to the multiple constraints and complex 
systems the task is challenging, and no silver bullet should be 
expected to be able to create an African “Green Revolution”. 
Instead, human, social and policy transformations together 
with the right combination of practices and technologies 
are required; while our paradigm should be doing more 
with more, not more with less, as suggested elsewhere (The 
Economist,2011). This paper describes the framework and 
achievements made during the first year of the SIMLESA 
project during 2010/2011, for drawing some insights and 
lessons for the Asian maize systems.

SIMLESA Framework
The SIMLESA project was developed in close 

consultation with African stakeholders to specifically 
address regional agricultural development priorities. In 
SIMLESA we aim at increasing farm-level food security 
and productivity, in the context of climate risk and change. 
We are promoting more resilient, profitable and sustainable 
practices and farming systems and expect to impact directly 
on ca. 500,000 rural households over the next ten years, 

across five countries i.e. Ethiopia, Kenya, Tanzania, Malawi, 
and Mozambique.  

SIMLESA integrates five objectives, (i) to characterize 
maize-legume production and input and output value chain 
systems and impact pathways, and identify broad systemic 
constraints and options for field testing; (ii) test and 
develop productive, resilient and sustainable smallholder 
maize-legume cropping systems for local scaling out; (iii) 
increase the range of maize and legume varieties available 
for smallholders through regional  testing and release, 
and availability of performance data; (iv) support the 
development of regional and local innovations systems; and 
(v) support capacity building to increase the efficiency of 
agricultural research today and in the future. 

The program has a comparable set of activities in the 
five SIMLESA implementing NARS in eastern and southern 
Africa.  The Australian Centre for International Agricultural 
Research (ACIAR) supports the program, with CIMMYT 
managing the program in close consultation with the 
partner institutions.  In addition, technical backstopping and 
capacity building  is provided and facilitated by regional and 
international partners of SIMLESA, namely CIMMYT,  The 
Association for Strengthening Agricultural Research in East 
and Central Africa (ASARECA),  Agricultural Research 
Council (ARI) of South Africa, the International Center 
for Research for the Semi-Arid Tropics (ICRISAT), the 
Department of Employment, Economic Development and 
Innovation of Queensland (QDEEDI/QAAFI), and Murdoch 
University in Western Australia.  

The program promotes the use of maize-legume 
technologies of adapted varieties and develops 
comprehensive agronomic packages based on CA principles 
that increase productivity and sustainable intensification of 
maize-legume cropping systems.  The key focus areas of 
the program are farmer and stakeholder participation and 
economic evaluation of the new technologies. 
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Initial Findings
SIMLESA has made significant progress during the first 

year and laid the foundation for stronger performance in 
the coming years. Most of the activities planned during the 
reporting period were implemented and significant results 
produced in all the program countries. In Objective one, 
baseline surveys of 4,600 randomly selected households 
from and surveys of maize-pigeon pea, maize-beans, maize-
groundnuts, and maize-soybean cropping systems in 580 
villages in five countries. Under objective 2, a total of 215 
on farm exploratory, 13 researcher-managed trials and 14 
participatory variety selection sessions were carried out in 
the five countries. Different treatments of maize-legume 
intercrop and rotations were demonstrated in farmers’ fields. 
The field days which took place to enhance farmer-to-farmer 
cross pollination of ideas, also created more interest in 
community awareness initiatives. 

Local innovation platforms were established in four out 
of five countries and are showing promising results. Farmers 
reported challenges with weed and residue management 
in some trial sites for testing agronomic and conservation 
agriculture systems in the target countries in the first 
year and this will be addressed in the following seasons. 
Under Objective 3 farmers and stakeholders selected pre-
released varieties suitable for their farming systems. Under 
Objective 4, the ASARECA-SIMLESA team conducted 
a gender mainstreaming training and an M&E framework 
development workshops. Substantial progress was made in 
terms of capacity building under Objective 5 including 5 
PhD Australian scholarships awards for African scientists in 
2011 (more to come in 2012) and procurement of research 
equipment and vehicles.

Implications for Asian maize-legume 
systems

Studies undertaken in Asian countries on maize-legume 
intercropping system with maize as main crop clearly 
revealed the yield advantages (over sole maize cropping) 
as well as soil nitrogen enrichment (e.g., Adhikary et al., 
1991). Maize dominated cropping systems were found 
in the mountain and hill regions of Nepal, whereas paddy 
dominated the cropping system in the plain (terai) region. 
During the 1995 to 2004 period, cropping patterns were 
reported to have changed slightly in the mountain region 
from maize-wheat to maize-rice, while they did not 
significantly change in other regions during the past decade 
(Pandey et al., 2009). Research undertaken in some of the 
Asian countries also led to identification of specific legumes 
that fit well as an intercrop in the maize-legume systems. 

There is a stark difference between the African and Asian 
maize systems and  makes it difficult to draw  lessons from 
Africa to Asia. The African maize system is characterized 
by mostly uni modal rainfall pattern and production of 
single crop per year.  Small scale irrigation infrastructure 
development is at stage of infancy. In contrary, the Asian 
maize systems have multiple crop production opportunities 
and well developed irrigation facilities which contributes 
higher maize productivity levels.

The drivers of Asian maize production systems are 
the increased demand for maize for feed instead of food 
and the system is most dynamic in the low land rice based 
systems(Gulati and Dixon, 2008) where rice is the cultural 
crop as maize is for Africa. Input both seeds and fertilizer 
access and availability is a major constraint in promoting 
maize-legume systems in Africa. In  Asia the constraint 
might be quality rather than access(Gulati and Dixon,2008)

Initial Lessons from SIMLESA 
The systems and participatory approaches are not new 

for Asia. By 1985  FSR courses were being offered by 
Zhejiang Agricultural University and Chinese Agricultural 
University. Among other countries the Philippines had good 
experience and expertise in participatory research methods.  
For successful systems integration it is critical that we 
have a good understanding of size of system -   number of 
components of farm household system- maize- legumes; 
maize-rice-legumes; crop livestock, post-harvest 

Recognizing management of system integration is a 
necessary condition to properly implement maize legume 
intensification. What is different about managing systems 
research (cf. disciplinary research)?  Some of the constraints 
of a systems approach include: disciplinary training – bad 
habits; scientists deep orientation to disciplinary wok; Can 
we turn a disciplinary scientist to be a systems scientist?  
Incentive structure - why do extra work of a project?  What 
is the incentive to work in multi-disciplinary teams?  Takes 
more time, cannot publish so easily; most scholarships are 
disciplinary; administrative reporting is cumbersome and 
dealing with broken bureaucracies in some countries is a 
major impediment. 

 • SIMLESA’s 3Is are relevant to an Asian SIMLESA in a 
different way: How can we to develeop it?

 • Adopt the value chain approach from the start; link 
together input value chains, farmers, output chains

 • Implement a systems diagnostic process as early as 
possible 
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 • Start the project by including the private sector  you 
need them for example to develop and agree on a seed 
road map

 • Undertake PVS and farmer evaluation methods  to 
enhance and speed up release of farmer accepted and 
preferred  maize and legume varieties and agronomic 
practices including CA options

 • Cognizant that input access and availability is not 
a major constraint in Asia, there is a need insure that 
farmers use the right/optimum amount and quality of 
inputs. 

 • Conduct studies on the economics of input use

 • What could an Asian SIMLESA look like? 

 • Maize-rice collaboration projects base on SIMLESA 
framework

 • Maize-rice-legumes + livestock in some places? 

 • System opportunities: South Asia (Bangladesh- Nepal-
eastern India under CA)

 •  Mekong (Laos-Cambodia-Vietnam-Thailand)• 
Philippines; Indonesia 

Conclusions
For An ASIA SIMLESA to succeed we need to anchor 

it on a stronger leadership from agribusiness, support role 
of public sector and ensure that it is farm income oriented 
to lead to poverty reduction. SIMLESA’s initial findings 
reveal that and an integrated systems approach in designing 
and promoting technologies in partnership with a range 
of stakeholders using innovation platforms framework, 
supported by science and partnerships, would contribute 
to a productive , sustainable and resilient  maize –legume 
production systems.
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Introduction
South Asian agriculture is currently facing twin 

challenges of resource fatigue and decelerating growth in 
crops productivity. Also, there exist a large yield gaps more 
particularly ‘management yield gaps’ ranging from 36% to 
77% in maize (Jat et al., 2010). The conventional tillage 
practices increases production cost in any crop production 
system resulting in lower economic returns. Adoption of no-
till practice helps in timely seeding of either of the crops, 
hence leads to increase the productivity. Several studies 
conducted across the production systems under varied 
agro-ecologies in South Asia revealed potential benefits of 
permanent beds and zero tillage on yield enhancement and 
adaptation to terminal heat stress effects in wheat (Gupta 
et al., 2010). Under these conditions resource conservation 
technologies and alternative cropping systems can play a 
vital role for improving farm productivity and profitability 
and soil quality thereby ensuring food security in the South 
Asia.

Methods
A field experiment was conducted at New Delhi during 

Kharif 2008 on sandy loam soil. The experiment consisted of 
three tillage and crop establishment methods viz., permanent 
bed, zero till and conventional tillage in maize-wheat 
cropping system alongwith summer mungbean that was 
replicated thrice. In kharif season maize hybrid ‘HQPM-1’ 
was sown in 1st week of July, Rabi season wheat (PBW-343) 

on 1st week of November and mungbean (Pusa Vishal) on 2nd 
fortnight of April as per the treatments and the crops were 
grown as per recommended package and practices. 

Results
Maize grain yield was the highest in permanent beds 

compared to all other treatments and similar trend was 
also observed in succeeding crop wheat, while in case of 
summer mungbean crop yield was higher in conventional 
till over other tillage management practices. The system 
productivity in terms of maize equivalent yield (MEY) was 
the highest in permanent beds which was on par with zero 
tillage. The economic feasibility of maize-wheat-mungbean 
system under different tillage management practices 
revealed that the highest net return (INR 70,372/ha) and 
B:C ratios (2.18) were recorded under zero tillage (Table 1). 
Soil health in terms of organic carbon %, bulk density g/
cc, available N, P and K kg/ha were markedly influenced 
by tillage management practices (Table 2). Zero tillage in 
cereal systems have helped in saving of input cost viz. fuel, 
water, etc. leads to reduce production costs, improve system 
productivity and soil health (Saharawat et al., 2010)

Conclusions
The conservation agriculture based technologies like 

permanent beds and zero tillage proved better options to 
increase productivity and profitability and also to maintain 

Table 1. Effect of tillage management practices on productivity and economics of maize- wheat-mungbean cropping system 
(mean of two years)

Treatment
Maize yield

(kg/ha)
Wheat yield

(kg/ha)
Mungbean yield 

(kg/ha)
MEY*
(kg/ha)

Net return
(INR/ha) B:C ratio

Zero tillage 3158 3023 539 9000 70372 2.18
Permanent bed 3108 3130 545 9056 69174 2.03
Conventional planting 2893 2875 568 8822 61256 1.56
CD (P=0.05%)  184  248  23  180  4393 0.13
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soil fertility on sustainable basis of maize-wheat-mungbean 
cropping system.

References
Gupta, R., Gopal, Ravi., Jat, M.L., Jat, R.K., Sidhu, H.S., Minhas, 

P.S. and Malik, R.K. 2010. Wheat productivity in Indo-
Gangetic Plains of India during 2010: Terminal heat effects 
and mitigation strategies. PACA Newsletter July, 2010, 
p. 1–3.

Jat, M.L., Saharawat, Y.S. and Gupta, Raj 2011. Conservation 
agriculture: improving resource productivity in cereal 
systems of South Asia. In: Extended summaries of 
XIX National Symposium on “Resource Management 
approaches Towards Livelihood Security” 2-4 December, 
2010, Bengaluru, Karnataka, India. pp 389-393.

Saharawat, Y.S., Singh, B., Malik, R.K., Ladha, J.K., Gathala, M., 
Jat, M.L. and Kumar, V. 2010. Evaluation of alternative 
tillage and crop establishment methods in a rice–wheat 
rotation in North Western IGP. Field Crops Research 116: 
260–267.

Table 2. Effect of tillage management practices on soil health in maize- wheat-mungbean cropping system (mean of two 
years)

Treatment
Bulk density 

(g/cc)
Organic carbon

(%)
Available N

(kg/ha)
Available P

(kg/ha)
Available K

(kg/ha)

Zero tillage 1.24 0.63 159.12 17.50 287.68
Permanent bed 1.29 0.63 152.43 17.29 285.63
Conventional planting 1.38 0.63 146.60 16.52 277.68
CD (P=0.05%) 0.16 0.08  15.75  2.11  52.84
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rice-maize cropping system
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Introduction 
Rice-maize is one of the predominant cropping systems 

of both command and non-command areas of Andhra 
Pradesh. Shortage of irrigation water and increasing cost of 
rice transplantation  has led many researchers to study the 
possibility of rice cultivation under ID conditions (aerobic)
which would enhance  productivity, savewater,  require less 
labour and drudgery,  and allow early crop maturity by 7-10 
days thereby making for higher profits (Sharma et al., 2004). 
The concept of zero-tillage is gaining momentum in non-
traditional areas of Andhra Pradesh mainly due to adoption 
of high-yielding hybrids under zero-tilled conditions in rice-
fallows. Currently,  maize under the rice-maize sequence covers 
an area of 0.25 million ha in coastal Andhra Pradesh with yield 
potential of 7.2 to 8.8 t ha-1 (DMR Technical Bulletin, 2009). 
Irrigation as well as nutritional requirements, particularly 
the phosphorus nutrition of zero-tillage maize, are different 
from those of conventionally-sown maize with due land 
preparation because of alteration of both physico-chemical 

properties of soil under rice-based situations (Mahapatra 
and Behera, 2003). Keeping the above aspects in view, a 
study was under taken for two years. 

Methods
The field experiment was conducted during the 

rainy and winter seasons of 2007-08 and 2008-09 at 
the Water Technology Centre, Agricultural College 
Farm, Rajendranagar, Hyderabad, Andhra Pradesh. The 
experimental soil was sandy loam with pH 7.4, low in 
organic carbon (0.51%) and nitrogen (240.6 kg ha-1), 
medium in phosphorus (15.39 kg ha-1) and high in potassium 
(631.6 kg ha-1) availability. The experiment was conducted 
in split-plot design with four replications. During the 
rainy season, the two methods of rice crop establishment 
(transplanted method and aerobic method) were evaluated 
whereas in winter zero-tilled maize was grown in sequence  
with rice while considering the two previous rice crop 

Fig1: Grain yield (kg ha-1) as influenced by rice crop 
establishment methods

Fig 2: Field water use(m3ha-1) and system  productivity 
(kg m-3) in rice-maize system
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establishment methods as main-plot treatments and two 
levels of irrigation (1.0 and 0.8 IW: CPE) and four levels 
of phosphorus (0, 30, 60 and 90 kg P2O5 ha-1) as sub-plot 
treatments. Recommended practices were adopted for both 
rice and maize crops. The quantity of water applied at each 
irrigation was measured using a water meter and the grain 
productivity per unit of irrigation water was expressed as 
water productivity (kg grain m-3 of water). The datasets were 
analyzed using standard statistical techniques.

Results 
The results indicated that rice yield was highest under 

the transplanted method (5.72 t ha-1  in 2007-08 and 5.44 t ha-1 

in 2008-09)  as compared to the aerobic method (4.63 t ha-1 

in 2007-08 and 4.35 t ha-1in 2008-09) of rice establishment 
(Fig1). Maize productivity was highest when grown after 
aerobic rice method (6.53 t ha-1 in 2007-08 & 6.80 t ha-1 
in 2008-09) as compared to the transplanted method (6.14 
t ha-1 in 2007-08 and 6.53 t ha-1 in 2008-09). Similarly, the 
growth and yield attributes were significantly higher  under 
maize grown after aerobic rice (Table.1) resulting in higher 
mean gross and net returns (Table 2). Overall, higher system 
productivity was recorded with transplanted rice-maize 
system; however, the B:C ratio was comparable with that of 
the aerobic rice-maize system (Table 2). Field water use in 
the rice–maize system was higher under the transplanted rice-

maize system than under the aerobic rice-maize system and 
hence, the aerobic rice-maize system recorded higher system 
water productivity than the transplanted rice-maize system 
(Fig 2). There was significant improvement in all the growth 
and yield attributes of maize with irrigation scheduled at IW: 
CPE ratio of 1.0 as compared to IW: CPE ratio of 0.8 in zero–
tillage maize. Higher frequency of irrigation given at 1.0 IW 
CPE recorded higher consumptive use which enhanced both 
nutrient recovery and their use efficiency by the maize crop 
(Table 2). The grain yield with application of 60 kg P205 ha-1 
proved significantly superior to 30 kg P205 ha-1 and control 
(0 kg P205 ha-1) and was comparable with that of 90 kg P205 
ha-1 in zero-tillage maize. The higher level of phosphorus 
maintained superiority in recording higher growth and yield 
attributes (Table 1) and also higher consumptive use but a 
reverse trend was observed with regard to apparent recovery 
(%) and p-use efficiency (Table 2).

Conclusions
Based on the results, it can be concluded that zero-

tilled maize crop grown after the aerobic method is more 
productive and profitable, and has higher  system water 
productivity. Scheduling of irrigation at IW:CPE ratio of 1.0 
and phosphorus application at 60 kg P2 O5 ha-1 each for both 
rice and maize crops was productive and profitable in the 
rice-maize crop sequence.

Table:1  Effect of  rice crop establishment methods, irrigation and phosphorus levels  on  growth and yield of zero-tillage maize

Treatment
Dry matter 

(kg ha-1)
90DAS

LAI
90 DAS

Cob number
(‘000 ha)

Cob weight
(g)

Grain weight
(g) Grain cob-1

Grain yield
(kg ha-1)

Rice crop 
establishment 
method 

07-08 08-09 07-08 08-09 07-08 08-09 07-08 08-09 07-08 08-09 07-08 08-09 07-08 08-09

Transplanted 12357 14112 2.86 2.91 54.2 56.0 207.8 208.7 143.8 148.1 379 406 6139 6533
Aerobic 14090 16350 3.11 3.03 56.8 57.9 215.4 213.3 154.4 158.0 392 425 6545 6803
CD(P=0.05) 768 736 0.06 0.06 0.60 0.88 6.22 5.62 7.56 8.23 6.68 2.85  156  199

Irrigation levels
0.8 IW:CPE 12375 14655 2.76 54.6 56.2 206.4 204.6 142.8 147.8 380 411 6130 6396 2.76
1.0 IW:CPE 14072 15807 3.18 56.3 57.8 216.8 217.4 155.4 158.3 391 420 6554 6940 3.18
CD(P=0.05) 432 1020 0.21 0.87 0.90 5.36 5.56 14.26 11.7 3.97 3.79 217  180 0.21

Phosphorus levels (kg P2O5ha-1)
0 8579 10527 2.68 2.67 49.2 50.5 132.2 132.5 135.9 139.1 345 342 4938 5340
30 12971 15185 2.94 2.89 53.9 55.3 230.0 226.4 146.2 148.6 394 412 6045 6686
60 15473 17334 3.12 3.08 58.3 60.2 238.9 241.7 156.3 160.1 402 449 7142 7268
90 15869 17875 3.22 3.25 60.5 61.9 245.3 243.3 157.9 164.3 401 459 7244 7379
CD(P=0.05) 611 1021 0.19 0.19 1.23 1.27 7.57 7.86 17.67 16.64 5.63 5.37  292  225
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Table 2: Effect of rice crop establishment methods, irrigation and phosphorus levels on economics, consumptive use, water 
productivity, apparent phosphorus recovery and P-use efficiency of zero-tilled maize

Rice crop 
establishment 
method 

Gross returns 
(Rs ha-1)

Net returns
(Rs ha-1)

Consumptive 
use (mm)

Crop water 
productivity 

(kg m-3)
Apparent P 

recovery (%)

P-use 
efficiency
(kg P2O5 

kg grain-1)

System 
productivity

(t ha-1) B:C ratio

Transplanted 52915 36041 353.1 1.83 18.98 36.59 11.8 2.63
Aerobic 56500 38864 389.5 1,77 16.72 41.48 10.9 2.66
0.8 IW:CPE 52490 36605 390.8 1.65 16.44 37.59 11.1 2.56
1.0 IW:CPE 56500 39300 439.6 1.61 19.5 40.46 11.6 2.65
0 43074 28633 310.0 1.62 --- -- 10.0 2.48
30 53396 38299 348.4 1.93 21.26 55.54 11.2 2.72
60 60289 44536 372.9 1.95 17.72 36.28 12.0 2.86
90 61231 44822 383.3 1.93 14.95 25.28 12.6 2.82
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Site-specific nutrient management (SSNM) is an oft 
repeated terminology in the field of nutrient management. 
This approach provides scientific principles for optimally 
supplying crops with nutrients as and when needed for 
specific fields in a particular cropping season. The SSNM 
approach is, however, a knowledge-intensive technology 
that requires information on specific local conditions for 
crop yield, crop residue management, past fertilizer use, 
input of nutrients from other external sources as well as 
the nutrient supplying capacity of the soil. Such knowledge 
requirements have slowed the wide-scale promotion and 
adoption of SSNM by the farmers. The need for more rapid 
uptake of the technology by farmers led to the consolidation 
of research into simple delivery systems, such as Nutrient 
Expert for Hybrid Maize, that enable farmers to rapidly 
implement SSNM. 

The Nutrient Expert for Hybrid Maize is a new, 
computer-based decision support tool developed to assist 
local experts to quickly formulate fertilizer guidelines 
for tropical hybrid maize grown in India. The software is 
based on the principles of site-specific nutrient management 
(SSNM) and allows scientists and extension experts to 
jointly develop novel nutrient management strategies that 
are expected to help farmers increase their yield and profit 
from maize production. 

The software utilizes information provided by a farmer 
or a local expert to suggest a meaningful yield goal for his 
location and formulates a fertilizer management strategy 
required to attain the yield goal. The required information 
about the production system is gathered through a set of 

simple, easily answerable questions that analyses the current 
nutrient management practices and develops guidelines on 
fertilizer management (and more) that are tailored for a 
particular location (i.e. maize environment). The software 
also does a simple profit analysis comparing costs and 
benefits between the farmer’s current practice and the 
recommended alternative improved practice

The Nutrient Expert for Hybrid Maize was designed in 
a way that it can be used as a learning tool—providing quick 
helps, instant summary tables and graphs, plus allowing a 
great amount of flexibility in navigating through the modules 
in the software. 

In conclusion, the Nutrient Expert for Hybrid Maize for 
India helps to: 

 • develop an optimal planting density for a location 

 • evaluate current nutrient management practices 

 • determine a meaningful yield goal based on attainable 
yield 

 • estimate fertilizer NPK rates required for the selected 
yield goal 

 • translate fertilizer NPK rates into fertilizer sources 

 • develop an application strategy for fertilizers (right rate, 
right source, right location, right time), and 

 • compare the expected or actual benefit of current and 
improved practices
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Introduction
The eastern Indo-Gangetic plains have a wide range 

of cropping systems in which  rice-maize has emerged as 
a potential contender. But, being a cereal-cereal system, 
its long-term sustainability has been questioned. Most of 
the indices used by  researchers to prescribe sustainability 
of the agricultural production system have been based 
on economic yield, while the other environmental and 
ecological factors have been ignored. Computation of long-
term sustainability of a crop production system requires that 
a balanced account be taken of  of economic, ecological and 
environmental factors. The present study was carried out 
to evaluate the carbon sustainability of maize in rice-maize 
cropping systems under different conservation agricultural 
(CA) practices. The main objective of this study was to 
evaluate different CA-based establishment options with 
conventional planting practices, comparing them in terms 
of maize productivity and C sustainability index under rice-
maize rotation.

Methods 
This study was initiated in 2008 at the Rajendra 

Agricultural University, Pusa Samastipur, Bihar, India. Four 
tillage/establishment methods—(i) no-till maize after no-
till rice, (ii) Maize on permanent beds after rice and keep 
rice residues, (iii) maize on permanent beds after rice and 
remove rice residues,  and (iv) conventional till maize after 
conventional puddle transplanted rice— were examined for 
productivity and carbon sustainability index of rice-maize 
cropping systems.  C-sustainability index was computed as 
the difference between carbon output and input divided by 
carbon input (Lal, 2004). Carbon input was calculated as the 
sum of the carbon equivalent of all inputs used for raising 
the crop, while carbon output was computed as the sum 
of the carbon equivalent of grain, straw and root biomass 

produced by the crop. Carbon equivalent of inputs as well 
as outputs was calculated as prescribed by various scientists 
around the world.

Results and Discussion
The results of three years (2008 to 2010) revealed that 

maximum maize productivity under rice-maize rotation was 
achieved through permanent beds with residue retention as 
compared to other planting systems; the lowest being with 
conventional tilled maize planted after conventional tilled 
rice. In permanent beds with residues, the air porosity of 
soil and infiltration rates were improved, which might have 
favoured the soil environment for maize. On the other hand, 
in conventionally-tilled rice-maize rotation intensive wet 
tillage in rice (puddling) leads to compaction of root zone 
soil layer, resulting in restricted root penetration of the 
succeeding maize crop, poor soil nutrient-moisture and crop 
root interactions leading to low productivity. The surface 
retained residues had additive effects on crop productivity. 
The effect of intensive wet tillage on physical properties of 
the soil and resultant lower productivity of the succeeding 
crop has been reported in several studies (Jat et al., 2009).

In line with productivity trends, the C sustainability 
index was also higher under permanent beds with residue 
retention as compared to other planting systems. In 
permanent beds, there were savings of carbon-based input 
over conventional systems in respect of  irrigation, tillage 
operations and seed. Secondly, permanent beds with residue 
retention gave higher carbon output (grain yield, straw yield 
and root biomass) which improved the C sustainability 
index of this planting system. Zero-till flat sowing of 
maize after zero-till rice also provides good sustainability 
index over the conventional system. Dubey and Lal (2009) 
also reported that conservation tillage improved carbon 
sustainability index in comparison to conventional planting 
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system. Grain yield and C sustainability index is highly 
correlated in the case of maize whereas in the case of rice 
it has poor correlation. This suggests that additional carbon-
based inputs reduced C sustainability if they were not able 
to improve the carbon output (Fig. 1).  

Conclusion 
Results of three years’ study suggests that permanent 

beds with surface managed residues is not only highly 
productive but also a sustainable crop management option 
(higher C sustainability index) for maize under rice-maize 
rotation.
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Table 1 Productivity and C sustainability of maize in rice-maize systems

Planting systems

Productivity (t/ha) Sustainability Index

2008 2009 2010 2008 2009 2010

No-till maize after no-till rice 5.10 9.22 6.89 19.3 34.5 28.0
Maize on permanent beds after rice and keep rice residues 5.52 9.33 8.14 23.1 36.8 34.7
Maize on permanent beds after rice and remove rice residues 5.21 8.04 7.27 22.0 32.4 31.3
Conventional till maize after conventional puddle transplanted rice 3.04 7.15 5.75 11.5 26.4 23.3
CD (P=0.05) 0.46 0.89 0.74 - - -

Figure 1 Correlation between grain yield and C sustainability index
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Introduction
Maize is rapidly emerging as a favorable option for 

farmers in South Asia as a component crop of rice and wheat-
based systems with different tillage and crop establishment 
options. High-yielding maize extracts large amounts of 
mineral nutrients from the soil. Proper nutrient management 
of exhaustive crops like maize should aim to supply 
fertilizers adequate to demand, and apply those in ways that 
minimize loss and maximize the efficiency of use. Maize 
is grown under conventional and zero-till environments 
and information on how such contrasting tillage practices 
influence the nutrient-supplying capacity of soils  is required 
to optimize nutrient-management practices.

Materials & Methods
Nutrient omission trials were set up in eighteen farmers’ 

field in contrasting growing environments of Eastern India. 

Half of the trials were done under conventional tillage 
practices and the rest under zero-till with residue retention 
of the previous crop (rice). The trials consisted of four 
treatments, namely, ample NPK, zero-N (ample PK), zero-P 
(ample NK) and zero-K (ample NP). Rates of the NPK 
treatment were chosen to avoid any nutrient limitation. 
All plots received uniform rates of deficient secondary and 
micronutrients. 

Results
Farmers’ field results showed that average yield at 

ample NPK treatment was higher under zero- till conditions. 
Several classical studies and reviews indicated more 
efficient utilization of fertilizer in zero-till production as 
compared to conventionally-grown maize that lead to higher 
maize yields in zero-till systems (Wells, 1984). Lower yield 
in zero-N plots under zero-till probably resulted from either 
greater immobilization of available N, losses of N from 

Figure 1.  Yield of maize in omission plot trials under zero-till (ZT) and conventional till 
(CT) systems
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denitrification or leaching, lower mineralization of soil-
organic N, or some combination of these factors (Moschler 
& Martens, 1975) (Fig. 1). Our results showed that yield 
in P-or-K–omitted plots were higher in zero-till systems. In 
K-omitted plots, the contribution of potassium from crop 
residues in the zero-till system probably helped increase 
the yield as compared to conventionally-tilled plots. The 
increased yield in P-omitted zero-till plots might be related 
to higher mineralization and release of P in the presence of 
high N but this needs further studies to confirm.

Conclusion
Preliminary results from farmers’ field trials in different 

maize growing environments in Eastern India showed higher 

zero-till maize yield than the conventionally-grown crop. 
Omission plot studies in contrasting tillage suggest greater 
availability of P and K but lower availability of N in zero-till 
plots as compared to conventional till. Further studies are 
needed to optimize nutrient management strategies in zero-
till maize systems in Eastern India.  
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Table 1. Effect of omission of major nutrients on grain yield and economics of maize

Treatments
Grain yield (t ha-1) Gross returns (Rs ha-1) Net returns (Rs ha-1) B:C ratio

2009 2010 pooled 2009 2010 pooled 2009 2010 pooled 2009 2010 pooled
T1 : Ample NPK
(250:120:120 kg 
NPK ha1)

7.09 7.69 7.39 65,594 71,300 68,447 47,492 52,880 50,186 3.62 3.87 3.75

T2 : N omission
(T1 – N)

3.25
(54%)

2.74
(64%)

2.99 
(59%)

30,484 26,156 28,320 17,820 13,846 15,834 2.41 2.12 2.26

T3 :  P omission
(T1 – P)

5.50
(22%)

6.09
(21%)

5.79
(21.5%

51,712 56,437 54,075 37,598 41,915 39,757 3.67 3.88 3.78

T4 :  K omission
(T1 – K)

5.81
(18%)

6.59
(14%)

6.20
(16%)

54,234 61,239 57,737 37,986 44,441 41,213 3.33 3.64 3.49

T5 : SSNM
(200:90:100 kg 
NPK ha-1)

6.40
(10%)

6.92
(10%)

6.66
(10%)

59,702 64,426 62,064 43,511 47,875 45,693 3.68 3.89 3.78

* Figures in parenthesis are per cent decrease over T1

Introduction 
Maize is one of the important cereal crops in India with 

wider adaptability and high production potential. Being a 
nutrients exhaustive crop, ensuring adequate nutrients is 
essential for improving productivity of maize, which is very 
low in India as compared to world average. Following the 
principles of Site Specific Nutrient Management offers an 
opportunity for productivity enhancement in maize wherein 
the yield response to applied nutrients and the indigenous 
nutrient supplying capacity of soils can be assessed through 
nutrient omission plot technique.  Thus a study was initiated 
to know the contribution of major nutrients for growth and 
yield of maize in Southern India. 

Material and Methods
A field experiment was carried out in Vertisols at Main 

Agricultural Research Station, Dharwad, during kharif 
season of 2009 and 2010. The experiment consisted of five 
treatments viz., T1: Ample NPK (250: 120: 120 kg ha-1), T2: 

N omission (T1-N), T3 : P omission (T1-P),  T4 : K omission 
(T1-K) and T5 : Prototype site specific nutrient management 
(SSNM, 200:90:100 NPK kg/ha). The experiment was 
laid out in a randomized complete block design with three 
replications. Limiting secondary and micronutrients were 
applied uniformly to all treatments.

Results and Discussion 
Yield and economics data from the experiment are 

presented in table 1. The pooled data showed that, application 
of ample NPK (T1) and SSNM (T5) resulted in maize grain 
yield of 7.39 and 6.66 t ha-1, respectively. Nitrogen omission 
reduced the yield by about 59 and 55% as compared to 
ample NPK and SSNM application, whereas, omission of P 
and K resulted in 21.6 and 16.1% lower yields (5.79 and 6.2 
t ha-1), over ample NPK application, respectively. Omission 
of nitrogen resulted in lowest net returns of Rs. 15, 834 ha-1 
which was 68 per cent and 65 per cent lower as compared 
to net returns obtained in T1 (Rs. 50,186 ha-1) and T5 (Rs. 
45,693 ha-1). Application of ample NPK (T1) and SSNM 
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(T5) to maize resulted in high per ha gross returns of Rs. 
68,447 and 62,064 with corresponding B:C ratio of 3.75 and 
3.78, respectively. Similarly, omission of P and K resulted 
in about 21 per cent and 18 per cent lower net returns as 
compared to T1 (NPK), respectively. 

Conclusion
Ample application of NPK produced the highest grain 

yield of maize. Deletion of nutrients from the fertilization 
schedule decreased grain yield and reduced economic return. 
The yield response of N, P and K were 4.4, 2.6 and 1.2 t 
ha-1 at the experimental site. This highlights the necessity of 
balanced and adequate fertilization to improve productivity 
and farm profit for maize farmers in South India. 
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Introduction
 Maize is the third most important cereal crop after rice 

and wheat in India. Currently, recorded average maize yields 
as compared to the yield potential for a given variety and 
climate indicate significant opportunities to increase maize 
productivity through Site-specific nutrient management 
(SSNM) (Khuong, 2008).  It provides principles and tools 
for supplying nutrients as and when needed to achieve high 
yields while optimizing the use of nutrients from indigenous 
sources such as soil, organic amendments, crop residues, 
manures, and irrigation water. The nutrient omission plot 
technique is a tool for determining the amount of fertilizer 
N, P, and K required for attaining a yield target. Nutrient-
limited yields are determined from plots in which the 
nutrient of interest is not added.

Materials and Methods
A field experiment was carried out during 2008-09 to 

2010-11 under irrigated situation in medium black soil on 
permanent site in Maize-wheat cropping system. The trail 
consists of seven treatments viz., Absolute control (No 
fertilizer application), state recommended dose of fertilizers 
(RDF): 150:75:37.5 kg and 100:75:50 kg N: P2O5: K2O ha-1 to 
Maize and wheat, respectively), Directorate Maize Research 
(DMR) RDF (120:60:40 and 120:60:60 kg N: P2O5: K2O ha-1 
to Maize and wheat, respectively), SSNM for NPK (137: 
????  ) , SSNM-N (Omission of N), SSNM-P (Omission of 
P), SSNM-K (Omission of K). The treatments were laid out 
in a randomized complete block design (RCBD) with three 
replications. The soils were medium in available N as well 
as P and high in available K. HQPM-1 maize hybrid and 
wheat variety DWR-162 was used in all the three years.

Results
Application of state recommended dose of fertilizers 

recorded higher maize and wheat grain yield than SSNM-N, 

SSNM-P and absolute control in all the three years. However, 
the maize and wheat grain yield obtained with DMR RDF, 
SSNM for NPK in both the years and SSNM-K in the first 
year was on par with state RDF (Table 1). Excluding K did 
not affect the grain yield of both maize and wheat in the 
first year due to higher native soil available K. But, the yield 
levels were reduced in the second cycle to the extent of 6.7 
and 11.7 per cent, respectively due to continuous omission 
of potassium fertilizer in the nutrient management. Though, 
the soil available K is at higher range, the mining of the K 
nutrient from the soil taken place due to continuous cereal 
based cropping system without addition of K. The exclusion 
of N reduces grain yield of maize to extent of 18 percent in 
the first year and aggravated to 29 per cent in the second 
year and further reduced to 16.4 per cent in the 3rd year.  
Similarly, the wheat yields were reduced to the extent of 20 
percent in the first year and the reduction was aggravated to 
43 per cent due to omission of N in the second year. However, 
omission of P did not affect the grain yield of maize in the 
first year but affected grain yield of wheat to the extent of 
20 per cent in the first year. However, omission of P reduces 
9 and 17 per cent in maize and 36 and 30 percent in 2nd and 
3rd year, respectively. The native soil fertility or omission 
of all NPK could able to produce 72 and 79 percent in the 
first year and only 50 and 52 per cent of maize and wheat 
yield in the second year as compared to state RDF(Table 1). 
The soil nutrient status after harvest of the crop reveals that, 
the available N, P and K was lower (144: 7.55: 368 kg N: 
P: K, respectively) in all nutrients omission plot than state 
RDF (163:14.3:370 kg N: P: K, respectively). Further, the 
available P in the soil was extremely low in SSNM-N (4.69 
kg P/ha) and   SSNM-P (3.49 kg P/ha) plots. 

Conclusion:
SSNM provides principles and tools for supplying 

nutrients as and when needed to achieve high yields while 
optimizing use of nutrients from indigenous sources such 
as soil, organic amendments, crop residues, manures, and 
irrigation water. Therefore, balanced replenishment of all 
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the major nutrients based on soil test is most essential to get 
sustainable yield in cereal dominated cropping system over years 
under irrigated conditions rather than blanket recommendations. 
Reduction or deficiency in the availability of any one of the 
nutrients will be the bane for achieving sustainable yield. 

Table 1. Grain yield of maize and wheat as influenced by site specific nutrient management (SSNM) in Maize-Wheat 
cropping system (2008 to 2010) at Arabhavi

Treatments Maize grain yield (kg ha-1) Wheat grain yield (kg ha-1)

Year 2008 2009 2010 2008 2009 2010

T1 - Control 4199 1983 3587 1440 914 1950
T2 – State RDF 5833 3998 5745 1852 1813 3600
T3 – DMR RDF 5540 3961 5571 1749 1516 3500
T4 – SSNM for NPK 5547 3916 5385 1826 1761 3550
T5 – SSNM - N 4786 2854 4801 1466 994 2450
T6 – SSNM - P 5698 3631 4775 1466 1132 2600
T7 – SSNM -K 5913 3986 5360 1929 1576 2950
S. Em. + 180 89 163 51 65 125
LSD (0.05) 555 276 502 154 196 376
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Introduction
Determining soil contribution to nutrient requirement 

of a crop is a critical part of developing site specific 
nutrient recommendations. Soil testing is an effective tool 
to determine inherent nutrient supplying capacity of soils. 
However, soil testing facility is not always easily available 
to farmers of Eastern India. Under such scenarios, crop 
response in omission plot experiments could be used as an 
indicator of soil nutrient supplying capacity. The difference 
in yield between a fully fertilized plot and an omission plot 
of a particular nutrient, with ample application of all other 
limiting nutrients, provides an indirect estimation of soil 
nutrient content as the capacity of the soil to support a yield 
without external nutrient supply. 

Materials and methods
On-station experiments in maize, with five treatments 

viz. ample NPK, PK (- N), NK (- P), NP (- K) and a prototype 
site specific nutrient recommendation (SSNM), were laid 
out during rainy seasons (June to October) of 2009 and 2010 
at Ranchi, Jharkhand (23019/ north and 83017/ east). The soil 
is acidic with low organic carbon, available nitrogen (N), 
phosphorus (P), and potassium (K). The nutrient rate in 
the ample NPK treatment was chosen to avoid any nutrient 
limitation while the rates in the prototype SSNM treatment 
was based on published nutrient uptake values for maize and 
nutrient use efficiencies in the soil (Setiyono et al., 2010).    

Results
Maize yield was highest (5.7 t/ha) in the prototype 

SSNM plot. Omission of nutrients from the ample NPK 
treatment showed that N was the most limiting nutrient, 
followed by P and K (Table 1) in the location. Omission 
of nutrients caused uptake restrictions for all the major 
nutrients (Table 1). The results showed that expected N, 
P and K yield responses at the experimental site are 4.2 t/

ha, 1.9 t/ha and 1.3 t/ha, respectively. When combined with 
a target agronomic efficiency and the reciprocal internal 
efficiency (nutrient content in above-ground plant dry 
matter per 1000 kg of economic produce) of maize, the 
response data obtained from the experiment could provide 
an alternate approach of estimating nutrient rate to achieve 
a target yield. We expected higher yield response for K 
considering the low soil available nutrient content in the 
soil. However, K contribution from irrigation water masked 
the actual response. This suggests that such external nutrient 
contributions (residue, irrigation water) need to be taken into 
account while formulating SSNM rates for maize (Buresh et 
al., 2010). 

Conclusion
One of the advantages of omission plot approach 

of estimating soil nutrient supplying capacity is that it 
circumvents the infrastructural issues associated with soil 
testing and provides an alternate method of estimating site 
specific nutrient rates for maize. This can help disseminate 
site specific nutrient management strategies to maize 
farmers in Eastern India for higher productivity, farm profit 
and environmental sustainability.

Table 1. Yield and nutrient uptake of maize in nutrient 
omission and fertilized plots (Pooled of 2009 and 
2010)

Treatments
Grain yield

(t ha-1)

Nutrient uptake (kg ha-1)

N P K

NPK (250:120:120) 5.38 145.0 25.6 97.2
(-N) 1.22 34.6 7.4 35.5
(-P) 3.48 92.0 16.3 67.9
(-K) 4.13 98.9 16.7 63.6
SSNM (200:90:100) 5.67 132.0 22.9 108.3
CD (P= 0.05) 0.77 17.8 3.1 19.8
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Introduction
One of the fundamental aspects in the agricultural system 

is selection of proper sowing date. Sowing date of sweet 
corn is dependent on climatic factors such as environmental 
temperature, soil temperature and moisture (Makadho, 
1996). Changes in sowing date induces plant growth and 
development processes (Heskelh and Worrington, 1989; 
Wells., 1993). Identification of suitable sowing time was the 
main objective of this study. 

Methods
In this study, 8 sweet corn hybrids (4 sweet and 4 super- 

sweet) were compared with KSC403su Iranian sweet corn in 
two different planting dates (10th and 26th June) at Khorasan 
Razavi Agricultural and Natural Resources Research Center, 
Mashhad, Iran in 2008. The experimental design was RCBD 
with four replications. Each hybrid was planted in four rows 
at 75cm apart (plant to plant spacing) giving 66,000 plant /
ha. The major traits evaluated were; conservable grain yield, 
ear length, ear diameter, rows no. and biomass. 

Results
 The results showed that planting dates had significant 

effects on ear length, ear diameter and biomass, but not on 

number of rows / ear and conservable grain yield (Table1). 
The 26th June planting date was better than 10th June for 
conservable grain yield with 11.6 ton/ha (Fig 1), but not 
statistically. Variety effect was detected with respect to 
the traits studied (Table 2). Chase was the highest yielder 
followed by Temptation (Fig 2). However, there was no 
difference between sweet and super sweet corn hybrids for 
grain yield. KSC403su, a local check was so far the lowest 
yielder.

Table 1. Mean comparison for yield and yield components on different sowing date. Means with at least one common 
alphabet letter are not significant at 5 or 1 probability level

Sowing date
Ear length 

(cm)
Ear diameter 

(cm)
Number of 
rows/ear

Conservable 
grain yield (ton/ha)

Biomass 
(ton/ha)

10th june 19.51b 43.86b 39.15a 10.61a 52.86b
26th june 30.27a 45.91a 37.74a 11.63a 60.30a

Means with at least one common alphabet letter are not significant at 5 or 1 probability level

Table 2  Means comparison for conservable grain yield 
and ear diameter of varieties on different sowing 
date

Varieties

Ear diameter 
(cm)

Conservable 
grain yield 

(ton/ha)
26th june 10th june 26th june 10th june

Exo8116636 48.20 a 46. 66 a 11.06 b 11.19 bc
Obsession 43.92 de 41.69 c 10.53 bc 7.95 c
Harvest gold 45.72 bcd 43.18 bc 8.45 c 9.13 c
Chase 46.08 a-d 44.65 ab 17.10 a 16.26 a
Temptation 47.40 abc 45.69 ab 17.02 a 14.69 ab
Challenger 47.92 ab 45.49 ab 11.75 b 10.63 c
Basin 42.65 e 41.72 c 10.02 bc 7.71 c
Power house 45.83 bcd 43.9 bc 10.20 bc 9.88 c
KSC403SU 45.45 cd 41. 77 c 8.59 c 8.73 c

Means with at least one common alphabet letter are not 
significant at 5 or 1 probability level
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Conclusions
Based on one year result sweet corn hybrids Chase 

and Temptation are better among the tested hybrids. No 
significant differences between sweet and super sweet corn 
hybrids for conservable grain yield indicated that both can be 
grown successfully. However, it is worthwhile to determine 
by market value and consumer preferences. 
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Figure 1. Conservable grain yield of sowing date 

Figure 2. Conservable grain yield of sweet and super sweet corn varieties
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Introduction
Amongst cropping systems, maize-wheat ranks 1st 

having 1.8 m ha (Jat et al., 2011). Approximately 80% area 
is dominated by rainfed farming where crop production 
is constrained by uncertainty of monsoon, low fertility 
soils and low soil organic matter. Further inadequate land 
preparation often leads to soil deterioration and thus cause 
poor crop stand and productivity. Beneficial effect of 
zero tillage and residue retention on increase infiltration, 
moisture conservation, increasing organic carbon and 
fertility status of soil, sustaining soil tilth and reduced 
machinery wear are well documented. As the information 
on these aspects is meagre in Rajasthan having 10 m ha area 
under maize cultivation, therefore, the present investigation 
was undertaken to assess resource conservation practices on 
productivity and soil properties of maize-wheat cropping 
sequence.

Methods
The field experiment was conducted during rainy and 

winter seasons of 2008 to 2011 at the Instructional farm 
Rajasthan College of Agriculture, Udaipur. The soil was 
clay loam, alkaline (pH 8.5) in reaction having 1.28 Mg m-3 
bulk density, 0.73 % organic carbon, medium in available 
nitrogen (276.1 kg/ha), phosphorus (18.7 kg/ha) and   high 
in potassium (296.3 kg/ha). The experiment consisted of 
three conservation practices (Zero tillage, bed planting and 
conventional tillage) and two residue retention (With residue 
and without residue). In with residue practice 30-33% residue 
of both crop was retain in field whereas in without residue 
practice both crops were harvested from ground level. Both 
crops were fertilized with recommended dose of fertilizer. 
Maize variety ‘HQPM-1’ and wheat ‘Raj 3077’ were used as 
test crop. For weed control atrazine 0.5kg/ha in maize as pre 
emergence and isoproturon 0.75 kg/ha in wheat at 35 days 

Table1.  Influence of tillage practices and residue retention options on productivity, economics and physical properties of 
soil under maize-wheat system

Treatment

Yield (t/ha)
Net
Ret.

Rs./ha
B:C
ratio

Soil properties after third wheat crop

Maize Wheat
OC
(%)

BD
Mg m-3

N P K

2008 2009 2010 08-09 09-10 10-11 (kg/ha)

RCTs 
ZT 3.23 3.21 3.28 3.39 3.64 3.87 47640 2.98 0.85 1.18 285 20.1 305
BP 3.02 2.93 3.29 3.45 3.49 3.57 41422 2.52 0.82 1.21 280 19.6 300
CT 3.51 3.51 2.69 3.79 3.86 3.48 41507 2.43 0.74 1.41 275 18.0 295
CD* 0.23 0.38 0.31 0.29 NS 0.312 NS NS 0.5 0.06 7.26 0.86 7.34

Residue management
WR 3.27 3.39 3.30 3.65 3.94 3.99 47720 2.84 0.89 1.20 285 19.9 305
WOR 3.24 3.05 2.87 3.43 3.39 3.28 39326 2.45 0.72 1.30 275 18.7 295
CD* NS NS 0.38 NS 0.32 0.255 5580 NS 0.04 0.04 5.93 0.70 6.00

ZT: Zero tillage, BP: Bed planting, CT: Conventional tillage, OC: Organic carbon, BD: Bulk density, N: Nitrogen, P: Phosphorus 
and K: Potassium B:C: Benefit cost ratio, CD: (P=0.05%)
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after sowing were used. Maize was sown in first fort night 
of July at 75 cm x 20 cm spacing and harvested in October, 
whereas wheat was sown in first fortnight of November at 23 
cm spacing and harvested in month of April every year. One 
row of maize and two rows of wheat were planted on each 
bed. Maize crop was raised as rainfed, whereas wheat crop 
was raised under irrigated conditions. The standard methods 
were employed for analysis of soil samples. Economics was 
calculated on basis of current market prices of inputs.  

Results
During first and second year maize grain yield recorded 

under conventional tillage was higher compared to bed 
planting and zero tillage, however, during third year maize 
grain yield recorded under zero tillage and bed planting 
was at par and  significantly higher over conventional 
tillage. Wheat yield recorded under conventional tillage 
was significantly higher over zero tillage and bed planting 
during first year. However, during second year wheat 
yield recorded under different tillage system was at par. 
During third year highest wheat yield was recorded under 
zero tillage which was at par with bed planting, however, 
significantly higher over conventional tillage. On basis of 
three years pooled economics, zero tillage proved more 
beneficial with highest net returns and B:C ratio compared 
to conventional tillage and bed planting. After third rotation 
zero tillage significantly increases organic carbon, nitrogen, 
phosphorus and potassium status of soil over conventional 
tillage. Continuous adoption of zero tillage significantly 

decreased bulk density of soil compared to conventional 
tillage. Initially residue retention and without residue 
practice failed to influenced grain yield of both crop but later 
on residue retention significantly increased grain yield and 
improved physico-chemical properties of soil. Economically 
residue retention practice proved superior compared to 
without residue. During stress in second maize crop and 
before each irrigation in second and third wheat crop, bed 
planting, zero tillage and residue retention practices retained 
higher moisture compared to conventional tillage. Jat et al., 
2011also reported that crop residue retention in combination 
with no tillage improved soil quality and overall resources.  

Conclusions
On basis of three years maize-wheat cropping system 

data on tillage practices and residue retention options, it is 
concluded that on long term basis zero tillage significantly 
increased grain yield, improved soil physico-chemical 
properties, nutrient status and proved economically 
beneficial compared to conventional tillage. Bed planting 
proved next best conservation practice. 

References
Jat, S.L., Parihar, C.M., Singh, A.K. Jat, M.L., Singh, D.K. and 

kumar, R.S. 2011. Directorate of Maize Research, ICAR, 
New Delhi.  



400

Book of Extended Summaries for the Eleventh Asian Maize Conference

P_6.11:  Real-time nitrogen management on productivity and 
economics of maize grown in south India

T. Satyanarayana*, Kaushik Majumdar*, D. P. Biradar#, Y. R. Aladakatti#, D. Shivamurthy# and Basavaraj Bhogi#.

*South Asia Programme, International Plant Nutrition Institute, 401, Tejaswini Arcade, West Maredpally, Secunderabad – 500026, 
Andhra Pradesh, India
#Department of Agronomy & Publication Centre, University of Agricultural Sciences, Dharwar – 580005, Karnataka, India.
*Author for Correspondence: tsatya@ipni.net

Introduction
Maize removes about 26.3, 14 and 30.9 kg N, P2O5 

and K2O from the soil to produce one tonne of grain yield. 
Nitrogen management plays an important role in maize 
production. Besides the quantity of nitrogen, its application 
at times of peak crop requirement is crucial. Current 
nitrogenous fertilizer recommendations are sub-optimal 
for modern maize hybrids and not in accordance with the 
crop growth stages of maize. Thus, there are opportunities 
to increase maize productivity through optimization of rate 
and timing of nitrogen application. The present study was 
initiated to assess the effect of real time management of 
nitrogen on the productivity of maize.  

Material methods
Field experiment was carried out at Agricultural 

Research Station, Dharwad during Kharif 2009 and 2010. 
Soil was medium black in colour with pH 7.5, low in 
available N (260 kg ha-1), high in available P (35 kg ha-1) 
and available K (450 kg ha-1). Zn, Fe and Mn were above 
the critical limits. Treatments consisted four N levels (0, 
80, 160 and 240 kg ha-1) and three timings of N application, 
laid out in split plot design with three replications. 100 kg 
each of P2O5 and K2O ha-1 were applied to all treatments at 
sowing with other production practices followed as per the 
recommendation.

Table 1. Effect of nitrogen rate, time of application and real-time nitrogen management on grain & stover yield and harvest 
index of Maize

Treatments 

Grain yield (t ha-1) Stover yield (t ha-1) Harvest index 100 seed weight (g)

2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled

Main plots (Nitrogen rate) 
N1 – 00 kg ha-1 2.33 1.26 1.78 3.01 4.86 3.93 0.44 0.21 0.32 27.1 23.0 25.1
N2 – 80 kg ha-1 4.75 3.85 4.30 5.36 6.78 6.07 0.47 0.36 0.42 30.1 30.2 30.2
N3 –160 kg ha-1 6.14 6.22 6.18 7.23 8.34 7.78 0.46 0.43 0.44 31.7 31.1 31.3
N4 –240 kg ha-1 6.79 7.16 6.97 8.83 9.25 9.04 0.44 0.44 0.44 33.0 33.6 33.3
SEm 0.17 0.18 0.11 0.21 0.12 0.14 0.01 0.01 0.01 0.9 0.4 0.6
CD @ 5% 0.60 0.62 0.37 0.74 0.42 0.48 NS 0.03 0.02 3.0 1.4 1.9

Sub plots (Time of Application) 
T1 5.11 4.66 4.91 6.33 7.47 6.89 0.45 0.35 0.40 30.8 30.0 30.4
T2 5.31 4.91 5.09 6.49 7.56 7.02 0.46 0.37 0.41 31.0 30.4 30.8
T3 4.59 4.30 4.43 5.50 6.90 6.20 0.46 0.36 0.41 29.7 28.0 28.8
SEm 0.08 0.20 0.12 0.17 0.18 0.09 0.01 0.01 0.01 0.6 0.6 0.6
CD @ 5% 0.25 NS 0.31 0.49 NS 0.27 NS NS NS NS 1.90 NS
Interaction NS NS NS NS NS NS NS NS NS NS NS NS

T1:  33% basal + 33% V4 to V6 + 33% V10,  T2:  33% basal + 33% V4 to V6 + 33% V10 (Rate as per LCC),  T3:  50% basal 
+ 00 % V4 to V6 + 50% V10
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Results and Discussion

Nitrogen @ 240 kg ha-1 (N4) recorded highest 
maize grain yield (6.97 t ha-1), harvest index (0.44) and 
100 seed weight (33.3 g) among the treatments (Table 1).  
The magnitude of increase in grain yield in treatment N4 
(240 kg ha-1) over N1, N2 and N3 was 292, 62 and 13%, 
respectively.  The pooled data indicated that the application 
of nitrogen @ 240 kg ha-1 (N4) recorded maximum gross 
returns (` 63,781 ha-1), net returns (` 46,510 ha-1) and B: C 
ratio (3.69) among the treatments (Table 2). 

Application of nitrogen in 3-splits i.e. 33% each at 
basal, between V4 and V6 and at V10 growth stage, with and 
without application guidance by LCC (T1 & T2)   resulted 
in significantly higher grain yield (5.09 t ha-1 & 4.91 t ha-

1) as compared to other treatments. Results showed that 
application of N in 3-splits (T1 and T2) recorded significantly 
higher gross returns (` 46,773 ha-1 & ` 45,181 ha-1) and net 
returns (` 32,140 ha-1 & ` 30,674 ha-1), respectively. 

Conclusion 
Nutrients such as N often move beyond the bounds of 

the agricultural field because the management practices fail 
to achieve adequate congruence between nutrient supply and 
crop nutrient demand. Our results show that optimizing rate 
and time of N application can substantially improve yield 
and profitability of hybrid maize cultivation in South India.   

Table 2. Effect of nitrogen rate, time of application and real-time nitrogen management on economics of Maize

Treatments 

Gross returns (` ha-1) Net returns (` ha-1) B:C ratio

2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled

Main plots (Nitrogen rate)
N1 – 00 kg ha-1 21,316 12,945 17,131 9,934 2329 6132 1.87 1.22 1.54
N2 – 80 kg ha-1 43,063 36,112 39,587 29,107 22,787 25,947 3.08 2.70 2.89
N3 – 160 kg ha-1 55,828 57,072 56,451 40,019 41,206 40,612 3.52 3.59 3.56
N4 – 240 kg ha-1 62,094 65,468 63,781 44,953 48,067 46,510 3.61 3.76 3.69
SEm 1558 1482 951 1437 1362 876 0.07 0.08 0.05
CD @ 5% 5395 5129 3293 4975 4715 3032 0.25 0.26 0.16

Sub Plots (Time of Application)
T1 46,604 43,756 45,181 31,957 29,390 30,674 3.1 2.86 2.97
T2   48,353 45,192 46,773 33,568 30,712 32,140 3.15 2.93 3.04
T3   41,769 39,749 40,759 27,486 25,690 26,588 2.84 2.66 2.75
SEm 738 1476 874 680 1358 802 0.04 0.07 0.04
CD @ 5% 2214 4424 2619 2039 4071 2405 0.11 NS 0.12
Interaction * NS NS * NS NS * NS NS

T1: 33% basal + 33% V4 to V6 + 33% V10.   T2:  33% basal + 33% V4 to V6 + 33% V10 (Rate as per LCC),  T3:  50% basal + 00 % 
V4 to V6 + 50% V10
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Introduction
Sap flow measurement is the main means of directly 

assessing plant transpiration. There arethree methods of 
measuring sap flow: the heat balance, the heat pulse and 
the heat diffusion methods. Compared with the heat pulse 
and the heat diffusion methods, the heat balance method, 

which hasa simple calculation process and sensor structure, 
has been extensivelyused. However, few studies have been 
carried out to investigate crop transpiration in intercropping 
systems using the sap flow gauge. The objective of this paper 
was to investigate crop transpiration in a maize-soybean 
intercropping system using this gauge. 

Table 1.  Relationships between daily sap flow per plant and meteorological factors for maize and soybean in intercropping 
system (n=150)

Crop Meteorological factor Regression equation
Correlation coefficient

(r) P

Maize Solar radiation (SR)
(MJ m-2 d-1)

SF= 258.46+184.03×SR 0.91 0.0001

Air temperature (Ta)
(°C)

)30.155.23exp(1
97.3410

aT
SF

−+
=

0.69 0.0223

Relative humidity (H)
(%)

SF= -786.85+207.09×H-2.04×H2 0.75 0.0001

Wind speed (v)
(m s-1) )30.155.23exp(1

97.3410

aT
SF

−+
=

0.54 0.0173

Soil heat flux (G)
(W m-2 d-1)

SF= 2802.53+1845.2×G-1111.32×G2 0.43 0.0597

Multiple factors SF= 2530.59+158.30×SR-33.34×Ta-
16.81×H+319.26×v+115.54×G

0.96 0.0001

Soybean Solar radiation (SR)
(MJ m-2 d-1)

SF= 420.89+32.93×SR 0.89 0.0001

Air temperature (Ta)
(°C)

)30.155.23exp(1
97.3410

aT
SF

−+
=

0.67 0.001

Relative humidity (H)
(%)

SF= -1344.19+77.02×H-0.61×H2 0.63 0.001

Wind speed (v)
(m s-1)

SF= 819.99+587.26×v-304.67×v2 0.40 0.0956

Soil heat flux (G)
(W m-2 d-1)

SF= 831.64+484.01×G-268.36×G2 0.64 0.0009

Multiple factors SF= -612.32+38.58×SR+15.76×Ta+
7.48×H+62.53×v-0.61×G

0.95 0.0001
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Methods
Field experiments were conducted at the Shangqiu 

Agro-ecosystem Experimental Station during the crop-
growing season from April to August in 2008. The 
intercropping consisted of two rows of maize flanked by 
three rows of soybean on either side. Crop transpiration 
ofmaize and soybean plants was measured with a sap flow 
gauge (DYNAMAX Inc., Fallstone, Houston, USA) based 
on the heat balance method. Stem diameter and leaf area of 
maize and soybean plants was measured with vernier caliper 
and ruler respectively. Air temperature, relative humidity, 
wind speed, solar radiation, rainfall and soil heat flux was 
measured with an automatic weather station. 

Results
In theintercropping system, the diurnal change of the 

sap flow rates of the plants fitted a single-peak curveonsunny 
days and multi-peak curve on cloudy days. Plant sap flow 
rates were affected by manyenvironmental factors.Solar 
radiation was the most important meteorological factor.The 
daily sap flow per maize or soybean plant showed significant 
correlations with solar radiation,air temperature, relative 
humidity, wind speed, and soil heat flux (Table 1). During 
the observation period(June 1–30, 2008), the mean daily 
transpiration of maize (1.44 mm∙d-1) was about 1.8times of 
that of soybean  (0.79 mm∙d-1). 

Conclusions
Due tothe spatial variation of stem diameter and leaf 

area, it would be necessary to instal more sap flowgauges to 
accurately measure the sap flow of maize and soybean plants.
Maize transpiration and soybean transpiration contributed 
64% and 36% respectively to the total transpiration of the 
intercropping system.
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P_6.13:  Site specific nutrient management for enhancing 
productivity of quality protein maize (Zeay mays L) 
and wheat (Triticum aestivum) in maize-wheat cropping 
system 

D, Singh. and S.L. Godawat

Maharana Pratap University of Agriculture and Technology, Udaipur-313001(Rajasthan), India
* Corresponding author’s e-mail ID: dilipagron@gmail.com

Introductions

A substantial quantity of maize (Zea mays L) is 
consumed as staple food by tribes as well as urbanites. The 
grain of normal maize varieties are low in protein content 
with unbalanced composition of amino acids viz., low lysine 
and tryptophan thus causes protein deficiency diseases and 
malnutrition especially in poor class peoples who have 
maize as principal dietary source. To overcome this problem 
OPM’s are breaded with high tryptophan & lysine, low 
leucine and isoleucine and quality protein with balanced 
composition of amino acids may be used as balance dietary 
source. QPM’s requires high quantities of fertilizer (DMR, 
2007). Existing fertilizer recommendations often consist 
of one predetermined rate of N, P, and K for vast areas of 
maize may not be applicable for quality protein maize. Need 
of nutrients vary greatly among varieties, fields, seasons, 
crop growing conditions, and soil management. Hence, the 
management of nutrients for QPM requires a new approach 
of ‘site-specific nutrient management’ which enable farmer 

to dynamically adjust fertilizer use to optimally fill the 
deficit between the nutrient needs of crop and the nutrient 
supply from soil. Considering these facts and paucity of 
research findings on SSNM in particular reference to QPM 
the experiment was conducted for two years in QPM-wheat 
cropping sequence.  

Methods
The field experiment was conducted during rainy and 

winter seasons of 2009-10 to 2011-12 at Instructional farm, 
Rajasthan College of Agriculture, Udaipur. The soil was 
clay loam, alkaline (pH 8.5) in reaction, medium in available 
nitrogen (277.8 kg/ha), phosphorus (17.9 kg/ha) and high 
in potassium (301.3 kg/ha). The experiment consisted of 
seven treatments (Control no fertilizer (T1), state RDF-115 
+ 40 + 30 Kg N + P2O5 + K2O/ha (T2), national RDF120 
+ 60 + 40 + 25 Kg N + P2O5 + K2O + ZnSo4/ha (T3), site 
specific nutrient management 229 + 72 + 0 + 25 Kg N + 

Table 1. Effect of site specific nutrient management on productivity of quality protein maize (Polled over two year)

S No Treatment

Yield (t/ha)
Net returns 

(Rs/ha) B:C ratio

N Uptake 
by (M+W) 

(kg/ha) ANR AE PE NUEM W

T1 Control 3.26 2.72 38856 2.33 113.40 0.0 0.0 59.2 0.00
T2 State RDF 3.97 3.89 58776 3.10 140.57 68.6 34.2 57.0 8.17
T3 National RDF 4.05 3.93 59280 3.05 146.56 71.2 33.3 55.9 8.36
T4 SSNM 4.64 4.28 69816 3.62 170.42 81.6 19.5 54.7 6.43
T5 SSNM-N 3.34 2.89 39384 2.15 118.44 0.0 0.0 58.4 0.00
T6 SSNM-P 3.97 3.79 56208 2.92 140.37 68.2 16.9 56.9 3.90
T7 SSNM-k 4.61 4.29 72014 3.73 171.32 80.7 19.4 55.1 6.37

 SEm± 0.118 0.173 3629 0.19 5.870 NA NA 0.886 NA

M: Maize, W: Wheat, ANR: Apparent nitrogen recovery, AE: Agronomic efficiency, PE: Physiological efficiency, NUE: Nitrogen 
use efficiency, B:C: Benefit cost ratio, NA: Not analyzed, RDF: Recommended dose of fertilizer , SSNM: Site specific nutrient 
management.
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P2O5 + K2O + ZnSo4/ha (T4), SSNM-N 72 + 0 + 25 Kg 
P2O5 + K2O + ZnSo4/ha (T5), SSNM-P 229 + 0 + 25 N + 
K2O + ZnSo4/ha(T6) and SSNM-K 229 + 72 + 25 Kg N + 
P2O5 + ZnSo4/ha (T7). Directorate of Maize Research, New 
Delhi has decided dose of site specific nutrient management 
on basis of fertility status of experimental soil. In SSNM-N 
(T5), SSNM-P (T6) and SSNM-K (T7), N, P and K fertilizers 
were escaped, respectively. Both crops were fertilized as 
per treatments. Full phosphorus, potassium and ZnSo4 were 
applied at the time of sowing whereas nitrogen was applied 
in four split application. QPM variety ‘HQPM-1’ and 
wheat ‘Raj 3077’ were used as test crop. Except fertilizer 
management, both crops were raised with recommended 
packages and practices under irrigated condition. The 
standard methods were employed for analysis of soil 
samples. Being highest quantity of nitrogen, only N based 
efficiencies were calculated. Economics was calculated on 
basis of current market prices of inputs.  

Results
Maize and wheat grain yield recorded under SSNM 

(T4) and SSNM-K (T7) were at par and significantly higher 
over national RDF, state RDF, control and SSNM-P (T6) 
and SSNM-N (T5).Grain yield of maize and wheat recorded 
under escaping of N(T5) was almost equal to grain yield 
recorded under control. Escaping of P (T6) produced 
significantly lower yield compared to SSNM (T4), however, 
it was significantly higher over control. Escaping of K 

(T7) has no adverse effect and recorded grain yield almost 
equal to SSNM (T4). Economically escaping of K (T7) form 
SSNM proved best with highest net returns and B:C ratio. N 
up take under SSNM (T4) and SSNM-K (T7) was at par and 
significantly higher over other practices. Apparent nitrogen 
recovery and agronomic efficiency were almost same in 
both practices SSNM (T4) and SSNM-K (T7). However, 
physiological efficiency and nitrogen use efficiency 
recorded in SSNM (T4) and SSNM-k (T7) were same and 
lower compared to other practices.

Conclusions
On basis of two years data it is concluded that the 

experimental soil was rich in potassium and thus the grain 
yield of maize and wheat and K content of maize and wheat 
grain recorded under SSNM (T4) was statically at par with 
that of SSNM-K (T7), thus escaping of K and application 
of N and P on basis of site specific nutriment management 
practice proved economically beneficial and good for 
enhancing productivity of QPM and wheat in maize-wheat 
cropping sequence.    
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P_6.14:  Effect of pre-sowing seed enhancement treatments on 
field emergence and crop performance of specialty 
maize

Sudipta Basu Bhaumik*, S. K. Lal,  Heena Rasool Mir, Sukhbir Singh and Malavika Dadlani

Division Of Seed Science And Technology, Indian Agricultural Research Institute,  New Delhi – 110 012
*Author for correspondence: sudipta_basu@yahoo.com

Table 1: Effect of pre sowing seed treatments on field emergence, vegetative growth and seed yield of maize.

Treatments /Traits* FE (% )
Speed of 

emergence 

Seed 
weight 

(g) 

Plant 
height 
(cm) 

Days to 50%
Seed yield 
(kg/plot) Anthesis Silking

Hydration +Thiram (3g/kg of seed) 86.5 4.13 2.62 181.2 56.5 58.0 16.52 
KNO3 ( 0.3 % ) 82.5 3.93 2.67 180.8 57.3 59.5 16.50 
Fulvic acid ( 0.1 % ) 86.0 3.45 2.69 188.2 57.5 60.0 16.31 
Ceolomic   Fluid 84.0 3.75 2.69 187.3 56.7 58.0 16.40 
Cruiser (4ml / kg of seed) 86.5 4.15 2.82 187.8 55.5 57.8 16.50
Polykote (4ml/kg of seed) + Vitavax 200 (3g/kg of seed) 80.2 3.97 2.65 182.1 58.0 60.5 16.24
Thiram (3g/kg of seed) 84.0 4.02 2.57 180.2 57.5 61.0 16.25
Seed Coat Red (5ml/kg of seed) 86.0 4.02 2.97 186.2 56.3 58.0 16.45
Magnetic stimulation (1000G/2h ) 86.0 4.03 2.68 185.3 56.3 58.5 16.48 
Control 76.5 3.49 2.53 176.2 58.0 61.0 16.22 
CD (0.05) 3.25 0.15 0.08 8.10 0.95 1.02 0.28

*Mean of five genotypes

Introduction
Sub optimum environmental conditions like   low 

temperature, low moisture and biotic stresses affect field 
emergence, early vegetative growth and overall crop 
performance in maize. Seed enhancement treatments 
are widely adopted to achieve rapid and uniform stand 
establishment, better seedling and vegetative growth, 
flowering manipulations and enhanced yield under wide 
range of environmental conditions (Harris et al., 1999; Basu 
et al., 2005; Vashisth and Nagarajan, 2009). Maize types 
viz., sweet corn, popcorn, quality protein maize, baby corn 
vis-à-vis common maize, not only  vary in their genetic 
and chemical compositions but also their response to seed 
enhancement treatments. The  present study was undertaken 
to elucidate the differential response of  specialty maize to 
pre sowing seed enhancement treatments. 

Materials and Methods
Seeds of   speciality maize cultivars viz., HQPM-1 

(quality protein maize),  VL Amber pop corn (pop corn), 
Win orange sweet corn (sweet corn), HM-4 (baby corn) and  
common maize (Parkash)  were given different pre-sowing 
seed enhancement treatments viz., hydropriming (17h/200C), 
hydropriming (17h/200C) + dry dressing with thiram (3g/
kg of seed),  low temperature hydropriming  (72h/10°C), 
matrix priming with  hydrogel (17h/200C);  halopriming 
(KNO 3  : 0.3%) (17h/200C),  priming with growth regulator 
(fulvic acid : 0.1 %) (17h/200C) (T6), ceolomic fluid (earth 
worm-derived compound) (17h/200C), coating with Cruiser 
(Thiamethoxam : 4ml/kg of seed), Polykote (4ml/kg of seed)  
+ Vitavax200 (3g/kg of seed), dry dressing with  Thiram (3g/
kg of seed),  synthetic polymers Seed Coat Red (5ml/kg of 
seed) and magnetic stimulation (1000G/2h) treatment along 
with untreated seeds as control. Efficacy of these treatments 
was assessed on field emergence, rate and uniformity of 
emergence, seedling and early vegetative growth, days to 
flowering (anthesis, silking, ASI) and seed yield. 



407

Technical Session 6: Sustainable Intensification of Maize Based Cropping Systems

Results and Discussion
Seed enhancement treatments are adopted in winter 

or spring-summer maize, when the soil temperature is  
<150C during sowing to improve  field emergence and 
crop performance but  the present study established the 
advantage of pre sowing seed treatments in enhancing 
the planting value, even in the main kharif season. These 
treatments significantly improved total field emergence, 
speed of emergence, root growth (root length, area and 
volume), seedling growth (fresh and dry weight),  plant 
height and seed yield (no. of cobs/plot and 100 seed  weight) 
over control. Induction of flowering  (anthesis, silking) 
was preponed by 1-2 days over control.  Most effective 
seed enhancement treatment identified were hydropriming 
(17h/200C)  followed by dry dressing with thiram (3g/kg); 
halo priming with KNO3 (0.3%), treatment with Cruiser 
(4ml / kg of seed), Seed Coat Red (5ml/kg of seed) and 
enhancement through magnetic stimulation (1000G/2h). 
Among cultivars compared, Win orange sweet corn, HM-4 
and Parkash were more responsive to seed enhancement 
treatments than HQPM-1 and VL Amber popcorn.

Conclusions
Pre-sowing seed enhancement treatments improved 

field emergence, its speed, seedling vigour in terms of  root 
growth,  early vegetative growth and seed yield in all the 
varieties. These  treatments preponed flowering by 1-2 
days suggesting the possibility of employing them  for 
synchronization of flowering among parental lines during 
hybrid seed production. Cultivars showed differential  
response to seed enhancement treatments. 
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P_6.15:  Hybrid maize seed production affected by lime and 
boron in acid soil 

Shamim Ara Bagum*, M. Altab Hossain, M. Shalim Uddin and M. Fazlil Karim

Bangladesh Agricultural Research Institute, Gazipur-1701, Bangladesh
*Author of correspondence: happyshalim@yahoo.com

Introduction
Maize (Zea mays L.) plays a significant role in human 

and livestock nutrition worldwide. In Bangladesh it is an 
important cereal crop ranks third and first position in terms 
per hector production. Presently, Bangladesh need about 
5000-5500 tons of hybrid maize seed per year and can meet 
only 10-15% of its requirement from domestic production, 
and the rest is imported at a huge cost of foreign currency 
(Uddin et al., 2007). Soil acidity is a major problem in all 
maize-producing areas of northern region of Bangladesh. In 
these areas, soil pH sometimes goes down to 4.0-5.0. Boron, 
a micronutrient is essential for pollen viability and seed 
production of crops as well as flowering and fruiting. Boron 
availability in soils is very much dependent on soil reaction 
(pH). Considering the above facts, the study was undertaken 
to find out the effect of lime and boron on hybrid maize seed 
production and to find out the optimum and economic dose 
of boron and lime for hybrid maize seed production.

Materials and Methods
The experiment was conducted in Non-Calcareous 

Floodplain Soils under Tista Meander Floodplain (AEZ 
3) during rabi season. Seed production variety was hybrid 
maize (cv. BARI hybrid Maize-5). There were 12 treatment 
combinations comprising 4 levels of boron and 3 levels of 
lime with a blanket dose. The treatments were arranged 
in a split plot block design with 3 replications. From the 
response function equation the value of an added nutrient 
that maximizes yield was estimated. Optimum lime and 
boron rate has been computed following the procedure as 
outlined in Gomez and Gomez (1984).  

Results and Discussion
The combined effect of boron and lime was found 

superior to their individual applications. The interaction 

Table 1. Interaction effect of lime and boron fertilizer on Cob length, 100 seed weight, Yield, Harvest Index and Yield 
increase over control of hybrid maize  

Treatment
Cob length 

(cm)
100 seed weight 

(g)
Yield 

(Kg ha-1)
Harvest 
index

Yield increase 
(%)Code Lime Boron 

T1 L0 B0 10.28 34.13 1869 0.42
T2 L0 B1 13.07 34.53 2248 0.47 20.30
T3 L0 B2 13.60 34.23 2565 0.52 37.26
T4 L0 B3 13.93 34.10 2473 0.55 32.33
T5 L1 B0 15.46 35.00 2200 0.57 17.73
T6 L1 B1 15.84 35.63 2674 0.59 43.11
T7 L1 B2 17.83 36.73 2809 0.60 50.26
T8 L1 B3 15.70 34.50 2734 0.58 46.32
T9 L 2 B0 13.79 33.03 2251 0.57 20.45
T10 L 2 B1 15.92 36.63 2602 0.57 33.91
T11 L 2 B2 14.73 36.57 2651 0.59 36.41
T12 L 2 B3 14.37 34.27 2584 0.57 32.92
LSD (5%) 1.55 1.12 31.50 0.028 -
CV (%) 5.1 3.1 5.7 3.0 -
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effect between boron and lime was significant for hybrid 
maize seed yield. The highest yield (2807.95 kg ha-1) was 
recorded from boron @ 2.12 kg ha-1 coupled with lime @ 
1.5 t ha-1 application (Table 1). A positive but quadratic 
relationship was observed between hybrid maize seed yield 
and added limes (Fig.1,2,3&4). Similar result also recorded 
by Akter et al. (2007) in maize. 

 From regression equation, optimum and economic dose 
for B in respect of without liming was calculated to be 2.40 
& 2.39 kg B ha-1, 1.5 ton ha-1 liming it was 2.13 & 2.12 kg B 
ha-1 and 3.0 ton ha-1 liming it was 2.0 & 1.99 kg B ha-1 along 
with blanket dose may be recommended for maximizing the 
yield and better quality of hybrid maize seed. 

Fig.1. Relationship between seed yield and lime of hybrid 
maize

Fig.2.  Response of hybrid maize seed to boron fertilization 
without lime

Fig.3.  Response of hybrid maize seed to boron fertilization 
with 1.5 t ha-1 lim

Fig.4.  Response of hybrid maize seed production to B  
with 3.0 tons lime



410

Book of Extended Summaries for the Eleventh Asian Maize Conference

Conclusions
Hybrid maize seed production was found to be 

responsive to both boron and lime in the study areas. 
Boron @ 2.12-2.13 kg ha-1 and lime @ 1.5 t ha-1 along with 
N120P35K65S20Zn3 kg ha-1+cowdung 5 t ha-1appeared to be 
the most suitable dose for maximizing the yield with better 
quality of hybrid maize seed in the study area.
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P_6.16:  Selection of maize varieties under maize based inter 
cropping condition in Nepal
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Introduction
Maize (Zea mays L.) is the second most important cereal 

in Nepal and priority staple food crop in the hills, contributing 
43.5% of total edible food production. It is cultivated in a 
wide range of agro-climatic conditions concentrating the 
70.4 % of area in mid hills under rainfed condition where 
intercropping is predominant. Identification of suitable 
maize varieties under intercropping practices for maximum 
profitable return was the objective of this study. 

Materials and Methods
Two experiments were carried out one each at NMRP 

(National Maize Research Program)Chitwan (228 masl) 
in winter, 2008 and ARS (Agricultural Research Station)
Salyan (1480 masl) in summer, 2009. Experiments were laid 
out in RCB designto evaluate the 12 different maize varieties 
under intercropping practices with soybean at ARS, Salyan 
and Kidney bean at NMRP, Rampur Chitwan. Maize was 
planted at the end of September in Chitwan and early June 
atSalyan maintaining 100 cm row spacing and inter crops 
were planted in between two rows of maize. Both, maize 
and inter crop grain yields were converted to maize grain 
equivalent yield (MGEY) to compare the profitability. 

Table 1. Effect of different maize varieties on mean yield (kg ha-1) of maize, intercrop and maize grain equivalent yield 
evaluated over two locations in intercropping condition in 2008 and 2009.

Maize Cultivars Maize GY kg ha-1 Inter crop GY kg ha-1 Maize GEY kg ha-1

Y. Location   1. Kapurkot 
2. Rampur

3858
4936

971
765

5508
7232

V.  Maize Variety  
1. Shitala 
2. Arun 2 
3. Arun 4 
4. Manakamana 3 
5. Arun 1-EV 
6. Deuti 
7. Pool 17 
8. Manakamana 4 
9. PoshiloMakai 
10. S99TLYQ-B 
11. Rampur Composite 
12. Acc 9944x Acc9922

4992
3573
3808
4557
3881
4730
3040
5253
4832
4250
4770
5078

1009
733
992
817
823
933

1016
904
709
936
705
841

7233
5257
6000
6354
5767
6867
5296
7332
6471
6304
6346
7022

   CV % 18.63 22.37 15.82

 SEMD Location (L) 225.1** 83.9 313.5**
 Variety   (V) 472.9** 112.1* 580.3**
 LV 668.7 158.5 820.7
LSD (P=0.05)              V 1041.0 246.8 1277.0
* , **, ns : significant slope at P<0.05, P<0.01, P>0.05.
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Table 2:  Correlations between maize traits and intercrop yield and traits found in maize based inter cropping trial, 2008 
and 2009. 

Maize Traits

Inter crop yield and traits

Maize grain yieldBranch /plant Plant height Pods/plant Grain yield

Plant population -0.276 -0.133 -0.797** -0.238 0.511
Plant height -0.254 -0.254 -0.442 -0.619* 0.796**
Leaf no./plant -0.333 -0.271 -0.627* -0.594* 0.703**
Maturity days -0.057 -0.238 -0.511 -0.262 0.847**

Results and Discussion
The varietal effect detected and they were significantly 

different with respect to grain yield. Different maize 
cultivars also resulted significant difference in intercrop 
yield and maize grain equivalent yield (MGEY), eight 
cultivars including Pool 17 (1016 kg/ha), Shitala (1009 kg 
–ha), Arun 4 (992 kg –ha) were found superior and comparable 
among tested cultivarsfor intercrop yield whilefourearly 
maturing cultivars yielded significantly lower MGEY: 
Arun 2, Arun 4, Pool 17 and Arun 1 EV (5257-6000 kg –ha).
Therefore, the highest maize yieldingcultivars Manakamana 
4,Shitala, Acc 9944xAcc9922and Deutiwere found superior 
in yielding both good intercrop yield (904, 1009, 841, 933 
kg –ha) as well as higher MGEY  (7332, 7233,7022, 6867 
kg/ha) and hence found to be well fitted to intercropping 
practices. Strong negative relationship between maize plant 
heights/leaves per plant and intercrop yield was observed 
under intercropping condition and shading effect of full 
season varieties on intercrops was noticed.

Conclusions
Newly released and promising maize cultivars like 

Manakamana 4,Shitala, Acc 9944x Acc9922and Deutiwere 
found superior under intercrop situation with acceptable 
higher MGEY (7332, 7233,7022, 6867 kg/ha) and hence 
could be promoted as suitable cultivars under intercropping 
situation in Nepal.
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productivity in soils of eastern India
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1Department of Agronomy, BAU, Ranchi, 2International Plant Nutrition Institute-South Asia Program
*Author for correspondence: rkssacbau@rediffmail.com

Introduction
Improvement in maize and wheat productivity is the 

key to mitigate food, fodder and nutritional security in 
major parts of eastern India. Maize has high potential for 
diversified agricultural market in terms of food, feed and 
agro- based industries and provides nutritional security to the 
marginal farming community in backward, hilly and tribal 
areas. However, the productivity of both crops is low due to 
inadequate and inefficient nutrient management-particularly 
N, which is considered as major limiting factor. Optimizing 
the rate and timing of nitrogen application to match crop 
requirement at key growth stages is critical for improving 
yield of these crops (Dobermann et al., 2003)  and will 
ensure better nutrient use efficiency and higher farm profit. 

Materials & Methods
Maize and wheat were grown in rainy (June-October) 

and winter (November to March) seasons of 2009 and 

2010 at the University farm of Ranchi, Jharkhand (23º19’ 
N and 83 º 17’ E) in a acidic red and lateritic soil with low 
organic carbon and available nitrogen (N), phosphorus 
(P), potassium (K) and sulphur (S). Twelve treatment 
combinations, with four levels of N and three combinations 
of application times, for each of the crops were tested in 
Completely Randomized Block Design. Uniform doses of 
P and K, along with limiting secondary and micronutrients, 
were applied to all the treatments. 

Results
Maximum grain yield (4.9 t ha-1) of maize was recorded 

at 160 kg N ha-1 applied in three splits guided by leaf color 
chart (LCC) (Table 1). Wheat yield was highest (4.8 t ha-1) 
at 150 kg ha-1 of N in three splits on the basis of LCC. Post-
harvest nutrients status of soil after one cycle of maize and 
wheat showed that higher level of N application in two and 
three split doses decreased the N, K and S status by 11 to 
19% from its initial status. Percent increase (254) in maize-

Table 1. Effect of rate and time of nitrogen application on yield of maize- wheat system

Treatments*

Grain yield (t ha-1)

% increaseMaize Wheat System (MEY)

0/0 kg N 1.42 1.38 3.38 -
80/50 kg N (33-33-33) 4.14 2.04 7.03 107.9
160/100 kg N (33-33-33) 4.69 3.49 9.62 184.5
240/150 kg N (33-33-33) 4.50 4.22 10.45 209.3
 0/0 kg N 1.39 1.29 3.22 -
80/50 kg N (33-33-33 LCC) 4.21 2.97 8.40 160.8
160/100 kg N (33-33-33 LCC) 4.86 3.79 10.21 217.1
240/150 kg N (33-33-33LCC) 4.62 4.80 11.40 254.0
0/0 kg N 1.32 1.26 3.10 -
80/50 kg N (50-0-50) 4.03 2.42 7.44 140.0
160/100 kg N (50-0-50) 4.52 3.45 9.39 203.1
240/150 kg N (50-0-50) 4.62 4.23 10.60 242.0
CD (P = 0.05) 0.63 0.83 1.41

*dose of N-fertilizer applied in maize/wheat 
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wheat system yield (Table 1), as compared to the check 
treatment, was highest with the application of 240 and 150 
kg N ha-1 in maize and wheat respectively, applied in three 
splits based on LCC guidance. Results suggest the need 
for N application based on periodic assessment the plant N 
status  to minimize losses of fertilizer N, save environment 
and improve NUE. 

Conclusion
Maize-wheat system yield can be doubled in the 

rain-fed tracts of Eastern India through optimization of 

N management, along with balanced application of other 
limiting nutrients. The rate and timing of N application is 
critical to improve yields as well as to increase nitrogen use 
efficiency for better farm productivity. 

Reference 
Dobermann, A., Witt, C., Abdulrachman, S., Gines, H.C., 

Nagarajan, R., Son, T.T., Tan, P.S., Wang, G.H, Chien, N.V., 
Thoa V.T.K., Phung, C.V., Stalin, P., Muthukrishnan, P., 
Ravi, V., Babu, M., Simbahan, G.C., Adviento, M.A. and 
Bartolome, V. 2003. Agronomy Journal 95: 924-935.
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P_6.18:  Influence of spacing and fertilizer for enhancing seed 
yield and quality in Sweet corn – Madhuri

K. Kanaka Durga and A. Vishnuvardhan Reddy

Seed Research & Technology Centre, ANGRAU, Rajendranagar, Hyderabad

Introduction
Sweet corn has gained a very prominent place in the 

dietary preferences of urban population in recent times.  In 
view of its amenability for use in varied purposes, demand 
for this kind of maize varieties is on the rise. Besides, genetic 
architecture conferring the sweetness it is evident that crop 
management practices also play a critical role in realizing 
the desired sweetness in the cobs.  Inter and intra row 
spacing and application of N, P, K in different ratios would 
also influence the quality of the product.  In view of this it is 
essential to determine optimum population and nutrition for 
maximizing seed yield and its quality in sweet corn.

Material and Methods
Field study was carried out during kharif, 2010 and 

2011 at Seed Research & Technology Centre, ANGRAU, 
Rajendranagar, Hyderabad. The experiment was conducted 
using sweet corn variety, Madhuri in three replications 
with method of planting (furrow (P1) and flat bed (P2)) 
as main factors and spacing schedule (4 : S1 = 45 x 15 
cm, S2 = 45 x 20 cm, S3 = 60 x 15 cm and S4 = 60 x 20 
cm) and fertilizer application (3  :  F1 =   90:45:45, F2 = 
120:60:45  and F3 = 150:75:45 NPK kg ha-1) as sub factors. 
Recommended cultural and plant protection measures were 
followed to raise a healthy crop. The observations on yield 
and yield attributing characters, seed quality and nutritional 

P1  =  Furrow method of planting P2  =  Flat bed of planting
S1 = 45 x 15 cm S2 = 45 x 20 cm S3 = 60 x 15 cm  S4 = 60 x 20 cm
F1 =   90:45:45 NPK kg ha-1 F2 = 120:60:45 NPK kg ha-1 F3 = 150:75:45 NPK kg ha-1

Table 6b:  Yield and yield component characters of sweet corn variety, Madhuri during Kharif, 2010-11

S. No. Treatments

Seed yield (kg/ha)

Furrow planting Flat bed planting Mean

1 S1F1 14.32 14.09 14.20
2 S1F2 13.53 14.95 14.24
3 S1F3 16.07 16.83 16.45
4 S2F1 14.25 11.34 12.80
5 S2F2 13.49 16.87 15.18
6 S2F3 13.39 15.87 14.63
7 S3F1 11.84 14.68 13.26
8 S3F2 13.19 12.57 12.88
9 S3F3 13.43 15.15 14.29
10 S4F1 11.38 15.74 13.56
11 S4F2 11.28 15.18 13.23
12 S4F3 12.24 17.59 14.29

Total 13.20 15.07 14.14

S.Em C.D. (0.05) C.V. (%)

Main treatments 0.29 0.80 12.26
Sub treatments 0.71 1.96
Interaction 1.00 3.12
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parameters were recorded on five randomly selected plants 
per replication. Plot yields were used to calculate per 
hectare yield. Seed from each treatment replication wise 
were evaluated for seed quality parameters viz., germination 
(ISTA, 1993), seedling length, seedling weight and seedling 
vigour indices (Abdul Baki and Anderson, 1973). The data 
was analysed using factorial R.B.D.

Results and Discussion
Significant differences were noticed among the 

treatments for all the characters under study. Flat bed 
planting has recorded highest yield of 15.07 q/ha compared 
to furrow method of planting (13.20 q/ha) and were 
significantly different from each other. Sweet corn variety, 
Madhuri  planted on flat beds with 60 x 20 cm spacing and 
a fertilizer dose of 150:75:45 kg NPK/ha,  recorded highest 
yield of 17.59 q/ha. And is statistically on par with 45 x 20 
cm and a fertilizer dose  of 120:60:45 kg NPK/ha (16.87 
q/ha) and 45 x 15 cm with a fertilizer dose of 120:60:45 
kg NPK/ha (16.83 q/ha). Levels of nitrogen were found to 
significantly influence the corn yield and it was reported 
that the crop responded up to 80 kg/ha nitrogen and 60 kg/
ha phosphorous (Singh, 1991).  Bali (1991) reported that 
maximum grain yield was obtained with 135 + 90 + 45 kg/
ha of N, P, K respectively.  Baby corn responded very well 
to judicious mixture of organic (1.8 t/ha) + 75% of RDF with 
an yield up to 40.53% (Mithun Saha, 2006).

With respect to seed quality parameters, it is interesting 
to note that Madhuri planted on furrow method resulted 
in high germination (99%), seedling length (32.2 cm) and 
seedling vigour index (3185.0) as compared to flat bed 
method of planting (97%, 55.5 cm and 2184, respectively). 
Further it is interesting to note that furrow planting resulted 
in taller plants (182 cm) than flat bed method of planting 
(176 cm). Comparison among the treatments for nutritional 
factors viz., oil (%), starch content, protein (%) and 
moisture (%) indicated non significant differences among 
the treatments.

Conclusions:
In both the years of study, flat bed planting recorded 

highest grain yield compared to furrow planting. 

References
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P_6.19:  Bio-physical, physiological and biochemical changes 
associated with seed enhancement treatments in 
specialty maize

Heena Rasool Mir, Sudipta Basu Bhaumik*, Malavika Dadlani, Shantha Nagarajan, V. Vashisth

Division of Seed Science and Technology, Indian Agricultural Research Institute,  New Delhi – 110 012
*Author for correspondence: sudipta_basu@yahoo.com

Introduction
Seed enhancement treatments are widely adopted to 

enhance the rate and uniformity of emergence, seedling 
growth, flowering  and yield  in maize (Harris et al., 1999). 
These treatments are reported to exert varying degrees of 
effect  at physical, physiological and biochemical  levels 
resulting in better seed water relations, increased membrane 
integrity, enhanced  enzymatic activity and biomolecular 
synthesis (Nagarajan et al., 2005; Varier et al., 2010). 
Specialty maize seeds exhibit considerable variability in 
their chemical constituents particularly with respect to their 
soluble sugars and amino acids contents. Therefore, crop-
specific seed enhancement treatments are needed  to ensure 
highest  germination and  field stand under all   ecological 
conditions especially sub-optimum conditions.

Materials & Methods
Seeds of specialty maize varieties i.e., HQPM-1(Quality 

protein maize), VL Amber pop corn (Pop Corn), Win orange 

sweet corn (Sweet Corn ) and Navjot (common maize)  
were subjected to hydropriming (17h/20°C), hydropriming 
(17h/20°C) + Thiram (3g/kg of seed), low temperature 
hydropriming (72h/10°C), matrix priming (Pusa hydrogel, 
17h/20°C),  halopriming (0.3% KNO3,17h/20°C),  priming 
with  fulvic acid (0.1%) (17h/200C) and ceolomic fluid 
(earthworm-derived compound) (17h/200C) and  magnetic 
stimulation (1000G/2h) treatment. Changes associated 
with seed enhancement treatments on seed germination, 
seedling vigour, root growth and  seed water relations (water 
absorption and desorption patterns, water activity), cellular 
membrane permeability, biomolecular synthesis, enzymatic 
activity (amylase, dehydrogenase and superoxide dismutase) 
and storability under ambient conditions were assessed.

Results & Discussion

Seed enhancement treatments significantly increased 
seedling emergence, speed of emergence, seedling dry 
weight and root growth (length, width and surface area), 

Table 1: Effect of seed enhancement treatments on physiological and biochemical traits in specialty maize

Traits*

Seed enhancement treatments

T1 T2 T3 T4 T5 T6 T7 CD (0.05)
Emergence (%) 67.62

(55.3)
82.09

(67.3)
73.71

(59.5)
86.28

(70.2)
88.88

(72.0)
83.81

(68.6)
88.19

(71.4) (1.99)
Speed of emergence 2.25 2.73 2.27 3.13 3.07 2.91 3.08 0.0854
VI-1** 39.75 52.95 45.66 56.85 59.91 57.75 59.15 2.56
Electrical Conductivity
(µSiemens/cm/50 seeds)

39.44 38.62 40.06 38.67 38.57 38.89 38.35 0.43

Protein content (%) 8.93 9.14 9.11 9.20 9.12 9.07 9.19 0.05
Amylase Activity (620 nm) 0.346 0.421 0.460 0.374 0.391 0.388 0.397 0.013
Dehydrogenase
Activity (480 nm)

0.12 0.32 0.17 0.26 0.31 0.21 0.21 0.06

Treatments :  T 1  = Control,  T 2  =  Hydropriming (17h /20 °C), T3  = Matrix priming (17h /20 °C),  T 4  =  Halopriming (0.3 
% KNO 3) (17h /20°C),  T5  =  Priming with 0.1 %  Fulvic Acid (17h /20 °C),  T 6 = Priming with Ceolomic fluid 
(17h/20 °C), T7   =  Magnetic field  treatment (1000G/2h)  

*Mean of four genotypes     ** VI 1: Emergence  percentage x seedling dry weight(g)
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synthesis of seed protein and nucleic acid and activity of 
germination related enzymes viz., amylase, dehydrogenase 
and superoxide dismutase in treated seeds as compared to 
control. There was a reduction in the leakage of electrolytes 
and water soluble sugars from imbibed seeds (Table 1). The 
biophysical studies showed modification of seed water-
binding properties resulting in  better availability of seed 
water for metabolic activities. Storage studies indicated 
that treated seeds could safely be stored upto six months 
under ambient conditions. Among varieties compared, 
Win orange sweet corn and Parkash were more responsive 
to seed enhancement treatments than HQPM-1 and VL 
Amber popcorn. The  most effective treatments identified 
were hydropriming (17h/200C)  followed by dry dressing 
with thiram (3g/kg of seed); priming with KNO3 (0.3%),  
fulvic acid (0.1%), ceolomic fluid and enhancement through 
magnetic stimulation (1000G/2h). 

Conclusions
The chemical composition of seeds has implication 

on its response to seed enhancement treatments. The  
study manifested  the bio physical,  physiological, and 
biochemical basis of seed enhancement treatments which 
resulted in better emergence, seedling growth, seed water 
relations, membrane integrity and macromolecular synthesis 
in specialty maize.  
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P_6.20:  Integrated seed treatment for enhanced productivity in 
maize hybrid COH (M) 5
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Introduction
The successful establishment of crop depends upon seed 

used. The planting value of seed can be improved through  
“Seed Enhancement Techniques”. The objective is to optimize 
the application of seed treatment products.  The advanced 
enhancement technologies are film coating and seed pelleting 
where the film coating offer identification of seeds without 
altering the physical parameters, pelleting do. Film-coated 

seed has the benefit of uniform and precise pesticide 

placement, dust free, no loss of chemicals during handling, 
safe to handle, has increased flowability of seed, bright 
color and nice appearance. The study focussed to evolve a 
comprehensive seed coating treatment using agrochemicals  
using polymer as adhesive to improve the initial seed vigour 
and establishment. 

Methods
The seeds of COH (M) 5 obtained from the Department 

of Millets, Tamil Nadu Agricultural University, Coimbatore, 
were surface wetted with 15ml of water /kg to have uniform 
coating and  integrated seed coating with insecticide 

(imidachloprid @ 1mlkg-)), pesticide (carbendazim @2gkg)),  
and micronutrient  Agromin @ 4ml/kg) was tried by using 
polymer (@4glkg-)). To test verify the efficacy and practical 
utility of seed coating, laboratory test on speed of germination 
and  a field trial was conducted with six treatments and four 
replications. The yield and yield attributing characters viz., 
field emergence, growth, chlorophyll content, leaf area and 
cob characters were observed. 

Results and Discussion
Parallel relationship between coating and plant 

characters were noted.  The emergence both in laboratory 
(Plate 1) and field, higher chlorophyll content, leaf area and 
cob characters were influenced by the treatments. Leaves 
and chlorophyll content exhibit a positive influence on seed 
yield, since they are the chief functional photosynthetic 
unit of plant. Leaf area was found to be more for coating 
of seeds with  Little’s  red polykote @ 6g + carbendazim 
@ 2g + imidachloprid @ 1 mL + micro nutrients @ 4 mL 
per kg of  seed and resulted in enhanced yield of 20% over 
cobtrol (Table 1 & 2).   The reason ascribed was that coating 
treatments improved the plant growth during early stages 

Table 1.  Effect of integrated seed coating  on field emergence (%), chlorophyll content and plant height (cm) in maize hybrid 
COH (M) 5

Treatments Field emergence
(%) (7 DAS)

Chlorophyll  content Plant height (cm)

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS

T0 92 (78.46) 43.47 42.6 37.60 91.4 183.1 193.1
T1 95 (80.02) 46.76 46.3 38.70 99.8 200.1 206.0
T2 93 (74.66) 49.65 47.4 41.30 102.6 210.2 215.4
T3 95 (80.02) 49.75 49.4 38.70 102.5 207.9 220.6
T4 94 (78.46) 51.29 49.4 40.60 106.1 214.6 220.1
T5 95 (80.02) 52.43 49.5 41.30 106.0 215.2 220.5
Mean 94 (78.46) 48.89 47.4 39.70 101.4 205.2 212.6
S Ed. 0.156 0.051 0.068 0.021 2.880 0.548 0.279
CD (P=0.05) 0.333 0.108 0.145 0.045 6.139 1.167 0.595
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Table 2. Effect of integrated seed coating on leaf area (cm2) and yield attributing characters in maize hybrid COH (M) 5

Treatments

Leaf area (cm2) Cob Characters Yield characters

30 DAS 60 DAS 90 DAS length (cm) girth (cm)
Seed weight 

cob-1 (g)
Seed yield 
plot-1 (kg)

Seed yield 
(kg ha-1)

T0 385.55 414.30 431.52 15.5 12.9 91.40 5.2 4333.8
T1 388.65 423.65 448.72 16.2 14.5 110.55 5.5 4606.1
T2 469.30 532.14 552.45 17.6 15.2 120.60 6.0 5025.1
T3 443.40 517.50 526.69 16.8 14.6 118.23 5.9 4926.2
T4 441.30 517.30 553.67 17.6 15.2 120.12 6.0 5005.0
T5 469.73 535.30 566.40 17.7 15.5 135.33 6.5 5419.6
Mean 432.99 490.03 513.24 16.9 14.6 116.04 5.9 4886.0
S Ed. 0.485 1.158 0.754 0.022 0.018 0.266 0.013 10.996
CD (P=0.05) 1.035 2.467 1.606 0.046 0.038 0.566 0.027 23.437

To-Control; T1- Little’s  red polykote@6g dissolved in 25 ml of water/kg of seeds; T2-T1+ Imidachloprid@1ml/kg of seeds; T3-T1+Carbendazim 
@2g/kg of seeds; T4-T1+Imidachloprid@1ml+ Carbendazim @2g/ kg of seeds; T5- T1+Imidachloprid@1ml+ Carbendazim @2g+Micronutrient 
mixture(Agromin)@4ml/ kg of seeds

with increased vigour and stronger root system, which 
in turn derived the available soil moisture and nutrients 
enabling better growth and higher yield. 

 Plate 1. Polymer seed coating on speed of germination

Conclusion
Seed coating with  polykote @ 4g +imidachloprid @ 

1 mL + carbendazim @ 2 g +  micronutrient mixture @ 4 
mL kg-1 were able to increase early emergence, growth and 
yield of maize. 
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P_6.21:  Longevity, seed health and vigour potential of coated 
seeds of Maize Hybrid COH(M) 5

P.R.Renganayaki *, V.Suresh  and K.Ramamoorthy
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*Author for correnpondence: prr1966@gmail.com

Introduction
Seed is a biological entity. Seed ageing is one of the 

most intriguing and challenging scientific problem of 
universal concern.  It is of particular interest in India, where 
high temperature and relative humidity greatly accelerate 
the seed ageing.  The storage potential of any seed depends 

on several factors viz., period of storage (Delouche and Baskin, 
1973), chemical composition (Marnaville and Clegg, 1977),type 
of  seed (Sasaki, 1980),  seed treatment (Basu and  Rudrapal, 
1980) and  seed moisture (Roberts, 1986).  Seed longevity 
depends on seed moisture and an ideal container and polymer 
could overcome the moisture fluctuations during storage 
(West et al., 1985).

Table 1.  Effect of Little’s  red polykote coated seeds  and  period of storage on seed quality parameters in maize hybrid COH 
(M) 5

Treatments

Germination (%) Vigour Index 
Electrical 

Conductivity (dS m-1)
Dehydrogenase 

activity (OD value)
a-amylase activity 

(mm)
Months of storage (P) Months of storage (P) Months of storage (P) Months of storage (P) Months of storage (P)

P0 P0 P6 P6 P6 P6 P6 P6 P6 P6

T0 95
(77.1)

95
(77.1) 3363 2709 0.102 0.458 0.795 0.569 12.70 10.90

T1 97
(79.5)

97
(79.5) 3686 2930 0.097 0.387 0.879 0.613 13.00 11.53

T2 97
(79.5)

97
(79.5) 3977 3064 0.095 0.369 0.874 0.675 13.57 11.71

T3 98
(80.6)

98
(80.6) 3861 3073 0.100 0.376 0.874 0.685 14.77 12.27

T4 98
(80.6)

98
(80.6) 3900 2876 0.097 0.338 0.857 0.705 14.40 12.10

T5 98
(80.6)

98
(80.6) 4096 3060 0.087 0.322 0.946 0.748 14.97 12.62

Mean 97
(79.5)

97
(79.5) 3802 2953 0.096 0.375 0.871 0.666 13.90 11.86

T P T X P T P T X P T P T X P T P T X P T P T X P
S Ed 0.395 0.427 1.045 28.57 30.86 75.59 0.007 0.007 0.018 0.008 0.008 0.020 0.123 0.133 0.325
CD
(P=0.05)

0.785 0.848 2.078 56.81 61.36 150.31 0.013 0.015 0.036 0.015 0.016 0.040 0.238 0.261 0.630

(figures in parentheses indicates arc sine transformed values)
T- Treatment;   P – period of storage ; T x p - interaction 
To-Control; T1- Little’s  red polykote@4g dissolved in 25 ml of water/kg of seeds; T2-T1+ Imidachloprid@1ml/kg of seeds; T3-
T1+Carbendazim @2g/kg of seeds; T4-T1+Imidachloprid@1ml+ Carbendazim @2g/ kg of seeds; T5- T1+Imidachloprid@1ml+ 
Carbendazim @2g+Micronutrient mixture(Agromin)@4ml/ kg of seeds
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Methods
The seeds of COH (M) 5 obtained from the Department 

of millets, Tamil Nadu Agricultural University, Coimbatore, 
were surface wetted with 15ml of water /kg to have uniform 
coating and  integrated seed coating with insecticide 
(imidachloprid @ 1mlkg-)), pesticide (carbendazim @2gkg-

)),  and micronutrient  Agromin @ 4ml/kg) was given by using 
polymer (@4gkg-)), as adhesive. To assess the storability, 
coated seeds were packed in polythene bag (700gauge) 
and stored under ambient conditions (28 ± 2°C with 70 ± 
5% RH) along with control. Seed quality evaluations were 
made initially and subsequently at monthly intervals for six 
months  (next sowing season). 

Results and Discussion
The surface coating with polymer did not accelerate 

moisture  and maintained  higher germination(90%) and 
vigour index  at the end of 6 months with low electrical 
conductivity when compared to uncoated seeds (Table 
1). The weakening of cell membranes might have caused 
increased leaching of metabolites and electrolytes through 

the semi permeable membranes.  Degree of aliveness of 
seed can be determined through dehydrogenase enzyme 
and decline in dehydrogenase activity lowers energy (ATP) 
supply to the germinating seed and radical extension was 
closely correlated with a-amylase activity.   In the present 
findings, dehydrogenase as well a-amylase activity declined 
steeply during the period of storage and it was more steep 
in uncoated control than the seeds coated with  Little’s  red 
polykote, carbendazim, imidachloprid and micronutrient 
mixture. The coated seeds also registered low percentage of 
storage pest invasion (Plate 1) might be due to less moisture 
fluctuations and exploitation of full potential of pesticides 
without dusting off. 

Conclusion
The results offer scope for storage of slurry treated 

seeds up to next sowing season with the better seed quality 
and without much decline in physiological and biochemical 
parameters and also offer protection against storage fungi, 
provided dried to safe seed moisture and packed in moisture 
proof containers and sealed properly  .

Plate 1.  Seed health of polymer coated seeds of Maize hybrid COH(M) 5 at initial and six months after storage
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maize cropping system southern Rajasthan
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Introduction
Rice (Oryza sativa L.) and maize (Zea mays) are the 

important cereals and rice-maize cropping system occupies 
an area of 3.5 million ha (M ha) in South Asia and it is also 
a major cropping system of sub-humid region of southern 
Rajasthan. Being the cereal crops, the nutrient requirement 
of both the crops is very high and due to imbalanced and 
unscientific nutrient management practice, the productivity 
of both the crops is very low. The nutrient management 
plays a vital role in sustaining the productivity. In this 
context, Site-Specific Nutrient Management (SSNM) is new 
approach that provides the proper quantity and suggests 
timely application of nutrients to the crops according to 
its requirement in existing soil and climate (Timsina et 
al., 2010). With this background, a field experiment was 
conducted to evaluate the plant based SSNM strategy for 
rice-maize cropping system.

Methods
A field experiment was conducted at Agricultural 

Research Station (MPUA&T), Banswara, Rajasthan for 

three consecutive years (June 2008 to April 2010). The soil 
of experimental field was low in organic carbon (0.33%), 
and available P (7.74 kg/ha) and high in available K (330.34 
kg/ha) with 7.8 pH. The experiment consisting of seven 
treatments was laid-out in a randomized complete block 
design with three replications. The treatments included 
(1) Absolute control –T1,  (2) State recommendation of 
nutrients-T2, (3) Improved nutrient recommendation-T3, 
(4) Site-Specific Nutrient Management (SSNM)-T4, (5) N 
omission-T5, (6) P omission-T6 and (7) K omission-T7. The 
nutrient levels for T4 and T7 treatments were calculated for 
both the crops based on soil testing values of field and target 
yield of 5 t/ha using rice variety PRH 10 and 7 t/ha using 
maize variety HQPM-1 (Janssen et al. 1990). 

Results and discussion:
Among the different treatments, SSNM treatment 

produced the highest yields for both rice (6.9t/ha) and 
maize (7.3t/ha) and highest system yield (15t/ha) and B: C 
ratio (1.33) (table 2), which was significantly superior over 
control, state recommendation, SSNM-N and SSNM-P. 
Nitrogen omission (SSNM-N) treatment produced the lowest 

Table 1. Nutrient rates as per treatments

Treatments Rice (Kharif) Maize (Rabi)

T1:Control (No fertilizers) (No fertilizers)
T2: State rec. of nutrients N+P2O5+K2O,

120+60+40 kg/ha
N+P2O5+K2O,
120+60+40 kg/ha

T3: Improved nutrients rec. N+P2O5+K2O+ZnSO4,
120+60+40+25 kg/ha

N+P2O5+K2O+ZnSO4,
120+60+40+25 kg/ha

T4: SSNM N+P2O5+K2O+ZnSO4,
142+37+0+25 kg/ha

N+P2O5+K2O+ZnSO4,
273+61+0+25 kg/ha

T5: SSNM-N N+P2O5+K2O+ZnSO4,
0+37+0+25 kg/ha

N+P2O5+K2O+ZnSO4,
0+61+0+25 kg/ha

T6: SSNM-P N+P2O5+K2O+ZnSO4,
142+0+0+25 kg/ha

N+P2O5+K2O+ZnSO4,
273+0+0+25 kg/ha

T7: SSNM-K N+P2O5+K2O+ZnSO4,
142+37+0+25 kg/ha

N+P2O5+K2O+ZnSO4,
273+61+0+25 kg/ha

Yield targets 5t/ha (Var.PRH-10) 7t/ha (Var. HQPM-1)
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grain yield (3.3t/ha of rice and 4.3t/ha of maize) suggesting 
that N is very important nutrient to maximize grain yield 
However, yield loss without P fertilization was 1.7t/ha for 
rice and 1.9t/ha for maize. While, K omitted treatment had 
low effect as compared to N and P omitted treatments that 
might be due to high K content available in soil. These 
data conformed that the nitrogen is highly needed nutrient 
for hybrid rice and maize production (Khuong et al, 2008, 
Timsina et.al., 2010).

Conclusion
 On the basis, two years data it can be concluded that 

the side specific nutrient management method provides the 
better option to maximize rice and maize yields. 
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Table 2: Effect of site-specific nutrient managements on yield (t/ha) of rice, maize and rice-maize system productivity in 
terms of maize equivalent yield (MEY) and B: C ratio of system

Treatments Rice Maize MEY R-M (MEY) B:C

T1 3.1 3.1 3.3  6.4 0.21
T2 6.5 6.2 6.5 12.7 1.11
T3 6.7 6.6 6.9 13.5 1.15
T4 7.0 7.3 7.7 15.1 1.33
T5 3.3 4.3 4.5 8.8 0.50
T6 5.2 5.5 5.8 12.0 0.97
T7 6.8 6.8 7.2 14.0 1.17
C.D at 5% 0.3  0.53
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Introduction
Maize area in Southern Transition Zone of Karnataka 

is extending with or without dispense of traditional crops 
of the region. Monoculture of maize and indiscriminate 
fertilizer usage threatens its sustainable production. Further, 
changing climatic scenario with regard to temperature, 
amount and distribution of rainfall aggravates the situation. 
It necessitates an urgent need to identify climate resilient 
maize production system that aims at sustainability. 
Intercropping of maize with pulses is a viable option for 
sustainable production that also accounts for economic 

and environmental stability. Therefore, a study was taken 
up to identify a sustainable and economically viable maize 
intercropping system for the region under rainfed situation.

Materials and Methods

A field experiment was carried out during kharif 
seasons of 2005 and 2006 at university farm, Shimoga. The 
experiment consisted of 10 treatments, involving sole crop 
of maize at uniform row spacing (URS) and in paired row 

Table 1  Intercropping advantages and maize equivalent yield under different maize-based intercropping 
systems    (Pooled data of 2005 and 2006)

Treatments
MEY

(kg ha-1)
SYLAI SCGR (g day-1 m-2)

LER ATER
Net return  
(Rs. ha-1) B:C

Organic
Carbon (%)90 DAS At harvest 60-90 DAS 90- harvest

T1:  Sole maize 
(URS of 60 cm)

5041 2.38 1.48 20.64 9.14 1.00 1.00 18,576 2.15 0.400

T2 : Sole maize (PR 
of 45-75-45 cm)

4784 2.24 1.45 23.41 7.99 1.00 1.00 16,498 1.99 0.390

T3: T2+ Soybean 
var. KHSb-2

4434 2.16 1.10 20.51 5.36 1.04 1.00 13,377 1.78 0.550

T4: T2 + Soybean 
var. KB-79

4261 1.93 0.89 19.95 5.09 1.03 0.94 12,376 1.72 0.523

T5 : T2 + Red gram 
var. Hyd-3c

4581 1.94 1.81 16.45 17.62 1.04 0.80 11,799 1.60 0.523

T6: T2+ Red gram 
var. BRG-1

4981 1.97 1.52 18.33 17.87 1.07 0.80 14,264 1.73 0.533

T7 : T2 +  Field bean 
var. HA-3

4210 1.89 1.17 17.76 9.85 0.98 0.93 12,455 1.73 0.450

T8: T2+  Field bean 
var. Local

5510 2.11 3.30 19.20 22.87 1.36 1.18 20,120 2.11 0.573

T9: T2+ French bean 
var.  Arka Komal  
(vegetable)

4524 1.91 1.06 16.18 7.22 1.11 0.97 12,105 1.62 0.453

T10:  T2+ French 
bean var.  Arka  
Komal (grain)

4929 2.01 0.89 21.01 7.54 1.47 1.47 14,306 1.72 0.463

* Significant (P = 0.05)
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systems (PR) and intercrop of soybean (var.KHSb-2 and KB-
79), french bean (var. Arka Komal for grain and vegetable), 
field bean (var. local and HA-3) and red gram (var. Hyd-3c 
and BRG-1) in between two maize rows without altering 
maize population. The treatments were laid out in CRBD 
with three replications. The maize equivalent yield (MEY), 
land equivalent ratio (LER), and area time equivalent 
ration (ATER) and benefit cost ratio (B:C) were computed 
through standard formulas for assessment of advantages of 
intercropping system. Tools such as system leaf area index 
(SYLAI) and system crop growth rate (SCGR) were also 
calculated to reason out variations in yield levels. Organic 
carbon was analyzed through standard procedure.

Results and Discussion
Highest maize equivalent yield was obtained in 

intercrop of maize + field bean (var. local) (5510 kg ha-1) 
with higher net return (Rs. 20,120 ha-1) and B: C (2.11) 
as compared to sole crop of maize. Sole crop of maize at 
URS (5041 kg ha-1) and intercrop of maize + red gram 
var. BRG-1 (4981 kg ha-1) were next best in MEY (Table 
1). This could be assigned to the synergetic effect of crop 
for their efficient utilization of solar energy as evidenced 
through higher SYLAI, a functional size of the crops stand 
per unit area in system and SCGR that reflects the better 
exploitation of growth resources by the system.  Higher net 
return was attributed to higher yield of field bean and market 
price. Further, the system produced higher biomass useful as 
valuable fodder and also helped to build up the fertility of the 
soil through higher soil organic carbon (0.573%) over other 

intercropping systems. Significant amount of sequestered 
carbon in the system justify the carbon status as evidenced 
from the findings of Wilkson Makkumbi et al.  (2007) in 
maize + glyricidia intercropping system. Further, LER and 
ATER values (>1) indicates greater biological efficiency and 
yield advantages of any intercropping system. The results are 
in agreement with the findings of Dutta and Bandyopadhya 
(2006). Apart from this, field bean can be served not only 
as a source of legume grain but also as a vegetable when 
harvested for green pods, thereby the farmers can get short 
term income to meet day to day expense.

Conclusions
Features of morphology, phenology and growth of 

field bean make it suitable for its inclusion as intercrop 
with maize. Study revealed that growing field bean (var. 
local) as a best viable intercrop in between the paired rows 
of maize for the sustainable maize production with respect 
to maintaining the soil quality, nutritional and economic 
security to the small and marginal farmers of Southern India.

References
Dutta, D. and P. Bandyopadhya. 2006. Indian Journal of Agronomy 

51(2):103-106.

Wilkson Makumbam, Festus, K. Akinnifesi, Bert Janssen and Oene 
Oenema. 2007. Agriculture, Ecosystems and Environment 
118 (1-4):237-243.



428

Book of Extended Summaries for the Eleventh Asian Maize Conference

P_6.24:  Tillage and mulching effects on a maize-wheat rotation 
under reclaimed sodic lands of Indo-Gangetic plains

H.S. Jat*, Gurbachan Singh and Ranbir Singh 

Central Soil Salinity Research Institute, Karnal (Haryana)- 132 001 INDIA
*Author for correspondence: hsjat_agron@yahoo.com

Introduction

Maize grown in sequence with wheat is the 5th 
dominant cropping system (~2.0 mha) and concentrated 
mainly in Indo-Gangetic Plains (IGP), the heartland of 
rice-wheat production system. During recent past, owing 
to diminishing water availability for rice coupled with high 
yielding cultivars of maize that can competes with rice (in 
terms of profitability), the acreage under maize-wheat (MW) 
rotation has shown increasing trends. This new area under 
MW systems is coming out of reclaimed sodic land and has a 
huge potential for future food security provided appropriate 
management practices are deployed for sustaining the 
resources. The role of no-till and surface mulches have 
been studied and documented (Holland, 2004, Bescanca 
et al., 2006 and Monzon et al., 2006) but, their integrated 
role under reclaimed sodic land are more important (Jat et 
al., 2010) keeping in view of the increasing trends of maize 

(relatively sensitive to salts) acreage  on such soils. With this 
hypothesis, the first experiment of such kind was initiated 
on reclaimed sodic farm at Central Soil Salinity Research 
(CSSRI), Karnal, India during 2009.

Methods

Two tillage/ crop establishment techniques 
(conventional flat planting and permanent beds) and six 
mulching treatments (No mulching, Sesbania rostrata, 
Leuceana leucocephala, Posopis juliflora, Jatropha curcas 
and Brassica juncea, all @ 10 t ha-1) were evaluated in a 
split plot design with three replicates. The irrigation water 
was measured using water meters and the soil moisture at 
0-15, 15-30 and 30-60 cm depth at different growth stages 
using gravimetric method. 

Table 1. Effect of tillage and mulching on system productivity and irrigation water productivity

Treatments

System productivity (t ha-1)
Irrigation water productivity

(kg grain m-3 water)
Irrigation water 

saving (%)Maize Wheat Maize-wheat Maize Wheat Maize-wheat

Planting methods
Flat planting 3.85 4.33 8.18 1.91 0.97 1.26 -
Permanent Beds 3.93 4.14 8.07 2.60 1.22 1.64 24.11
SEm ± 0.08 0.07 0.10 0.08 0.05 0.08
CD (p=0.05) NS NS NS 0.24 0.15 0.24
Mulching treatments
T1 - No mulching 3.47 4.05 7.52 1.93 1.01 1.30 -
T2 - Sesbania rostrata 4.12 4.46 8.58 2.37 1.16 1.53 3.62
T3 - Brassica juncea   4.18 4.26 8.44 2.38 1.10 1.50 3.10
T4 - Prosopis juliflora 3.71 4.01 7.72 2.09 1.02 1.36 1.90
T5 - Jatropha curcas 4.05 4.48 8.53 2.29 1.13 1.49 1.38
T6 – Leuceana leucocephala 3.80 4.14 7.94 2.16 1.05 1.39 1.90
SEm ± 0.14 0.15 0.21 0.06 0.05 0.07
CD (p=0.05) 0.41 0.45 0.63 0.18 0.15 0.21
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Results
The results indicated that the planting methods did not 

have any influence on the grain yield of both wheat and 
maize. Overall productivity of maize-wheat system was 
more or less similar (8.18 and 8.07 t/ha) under flat and bed 
planting systems respectively. Mulching with Sesbania (4.12 
t/ha), Brassica (4.18 t/ha) and Jatropha (4.05 t/ha) produced 
higher yield of maize over other treatments, but were similar 
statistically. Grain yield of wheat was observed significantly 
higher with Sesbania (4.46 t/ha) and Jatropha (4.48 t/ha) 
mulching over no mulching (4.05 t/ha). The higher irrigation 
water productivity (kg grain m-3 water) of maize and wheat 
was recorded in bed planting (2.60 and 1.22) as compared to 
flat no-till system (1.91 and 0.97). In maize-wheat cropping 
system higher water productivity was observed with bed 
planting (1.64) and Sesbania mulching (1.16) over other 
treatments. The increase in water productivity is the resultant 
of increase in saving of irrigation water. Bed planting method 
in maize-wheat cropping system saved 24.11 % of irrigation 
water over flat planting. Significantly higher moisture was 
recorded in 0-15 cm soil under flat planting (12.65%) over 
bed planting system (10.45 %) whereas, reverse trend was 
observed at the depth of 15-30 and 30-45 cm soil depth 
(Fig.1). In general mulching treatments had positive impact 
on surface soil moisture. 

Conclusions
The higher irrigation water productivity (kg grain m-3 

water) of maize and wheat was recorded in bed planting 
(2.60 and 1.22) as compared to flat no-till system (1.91 and 
0.97) because it saved 24.11 % of irrigation water. 
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Introduction
An increasing number of studies has shown that 

plants produce more root mass when sharing rooting space 
with an intraspecific neighbor as compared with plants 
growing alone (Gersani et al. 2001; O’Brien et al. 2005). 
This phenomenon has been described as the ‘tragedy of 
commons’ (after Hardin 1968). Hess and de Kroon (2007), 
however, hypothesized that root overproduction in the 
presence of another plant was consistent with effects due 
to the larger soil volume available to these plants than to 
plants growing alone. Earlier, McConnaughay and Bazzaz 
(1991) and Loh et al. (2003), clearly showed that root mass 
was a function of the available rooting volume, independent 
of the available nutrients. However, some of the observed 
root overproduction could not be explained solely based 
on volume of soil and nutrient availability (Hess and de 
Kroon 2007). The results observed in shared plants may 
be an overall effect of a larger space and root interactions. 
The majority of root interaction studies have used legumes. 
Monocotyledons and dicotyledons respond to nutrients 
differently (Kembel and Cahill 2005), so experiments that 
include monocotyledons may produce different results. For 
example, Semchenko et al. (2007) challenged the concept 
of the ‘tragedy of commons’ using Avena sativa, and found 
sharers grown in activated carbon produced less shoot 
mass per unit root mass than owners. However, the authors 
could not conclude that the smaller shoot mass was related 
to root proliferation. If monocotyledon root interactions 
have an inhibitory effect on roots, then sharers growing in 

larger soil volumes may exhibit an increase or a decrease 
in root mass, or even produce no effect, depending on the 
relative importance of larger soil volume and interplant root 
interactions. 

Here, an interplant root competition experiment 
was done with two maize hybrids (Zea mays L.) , and 
the objectives were to study the effects of interplant 
competition on root growth and evaluate the impacts on 
plant performance. 

Materials and methods

Experiment design

Two maize hybrids of Jinhai 5 and Denghai 3719 were 
used. The four treatments were obtained by two hybrids 
multiplied by two competition levels. Plants were grown in 
rectangular plastic planters that were either 0.27 × 0.27 ×1 m 
or 0.54 × 0.27 × 1 m for owners and sharers respectively. The 
planters had one side that could be dismantled to facilitate 
removal of the soil and roots. Each treatment was replicated 
15 times and arranged in 15 rows, and the guard row 
surrounded them. Both plant and row space were uniform. 

The soil column included 40 cm of topsoil, the soil 
bulk of owners and sharers was 0.0729 m2 and 0.1458 m2 
respectively. The soil was sandy loam, and its nutrientcontent 
was as follows: an organic matter content of 7.1 g kg-1, total 

Table 1 A two-way ANOVA showing the effect of plant treatments (sharer versus owner) and hybrids on root mass, grain 
mass, residue mass, and shoot mass.

Variable d.f. Root mass Grain mass Residue mass Shoot mass

Treatment (T) 1 0.62 513.68* 1477.07** 3732.69**
Hybrids (H) 1 37.76** 2949.45** 1238.81** 8011.50**
T × H 1 0.01 7.01 102.58 55.84
Error 8 1.45 69.82 95.29 124.48

P < 0.05, ** P < 0.01.
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nitrogen (N) of 0.62 g kg-1, and mean values of available 
mineral phosphorous (P) of 46 mg kg-1 and exchangeable 
potassium (K) 59 mg kg-1. Every treatment should apply full 
fertilization in order to avoid nutrient deficiency. 

Beginning on the first day of pollination, two replicates 
of each treatment were sampled the same day every other 
week. This resulted in a total of six samples per replicate 
from the day of pollination until physiological maturity. 
The above-ground plant parts were divided into grain 
and residues, while the underground roots were separated 
vertically from the soil profile at  0-20 cm, 20-40 cm, 40-70 
cm, and below 70 cm respectively. At the final sampling, 
all the above-ground plants of the remaining five rows were 
harvested.

Root dehydrogenase activity

Triphenyltetrazolium chloride (TTC) is taken up 
by live cells, and then reduced to water insoluble red 
formazan by dehydrogenase (Duncan and Widholm, 2004). 
Dehydrogenase activity is related positively to respiration 
capacity (Huang et al., 1997), so root senescence may be 
partly reflected by this relationship. 

Fig. 1. Average grain (A), shoot (B), and root (C) mass 
of two hybrids growing either as owners or as two 
individuals 

Fig. 2. Dynamics of biomass accumulation in shoot (A) and 
root (B) after pollination. Jinhai 5 and Denghai 
3719 owners are referred to as JH-O and DH-O, 
respectively, while sharers are JH-S and DH-S for 
each hybrid, respectively.

Fig. 3. Dynamics of the R/S ratio (A) and root activity (B) 
after pollination.
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Statistical analysis

Statistical analyses were performed using the SPSS 
statistical package (Ver. 11.0, SPSS, Illinois, USA). 
Data for individuals sharing one growing container were 
averaged. Two-way ANOVA was used to test for the effects 
of treatments (sharer versus owner). Differences between 
treatments were considered significant if P < 0.05. The data 
was the average of experiment in 2006 and 2007.

Results
At physiological maturity, the effects of plant treatments 

on root dry mass were not evident, while considerable 
effects were seen on grain mass, residue mass, and shoot 
mass (Table 1). Owners produced 6% more grain mass (Fig. 
1A) and 8% more shoot mass than sharers (Fig. 1B). The 
effects were similar for both hybrids, and all effects were 
independent of Jinhai 5 and Denghai 3719. Irrespective of 
owners or sharers, no significant interactions occurred with 
respect to the planting treatments. 

Shoot dry mass accumulation rate was lower in sharers 
than in owners at the lag phase of grain filling (Fig. 2A), 
resulting in a significant decrease in shoot dry mass in 
sharers. At the pro-phase of grain filling, differences in shoot 
mass between owners and sharers were not discernible. 
However, shoot dry mass increased at a slightly faster rate in 
sharers than in owners.

Root dry mass was significantly lower in sharers of both 
hybrids than in owners at the pro-phase of grain filling (Fig. 
2B). Changes in root dry mass were noted earlier in roots 
than in shoots, but the differences diminished over time and 
then finally disappeared completely. 

The root-to-shoot (R/S) ratio was similar to that of root 
mass (Fig. 3A). Sharers had smaller R/S ratios than owners 
of both hybrids in the pro-phase of grain filling. However, 
in the lag phase, the differences between owners and sharers 
were not significant. Over time, root activity declined more 
rapidly in sharers than in owners in the lag phase of grain 
filling (Fig. 3B). 

Conclusion
In the two maize hybrids, interplant root interactions of 

sharers caused a decrease in the allocation of carbohydrate 
to roots and produced a smaller R/S in sharers than owners 
in the prophase of grain filling. Further, the decreased root 
mass in sharers created a significant decline in shoot mass 
and reduced the plant’s life span. In sharer plants, smaller 
R/S ratios occurred when interplant root interactions 

exceeded the effects of soil volume alone. Therefore, we 
demonstrated that interplant root interactions affect roots 
separately from differences in soil volume. 
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Introduction
In grasses, plant and microorganism mucilages promote 

soil aggregation and formation of a coherent sheath, termed 
the rhizosheath, tightly bound to the root surface (Chaboud, 
1983; Uren, 1993; Watt et al., 1993; Read and Gregory, 1997; 
McCully, 1999). The rhizosphere is spatially and temporally 
heterogeneous depending on rhizosphere processes regulated 
by plants, microbial communities, soil constituents, and their 
interactions (Hinsinger et al., 2005). The rhizosheath is a 
particularly common feature of xerophytic species (Vermeer 
and McCully, 1982; McCully and Canny, 1988). It increases 
root-soil contact, which facilitates water and nutrient uptake 
in dry soils (Wenzel et al., 1989; McCully, 1995). Oat roots 
exude more mucilage in dry soils, promoting rhizosheath 
formation and zinc uptake (Nambiar, 1976a, b). Similarly, 
the rhizosheath also facilitates Mn mobilization and uptake 
in neutral and alkaline soils, because the soil solution and 
the apparent free space become indistinguishable within the 
rhizosheath (Uren, 1993). In arid deserts, the rhizosheath 
helps to fix sand and hold water. The rhizosheath also 
stabilizes soil aggregation to improve soil structure. Plant 
and microorganism exudates, together with intense wetting 
and drying cycles due to evapotranspiration, stimulate 
changes in soil structure (Horn and Dexter, 1989; Czarnes et 
al., 2000). The tensile strength of soil aggregates adhering to 
roots is greater than that of bulk soil (Czarnes et al., 1999). 

Plants drive rock weathering and soil formation through 
rhizosphere processes (Lambers et al., 2009) such as active 
uptake of the solutes, exudation of protons and chelatants, 
and reduction of Fe (Hinsinger et al., 2001). However, how 
rhizosheath affects soil particle size and nutrient availability 
is unknown. To gain more insight into this complicated plant-
soil interaction, the rhizosheath development on the root 
surface of maize plants and the impact of maize rhizosheath 
on soil particle size and nitrogen availability were studied.

Methods
The field treatment was carried out at the Dongbeiwang 

Experimental Station, the China Agricultural University, 
Beijing suburb. Maize hybrid Nongda 108 was sown on 
April 29, 2005. Rhizosheath development was evaluated 
by a dry weight ratio of rhizosheath soil to the root. Nine 
harvests were made in each plot during the maize growing 
period: 3-, 6-, 8-, 9-, 10- and 12-leaf stages, tasseling, grain-
filling, and maturity stages. On each sampling date, at least 
two intact root systems were taken from each plot. The plots 
were over-seeded with hand planters and then thinned at the 
seedling stage to a stand of 60 000 plants ha-1. There were a 
total of 3 plots, and each plot was 12 m long and 7.5 m wide. 
For analysis of mineral N in three soil sources (rhizosheath 
soil, rhizosphere soil, and bulk soil) at tasseling and maturity 
stages of maize plants. Soil samples for available Fe, Mn, 
Cu, and Zn analysis at tasseling and maturity stages were 
subjected to inductively coupled plasma spectroscopy (ICP, 
Perkin-Elmer, Wellesley, MA, USA). The particle sizes were 
classified using a Mastersizer 2000 particle size analyzer 
(Malvern, UK).

Results
The index of rhizosphere development, indicated by the 

dry weight ratio of rhizosheath soil to the whole root, showed 
a different pattern. This index increased rapidly after the first 
harvest, maximized before elongation, maintained the same 
value until tasseling, and then declined. The mineral N in 
the rhizosheath was significantly higher than those in the 
rhizosphere and bulk soil at tasseling and maturity stages 
of maize plants. The Fe concentration in the rhizosheath 
was significantly higher at tasseling although it was the 
same as those in the rhizosphere and bulk soil at maturity. In 
contrast, the Mn concentration in the rhizosheath was lower 
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at tasseling and was similar to that in bulk soil at maturity; 
nonetheless, it was higher in the rhizosheath than that in 
bulk soil of the 6th and 7th whorls of nodal roots. There was 
almost no difference in Cu and Zn concentrations among 
the rhizosheath, rhizophere, and bulk soil of different root 
whorls. The percentage of the smallest soil particles was 
the highest in the rhizosheath and the lowest in bulk soil at 
tasseling and maturity stages of maize plants. At maturity, 
this percentage in the rhizosphere was also significantly 
higher than that in bulk soil. By contrast, the percentages of 
larger soil particles (0.35–1 and 1–2 mm) in the rhizosheath 
were the lowest, and those in bulk soil were the highest 
regardless of root whorls and harvest timing. 

Table 1. The distribution of soil particles in the rhizosheath, rhizosphere and bulk soil of three outer whorls of nodal roots 
(7th, 6th and 5th whorls) and the remaining roots at tasseling and maturity stages

Growth stage Roots Source of soil
Soil particle distribution (%)

< 0.35 mm 0.35-1 mm 1-2 mm

Tasseling

7th whorl Rhizosheath 93.4aa) 1.6b 5.0b
Rhizosphere 93.3a 1.0c 5.7b
Bulk soil 90.1b 2.5a 7.4a

6th whorl Rhizosheath 94.0a 0.5c 5.5b
Rhizosphere 91.3b 1.4b 7.3a
Bulk 90.1b 2.5a 7.4a

5th whorl Rhizosheath 94.6a 0.6b 4.8b
Rhizosphere 90.8b 2.2a 7.0a
Bulk soil 90.1b 2.5a 7.4a

Remaining roots Rhizosheath 94.6a 1.7b 3.6b
Rhizosphere 90.4b 2.6a 7.0a
Bulk soil 90.1b 2.5a 7.4a

Maturity

7th whorl Rhizosheath 93.4a 1.6b 5.0b
Rhizosphere 93.3a 1.0c 5.7b
Bulk soil 88.7c 3.1a 8.3a

6th whorl Rhizosheath 94.0a 0.5b 5.5b
Rhizosphere 91.1b 1.5b 7.4a
Bulk soil 88.7c 3.1a 8.3a

5th whorl Rhizosheath 94.6a 0.6b 4.8b
Rhizosphere 90.8b 2.2a 7.0a
Bulk soil 88.7c 3.1a 8.3a

Remaining roots Rhizosheath 94.6a 1.7b 3.6b
Rhizosphere 90.4b 2.6a 7.0a
Bulk soil 88.7c 3.1a 8.3a

a)Means followed by the same letter with each column are not significantly different at P < 0.05. 

Conclusions
The rhizosheath contributed to soil structural 

remodeling in terms of particle size and resulted in smaller 
soil particles. It also mobilized soil nutrients, especially 
soil mineral N. Our work provided direct evidence of 
modulation of soil particle size and nutrient availability in 
the rhizosheath, suggesting the profound ecological impact 
of the rhizosheath on soil formation and mineral weathering 
over the history of plant evolution.



435

Technical Session 6: Sustainable Intensification of Maize Based Cropping Systems

References
Chaboud, A. 1983. Isolation, purification and chemical composition 

of maize root cap slime. Plant Soil. 73: 395--402.
Czarnes, S., Dexter, A. R. and Bartoli, F. 2000. Wetting and drying 

cycles in the maize rhizosphere under controlled conditions. 
Mechanics of the root-adhering soil. Plant Soil. 221: 253--
271. 

Czarnes, S., Hiller, S., Dexter, A. R., Hallett, P. D. and Bartoli, 
F. 1999. Root:soil adhesion in the maize rhizosphere: the 
rheological approach. Plant Soil. 211: 69--86. 

Hinsinger, P., Gobran, G. R., Gregory, P. J. and Wenzel, W. W. 
2005. Rhizosphere geometry and heterogeneity arising 
from root mediated physical and chemical processes. New 
Phytol. 168: 293--303.

Horn, R. and Dexter, A. R. 1989. Dynamics of soil aggregation in 
an irrigated desert loess. Soil Till. Res. 13: 253--266.

Lambers, H., Mougel, C., Jaillard, B. and Hinsinger, P. 2009. Plant-
microbe-soil interactions in the rhizosphere: an evolutionary 
perspective. Plant Soil. 321: 83--115.

McCully, M. E. 1995. How do real roots work? Some new views of 
root structure. Plant Physiol. 109: 1--6.

McCully, M. E. 1999. Roots in soil: Unearthing the complexities 
of roots and their rhizospheres. Annu. Rev. Plant Phys. 50: 
695--718.

McCully, M. E. and Canny, M. J. 1988. Pathways and processes 
of water and nutrient movements in roots. Plant Soil. 111: 
159--170.

Nambiar, E. K. S. 1976a. The uptake of zinc-65 by oats in relation 
to soil water content and root growth. Aust. J. Soil Res. 14: 
67--74.

Fig. 1. Changes in whole root dry weight (WR) and the dry 
weight ratio of rhizosheath soil to the whole root 
(RS/WR) during the entire growing period of maize 
plants in the field. The whole roots were harvested 
at nine developmental stages: 3-, 6-, 8-, 9-, 10- and 
12-leaf stages, tasseling, grain-filling, and maturity 
stages. Vertical bars denote the standard errors of 
the means (n = 3).

Fig. 3 The mineral nitrogen in the rhizosheath, 
rhizosphere, and bulk soil of three outer 
whorls of nodal roots (7th, 6th and 5th whorls) 
and the remaining roots (RR) of maize plants 
at tasseling and maturity stages. Vertical 
bars denote the standard errors of the means 
(n = 3). Values with the same letter are not 
significantly different at P < 0.05.

Nambiar, E. K. S. 1976b. Uptake of Zn65 from dry soil by plants. 
Plant Soil. 44: 267--271.

Read, D. B. and Gregory, P. J. 1997. Surface tension and viscosity 
of axenic maize and lupin root mucilages. New Phytol. 137: 
623--628.

Uren, N. C. 2007. Types, amounts, and possible functions of 
compounds released into the rhizosphere by soil-grown 
plants. In Pinton, R., Varanini, Z. and Nannipieri, P. (eds.) 
The Rhizosphere: Biochemistry and Organic Substances at 
the Soil-Plant Interface. CRC Press, Boca Raton, FL. pp. 
1--21.

Watt, M., McCully, M. E. and Jeffree, C. E. 1993. Plant and 
bacterial mucilages of the maize rhizosphere: comparison of 
their soil binding properties and histochemistry in a model 
system. Plant Soil. 151: 151--165.

Wenzel, C. L., McCully, M. E. and Canny, M. J. 1989. Development 
of water conducting capacity in the root systems of young 
plants of corn and some other C4 grasses. Plant Physiol. 89: 
1094--1101.



436

Book of Extended Summaries for the Eleventh Asian Maize Conference
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Introduction
Maize is a major crop in hilly ground in the southwest 

provinces where the slopes are quite steep and soil thickness 
of 73% of the area  is only 20-60 cm. The area is susceptible 
to frequent seasonal drought  and  considerable soil and 
water erosion. This affects productivity. Many studies have 
shown that straw mulching and conservation tillage can 
hold soil water, improve soil physics characteristics and 
fertility conditions, and improve maize yield. Although soil 
conservation tillage increases yield, but farming machine 
research for conservation tillage in sloped farmland is less. 

Methods

The effects of different tillage and soil thickness 
treatments on the physiological characteristics and yields 
of maize were studied with long-term experiments and 
pit growing experiments modeling sloping farmland. The 
experiment  examined two factors: soil thickness and tillage 
methods. The treatments for soil thickness were 40 cm, 
70 cm and 100 cm, while those for tillage methods were 

traditional tillage (T), ridge culture and crop rotation + straw 
returning to the field (RTS), and no-tillage + straw returning 
to the field (NTS). The dry weight, root length and bulk, leaf 
area and the relative chlorophyll contents were measured in 
different stages to reveal physiological characteristics. The 
yields and yield components were measured for the effects 
of treatments on yields of maize. 

Results
Results showed that increase in soil thickness  from 

40 cm to 100 cm can promote dry matter accumulation and 
improve  yield. It can also improve the root system, leaf area, 
and relative chlorophyll contents. The treatment of ridge 
culture and crop rotation + straw returning to the field (RTS) 
and the treatment of no-tillage + straw returning to the field 
(NTS) can increase the accumulation of dry matter during 
the later growth stage. The two tillage treatments improve 
the root system and the relative chlorophyll contents by 
increasing the 1000-seed weight, and thereby improve yield. 

Table 1. Yields of different treatments (unit: kg/hm2)

Soil thickness Tillage method 2008 2009 2010 AVG

40 cm T 4463.4 c B 3460.1 d B 5462.6 c BC 4462.1 d C
RTS 5086.2 bc B 3703.4 cd AB 5115.2 c BC 4634.9 d C
NTS 4800.0 bc B 3947.7 bcd AB 5219.0 c BC 4655.6 d C

70 cm T 5894.7 b AB 4320.9 abcd AB 4633.5 c C 4949.7 cd C
RTS 5792.4 bc AB 5205.5 ab AB 5775.9 bc ABC 5591.3 bc BC
NTS 6095.6 b AB 4452.3 abcd AB 6270.9 bc ABC 5606.3 bc BC

100 cm T 7430.3 a A 5499.0 a A 5662.2 c ABC 6197.3 ab AB
RTS 7534.4 a A 5604.3 a A 7629.0 ab AB 6922.5 a A
NTS 7512.3 a A 4960.8 abc AB 8227.7 a A 6900.3 a A
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Table 2 Effects of different treatments on yield component

Treatment
Ear length 

(cm)
Ear diameter

(cm) Ear rows Row grains
1000-grain 
weight (g)

40 cm 14.45 b B 4.00 b B 15.16 b B 29.25 c B 233.46 b B

70 cm 15.53 a A 4.05 b B 15.66 a A 31.24 b AB 241.14 b B

100 cm 16.18 a A 4.23 a A 15.57 a AB 33.12 a A 273.57 a A
T 15.00 a A 4.07 a A 15.56 a A 30.23 a A 243.73 b A

RTS 15.59 a A 4.09 a A 15.37 a A 31.86 a A 249.30 ab A
NTS 15.57 a A 4.10 a A 15.46 a A 31.53 a A 255.13 a A
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Conclusions
Soil thickness is the main factor impacting on  corn 

production. Therefore, thickening the soil is vital to  maize 
growing in the hilly areas of the southwest provinces. 
Combined with conservation tillage such as RTS and NTS, 
it can increase  yield.
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Introduction
Plant-based N status diagnostic indicator can be based 

on the definition of critical N concentration, which is the 
minimum N concentration necessary to achieve maximum 
growth at a given time and field situation (Ulrich, 1952; 
Greenwood et al., 1986). Various studies have indicated that 
plant N concentration declines as plants grow (Greenwood 
et al., 1986; Greenwood et al., 1990; Lemaire and Gastal, 
2009). This decline in N is described by a negative power 
function called the “dilution curve”: N = aW –b, where W 
is the shoot biomass, expressed in Mg dry matter (DM) ha-

1, N is the N concentration in shoots, expressed in %DM, 
a represents plant N concentration in percent when the 
crop mass is 1 Mg DM ha-1, and b represents the dilution 
coefficient.

For spring maize, Plénet and Lemaire (2000) estimated 
the critical N dilution curve in France as Nc = 3.40 W -0.37 
when shoot biomass was between 1 and 22 Mg DM ha-1, 
using the approximately weekly sampling up to 25 days after 
silking. Herrmann and Taube (2004) and Ziadi et al. (2008) 
confirmed the similar critical N dilution curve in Germany 
and Canada respectively. However, a critical N dilution 
curve has never been determined for summer maize in the 
North China Plain (NCP) varieties. In this study, we used 
four N-application treatments, including a control without N 
fertilizer (N = CK), optimal N fertilizer based on in-season 
N management (N = Opt.), below Opt. (N < Opt.), and above 
Opt. (N > Opt.). The objectives of this study were (1) to 
evaluate the N dilution curve for summer maize at different 
N supply rates, including N = CK, N < Opt., N = Opt., and 
N > Opt.; (2) to determine the critical N dilution curve for 
summer maize in the NCP; and (3) to assess the plausibility 
of using this critical N dilution curve in this region.

Materials and methods
Sixteen field experiments were conducted in the NCP. 

Experiments 1–14 were conducted in farmers’ fields in 
Huimin (HM) county (37.1–37.6°N, 117.3–117.8°E) in 
Shandong province from 2003 to 2006 with five or six N 
treatments. Experiment 15 was a long-term field experiment 
in Dongbeiwang (DBW) county (40.0°N, 116.2°E), Beijing 
suburb, with three N rates from 2000 to 2003. Experiment 
16 was another long-term field experiment in Quzhou (QZ) 
county (36.9°N, 115.0°E) in Hebei province from 2007 to 
2010 with five N treatments.

All data from N treatments of the 16 field experiments 
were divided into four groups (i) no N as a control (N = 
CK), (ii) below Opt. N (N < Opt.), including the Opt. - 30 
kg N ha-1, 40%, 50%, and 70% of Opt.; (iii) Opt. treatment 
based on in-season root-zone N management (N = Opt.); 
and (iv) above Opt. N (N > Opt.), including Opt. + 30 kg N 
ha-1, Opt. + 60 kg N ha-1, 130% and 150% of Opt., and the 
farmer’s N practice (FNP). The FNP amount was higher than 
the Opt. treatment for all treatments. For all experiments, 
Opt. was determined according to an in-season root-zone 
N-management strategy (Cui et al., 2008; Chen et al., 2010; 
Chen et al., 2011).

The N dilution curve describing the relationship 
between the N concentration and shoot biomass (W) of 
summer maize was generated using the NLIN procedure 
in SAS (SAS Institute, 1998), by fitting the negative power 
function N = aW-b. The determination of a critical N dilution 
curve requires identifying critical data points for which N 
does not limit shoot growth or is not in excess based on the 
procedure in (Greenwood et al., 1990).
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Results

1.  Nitrogen dilution curves at different amounts of 
added nitrogen 

Considering all 924 data points among all the 16 
experiments, summer maize shoot biomass varied from 0.35 
to 13.09 Mg ha-1, and shoot N concentration ranged from 
0.67 to 4.93% DM. The N dilution curves at the different 
amounts of added N (N = CK, N < Opt., N = Opt., and N 
> Opt.) are shown in Fig. 1a–d. The N concentration in the 
shoot biomass decreased during the growing season, and a 
higher N-application rate generally resulted in a higher plant 
N concentration. Parameter a, which represents percent plant 
N concentration when crop mass is 1 Mg DM ha-1, increased 
with the increase in the N-application rate. Parameter b, 
which represents the dilution coefficient, increased with 
increases in the N-application rate. These results suggested 
that the decrease was more rapid for the higher N fertilizer 
rates.

2.  Critical nitrogen dilution curve for summer 
maize

33 sampling data points fulfilled the statistical criteria 
previously defined to determine Nc. Among all 33 sampling 
data points, shoot biomass ranged from 0.64 to 11.17 Mg 
DM ha-1, shoot N-concentration varied from 1.37 to 3.29% 
DM, and the developmental stages of summer maize were 
from V6 to R3 (Fig. 2). The critical N dilution curve was Nc 
= 2.72 W -0.27, and 92% of the variation for shoot biomass 
was explained by shoot N concentration (Fig. 2). Therefore, 
the critical N dilution curve for summer maize in the NCP 
was described by the equation: Nc = 2.72 W -0.27 when shoot 
biomass was between 0.64 and 11.17 Mg DM ha-1.

3.  Validation of the critical nitrogen curve for 
optimizing nitrogen management 

We used the comparison of N dilution curve at different 
N supply rates with the critical N dilution curve to test 

Fig. 1 Relationships between N concentration and shoot biomass of summer maize at different N treatments: N=CK (a), 
N<Opt. (b), N=Opt. (c) and N>Opt. (d). The solid line represents the N dilution curve at each N treatment. The 
dashed lines represent the prediction band (P=0.95). *** Significant at the 0.001 probability level
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the validity of the critical N dilution curve. The critical N 
dilution curve discriminated the deficiency and excess N 
conditions (Fig. 3). When no N was applied, as in the control 
treatment, the N dilution curve was significantly lower than 
the critical N dilution curves, indicating an N deficiency 
(Fig. 3a). Although the N dilution curve for the N < Opt. 
treatment was higher than that for the N = CK treatment, it 
was lower than the critical N dilution curves, particularly in 
treatments with low shoot biomass during the early maize-
growing season (Fig. 3a). When N was supplied in excess 
(N > Opt.), the N dilution curve for the N treatments was 

higher than the critical N dilution curve, indicating excess N 
(Fig. 3a). When N supply was optimal, based on in-season 
root-zone N management, the N dilution curve was within 
the confidence interval (P = 0.95) of the critical N curve 
(Fig. 3b). 

The critical N dilution curve for spring maize in Europe 
(Plénet and Lemaire, 2000; Herrmann and Taube, 2004), is 
widely recognized in the literature as the reference curve 
(Lemaire et al., 2007, 2008; Ziadi et al., 2008). However, 
the critical N dilution curve in the present study was lower 
than that of Europe (Fig.4). The reasons for this discrepancy 
could be related to a number of factors, including differences 
in maize varieties and climatic conditions.

Conclusions
The N concentration in the shoot biomass decreased 

during the growing season, and a higher N-application 
rate generally resulted in a higher plant N concentration. 
A species-specific critical N dilution curve for summer 
maize production in NCP was developed and described 
by the equation Nc = 2.72 W -0.27 when shoot biomass was 
between 0.64 and 11.17 Mg DM ha-1. This curve was lower 
than that of spring maize in Europe (Plénet and Lemaire, 
2000; Herrmann and Taube, 2004) due to differences in 
maize variety and climatic conditions. When N supply was 
optimal, the N dilution curve was within the confidence 
interval (P = 0.95) of the critical N dilution curve. When 
N supply was less than Opt. in the N = CK and N < Opt. 
treatments, the N dilution curve was lower than the critical 
N dilution curve, whereas the N dilution curve was higher 
than the critical N dilution curve when N supply was greater 

Fig. 2 Critical N data points used to define the critical 
N dilution curve. Bars around points indicate ± 
standard error (SE). The solid line represents 
the critical N dilution curve, and the dashed lines 
represent the confidence band (P=0.95)

Fig. 3 Comparison of N dilution curve at N=CK, N<Opt., N>Opt. (a) and N=Opt.(b) treatment with the critical N dilution 
curve of summer maize. The solid line represents the critical N dilution curve, and the dashed lines represent the 
confidence band (P=0.95)
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than Opt. These results indicated that the critical N dilution 
curve can provide insights into N nutrition and can serve as a 
guide to improving N-fertilization practices and regulations. 
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P_6.29:  Effects of controlled-release urea on yield and 
photosynthesis characteristics of maize (Zea Mays L.) 
under different soil fertility conditions

WANG Yong-Jun1, 2, SUN Qi-Zhuan2, YANG Jin-Sheng2, 3, WANG Kong-Jun2, DONG Shu-Ting2, YUAN Cui-Ping1, * 
and WANG Li-Chun1, *
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Introduction
Conventional fertilizers have played an important 

role to increase the yield during the production of maize 
in China. However, a great deal of conventional fertilizers 
utilization with low nutrients use efficiency will not only 

lead to enormous waste of resource, but also cause the 
related environmental risk. Fortunately, controlled-release 
fertilizers with high nutrients use efficiency and low 
nutrients loss ratio are essential for increasing crop yield, 
nitrogen (N) utilization efficiency, and reduction of potential 
environmental risk. Additionally, soil fertility affects on 

Fig. 1 Effect of CRU on dry matter accumulation, partition before and after anthesis and partial factor 
productivity from applied nitrogen (PFPN) in maize (above-ground of plant) under different soil 
fertility  
 
CRU30: controlled-release urea with 30 d by sampling date; CRU60: controlled-release urea with 60 d by 
sampling date; U: conventional urea. LF: Low soil fertility; HF: High soil fertility. n: Before anthesis, ¨: 
after anthesis. Values followed by the different letters are significantly at 0.05 probability level. The same as 
below. 
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grain yield and fertilization utilization efficiency remarkably 
in practice. Obviously, it is essential to identify the optimum 
controlled-release urea (CRU) rate in different fields. 

Methods
A pot experiment was conducted to explore the effects 

of controlled-release urea on yield and photosynthesis 
characteristics of maize under different soil fertility 
conditions from 2006 to 2007. In the trial, 2 types of 
controlled-release urea, CRU30 and CRU60 with 30 d and 60 
d by sampling date, were designed at random compared with 
the conventional urea (U) under 2 soil fertility conditions. 
All 6 treatments were supplied with N 5.43 g∙pot-1, P2O5 
2.10g∙pot-1 and K2O 5.24g∙pot-1, respectively, as basal 
fertilizer. Biomass above ground, harvest index (HI), leaf 
area (LA), net photosynthesis rate (Pn), chlorophyll content 
and nitrogen content were investigated. 

Results
Biomass above ground was increased significantly 

by CRU, but the increasing effects were different to 

Fig. 2 Effect of CRU on leaf area and leaf area duration (LAD) after anthesis per single 
plant under different soil fertility
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CRU30 and CRU60. Under low soil fertility conditions, 
CRU30>CRU60>U (P<0.05), and the dry matter weight 
of CRU30 was 18.9% higher than the U. Correspondingly, 
under high  soil fertility conditions, CRU60>CRU30>U 
(P<0.05), and the dry matter weight of CRU60 was 18.29% 
higher than the U. In addition, CRU enhanced the dry 
matter distribution of grain and partial factor productivity 
from applied nitrogen (PFPN) significantly under 2 soil 
fertility conditions. Among all treatments for dry matter 
distribution after anthesis and PFPN, CRU30 was the highest 
under low soil fertility conditions, however, CRU60 was the 
highest under high soil fertility conditions. CRU improved 
the dry matter accumulation and partitioning of grain after 
anthesis, especially enhanced the biomass above ground per 
plant, numbers per ear and 1000-kernel weight remarkably 
because the treatments of CRU30 and CRU60 kept the LA, 
Pn, chlorophyll content and nitrogen content to maintain a 
higher level after anthesis. 

Conclusions
The controlled-release urea with short sampling date 

will be suggested to utilize as the basal fertilizers under low 
soil fertility conditions, however, the controlled-release urea 
with long sampling date will be proposed to use as the basal 
fertilizers under high soil fertility conditions in practice. 

Fig. 4 Effect of CRU on chlorophyll content and nitrogen content in ear leaf of maize 
under different soil fertility
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P_6.30:  Traction resistance and soil properties as affected by 
two types of deep ripper plough shank under silt-clay 
soil

Abdalla N. Osmanb&c, Li Xiab, Yang Li a&b, Zhang Ruib, Zhang dongxinga&b* 
aThe National Maize Industrial Technology RD Center, MOA
bCollege of Engineering, China Agricultural University, No.17 Qinghua East Road, Haidian District, Beijing, 100083, P.R. China.
cDepartment of agricultural machinery, College of Agricultural Studies, Sudan University of science and Technology, Khartoum, Sudan.
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Introduction
Soil compaction is the main form of soil degradation 

which affects 11% of the land area (Ahmad et al., 2007). 
It can have adverse effects upon plants by increasing field 
saturated hydraulic conductivity (Iqbal et al., 2005; Solhjou 
and Niazi Ardekani, 2001). To minimize soil compaction,  
numerous techniques have been developed. The use of 
vibrating or oscillating subsoiler is one of the techniques 
that can reduce the draft force when the maximum velocity 
of oscillation is greater than the velocity of the tool carrier 
(Yow and Smith, 1976). The reduction of draft was the 
most important performance indicator of subsoilers (Sakai 
et al., 1988). To maintain soil quality, reduce costs and 
environmental effects, tillage should be carried out under 
favourable soil conditions with as little energy input as 
possible. The objective of the present study was to compare 
between two types of subsoiler (deep ripper) plough shank 
and their influence on implement draught, soil bulk density 
and soil water content under silt-loamy soil.

Materials and Methods

The experiments were conducted at GuAn city, Hebei 
province of Cchina in November 2010. An experimental 
plot consisting of two treatments and five replicates was 
laid out in randomized complete block design (RCBD). 
The treatments consisted of 2 types of chisel plow shank 
(1st shank was vibrating shank (VS) and the 2nd shank was 
non vibrating shank (NVS)). The size of the tillage plots 
was 80×6 m. The plots were separated by 1m wide buffer 
strips and there was 3m gap between 2 plots for the tractor. A 
mounted deep ripper plough vibration type (model ISZ-460) 
was used for all the tests. Soil samples from a horizon (10, 
20, 30 and 40 cm) from each plot before and after soil tillage 
were collected for determining soil properties for this study. 
Soil strength (or soil penetration resistance) (kpa/cm2) was 
measured using pocket penetrometer. The tillage depth was 
adjusted to 30 cm. Traction resistance, bulk density and soil 
moisture content were measured.

Table 1 The statistical description of variation mean values for all observed parameters affected by two types 
of shanks

Parameters Draft

Soil moisture content (%) Soil bulk density (g/cm3)

0-10 10-20 20-30 30-40 0-10 10-20 20-30 30-40

Vibrating shank 12.31 13.12 17.84 19.44 26.18 1.19 1.26 1.39 1.47
Non-vibrating shank 14.34 13.10 17.8 17.86 26.16 1.23 1.32 1.47 1.52
Means 13.33 13.11 17.82 18.65 26.17 1.21 1.29 1.43 1.49
C.V % 1.0 2.2 2.2 13.4 1.2 2.8 2.2 3.1 2.1
SE 0.14 0.031 0.022 2.49 0.031 .034 0.029 0.044 0.032
Prop 0.000 0.376 0.177 0.376 0.376 0.138 0.031 0.045 0.069
Significant level HS NS NS NS NS NS S S S

Where: NS= No Significant, S= Significant and HS= Highly Significant
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Results

Results (Table.1) show that there are highly significant 
differences (P>0.05) in implement draught between two 
types of shanks. In general the draught in non vibrating shank 
was found to be higher than vibrating shank by 16.5%. The 
bulk densities from 0 to l0 cm depths were not significant 
among tillage methods. However, between the 10 and 40 
cm soil depths, the differences were significant ( P<0.05). 
In general, as to the average of all depths the bulk density 
in vibrating shank was found to be less than non-vibrating 
by 4.37 %. Shank type had no significant different (P<0.05) 
affect water soil content. The values of moisture content   of 
the vibrating shank are higher than that of the non-vibrating 
shank in each depth. In general, as to the average of all 
depths the moisture content in vibrating shank was found to 
be greater than non-vibrating by 2.21 %.

Conclusions

Experiments were conducted to compare two types of 
deep ripper shank (vibration and non-vibration shank) to find 
out their influence on draft requirements, and soil physical 
parameters such as, bulk density, and soil moisture content 
through the 300 mm soil layers from the soil surface. The 
results showed that the traction resistance in vibrating shank 
was found to be lower than non vibrating shank by 16.5%, 
the shank types significantly effect on soil bulk density and 

machine draft (P < 0.05) and there is no significant difference 
on soil moisture content among the different types of shanks. 
Moisture content under vibrating shank was greater than the 
non vibrating shank.
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spring maize (Zea mays L.)and its chemical control
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Introduction
As planting population density increases, plant height 

and ear height have been found to increase;-the stalk 
becomes thinner and weaker, leaves become smaller, the 
plants prone to lodging and premature aging, and ultimately 
the corn yields decrease(Li Ning, 2008).Conventional 
cultivation practices (fertilizing, cultivating, and sub soiling, 
etc.) can to a certain extent improve structure and quality, 
but not markedly, given various external factors.

Chemical control  can impact on the plant’s appearance 
and agronomic performance by controlling the proportion 
of endogenous hormone levels through exogenous plant 
growth regulators. Treatment with ethylene and choline 
chloride can reduce plant height and ear height, enhance 
stem quality, and improve resistanceto lodging, but yields 
have been low due to ear size and grain number decrease 
(Cong Yan-Xia, 2008; Pei Zhi Chao, 2010). 

During 2009 and 2010, with a view to improving plant 
quality and structure within a large population with Jing-
Dan28 and Pioneer 335 as materials, we set five levels 
ofplanting density andtook up spraying of ethylene and 
choline chloride and potassium mixture (ECK) as treatment, 
in order to study the effects of planting density and chemical 
control on agronomic traits of spring maize and its regulation 
mechanism.

Materials and methods

Overview and weather conditions

The trial was carried out in 2009-2010 at the Experimental 
Station of the Chinese Academy of Agricultural Sciences 
in Jilin(43° 31’33.77 “N, 124° 48’30 .73” E). The soil 
parameters: black soil, pH 6.3, organic matter 2.74%, 0.13% 
total nitrogen, available nitrogen 147.05mg/kg, available 
phosphorus  32.58 mg/kg, and potassium 162.41mg/kg. 
During the corn growing season (May to October), >0°C 

accumulated temperature is about 3148°C, rainfall 434 mm,  
and sunshine about 1234 h.

Materials and experimental design

Corn varieties Jing-Dan 28 (dwarf and tolerantto high 
density) and Pioneer335 (tall and large stalk) as material, 
setting density and chemical control as two factors, with the 
split-plot design—the main plotfor the chemical treatment, 
subplot for the density gradient, randomly arranged among 
the density gradient with three replications. Chemical control 
treatment: 6-leaf stage foliar application of 200 mg•kg-1 

ECK (Ethylene-chlormequat chloride-potassium); control 
with the same amount of water spraying. Density gradient 
treatment: each varietyset 45000plant•hm-2, 56250 plant • 
hm-2, 67500 plant•hm-2, 78750 plant•hm-2 and 90000 plant• 
hm-2 treatments.The  entiretrial had a total of 60 plotswith 
plot area of 60 m2 each, with spaced ridge planting and 0.6m 
spacing.

The amount of base fertilizer before sowing: organic 
fertilizer 60 m3•hm-2, a long-term special fertilizer 
(23N-10P-12K, the total nutrient ≥ 45%) 500kg•hm-2; kinds 
of fertilizer applied at planting: long-lasting fertilizer 500 
kg•hm-2, jointing fertilizer (urea) 500 kg•hm-2. Planting, 
field management and harvesting wereaccording to local 
conventional methods. The key dates were May 4, sowing; 
May 17, germination;and October 13 harvesting.

Measurement items and methods

Yield harvest: The wholeplotwas harvested.

Plant height, ear height and stem diameter: At silking 
(after emergence 63d) and grain-filling stage (after 
emergence 77d) 10 plants wereconsecutively selectedfor 
determination of plant height, ear height and stem diameter.
Average data of the two replications were used for analysis.

Dry weight of shoot: In corn 3-leaf stage, 6-leaf stage, 
jointing stage, wheel, silking, grain filling stages, dough 
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stage, mature period in field (15,27,32 after emergence, 
respectively, 46,61,76,107,123d and 135 days), we took 6 
plants from each plot as samples, then dried them at 105°C 
for 0.5 h in oven, and at 75°C continuously to constant 
weight. 

Dry weightof root: Tookthe maize roots in L × W × 
deep as 20 cm × 20 cm × 40 cm of soil cube, then washed 
and put them into the oven,105°C for 0.5 h for fixing, then 
dried at 75°C to constant weight.

RSR (Root-shoot ratio): Root dry weight divided by 
shoot dry weight.

Analyze data: Test data using DPS6.5 and Microsoft 
Excel 2003 and Curve Expert1.3 software for statistical 
analysis; multiple comparisons using LSD method.

Results 

1. Effects ofpopulation density on plant height, 
ear height and stem diameter of spring maizeand 
chemical control

The results showed that plant height, ear height 
increased, and stem diameter decreased in Jing-Dan 28 and 
Pioneer 335 as population density increased. Plant height 
and ear height of two varieties reduced following ECK 
treatment, but stem diameter increased. Compared with 
the control, plant height and ear height decreased by 7.0% 
~ 12.1% and 11.5% ~ 17.9%, stem diameter increased by 
9.2% to 10.2% in Jing-Dan 28, plant height and ear height 
decreased by 3.1% to 5.3% and 10.9% ~ 13.5%, stem 
diameter increased by 0.6 % ~9.4% in Pioneer 335.

Fig 1 Effects of planting density on root-shoot ratio of spring maize and the chemical regulation 
 
TR: chemical control treatment; CK: water treatment; the flowing table are described as fig1 
 
D1: 45000 plant/ha; D2: 56250 plant/ ha, D3: 67500 plant/ha;  
 
D4: 78750 plant/ ha; D5: 90000 plant/ha; the flowing table describe as fig1
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2. Effects of population density on spring maize 
shoot dry weight and chemical control 

The shoot dry weight of Jing-Dan28 and Pioneer 335 
decreasedwith increase in planting density;withplanting 
density rising from 45,000 plant•hm-2 to 90,000 plant• 
hm-2, Jing-Dan 28 and Pioneer 335 dry weights decreased 
by 17.2% and 26.3% respectively.After ECK treatment, 
compared with the control, Jing-Dan 28 and Pioneer335 
shoot dry matter weight in each density increased to 
2.2%~12.9% and 2.6%~9.7%.

3. Effects of population density on root-shoot ratio 
of spring maize and chemical control

The root-shoot ratioin Jing-Dan 28 and Pioneer 335 
tendedto drop from the jointing stage to wheelstage, 
increased from wheelstage to silking, then decreased from 
silking to maturity. But the maximum root-shoot ratio 
of Jing-Dan 28 was in the jointing stage;inPioneer 335it 
appeared in the silking stage, which may be due to Jing-
Dan28 growingfaster thanPioneer 335inthe early stage. 
The root-shoot ratio between the two varietiesshowed low 
density>high densityin different densities (Fig.1).

In this experiment, after treatment by the ECK, the root-
shoot ratio of Jing-Dan 28 and Pioneer 335 increasedover  
theentire period.Inthe silking stage, for example, the root-
shoot ratioof Jing-Dan 28increasedby 14.6% compared 
with the control, 22.9%, 38.8%, 14.7% and 6.2%, from the 
planting density of 45000 plant•hm-2 to 90,000 plant•hm-

2,respectively.The root-shoot ratio of Pioneer 335 after ECK 
treatment increased by 12.6%, 24.1%, 45.5%, 39.6% and 
43.3% in different densities.

4 Effects of density on grain yield of spring maize 
and chemical control

Fig 2 shows that the yield trends in the two varieties 
were in the same pattern in 45000 plant•hm-2 ~ 90000 
plant•hm-2 planting density rangein 2009 and 2010. The 
grain yield trendsshowed a single peak curve with the 
planting density increased; Jing-Dan 28 and Pioneer 335 
reached the highest yield at density of 56250 plant•hm-2, and 
Pioneer 335 yielded 13470.79 kg•hm-2; Jing Dan 28 yielded 
12556.53 kg•hm-2; the highest yield ofPioneer 335and Jing-
Dan 28 were 11464.3 kg•hm-2 and 11415.2 kg•hm-2 in 2010, 
respectively.

Fig 2. Effects of planting density on yields of spring maize and the chemical regulation
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After ECK treatment, both Jing-Dan 28 and Pioneer 
335 increased yields with planting density, the highest yield 
obtained under 90 000 plant•hm-2 in two years. Compared 
with the control maximum, the yield of Jing-Dan and 
Pioneer 335 increased by 22.6% and 23.8% respectively in 
2009, and  by 12.4% and 17.0% in 2010.

Conclusions
In 45000 plant•hm-2~90000 plant•hm-2 planting density 

range, with increase in planting density, the plant height 
andear height increased;stem diameter, shoot dry matter and 
root-shoot ratio decreasedin Jing-Dan 28 and Pioneer 335. 
The grain yield showed a single peak curve;Jing-Dan 28 and 
Pioneer 335 reached the highest yield in 56250 plant•hm-2 
(Pioneer 335: 13470.79kg•hm-2;Jing-Dan 28: 12556.53 
kg•hm-2) in the trial in 2009, and the highest yields were 
11464.3kg•hm-2and 11415.2kg•hm-2respectively in 2010.

After ECK treatment, plant height and ear heightreduced, 
and stem diameter, shoot dry matter and root-shoot 
ratioincreasedinthe two varieties. Jing- Dan 28 and Pioneer 
335 both witnessed increased yields with planting densities; 
the highest yields obtained under 90 000 plant•hm-2 intwo 
years. Compared with the control maximum, the highest 
yields ofJing Dan28 and Pioneer 335increasedby 22.6% and 
23.8%in 2009,andby 12.4% and 17.0%in 2010.
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Introduction

In the current scenario, maize yield ≥1000 kg∙666.7 
m-2 is considered to fall in thesuper-high yield category. 
Exploring the potential of high-yield maize in small-area 
structures would be an important prelude to introduction 
over different areas and larger exents.

Work in this regard has been carried on sincethe end 
of 20th century and, by 2006,there were a totalof 36 maize 
plots with yield ≥1000 kg∙666.7 m-2. Though there were no 
unified investigation files, the data collected have proved 
valuable and pointed to effective platforms for exploring 
maize yield potential through superior hybrids, agricultural 
equipment, fertilizer, pesticide and advanced cultivation 
technology.

Between 2006 and 2010, there have been atotal of159 
maize plots with yield ≥1000 kg∙666.7m-2. The objective of 
this research was to analyze the geographical distribution, 
yield components and key cultivation technology for high-
yield maize.

Materials and Methods

Data including geographical distribution, meteoro-
logical condition,yield level, yield components and the 
corresponding cultivation measures for 159 maize high-yield 

plots (≥1000 kg∙666.7 m-2 measured by the designated maize 
experts) from 2006 to 2010 were collected.The geographical 
distribution, yield structure, relationship between yield 
and yield components of the 159 maize plots and the key 
cultivation technology was analyzed comprehensively.

Results 

The results (Table 1) showed that most of the 159 high-
yield plots were distributed in higher latitude (40°-43°N) 
and higher altitude regions (1000-1500 m) with abundant 
sunlight and higher diurnal temperature. 
Table 1 The distribution of 159 high-yield maize plots

Province Plots
Propor- 
tion (%) Latitude (N) Altitude (m)

Sichuan 3 1.89 31°31´ 1123
Shanxi 12 7.55 35°22´~38°29´ 858~1360
Ningxian 30 18.87 37°06´~38°26´ 1119~1317
Gansu 4 2.52 37°49´~37°57´ 1505~1583
Neimenggu 56 35.22 40°24´~43°36´ 241~1090
Xinjiang 19 11.95 43°52´~44°25´ 509~937
Jilin 15 9.43 42°55´~44°47´ 153~280
Henan 2 1.26 35°41´~35°43´ 77~89
Shandong 13 8.18 35°33´~37°23´ 8~96
Hebei 1 0.63 40°47´ 753
Beijing 4 2.52 40°23´~40°26´ 495v515
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The average yield structure of 159 high-yield plots 
was 5930 ears∙666.7 m-2, 541 kernels∙ear-1, 191.8 g∙ear-1, 
360.0 g∙1000-kernel-1, and the average yield was 1112.8 
kg∙667 m-2. Correlation and path analysis between yield 
and yield components (Table 2) indicated that the ear and 
kernel number among yield components were correlated 
significantly with yield.

Among the 46 cultivars used in the 159 plots, the 
predominant cultivar Zhengdan958 and Xianyu335 
accounted for 20.8% and 17.6%; and Neidan314, Chaoshi1, 
Xundan20, Jingdan28 accounted for 9.4%, 7.5%, 5.0%, 
4.4%, respectively. Among the 159 plots, ears∙666.7m-2 
harvested were 4240-9050 with 45.3% in the range of 5000-
6000, and the plots with 4500-6500 ears∙666.7 m-2 accounted 
for 80.5%. In addition, scientific fertilizer and water supply 

were also important for high yield.

Conclusions
Selecting regions with greatersunlight and  higherdiurnal 

temperature was one of the most important factors for high 
yield. Suitable maize cultivar, reasonably dense planting, 
formula fertilization, abundant water supply, scientific 
management and film mulching were also necessary.
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Table 2 Path and regression analysis of maize ear-kernel structure on yield

Character
Correlation
coefficient Direct effect

Indirect effect

Total X1→y X2→y X3→y X4→y X5→y

X1 0.3407* 0.7027 -0.3621 0.1213 -0.0293 -0.6563 0.2023
X2 0.1595 -0.2116 0.3710 -0.4029 -0.0166 0.6515 0.1390
X3 -0.0300 0.0882 -0.1181 -0.2337 0.0398 0.2867 -0.2110
X4 0.1532 0.8588 -0.7056 -0.5370 -0.1605 0.0294 -0.0376
X5 0.5400* 0.3751 0.1650 0.3790 -0.0784 -0.0496 -0.0860

Notes: X1: Ear·666.7m-2; X2: Kernel·ear-1; X3: 1000-kernel weight; X4: Grain weight·ear-1; X5: Kernel·666.7m-2
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Introduction
Nutrient management plays a key role in sustaining the 

productivity of maize–wheat, a major cropping system of 
northern and central India. Due to positive response to the 
nutrients, both the crops need higher amount of fertilizers 
for producing more yields. However, excessive use of 
chemical fertilizers leads to deterioration in soil health 
as well as various environmental hazards and when these 
problems are coupled with global energy crises and escalated 
prices of chemical fertilizers attract attention towards the 
supplementation or substitution of chemical fertilizers with 
low priced nutrient sources such as organic and bio-sources. 
Application of these nutrient sources alone or in combination 
with inorganic sources had been found beneficial not only 
in enhancing the productivity of maize and wheat (Jamwal 
2005) but also had the beneficial impact on soil properties 
(Pathak et al. 2005). The existing nutrient management 
practices are based on individual crop and in fact, there is 

meager information is available on system-based nutrient 
management especially in maize-wheat cropping system. 
Therefore, attempts have been made to find out the suitable 
combination of inorganic and bio-sources of nutrients for 
sustained productivity of maize-wheat cropping system with 
improved soil health.

Methods
The field experiments on maize-wheat cropping 

system with different combinations of sources and levels 
of nutrients were conducted at Agronomy Research Farm 
of Indian Agricultural Research Institute New Delhi, India. 
In addition to chemical fertilizers, the other sources studied 
were farmyard manure, green manure and bio-fertilizers 
(Azotobactor). The soil of the experimental field was low 
in organic carbon (0.39%) and available nitrogen (140.3 kg/
ha); and medium in available phosphorus (12.2 kg P/ha) 

Table 1. System productivity, production efficiency and benefit: cost ratio of maize-wheat cropping system as influenced by 
different nutrient management practices

Treatments

System productivity 
(MGEY)* (t/ha)

Production efficiency 
(kg/ha/day) Benefit: cost ratio

1st year 2nd year 1st year 2nd year 1st year 2nd year
Nutrient management to maize
Control 7.17 7.02 29.5 28.2 1.49 1.43
120N+26P+32K kg/ha 10.01 9.95 41.2 39.9 1.98 1.93
60kgN/ha (urea)+60kgN/ha(FYM) 10.18 10.41 40.7 41.8 1.85 1.96
90kgN/ha(FYM)+ Azotobactor 10.09 10.63 41.2 42.7 1.71 1.81
90kgN/ha(FYM)+ Cowpea green manuring 10.37 11.20 42.5 45.0 1.68 1.83
60kgN/ha(FYM)+ Cowpea green manuring 
+ Azotobactor

10.78 11.72 44.3 47.1 1.97 2.17

LSD (P=0.05) 0.13 0.17 2.1 2.4 0.17 0.19
Nutrient management to wheat
120N+26P+50K kg/ha 10.03 10.8 42.8 43.4 1.82 1.97
60N+13P+25K kg/ha 9.52 9.6 38.5 38.6 1.74 1.77
LSD (P=0.05) 0.11 0.13 1.9 2.2 0.15 0.16
* MGEY-Maize grain equivalent yield
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and potassium (150.6 kg K/ha) contents with pH of 7.7. The 
growth and yield behavior of crops and monetary returns 
from the cropping system along with the changes in soil 
health as influenced by different treatments were studied. 

Results
The supplementation of inorganic fertilizers with bio-

sources showed the positive effect on the system productivity, 
production efficiency and monetary returns and effects were 
more pronounced during second year (Table 1). The higher 
contents of organic carbon and available NPK in soil with 
reduced bulk density after completion of the system were 
also found with the combined use of chemical and organic 
sources (Table 2).

Table 2. Bulk density, organic carbon (%) and contents of available N, P K in soil after completion of   maize- wheat cropping 
system as influenced by different nutrient management practices

Treatments Soil properties
Bulk density 

(Mg/m3)
Organic Carbon 

(%)
Available N

(kg/ha)
Available P

(kg/ha)
Available K

(kg/ha)
1st year 2nd year 1st year 2nd year 1st year 2nd year 1st year 2nd year 1st year 2nd year

Nutrient management to maize
Control 1.48 1.47 0.35 0.30 135.6 128.6 10.4 9.8 150.8 138.9
120N+26P+32K kg/ha 1.45 1.45 0.38 0.41 150.6 141.9 13.7 14.1 158.6 161.9
60kgN/ha (urea)+60kgN/
ha(FYM)

1.41 1.40 0.40 0.44 153.6 164.2 12.4 13.7 168.6 178.3

90kgN/ha(FYM)+ Azotobactor 1.39 1.38 0.43 0.46 165.4 178.6 12.0 13.5 170.4 184.3
90kgN/ha(FYM)+ Cowpea green 
manuring

1.39 1.36 0.47 0.49 180.3 188.4 13.9 14.2 181.9 195.8

60kgN/ha(FYM)+ Cowpea green 
manuring+ Azotobactor

 1.37 1.34 0.49 0.52 185.8 195.2 14.8 15.6 198.4 201.4

LSD (P=0.05) 0.06 0.07 0.05 0.06 4.8 6.1 0.9 1.2 5.1 6.2
Nutrient management to wheat
120N+26P+50K kg/ha 1.41 1.39 0.44 0.45 170.6 175.8 14.1 15.0 181.0 187.3
60N+13P+25K kg/ha 1.42 1.41 0.40 0.43 153.2 156.5 11.6 12.0 163.9 166.3
LSD (P=0.05) NS NS NS NS 4.2 5.0 0.6 0.9 4.8 6.0

Conclusions
The integration of bio sources viz.  farmyard manure, 

cowpea green manure and Azotobactor with reduced amount 
inorganic fertilizers not only enhanced the productivity of 
the maize-wheat cropping system but also improved the 
physico-chemical properties of the soil with the saving of 
50 % NPK in wheat.
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P_6.34:  Characteristics of dry matter accumulation and 
nitrogen efficiency of different gene-type spring maize 
in the north of China
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Introduction 
Breeding high nitrogen use efficiency (NUE) variety is 

one of the most important approaches to high yield and high 
NUE in maize.

Methods 
In order to studied the dry matter production and NUE 

of different gene-type spring maize with high-yielding 
potential in the north of China, 37 maize varieties of high-
yielding potential were selected, planted in pots in the 
research farm in Jilin Academy of Agriculture Sciences in 
2010.

Results
37 maize varieties were divided 4 types according to grain 

weight and nitrogen grain production efficiency (NGPE). 
There were high yield and high efficiency (I), high yield 
and moderate efficiency (II), moderate yield and moderate 
efficiency (III), low yield and low efficiency (IV), and the 
III was the most (56.8%), I was the lowest (8.1%), the ratio 
of II and IV was 13.5% and 21.6%. Dry matter accumulation 
and NUE were not significantly different before flowering 

Table 2 Results of cluster analysis of different maize hybrids

Type Variety code Number
Grain weight 

(g/plant)
Range of productivity 

per plant (g/plant)
NGPE 
(g/g)

Range of 
NGPE

I 19, 29, 32 3 110.59 a 106.31-114.73 60.74 a 58.63-62.89
II 1, 8, 33, 34, 36 5 112.43 a 106.98-120.2 47.61 b 44.25-51.21

III 2, 3, 5, 7, 9, 11, 13-18, 21, 
23-27, 30, 31, 37 21  89.65 b 73.65-104.32 47.34 b 40.31-54.78

IV 4, 6, 10, 12, 20, 22, 28, 35 8  55.85 c 39.53-69.70 31.98 c 33.29-39.20

Values followed by the different letters are significantly at 0.05 probability level. The same as below.

stage, but significantly different after flowering stage in the 
four-type maize. At maturity stage, the distribution of dry 
matter and nitrogen to grain was higher in I type varieties, 
and distribution of dry matter and nitrogen to root and stalks 
was higher in IV type varieties. The nitrogen transportation 
amount (NTA), nitrogen transportation efficiency (NTE) 
and nitrogen contribution rate (NCR) of I type varieties were 
significantly higher than IV type varieties after flowering 
stage. The grain’s dry matter weight, nitrogen accumulation 
and distribution of I type varieties were significantly higher 
than IV type varieties at maturity stage. Correlation and 
Path analysis showed that nitrogen dry matter production 
efficiency (NDMPE), grain weight and nitrogen content 
were significantly correlated to NGPE. 

Conclusions
High grain weight and low nitrogen content were 

the main characteristics of breeding high yield and high 
efficiency varieties.
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Fig. 1 Dry matter accumulation and distribution of different organs of different 
varieties at flowering stage (A and C) and maturity stage (B and D)

Fig. 2 Nitrogen accumulation and distribution of different organs of different 
varieties at flowering stage (A and C) and maturity stage (B and D) 
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Table 3 Correlation on NGPE and the indices of grain weight at maturity stage

Items

x1 x2 x3 x4 x5 x6 y

Plant height
(cm)

Dry matter 
weight

(g/plant)

Total N 
accumulation

(g/plant)
N content

(%)
Grain weight

(g/plant)
NDMPE

(g/g)
NGPE
(g/g)

x1 1
x2 0.35* 1
x3 0.24 0.66** 1
x4 -0.22 -0.72** -0.17 1
x5 0.25 0.65** -0.12 -0.80** 1
x6 0.14 0.64** 0.64** -0.63** 0.22 1
y 0.02 0.41* 0.17 -0.73** 0.39* 0.86** 1

*and**indicate significance at 5% and 1% probability levels, respectively.

Table 4. Path analysis of NGPE and the indices of grain weight at maturity stage

xi→y Path

Direct
effect

xi-xj-y

Total

x2 x3 x4 x5 x6

Dry matter 
weight

(g/plant)

Total N 
accumulation

(g/plant)
N content

(%)
Grain weight 

(g/plant)
NDMPE

(g/g)

x2 -0.2970 0.7058 -0.2687 0.0683 0.1254 0.7808
x3 -0.4026 0.5810 -0.1982 0.0163 -0.0230 0.7859
x4 -0.0947 -0.6378 0.2143 0.0693 -0.1538 -0.7676
x5 0.1918 0.1949 -0.1941 0.0483 0.0759 0.2648
x6 1.2126 -0.3504 -0.1912 -0.2610 0.0599 0.0419
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P_6.35:  Performance of maize genotypes under different plant 
densities
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*Author for correspondence: basireddy_raghu@yahoo.com, mrcari@rediffmail.com.

Introduction
Maize is an important cereal in India after rice and 

wheat which has registered impressive gains on productivity 
front in the recent past. Because of its uniqueness for 
diverse uses, as well as responsiveness to inputs, maize has 
tremendous potentiality in ensuring sustainability and food 
security in India. Owing to its wider adaptability to edapho-
climatic conditions and relatively higher productivity 
than other cereals like sorghum and pearl millet and little 
vulnerability to moulds etc., maize can replace many other 
crops in multiple cropping systems. In Andhra Pradesh the 
low yields could be attributed mainly to selection of poor 
genotypes, inadequate plant stand and fertilizer application. 
Following the success of single cross maize hybrids in 
the United States of America, Korea and China maize 
researchers in India have also successfully developed single 
cross hybrids which have the yield advantage of about 35 
percent and more. 

Hybrid crop varieties alone are insufficient in raising 
yields and hence they are to be grown with suitable agronomic 
practices. In recent years it has also been observed in 
several experiments conducted in India, particularly under 
coordinated maize improvement scheme (CMIS), that high 
plant population when properly maintained would increase 
the yield of maize hybrids substantially. It is in this context 
that an experiment was conducted to assess the performance 
of three newly/recently released hybrids of ANGRAU, 
Hyderabad under different plant densities against a popular 
check 30v92 developed by private sector. 

Methods
The field experiment was carried out in a factorial 

randomized block design with four maize genotypes viz., 
DHM 117, DHM 115, DHM 111 and 30V92, a popular 
hybrid and 4 plant densities i.e., 66,666 plants/ha (60x25 
cm), 66,666 plants/ha (75x20 cm), 83,333 plants/ha (60x20 

Table 1. Plant height (cm), dry matter g/plant, cob length, cob girth, number of seeds/row and harvest index (%) of maize 
genotype as influenced by different plant densities

Hybrids

Plant height 
(cm)

Dry matter 
(g/plant)

Cob length 
(cm)

Cob girth 
(cm)

Number of 
seeds/row

Harvest index 
(%)

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009

DHM-117 151.3 245.4 256.1 309.4 14.8 16.8 13.9 15.1 28.0 34.1 32.3 35.4
DHM-111 140.9 232.6 196.0 284.4 13.3 15.8 12.6 14.3 29.3 35.6 31.1 34.9
DHM-115 127.5 193.6 169.7 200.9 11.3 13.7 11.8 13.5 25.2 32.0 31.1 32.5
30V92 143.3 247.9 250.9 301.6 14.6 16.6 13.3 14.9 20.6 29.9 31.8 35.2
CD 11.6 10.1 12.3 11.9 1.2 0.7 0.6 0.5 3.2 1.6 NS 2.2 

Plant densities (plants/ha)
66,666  131.4 220.5 265.2 319.8 15.0 16.7 13.3 15.1 29.7 35.5 31.9 35.7
66,666  120.8 229.0 220.1 306.9 14.4 16.3 13.3 14.9 27.4 34.0 28.8 31.5
83,333  147.9 228.0 245.9 267.6 13.1 15.4 13.1 14.2 25.2 32.1 33.9 37.1
88,888  153.9 242.0 141.5 202.0 11.5 14.5 11.9 13.6 20.8 30.0 31.0 32.4
CD 11.6 10.1 12.3 11.9 1.2 0.7 0.6 0.5 3.2 1.6 2.0 2.2
Interaction NS NS NS NS NS NS NS NS NS 3.7 NS NS
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cm) and 88,888 plants/ha (75x15 cm) at Maize Research 
Centre, ARI, Rajendranagar, Hyderabad during kharif 
season of 2008 and 2009. The soil of the experimental field 
was low in organic carbon (0.38%) and available N (255.7 
kg ha-1), medium in available P (23.4 kg ha-1) and high in 
available K (156.7 kg ha-1) contents with clay loam in texture 
and slightly alkaline with a PH of 7.8 during both the years. 
Recommended crop management practices were followed to 
raise the crop during both the years.

Results 
Significant differences were observed among the test 

hybrids for plant height, dry matter per plant, yield and 
yield attributes. Of the four hybrids tested, DHM-117 gave 
significantly higher plant height (Gozubenli et al., 2001), 
dry matter, cob length, cob girth, number of seeds per row, 
cob and grain yields (Farnham, 2001) and harvest index 
(only 2009) which were on par with 30v92 during both 
the years. Plant characteristics of maize were significantly 
affected by plant densities (Table-1). Taller plants in higher 
densities and more dry matter per plant, cob length, cob girth 
(Channakeshava et al., 2000), number of seeds per row were 
observed under wider spacing. On the contrary significantly 
higher cob and grain yields (Sahoo and Mahapatra, 2007) 
and harvest index were obtained with a plant density of 
83,333 plants/ha but further increase in the plant stand to 
88,888 plants/ha decreased the cob and grain yields and 
harvest index. Interaction among hybrids and plant densities 
was found not significant during 2008 where as during 
2009 DHM 117 with 83,333 plants/ha (60x20 cm) gave 
significantly higher cob and grain yields (Table-2). 

Conclusions
Of the 4 hybrids tested DHM 117 a medium duration 

hybrid and late maturing 30V92 tended to perform better 

under high plant density compared to early maturing hybrid. 
This is contrary to popular thinking, that the narrower 
architecture of early maturing hybrids would be a better 
fit for the narrow-row environment and the larger, leafier 
architecture of full season hybrids would result in better 
adaptability in wider row-spacing environments. The results 
of the present experiment clearly indicated that apart from 
plant densities and the variation in genotypes (hybrids) 
there are certain other factors may be like plant geometry 
could be responsible for differences in the performance of 
different hybrids under varying plant densities. Therefore 
further research by integrating different aspects of space 
management is necessary to provide a suitable answer to 
this complex issue.
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Table 2. Interaction effect of maize genotypes and plant densities on cob and grain yields kg/ha

Treatment 

Cob yield kg/ha Grain yield kg/ha

66,666 66,666 83,333 88,888 66,666 66,666 83,333 88,888

DHM-117 7975 5811 10045 3663 5,567 4,236 7,048 2,535
DHM-111 7270 5012 8824 3202 5,311 3,459 6,516 2,368
DHM-115 4218 3330 4958 2758 2,903 2,164 3,404 1,813
30v92 7476 6216 10156 2903 5,383 4,051 7,270 2,016
SED 312 232
CD 638 474
* pooled analysis was not attempted due to wide variation observed in the data for all the parameters studied which could be due 

to variation in the seasonal conditions. However, the trend was found similar in both the years.
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Introduction
The successful establishment of crop depends upon seed 

used. The planting value of seed can be improved through  
“Seed Enhancement Techniques”. The objective is to optimize 
the application of seed treatment products.  The advanced 
enhancement technologies are film coating and seed pelleting 
where the film coating offer identification of seeds without 
altering the physical parameters, pelleting do. Film-coated seed 
has the benefit of uniform and precise pesticide placement, 
dust free, no loss of chemicals during handling, safe to 
handle, has increased flowability of seed, bright color and 
nice appearance. The study focussed to evolve a comprehensive 
seed coating treatment using agrochemicals  using polymer as 
adhesive to improve the initial seed vigour and establishment. 

Methods
The seeds of COH (M) 5 obtained from the Department 

of Millets, Tamil Nadu Agricultural University, Coimbatore, 
were surface wetted with 15ml of water /kg to have uniform 
coating and  integrated seed coating with insecticide 
(imidachloprid @ 1mlkg-)), pesticide (carbendazim @ 2gkg)), 

and micronutrient  Agromin @ 4ml/kg) was tried by using 
polymer (@4glkg-)). To test verify the efficacy and practical 
utility of seed coating, laboratory test on speed of germination 
and  a field trial was conducted with six treatments and four 
replications. The yield and yield attributing characters viz., 
field emergence, growth, chlorophyll content, leaf area and 
cob characters were observed. 

Results and Discussion
Parallel relationship between coating and plant 

characters were noted.  The emergence both in laboratory 
(Plate 1) and field, higher chlorophyll content, leaf area and 
cob characters were influenced by the treatments. Leaves 
and chlorophyll content exhibit a positive influence on seed 
yield, since they are the chief functional photosynthetic 
unit of plant. Leaf area was found to be more for coating 
of seeds with  Little’s  red polykote @ 6g + carbendazim 
@ 2g + imidachloprid @ 1 mL + micro nutrients @ 4 mL 
per kg of  seed and resulted in enhanced yield of 20% over 
cobtrol (Table 1 & 2).   The reason ascribed was that coating 
treatments improved the plant growth during early stages 
with increased vigour and stronger root system, which 

Table 1  Effect of integrated seed coating  on Field emergence (%), chlorophyll content and plant height (cm)  in   Maize hybrid 
COH (M) 5

Treatments
Field emergence
 (%) (7 DAS)

Chlorophyll content Plant height (cm)

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS

T0 92 (78.46) 43.47 42.6 37.60 91.4 183.1 193.1
T1 95 (80.02) 46.76 46.3 38.70 99.8 200.1 206.0
T2 93 (74.66) 49.65 47.4 41.30 102.6 210.2 215.4
T3 95 (80.02) 49.75 49.4 38.70 102.5 207.9 220.6
T4 94 (78.46) 51.29 49.4 40.60 106.1 214.6 220.1
T5 95 (80.02) 52.43 49.5 41.30 106.0 215.2 220.5
Mean 94 (78.46) 48.89 47.4 39.70 101.4 205.2 212.6
S Ed. 0.156 0.051 0.068 0.021 2.880 0.548 0.279
CD (P=0.05) 0.333 0.108 0.145 0.045 6.139 1.167 0.595
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in turn derived the available soil moisture and nutrients 
enabling better growth and higher yield. 

Conclusion
Seed coating with  polykote @ 4g +imidachloprid @ 

1 mL + carbendazim @ 2 g + micronutrient mixture @ 4 
mL kg-1 were able to increase early emergence, growth and 
yield of maize. 

Plate 1. Polymer seed coating on speed of germination

Table 2. Effect of integrated seed coating on leaf area (cm2) and yield attributing characters in Maize hybrid COH (M) 5

Treatments

Leaf area (cm2) Cob characters Yield characters

30 DAS 60 DAS 90 DAS Length (cm) Girth (cm)
Seed weight 

cob-1 (g)
Seed yield
plot-1 (kg)

Seed yield
ha-1 (kg)

T0 385.55 414.30 431.52 15.5 12.9 91.40 5.2 4333.8
T1 388.65 423.65 448.72 16.2 14.5 110.55 5.5 4606.1
T2 469.30 532.14 552.45 17.6 15.2 120.60 6.0 5025.1
T3 443.40 517.50 526.69 16.8 14.6 118.23 5.9 4926.2
T4 441.30 517.30 553.67 17.6 15.2 120.12 6.0 5005.0
T5 469.73 535.30 566.40 17.7 15.5 135.33 6.5 5419.6
Mean 432.99 490.03 513.24 16.9 14.6 116.04 5.9 4886.0
S Ed. 0.485 1.158 0.754 0.022 0.018 0.266 0.013 10.996
CD (P=0.05) 1.035 2.467 1.606 0.046 0.038 0.566 0.027 23.437

T0- Control; T1- Little’s  red polykote@6g dissolved in 25 ml of water/kg of seeds; T2-T1+ Imidachloprid@1ml/kg of seeds; T3-T1+Carbendazim 
@2g/kg of seeds; T4-T1+Imidachloprid@1ml+ Carbendazim @2g/ kg of seeds; T5- T1+Imidachloprid@1ml+ Carbendazim @2g+Micronutrient 
mixture(Agromin)@4ml/ kg of seeds
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Introduction
Maize-wheat is the 5th predominant cropping system 

mainly concentrated over 1.13 million hectares of Indo-
Gangetic Plains (IGP) of India (Yadav and Subba Rao, 2000).
Tungbhadra Project (TPB) area is one of the predominant 
irrigated belts in Karnataka, India. The mono cropping of 
either paddy or cotton, maize and pigeon pea  are the major 
crops in the irrigated ecosystem. Maize-wheat rotation is 
the third most cropping system next to rice-sunflower and 
maize-bengalgram sequences. The most common opinion of 
the farming community of the TBP is that, application of 
only inorganic fertilizers to any crops led several problems 
viz., decline in yield, soil fertility, salinity and alkalinity 
problems.  Besides, vulnerable to various salinity, alkalinity 
as  well as pests and diseases. To know the impact of 
permanent fertilizers management on both yield of maize 
and wheat in maize-wheat sequence is the prime concern in 
the irrigated ecosystem. In this view permanent manuring 
trial was carried.

Materials and Methods
A field experiment was carried out for twenty two 

seasons during kharif –rabi since 1987-88 on deep black 
soils at Agricultural Research Station, Siruguppa to asses 
the effect of inorganic nutrients on yield and yield trends 
of both maize and wheat different inorganic nutrients. The 
experiment comprise the treatment combinations of three 
levels of nitrogen (40, 80 and 120 kg/ha), phosphorus (0, 
40 and 80 kg/ha) and potassium (0 and 40 kg/ha) with 
absolute control (0 kg/ha of NPK). The trial was laid out in 
compounded complete randomized  block design with four 
replications. 

Results and discussion
Results of the experiment over 22 years revealed that 

the maize grain yield differed significantly among different 
NPK combinations. Increase in Nitrogen (N) from 40-80 kg 
per ha increased the grain yield of maize by 25.10 percent. 
While increase up to 120 kg per ha recorded 28.39 percent 
higher yield and increase of N from 80 to 120 kg per ha 
resulted in 2.65 percent higher yield. The corresponding 
figures for increases in yield from 1987-88 to 2008-09 were 
28.5, 55.4 and 20.9 percent respectively (Table-1). Addition 
of 40 kg per ha phosphorous (P) increased the maize grain 
yield by 67.0 percent (vs average of 65.5 %) over no 
application of P. Further, increase in the P level to 80 kg per 
ha resulted in 83.80 percent (vs average of 95.4 %) higher 
yield over no P application. The increase in P from 40 to 
80 kg per ha has contributed by 9.50 percent higher maize 
yield in 2009-10, while the average increase was from 18.0 
percent from previous year. The potassium (K) application 
of 40 kg per ha resulted in 22.90 percent increase in yield 
during the current year, while 19.60 percent during previous 
years.  Where as in rabi wheat the application of nitrogen 
(N) f rom 40-80 kg per ha increased the grain yield of wheat 
by 2.80 percent. While increase up to 120 kg per ha recorded 
4.6 percent higher yield and increase of N from 80 to 120 kg 
per ha resulted in 1.7 percent higher yield. The corresponding 
figures for increases in yield from 1987-88 to 2007-08 were 
24.0, 34.0 and 7.8 percent respectively (Table-1). Addition 
of 40 kg per ha phosphorous (P) increased the wheat 
grain yield by 1.0 percent (vs average of 78.0 %) over no 
application of P. Further, increase in the P level to 80 kg 
per ha resulted in 5.6 percent (vs average of 94.2 %) higher 
yield over no P application. The increase in P from 40 to 80 
kg per ha has contributed by 4.7 percent higher wheat yield 
in 2009-10, while the average increase was from 9.0  percent 
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from previous year. The potassium (K) application of 40 kg 
per ha resulted in 9.3 percent increase in yield during the 
current year, while 7.9 pecent during previous years. Yadav 
et al., (2000) reported that the application of 100 percent 
NPK increased grain yield of rice but did not prevent decline 
in yield of wheat under rice-wheat system.

Conclusion
The results of this long term experiment suggest 

the importance of balanced fertilizer to achieve higher 
productivity in maize and wheat cropping sequence. 

Table. 1 Grain yield of Maize (kg/ha) as influenced by long term application of different levels of NPK during kharif 2009-
10 and mean of 1987-88 to 2008-09

Treatments

Maize (kg/ha) Wheat (kg/ha)

2009-10
Mean of 

1987-88 to 2008-09 2009-10
Mean of 

1987-88 to 2008-09

Absolute control 1234 591 580 655

Nitrogen(kg/ha)
40 3624 1672 783 1006
80 4533 2149 805 1251
120 4653 2598 819 1348

Phosphorus(kg/ha)
0 2836 1366 785 779
40 4760 2261 792 1387
80 5213 2669 829 1513

Potassium(kg/ha)
0 3832 1902 767 1222
40 4708 2275 838 1319

% increase in yield
Nitrogen (kg/ha)
40 to 80 25.1 28.5 2.8 24.0
80 to 120 2.65 20.9 1.7 7.8
40 to 120 28.39 55.4 4.6 34.0

Phosphorus(kg/ha)
0 to 40 67 65.5 1.0 78.0
40 to 80 9.5 18.0 4.7 9.0
0 to 80 83.8 95.4 5.6 94.2

Potassium (kg/ha)
0 to 40 22.9 19.6 9.3 7.9
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Introduction
Soil compaction is a major cause of decrease in 

healthy soils and crop yield(Hamza,2005). Inappropriate 
tillage,traffic on agricultural land and poor timing of 
field operations decreases aggregate stability and creates 
compaction of both topsoil sand subsoils. Adverse effects 
of compaction include increased bulk density, reduced 
porosity, restricted root growth, concomitant poor plant 
growth, and yield(Oussibleetal,1992; Nadian,1998;Gysi
,2000;Ahmad,2009). Since root depth and the total and 
active absorbing area of root is decreased, contact between 
root and soil is likely to be reduced, thus accumulation and 
uptake of N P and K was restricted under soil compaction 
stress(Ishaq,2003). The present study was undertaken 
to record the effects of soil compaction stress on root 
anatomical structure and root respiratory metabolism under 
different soil types.

Material and Methods
A two-year, 2007-2008, barrel-culture experiment 

was conducted with with three soil types(fluvo-aquic soil 
,lime concretion black soil and yellow cinnamon soil) and 
two levels of soil compaction on the Experimental Farm of 
Henan Agricultural University. One level of soil compaction 
(undisturbed soil) was high (soil bulk density of 1.55 g∙cm-
3) and the other(control soil) was low (soil bulk density 
of 1.20g∙cm-3) in this experiment. The choosed varieties 
of summer maize was zhengdan 958. There were three 
replicate plants. The microstructure of seminal and nodal 
root was studied by hand sectioning and routine mineral wax 
movie making. Anaerobic respiratory enzymes activities 
and metabolite products were measured following method 
mentioned elsewhere (Bergmeyer, 1983; Waters, 1991;  
Good, 1993 Musrtoph, 2003).

Table 1 Effects of soil compaction stress on anatomic structures of roots

Root types Treatments

Cortex 
height 
(mm)

Stele 
diameter 

(mm)
Protovessel 

number

Protovessel 
diameter 

(mm)
Netavessel 

number

Netavessel 
diameter 

(mm)

Seminal 
root

Fluvo-aquic soil 0.384  a 4.704  a 11.0  b 0.227  a 7.0  a 0.465  b 
T Fluvo-aquic soil 0.275  b 3.568  bc 9.3  bc 0.169  b 6.3  a 0.400  c
Lime concretion black soil 0.275  b 3.692  cd 12.0  b 0.174  b 6.3  a 0.508  b 
T Lime concretion black soil 0.226  c 2.845  b 11.8  b 0.122  c 4.8  ab 0.473  b
Yellow cinnamon soil 0.288  b 4.103  ab 15.3  a 0.201  a 6.0  bc 0.671  a
T Yellow cinnamon soil 0.154  d 2.616  d 7.8  c 0.142  c 4.0  c 0.462  bc

Nodal 
root

Fluvo-aquic soil 0.462  ab 4.176  a 11.8  bc 0.155  a 7.3  ab 0.705  a
T Fluvo-aquic soil 0.337  c 4.049  a 14.3  ab 0.135  bc 7.0  bc 0.587  c
Lime concretion black soil 0.494  a 3.983  a 13.3  ab 0.158  a 5.3  d 0.635  bc
T Lime concretion black soil 0.309  c 4.033  a 12.3  abc 0.118  c 7.0  bc 0.457  d
Yellow cinnamon soil 0.479  a 4.455  a 16.0  a 0.168  a 8.8  a 0.651  ab
T Yellow cinnamon soil 0.381  bc 3.179  b 8.3  c 0.149  ab 5.3  cd 0.404  d

Means within columns followed by the different letters significant at P<0. 05.
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Results 
The results showed that there were much more 

aerenchyma formation under soil compaction stress. 
Aerenchyma number and aerenchyma area on the root 
transection were increased significantly under high soil 
compaction (Fig.1). Length of cortex and diameter of 
plerome were also enhanced largely, and number and 
diameter of vessel were increased to some cxtent. Radial 
and transverse length of cortical cells discreased under soil 
compaction stress (Table 1). The diversity of them were 
extremely significant between high soil compaction and 
normal soil compaction. There were different orders among 
three soil types. Lime concretion black soil and yellow 
cinnamon soil were influenced largely and sensitivily among 
them.The activities of pyruvate decarboxylase (PDC), 
lactate dehydrogenase (LDH) and alcohol dehydrogenase 
(ADH) increased significantly under soil compaction 
stress.The contents of lactat, acetaldehyde and alcoho also 
were increased evidently under high soil compaction.but 
increment of these indexes was lesser than that of these 
under water-logging treatment.

Conclusions
The results suggested that high soil compaction 

caused soil oxygen descreasing. The degree of shortage 
was far less than its of water-logging. This clearly showed 
that plants were not passively tolerant to soil compaction 
stress, but actively regulated their anatomical structure and  
respiratory metabolism processes to reduce injury by the soil 
compaction stress. 

Fig.1 Changes of aerenchyma number and area ofon the root transection under 
soil compaction stress
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KN_7: Changing demands and value chains for maize in Asia

B. Shiferaw, J. Hellin, O. Erenstein, and Vijesh Krishna 

Introduction
The Asian maize sector has seen rapid growth during the 

past 25 years in response to a surge in demand. The nature 
of the demand for maize in Asia, however, is changing. 
While maize remains an important food crop, over the past 
decade there has been a surge in demand for maize as a 
key ingredient in animal feed for the poultry and livestock 
sectors (Joshi et al. 2005; Shiferaw et al. 2011). The ‘maize-
livestock revolution’ has arisen from a combination of 
population increase, changes in the diet of millions of people 
towards dairy and meat, increasing urbanization and growth 
in disposable incomes. Maize demand in Asia is projected 
to increase by 87 percent from 162 million tons in 1995 to 
303 million tons in 2020. Most of the extra 140 million tons 
of maize that will be produced in Asia between 1995 and 
2020 will be fed to livestock (Dixon et al. 2008). Maize is 
also increasingly becoming an important vegetable crop 
in Asia especially sweet corn and baby corn (Hellin et al. 
2011). Lesser well-known specialty (or potentially higher 
value) maize products include quality protein maize (QPM). 
Vegetable maize is very different to ordinary horticultural 
HVAPs because while the latter require crop substitution, 
vegetable maize is multi-purpose, does not always require 
crop substitution and farmers are able to exploit the crop’s 
flexibility during the growing season. These rapid changes 
in the maize production and demand patterns have triggered 
substantial transformation in the maize value chains and 
supply systems for alternative uses. This paper focuses on 
the changing demand and emerging maize value chains with 
emphasis on the developing regions of Asia.

Emerging value chain issues
The changing demand for maize in Asia has implications 

for approaches to improve the efficiency and effectiveness of 
maize value chains, not least so that smallholder farmers are 
able to benefit from the growing demand for maize products. 
Successful farmer access to these markets depends on how 
the value chains are structured, the relationship between 
chain actors, and the judicious mix of public and private 
provision of business development and extension services 
(Shiferaw et al. 2011). Key issues that need to be addressed, 
include: 

 • Improving access to new seeds, complementary inputs 
and services to expand production to meet the growing 
demand;

 • Diversifying market opportunities for maize farmers 
in less favored areas to access emerging markets in the 
food and feed and other alternative sectors;

 • Building linkages between small-scale maize producers, 
value-added processing firms, buyers in domestic 
markets, and exporters; 

 • Supporting small-scale maize producers to associate, 
collaborate, and coordinate to achieve economies of 
scale in their negotiations with input suppliers and 
buyers

 • Making channels of information (e.g. about maize 
vegetable specifications, market prices) and other 
business services accessible to rural producers; 

 • Assisting small maize producers to understand and 
better satisfy the product, process, or delivery standards 
required by buyers in urban markets; and 

 • Diversifying and raising levels of knowledge and 
skills in maize vegetable production and post-harvest 
processing that add value to products. 

Policy Implications
Implications for crop breeding: There is a need 

for crop breeders to incorporate the traits associated with 
horticultural uses of maize into germplasm usable by 
breeding programs. For example, specific challenges include 
poor field emergence and stand establishment, and low yield 
of sweet corn compared to field maize. This may well require 
new ways of working as part of the emerging revolution in 
plant biotechnology. Quality traits are generally associated 
with many genes or gene complexes acting in concert. As a 
result of this greater technical difficulty, quality traits have 
tended to lag behind the development of agronomic traits 
that account for the vast majority of biotech traits that have 
been field-tested to date. Another challenge is to improve 
the yields of QPM. Separating a largely invisible trait, 
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such as QPM, adds to the costs of the product as it moves 
along a chain. Tracing QPM along supply chains could be 
so expensive that the most viable way forward is to ensure 
that QPM out-yields or at least performs at par with normal 
maize. If yields of QPM remain below those of normal 
maize, farmers are unlikely to grow QPM unless buyers are 
prepared to pay a price premium. In the poultry industry, 
increasing the adoption of QPM may also require enhancing 
the composition of limiting amino acids like methionine.

Implications for agribusiness service 
provision

Most new technologies that will become available to 
farmers will be ‘information intensive’, i.e., they will require 
increased levels of knowledge for appropriate management. 
This is very much the case with maize in Asia. However, the 
need for more responsive extension provision has coincided 
with deep cuts to publicly-funded extension services. 
New approaches to extension provision are needed (e.g. 
ICT based) along with a new consensus on the role of the 
public and private sectors and how extension provision for 
resource-poor farmers can be provided on a more sustainable 
basis. Both the private and public sectors clearly have key 
roles to play in contributing to the provision of extension 
services. Agricultural extension should not only play a role 
in disseminating information and seed technologies but also 
stimulate local innovation and support diversification and 
commercialization of production for maize farmers. 

Conclusions
Technology adoption and impact at scale is a function 

of the ‘hard’ technology (e.g. good germplasm and 
agronomy) as well as the institutional innovations and 

policies that ensure farmer access to information, new 
seeds, complementary inputs and reliable markets for selling 
surplus produce at prices that will make investments in new 
technologies attractive to smallholder farmers. The rapidly 
changing demand for maize in Asia has opened new and 
untapped opportunities for agricultural transformation and 
income growth for poverty reduction in the region. This 
however requires an integrated approach that stimulates 
expansion in production to meet the growing demand 
while also diversifying market opportunities for resource-
poor farmers to access and benefit from emerging markets.. 
Furthermore, a failure to appreciate diversification of maize 
production for multiple products and the lack of recognition 
of the transaction costs that farmers face in accessing inputs 
and high-value markets have important implications for 
crop improvement and policy if maize is to contribute more 
effectively to poverty reduction and farmers’ income growth 
under the changing climate in Asia. 
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Maize is an important food crop in Nepalese agriculture 
contributing 26% of the total edible food production and 
providing 436 kcal/capita/day of the total energy intake in 
the daily diet. It is grown in 875,660 ha and producing 1.93 
million mt with average productivity of 2.2 t ha-1. Average 
per capita consumption of maize is 45.5 kg/capita/year, 
which is even more in the hills, where maize is vital for 
survival. Mid hills represents more than 70% of area and 
production, where as high hills occupies 20% of area and 
produces 9.78% of total production, and Terai occupies 10% 
area contributing 20.12% to national maize production. It 
shows how important the maize crop is for mid hill people 
and its contribution to food security and livelihood options. 
Maize is commonly grown in three seasons: summer, spring 
and winter. Area under summer maize is about 73.9% 
whereas spring and winter maize occupied 14.2% and 
11.9%, respectively. 

More than 95% maize area is occupied by Open 
Pollinated Varieties (OPVs). Area under hybrid maize is 
less than 4% which is mostly grown during winter season 
mainly in Terai districts, Tars and lower valleys of some 
hilly districts. More than 86% of maize production is used 
for human consumption, 12.8% for poultry feeds, and the 
rest for industrial and other purposes. Since many mid 
hill districts are food deficit, limited amount of subsidized 
food grains are supplied by Nepal Food Corporation (NFC) 
which is not sufficient to meet the demand. In this context, 
almost all quantity of the maize produced in the mid (1.3 
million mt) and high hills (0.18 million mt) directly utilizes 
in human consumption and a very little portion is fed to 
animals. However, more than 80% Terai production (0.38 
million mt) is being utilized for poultry and animal feeds 
and remaining 20% is used as industrial (10%) and human 
consumption (10%). 

Maize is being utilized for food, feed and fodder 
by subsistence farmers as being the multifaceted crop 
and integral part of hill farming system. Large volume of 
produced grain is used in home consumption. Not many 
value chain actors are involved in grain marketing in the 
mid hills. Rural traders collect surplus maize from large and 
small holder farmers and supply it to the local traders. The 

value addition by traders is less than 20% in grains and they 
simply perform drying and bulk packaging in jute or plastic 
bags. However, many actors are involved in Terai such as 
input supply, production, processing and marketing. The 
main actors engaged in bringing out the maize from farm 
to the fork are input suppliers, producers, processors, sellers 
and consumers. 

Majority of maize farmers (>95%) are small land 
holders (<0.5 ha) but they produce more than 80% of total 
production. In most of the cases, small holder’s inputs are 
farm saved seeds, farm yard manures, compost, and family 
labor, which is not reflected in the cost of production. 
Annual Seed Replacement Rate (SRR) is 11.88%, more than 
88% farmers used farm saved seeds and apply minimum 
amount of fertilizers and pesticides in maize production at 
national level. Small holders sell their surplus grains to the 
rural traders since they are constraints by not having even 
very simple things like corn shelling machines, drying and 
storage facilities. The contribution of large and commercial 
farmers is about 20% in total maize production. They use 
improved seeds of both OPVs and hybrids with required 
inputs and owned tractors, seed drills. corn shellers, seed 
drying and storage facilities. Their production largely goes 
for feeds/ industrial uses and sales through agents, traders to 
feed industries.  

More than 300 District Seed Self-sufficiency Program 
(DISSPRO) groups and 174 Community Based Seed 
Production (CBSP) groups are producing maize seeds of 
different OPVs. These groups are more functional in remote 
hill districts which increased the access of improved seeds 
to the resource poor farmers. Significant amount of quality 
seeds are being produced and sold by these groups where 
seed companies are not established. Seed companies are 
mainly located in Terai and in accessible. The CBSPs and 
DISSPRO groups are selling their seeds to the seed traders, 
cooperatives and I/NGOs and Government organizations 
with truthful labels. Agro-vets and seed companies are the 
main input suppliers for seed production.

Seeds meeting the required standards are collected, 
dried, processed, packaged, labeled and sold to agro-vets. 
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Seed companies sell 80% of their seeds to agro-vets, 10% 
to cooperatives, 5% to DADOs, 3% to I/NGOs and 2% to 
farmers. In addition to their own production, some seed 
companies and cooperatives also buy seed produced by 
CBSP groups. Farmers sell their seeds at NRs 40 (US$ 0.53) 
kg-1 and end users have to pay NRs 55 (US$ 0.73) kg-1. The 
value addition to the seeds by the seed companies is 27.0%. 
In general seed price is fixed by the district level seed 
coordination committee. However, negotiation between 
sellers and buyers is more prevalent. 

There are two kinds of traders involved in maize grain 
marketing in Nepal. Rural traders are buyers of surplus 
maize grains from the small and medium sized farmers. 
They also act as middlemen for urban traders, millers and 
feed industries. Urban traders collect large volume of maize 
grains through rural traders. In some cases, an agreement 
is made between producers and traders to ensure grain 
collection as per agreement. This type of practice is common 
between growers and feed industries in winter hybrid maize 
growing areas. 

Green cobs are used as roasted and boiled. Popped 
maize is very popular item preferred by all sections of 
people for snacks. Maize is mainly consumed in the form 
of grits like as rice, bread as chapati prepared from the flour 
and processed products like confectionaries. OPVs are more 
common for making grits and flour with recovery of 45% 
and 40%, respectively. Grits of both white and yellow color 
are preferred. Maize grain is purchased at NRs 17-19 (US$ 
0.23-0.25) kg-1 and grits are sold at NRs 45 (US$ 0.6) kg-1 to 
end users adding value by 57.2% by millers and only 0.13% 
by wholesalers and retailers. 

Maize is the major ingredient for poultry feeds 
containing about 60-65% of total feed. Growing poultry 
industries are demanding more grains every year. Present 
production is not sufficient to meet the demand of feed 
industries and being imported to meet the demand. However, 
hybrid maize grown in Terai under maize mission program 
has reduced import to some extent. 

Feed industries are collecting maize grains from traders 
(50%), cooperatives (35%) and individual farmers (15%). 
The grains are dried, cleaned, processed, packaged and is 
provided to the wholesalers. Most of the pelleted feed is 
used for broiler ration and more than 80% mass feeds fed for 
layers. The share of pelleted, mass, and homemade feeds is 
60, 20 and 20%, respectively. Feed industries buy maize at 
NRs 17-19 (US$ 0.23-0.25) kg-1. The wholesaler sells feed 
at NRs 32 (US$ 0.43) kg-1 and retailer sells at NRs 33 (US$ 
0.44) kg-1. Feed industries provide NRs 1.80 (US$ 0.024) 
kg-1 commission to wholesalers and similarly, wholesaler 
provides some commission to the retailers. Feed industries 
add the value of feed by 73.9%.

In cornflakes industries, millers buy maize at NRs 17.41 
(US$ 0.23) kg-1 from the farmers/agents. Three kilogram of 
maize is required to make 1 kg corn flakes. It costs NRs 52 
(US$ 0.69) to buy 3 kg of maize. The cost of raw cornflakes 
is NRs 115 (US$ 1.53) kg-1 excluding transport, packaging 
and payable taxes. The actual price of marketable cornflakes 
is NRs 125.33 (US$ 1.67) kg-1. Miller sells cornflakes to the 
dealer at NRs 135 kg-1 (US$ 1.80) and retailers get at NRs 
148.50 (US$ 1.98) kg-1. The consumer price is NRs 168 
(US$ 2.24) kg-1. Miller gets profit of NRs 10 (US$ 0.13) 
kg-1 of cornflakes, which is 8.6%.  The value added to the 
raw cornflakes is NRs 63 (US$ 0.84) kg-1, which is 121% 
and dealer gets 30% profit from the retailers who gets 16.2% 
profits from the dealers. In total about 39.75% profit can be 
obtained by selling 1 kg of cornflake. 

Limited and irregular access of improved seeds and 
quality fertilizers specifically to the small holders in the 
remote villages is the main constraint for maize production. 
Most of the farmers are not aware about information on 
crop management aspects particularly balances use of 
fertilizers and maintaining optimum plant population per 
hectare. Youth muscle drain along with poor mechanization 
in Nepalese agriculture has increased the production cost. 
Post harvest handling of produced seed is difficult and 
costly due to conventional infrastructural facilities as well as 
poorly developed marketing channels and insecure markets 
across the mid hills are major constraints. Quality of grains 
is difficult to maintain by traders due to weakly developed 
and poor infrastructural facilities for safe and long term 
storage. Seasonal and insufficient production of maize 
grains at national level cannot fulfill the industrial demand 
of the country. Industries have to depend on import for raw 
materials which is costly than local production. 

Optimum exploitations of CBSP, DISSPRO groups 
with providing proper training and developing assured 
marketing channels can help increase maize production 
in Nepal. Large numbers of I/NGOs working at different 
areas can contribute in capacity building of seed producer 
groups and dissemination of quality seeds. Use of suitable 
modern mechanical tools along with appropriate package of 
practices can help to reduce production cost and drudgery, 
and increase profit per unit area per unit time. There is great 
potentiality to compete with international products through 
improving production quality. Cultivation of hybrid maize 
varieties in Terai during winter season could be one of the 
potential options to substitute import.  As of now there are 
limited hybrid varieties available and the farmers in hybrid 
growing areas are dependent on the multi- national seed 
companies, which are not sustainable and dependable in 
the long run. Focus should be given on development of 
hybrid maize varieties under national research system and 
technology dissemination in a wider scale.
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Maize acreage and production in India have registered a 
rapid increase during the last two decades, owing largely to 
the favourable price structure with increasing demand from 
the poultry sector of the country. Maize, being the most 
important energy source in poultry production, accounts for 
the largest cost share amongst all the feed components. The 
crop is observed to increasingly replace sorghum and millets 
as the feed and fodder crops. Farmer preference for the crop 
rests with the relative profitability of maize production, 
aided by the availability of locally adaptable hybrid seeds 
and steady market price structure of the output. Maize is 
found spreading to the new and unconventional production 
systems. Such large production base, and well-developed 
and formal maize seed networks, along with the general 
scarcity of protein rich feeds, are indicative of a significant 
economic potential of maize quality improvement (quality 
protein maize or QPM for example) through R&D. The 
closely interlinked maize-poultry value chains in India 
ensures ample demand for any such improvement in the 
protein profile of maize that could translate into productivity 
and profitability of poultry sector. However, the economic 
potential of biofortified products, being unrecognizable 
to that of the conventional maize, would be limited 
by a information asymmetry in the market. Given this 
background, the present study focuses on (i) examination 
of existing maize-poultry value chains and (ii) identification 
of the institutional innovations that are pre-required for the 
success of biofortified maize. 

Comprehensive surveys of poultry industry, maize 
farmers, traders and agents of feed sector are carried out 
in 2010-11, in order to map the maize-poultry value chains 
in South India. The economic impact of biofortified maize 
is hardly assessed in the value-chain context, making 
the extensive data collection from different sources 
mandatory. The potential institutions, that are additionally 
required for dissemination of biofortified maize, are 
mapped upon the existing value chains. Data collection, 
employing a combination of structured and semi-structured 
questionnaires, included a survey among 185 poultry firms, 
100 maize farmers, and key agents of maize procurement 
and feed marketing. The information so generated was 
supplemented by literature review, expert interviews, key 
informant surveys that facilitated identification of major 

actors in the maize-poultry value chains. The survey of 
poultry firms was conducted in the southern states of Andhra 
Pradesh and Karnataka, the leading producers of poultry and 
maize in India. Maize farmers in Karnataka were interviewed 
to collect information on the seed and output value chains. 
The study identified the major agents in maize-poultry value 
chains, and also quantified the price/quantity differences 
existing in different value chains. 

Private sector dominates the maize seed production 
and distribution in South India. Nevertheless, chanelling 
the products of private seed companies through governemnt 
service centres was also observed. The public distribition of 
the seeds, at a subsidized rate of 50% of maximum retail 
price, is mainly intented to benefit the small and marginal 
farmers. About 32% of sample farmers were benefeciaries 
of the subsidized seed availability from the governemnt 
agencies. However, significant share of farmers (41%) were 
meeting their seed requirement from the disrict-level private 
traders, followed by village traders and taluk-level traders.  
With respect to the maize output, almost all farmers perfered 
to private traders over the government outlets (regulated 
markets). The key-informant surveys revealed the reasons 
behind the preference as the high market costs and lower 
price associated with the government outlets, and also the 
social relationships of farmers with the private traders. Most 
of the maize farmers (71%) preferred to sell their produce, 
just after the harvesting, to the village traders. However, 
the sale of the produce to district trader was found yielding 
higher market price. Examining the demand side, majority 
of the poultry firms were found operating with their own 
feed mixing provision (52%) and hence directly procuring 
maize from sources other than the feed industry. Only few of 
the firms (7%) were completely dependent upon ready-made 
feeds, and a considerable proportion of poultry firms (41%) 
used ready-made feed concentrate and mix with maize to 
meet the feed requirements. As expected, maize was found 
to be the major ingredient in the poultry feed rationing 
accounting to as much as 37- 46% (by quantity), 25-31% (by 
value) in broiler units and 17-39% (by quantity), 16-30% 
(by value) in layer units. The requirements of energy and 
protein are much lower in layers, making the broiler industry 
the major beneficiary of the technological interventions with 
respect to protein-profile enhancement in maize.  
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Four major channels that supply maize to poultry 
farmers were identified in the study. Most of the poultry firms 
(64%) purchase maize for feed preparation from the local 
village trader, who obtains the grains from the farmers either 
of the village or from outside the village. Storage of grains is 
taken care by the traders. The second major maize suppliers 
for poultry firms are the district-level traders, followed by 
neighbouring state supplier/trader. Significant difference 
with respect to maize price is observed across the sources, 
ranging from Rs. 943 to 1118/Q, while the traders procure 
maize from farmers at Rs. 858 to 877/Q. Contract farming 
of maize for poultry production was not observed. The study 
revealed the key role played by private traders in both maize 
seed and output value chains. These traders procure maize 
at a low price at the time of harvest, provide value addition 
in terms of shelling, cleaning, packaging, provide storage 
facilities, and sell at the most advantageous prices, for which 
credit and social relationships are also employed. Such 
relationships facilitate them to capture significant margins. 
Maize is purchased at Rs. 840-900/Q from farmers and sell 
at about Rs. 1000 to poultry farmers. These village traders 
also act as one of major sources of information to maize 
farmers. The expert interview also indicated that the major 
feed industry agents prefer transaction with traders for their 
maize requirement over farmers directly. 

Awareness on biofortified maize was found to be at the 
minimum both across the maize farmers and poultry firms. 
Although 30%of the poultry growers were well informed 
about the role of amino acids in the poultry feed, only 5% 
of them had heard about QPM. Such lack of information 
could pose as one of the main hurdles in the technology 
dissemination and utilization at the initial stages. However, 
majority of poultry firms (47%) expressed potential demand 
for QPM products and were also eager to learn more about 
the biofortified high-methionine maize. However, for 
the farming community, the economic incentive to grow 
biofortified maize could come only in form of a price 
incentive, as there may not be significant maize yield 
enhancement with quality enhancement. This should not 
be a critical challenge, as the majority of poultry firms are 
willing to pay a higher price for the biofortified maize. 
However, the market development and institutional factors 
have a critical role. The grain output of biofortified maize, 
being a credence good, can be channelled only in two ways 
to poultry firms: through labelling and certification and/or 
via contract farming. The major hurdle for contract farming 
would be with significant transaction costs, which can be 
rectified to an extent through contract with association or 
cooperative farming rather than with individual maize 
farmers. The institutional innovations required for labelling 
and certification schemes are to be studied further. 
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Introduction
Maize is the most important cereal crop in the hills 

of Nepal, grown mainly by peasant farmers. In the hills, 
maize farms are small (<0.5 ha) and productivity of local 
maize variety is very low (1.8 t/ha). Population pressure 
necessitates the increase in production to address food 
security. Farmers have limited access to quality seeds of 
improved varieties resulting in low productivity. The formal 
sector meets less than 1% of the total seed demand of major 
food crops (NSB, 2010). In this context, community based 
seed production (CBSP) is highly compatible to fill the ever 
increasing seed demand gaps. 

Hill Maize Research Project (HMRP) over last 11 
years implementing CBSP approaches for the sustainable 
production and supply of quality maize in the country. 
During this period 174 CBSP groups has been formed and 
volume of seed production increased from 14 t in 2000 to 
830 t in 2010.

CBSP is an approach of producing seeds of farmer-
preferred varieties selected through participatory variety 
selection process with exclusive participatory involvement 
of farmers’ groups. Seed production is market-oriented 
following value chain system where maintenance of seed 
quality, processing/grading, packaging and labeling are 
carefully applied. Seeds produced under CBSP channelized 
to buyer mainly through cooperatives, seed companies, and 
agrovets. This paper analyzed the economics of maize seed 
production, marketing and seed value chains under CBSP 
program of HMRP. 

Methods
Primary cross-section data on cost of cultivation, and 

production of maize seed was obtained from CBSP group 
members through individual response cards. Focus group 

discussion CBSP group members and actors of seed value 
chain such as cooperatives, seed companies, and agrovets 
were contacted to obtain required information on seed 
marketing and value chain. Required secondary information 
was collected from various reports and publications. 
Based on collected data and gathered information, cost of 
cultivation and production of improved maize seed, farm 
profits, market efficiency were analyzed using appropriate 
simulations. Most dominant seed marketing channels were 
identified and value chains were analyzed.

Results and Discussion
The analysis showed that cost of cultivation per hectare 

of maize seed amounted NRs. 44,223 (US$632). Of this, 
about 98.6% were operational costs. Per hectare expenditure 
on human labor accounted highest share (51% or 150 man-
days) followed by manures (17% or 5 t), fertilizer (8%, 
41:23:12 NPK/ha), bullock (12% or 18 pair-days), seed (2% 
or 25 kg), and fixed costs (1.4%). Maize production was 
estimated at 3.2 t/ha. Of this, nearly 65% was used as seed 
and remaining as food and feed. Per hectare gross income 
amounted to NRs. 97,560 (US$1,394). Cost of production 
per kg of seed was NRs. 6.6 and net margin was about NRs. 
25.

Maize seed from producer to buyer was channelized 
through three main channels. Besides, seed was also reached 
to farmers directly through producer and cooperatives 
(Figure 1). 

Producer’s share in buyer’s price was highest in 
channel- III (NRs. 39.5) whereas it was NRs. 35.0 in other 
channels, accounted 54%, 61% and 85% of the price paid by 
the buyers in the respective channels. Cooperatives incurred 
cost NRs. 10.75/kg in channel- I and II accounted 16.6% and 
18.6% of the price paid by the buyers in respective channels. 
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Similarly, seed company incurred NRs. 2.25 and agrovet 
NRs. 2.75 per kg in channel I. 

Agrovet’s margins were relatively high (channel I: 
39.6% and channel II: 60.8%) compared to cooperatives and 
seed company. Total marketing costs per kg seed varied from 
NRs. 11.3 (channel III) to NRs. 15.7 (channel I) accounting 
for about 24% of buyer’s price, whereas total marketing 
margins varied from NRs. 4.0 to NRs. 13.0 accounted 10% 
to 21% of the price paid by the buyer. Marketing efficiency 
Index for channel- I, II, and III were worked out to be 1.2, 
1.6, and 1.9 (most efficient), respectively. 

Total increase in per kg seed cost from farm gate price 
to end market was highest in channel I (NRs. 35.0 to 64.6 
or 84.8% increase) and lowest in channel III (NRs. 39.5 to 
NRs. 46.5 or 17% increase) and it was NRs. 35 to 57.6 or 
64.8% increase in channel II. Maximum value on seed was 
added by producer in all channels (49% to 82%). In channel 
I, cooperatives added value by 25%, seed company 12.1%, 
and agrovets 14% on total value. In channel II, cooperatives 
and agrovets respectively added 28.4%, and 15.9% value on 
the total value and seed company added 17.5% in channel 
III (Figure 2).

Conclusions
Availability of quality improved seed and lack of 

assured seed market are important constraints for low maize 

production and less income for maize growers in the hills 
of Nepal. Per hectare net income from cultivating maize 
seed amounted to NRs. 53,336 (US$762) where farmer 
used about 80% of total cost in terms of labor and manure 
from own resources. On average 62% of the buyer’s price 
was reached in the hands of seed producer and remaining 
38% was absorbed in the marketing channels in meeting 
marketing costs (23%), and profit (15%) of market 
intermediaries. Higher marketing efficiency was observed 
in channel- III which was mainly due to presence of only 
one seed trader (seed company) in this channel. In the value 
chain, seed producer were able to add largest value (48% to 
82%) on the total value of seed. 
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Introduction 
Maize ranks among the most prominent crops of rainfed 

farming systems in India, grown under traditional farming 
practices. However, the characterisation studies of maize 
growing tracts in India reveals that, despite its increasing 
popularity, a number of pervasive challenges - both in the 
environmental and sustainability frontiers - are associated 
with these production systems (Joshi et al., 2005). The major 
issues include soil degradation, active erosion in sloping 
areas, poor-quality seeds, expensive and unreliable fertilizer 
supplies, labour shortages, competing uses for crop residues 
and animal manures, poor quality feeds and lack of efficient 
value chains. Conservation agriculture (CA) based crop 
management, along with an innovation system approach, 
providing a pathway for coping with many of these stresses 
in the rainfed conditions, is increasingly gaining agriculture 
R&D focus against this backdrop. The overall goal of the 
paper is, hence, set to review the trends in rainfed maize 
production and report the potentials of CA in sustaining the 
economy and ecology of maize farming system of rainfed 
areas of India. 

Traditional maize-based rainfed farming systems of 
India: relevance 

In India, during the last decade, maize has witnessed 
rapid production and productivity growth. This is mainly 
attributed to the emergence of commercial irrigated farming 
systems in certain regions of the country, especially South 
India. Rainfed agriculture in India occupies 67% of the net 
sown area, contributing 44% of food grains and supporting 
40% of the population. In total, some 450m Indians earn their 
livelihoods under rainfed conditions. In case of maize, about 
3/4th of cultivation is still rainfed and with the exception of the 
last decade (1997/98-2007/08), area increase remains greater 
in the rainfed systems (Table 1). However, the productivity 
of rainfed maize remains low: less than 20 quintals/ha of 
grain. The rainfed system is also a low-cost one as can be 
observed in Table 2, where the cost of cultivation of maize 
in Bihar (where the crop is cultivated largely with irrigation) 
is found significantly higher than that of mostly-rainfed 

Jharkhand or Rajasthan. The adoption of modern inputs is 
also lower in rainfed systems, as the farmers spend 56% 
lower for seeds (indicating relatively marginal adoption of 
hybrids) and 38% lower for fertilizer, compared to mostly-
irrigated maize systems. However, low-input farming is 
not economically viable as observed by the associated low 
per-unit cost of maize production. Hence, improving maize-
based cropping systems is imperative for rural development 
and food security.   Crop productivity among smallholder 
farmers in many rainfed areas could be profitably enhanced 
with proper management and the introduction of resource 
conserving technologies and varieties with superior yield 
potential and stress tolerance.

Conservation Agriculture in Maize: the way 
forward 

The concept of CA encompasses three management 
objectives, viz. minimizing soil disturbance, retaining crop 
residues on the soil surface, and encouraging economically 
viable crop rotations that best complement reduced tillage 
and crop residue retention, thereby striving to achieve 
acceptable profits, high and sustained production levels 
and ensure environmental conservation (Wall, 2007; FAO, 
2009). Various studies have indicated that the CA practices 
effectively reduce production costs and labor requirements 
(Erenstein and Laxmi, 2008) thereby ensuring timely field 
operations in the irrigated conditions. Since these practices 
moderate soil temperature, improve soil quality and reduce 
erosion, enhance rainfall infiltration and reduce evaporative 
losses, its potential to effectively enhance the rainfed 
production systems could be highly significant. 

Despite the abovementioned potentials, the 
environmental merits of CA are hardly examined, especially 
in the rainfed context. According to Paroda (2009), poor 
land management attributes to significant degradation of 
soil, and enormous quantity of soil carbon is lost due to 
inefficient production methods. The CA approach could 
have a significant impact in this regard, which is seldom 
studied in the South Asian context. The present study 
develops a framework for assessing the environmental and 
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economic implications of CA in maize farming systems, 
especially with regard to the soil carbon saved by better land 
management practices. This is of special importance, as the 
approach of conservation tillage has to be tailored to farmer 
needs, resource-base and cropping systems associated with 
a particular production system (Wall, 2007). The current 
management practices of traditional maize of eastern India 
are assessed through case-study method, and the associated 
environmental consequences are reported.  Based on the 
case-study observations, a generic model for assessment 
of impacts of CA will be formulated. The findings would 
be helpful for the researchers, extension agents as well as 
governmental agencies to focus more on potential constraints 
of rainfed maize-based farming systems, to sustainably 
enhance the rural livelihoods. 
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Table 1: Spread of maize (‘000 ha) in rainfed and irrigated systems

1957-58 1967-68 1977-78 1987-88 1997-98 2007-08

Rainfed maize 3533.28 4915.98 4754.16 4381.28 5018.08 6211.80
  (5.28) (2.56) (1.03) (1.18) (2.19)
Irrigated maize 546.72 664.02 925.84 1178.72 1301.92 1908.20
  (1.49) (0.38) (0.08) (0.77) (2.89)

Figures in parenthesis show compound growth rate (%). 
Source: Directorate of Economics and Statistics, Government of India. 

 
Table 2: Change in economics of maize cultivation with irrigation (2007-08)

Bihar Jharkhand Rajasthan

% maize area under irrigation 60.3 1.8 2.7
Cost of Cultivation (Rs/ha) 9627.4 7411.7 6845.7
Yield (quintal/ha) 34.9 20.7 11.3
Per unit cost (Rs/quintal) 276.2 357.9 606.9

Source:  Ministry of Agriculture, Government of India



479

Technical Session 7: Maize value chains and post-harvest management

P_7.03:  Maize–vegetable intercropping: combating food 
insecurity  in rain-fed sloppy land in the western hills of 
Nepal

BB Hamal *,TP Tiwari, G.Ortiz-Ferrara

Regional Agriculture Director, Pokhara,  CIMMYT Bangladesh,HMRP/CIMMYT SARO, Nepal
Author for correspondence: biren50@yahoo.com

Introduction
Maize is the staple food in the western hills of Nepal, 

accounting for 69.33% and 69.07% of total area and 
production respectively in the region. Productivity  in sloppy 
and semi-sloppy unirrigated upland terraces is only 2.1 Mt./
ha (SINA 2008/2009), whereas potential is about 10 Mt./
ha.(Man-3).The yield, therefore, is  not profitable. Efforts 
need to be made to increase income per unit in upland  areas 
(Bariland) either by introducing a high-yielding variety 
suitable for  marginal farmers or by integrating a crop that 
would give additional income from the same unit of land.
With a view to this, -vegetable integration with maize 
wastried out in Palpa district.

Materials and methods:
Vegetables like cauliflower (Silvercup-60), tomato 

(Srijana), and beans (four-season) were taken up for study. 
Manakamana-3 variety of maize was used.  Four farmers 
volunteered for the mother sets and 16 for the baby sets. One 
farmer undertook replication. The details were described in 
Table 1.

Four-season bean was sown and vegetable seedlings 
were transplanted at about20–25 days of silking or when the 
maize plant was 120 days old. 

Result and discussion:
Vegetable integration showed  encouraging results. The 

total yield per unit area from maize–tomato integration was 
20753 mt./haand the monetary net returns were highest.N 
Rs 287,189.3/ha (US$4045/ha) In comparison, the net 
return obtained from the sole maize crop was Rs13,189.5/
ha (US$186/ha). The net per hectare incomes are given in 
Table 2.

A similar study was conducted by Gautam IP-2007, and  
witnessed gross return per ha of Rs150,000 (US$71/ha) and 
302,400(US $4259/ha) from maize–bean and maize–tomato 
respectively. In addition, Upreti et al. (2001) in research 
station conditions recorded the highest gross income (NRs 
90977/ha. or US$ 1295.04/ha) from intercropping of two 
rows of groundnut between maize rows. 

This happened due to the use of maize plants as 

Table 1. Details of mother and baby sets.
Mother trial sets:

Crop combination Planted on
Plot size

Meter Spacing cm. Fertilizer N: P: K Kg/Ha. And FYM ton per ha.
Maize + Cauliflower 2060.2.4 7.83 6030 Maize

60Ï45 cauliflower
60:30:30+6T.fym for Maize and
35:25:20+4T(half dose) for cauliflower

Maize +Bean , 12030 Bean 10:20:15+4TFYM for bean

Maize +Tomato , 60Ï45 Tomato 35:25:20+5TFYM for tomato
Maize sole , 6030 60:30:30+6 tom FYM

Baby sets
Crop combinations Replications
Maize + Cauliflower Four replications/ Farmers
Maize + Bean ,
Maize + Tomato ,
Maize sole ,
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trimming/support material to  tomato and bean vines. The 
cost of support material for tomato and beanswas calculated 
as 40 percent of the total production cost.

Conclusions
 This was an innovative intervention in anarea where 

maize is the predominant crop. Women farmers were 
greatly encouraged by the results andsaw opportunities 
of  self-reliance and empowerment,and increased access 
to and control over monetary resources. It was observed 
that most important factor of motivation and power at the 
household level was income. Maize–tomato integration 
would be an attractive inter-crop proposition for commercial 
farming, followed by maize-cauliflower.. However, further 
study beyond the one-year result is warranted  before the 
combinations are widely advocated.
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Cost-benefit summary of vegetable integration with maize as reported by the farmers

S No Treatments
Replica-

tions

Gross income 
Rs/ha

Production Cost 
Rs. per ha.

Net income 
Rs./ ha Total 

net income 
Rs. /ha

Additional 
net income 

Rs./haMaize Vegetable Maize Veg. Maize Veg.

1 Maize+ 
Cauliflower

8 40803 149931 28464 56239 12339 93691.8 106030.8 93691.8

2 Maize+ 
Tomato

8 38987 340800 28464 64133 10522.5 276667 287189.3 276666.8

3 Maize+Bean 8 44583 166560 28464 15440 16119 151120 167239 151120
4 Maize sole 8 41654 0 28464 0 13189.5 0 13189.5 0

Table 2 Cost-Benefit calculation of the maize vegetable integration study.

S No Treatments
Replica-

tions

Mean prod. kg/ha Market price Rs/kg Gross income Rs/ha Total 
income 
Rs./ha

Additional 
gross income 

Rs./haMaize Vegetable Maize Veg Maize Veg

1 Maize+
Cauliflower

8 3886  5553 10.5 27 40803 149931 190734 149931

2 Maize+
Tomato

8 3713 17040 10.5 20 38986.5 340800 379786.5 340800

3 Maize+
Bean

8 4246 13880 10.5 12 44583 166560 211143 166560

4 Maize sole 8 3967 0 10.5 0 41653.5 0 0 41653.5
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P_7.04:  Constraints in maize production in Bihar and 
Rajasthan

V.K. Yadav* ¹, Vijesh Krishna², Prabhakaran T. R², P.Supriya¹, R. Sai Kumar¹ and P.H. Zaidi³

¹   Directorate of Maize Research, Pusa Campus, New Delhi
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Introduction
In India maize is an important cereal crop and has 

acreage around 8.26 million ha with a production of 16.72 
million tonnes. Bihar and Rajasthan are the two states where 
maize cultivation is taken up all round the year and during 
Kharif season respectively. In Bihar, the maize production is 
1.48 million tonnes and in Rajasthan, the production is 1.15 
million tonnes. To improve maize productivity the farmers  
need to follow recommended scientific cultivation practices.  
The present study was undertaken with the specific objective 
to identify constraints in adoption of scientific cultivation 
practices in Bihar and Rajasthan.

Materials & Methods:
Focused group interview were conducted in the districts 

namely Udaipur in Rajasthan and Samastipur in Bihar 
during May-June, 2009. In each district, two blocks and 
within each block three villages were randomly selected. In 
each village, a small group of farmers ranging from 10 to 15 
were participated and focused discussion was carried out in 
presence of scientific experts. Issues related to constraints in 
maize were discussed and ranked by key informants based 
on severity using preference ranking techniques. 

Results & discussion:
Maize is cultivated only during kharif season in 

Udaipur, whereas in Samastipur, it is cultivated in kharif, 
rabi and zaid seasons. Cultivation of maize in rainfed area is 
more common in Udaipur, whereas in Samastipur the area is 
mostly irrigated. Udaipur has experienced more number of 
droughts and water scarcity during the last ten years. But, in 
Samastipur there was at least one incidence of flood in each 
village for Rabi during the last ten years. 

To mitigate the drought, farmers follow the major 
copping mechanisms (Table 1) which are sowing in wet 
soil, bund repairing and short duration varieties. Apart from 
drought, in Udaipur the most severe constraint identified 
was scarcity of irrigation water (Table 2). Similarly, in 
Samastipur it was less availability of good quality inputs 
(Yadav, 2005). 

Conclusions:
Adoption of drought tolerant or short duration varieties 

by farmers may be promoted to cope up drought. Seed 
production of suited hybrid in selected village may by 
promoted for ensuring availability of quality seed to the 
farmers.
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Table 1: Copping mechanism for drought in Udaipur

Coping mechanism for drought % Households

Sowing in wet soil 35
Bund repairing 8
Short duration varieties 8
Crop insurance program 5
Intercultural operations 3
Life saving irrigation 3
Ring bunds >1
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Table 2: Constraints in maize production in Bihar and Rajasthan

S.No Constraints in Bihar Rank Constraints in Rajasthan Rank

1. Less availability of good quality inputs 
(seed, fertilizer & pesticides)

I Scarcity of irrigation water (dependent upon 
nature)/ Lack of irrigation facility

I

2. Lack of irrigation facilities/ costly 
irrigation

II Damage of crop in the field by wild animals 
(Neelgai & Monkey)

II

3. Occurence of natural calamities/ 
flood & drought

III Lack of remunerative price (selling price) 
of produce

III

4. Scarcity of labour during peak season 
(sowing, harvesting etc)

IV Less knowledge of scientific cultivation 
of maize

IV

5. Black marketing of inputs 
(e.g., urea, DAP, etc)

V Occurrence of salinity problem in the field V
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P_7.05:  Optimizing seed portfolio to cope ex ante with risks 
from bad weather: evidence from a recent maize farmer 
survey in China

Junfei Bai,a* Sen Zhanga, Haiyan Liua, Zhigang Xua

aCenter for Chinese Agricultural Policy, Chinese Academy of Sciences Jia 11, Datun Rd. Anwai, Beijing, China, 100101
Tel: (86)-10-64888979, Fax: (86)-10-64856533
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Abstract
Using four-year panel data collected from surveying 

640 farmers from leading maize producing provinces in 
China, this study analyzes how maize farmers cope with

anticipated risks from bad weather by strategically 
adjusting variety portfolios, with particular interest in 
farmers’ strategies in choosing and combining new and old 
varieties. While diversification was commonly demonstrated 
to be an effective means to reduce risk in most previous 
studies, our empirical results indicate that, in facing 
anticipated risks from bad weather, Chinese maize farmers 
tend to use fewer new varieties and allocate more land to old 
varieties. The lack of knowledge about weather tolerance of 

new varieties might be the major reason for this practice. As 
new varieties often have higher yield potential relative to old 
varieties due to technology progress, this finding suggests 
that Chinese maize farmers might be trading yield potential 
for a risk reduction from bad weather. Meanwhile, this study 

shows that maize farmers’ variety adoption is significantly 
related to farmers’ land conditions as well as their access to 
credit markets and technique extensions, suggesting that a 
well-designed policy intervention could offset or partially 
offset the impacts of bad weather on farmers’ variety choices 
and therefore on maize production.

Key Words: Bad weather; maize; variety portfolio; China
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KN_8:  Farmers’ roles in biodiversity conservation and crop 
improvement: insights from participatory breeding and 
conservation in SW China

Yiching Song1, Weidong Chen2, Kaijian Huang2, Lanqiu Qin2, Jingsong Li1 and Shihuang Zhang3

1Researchers from the Center for Chinese Agricultural Science, Chinese Academy of Science in Beijing
2Maize breeders from Guangxi Maize Research Institute
3Chief maize scientist from Chinese Academy of Agricultural Science

Introduction

Farming communities around the world are facing 
hardship to nurture and develop crop and animal biodiversity. 
Their experimentation and innovation practices are under 
stress. In light of recent international developments 
concerning innovation, trade and intellectual property rights, 
there is an urgent need to develop new policies and laws that 
recognize and support the key contributions of rural people 
to the sustainable use of biodiversity. The government of 
China acknowledges the importance of the sustainable 
use of biological resources. China, the most populated 
country with the lowest amount of arable land per capita in 
the world has no choice but to keep food security and the 
sustainable use of biodiversity high on its agenda. One of 
the most important policy tasks is to create incentives and 
rewards that recognize and value promising and successful, 
collaborative efforts to achieve these goals. Our research in 
China’s South-west mountainous areas confirms that farmers 
are key players in crop improvement and conservation, and 
that farmer-researcher collaboration can produce added 
value that farmers or researchers alone could never realize. 
We illustrate these points with an example from the field 
Participatory Plant Breeding (PPB) experiments and lab 
analysis.

Materials and Methods
The research uses a PPB methodology which facilitates 

close collaboration between researchers and farmers to 
bring about plant genetic improvements. Improvements 
can be made through a number of crossing techniques and/
or through various variety selection processes. Trials in 
the Guangxi villages and on-station include both PPB and 
participatory variety selection (PVS) experiments. The trials 
build on farmers’ own knowledge about crops and their 
environment and are “enriched” with formal plant breeders’ 
expertise. Varieties tested include a large number of 
landraces, open-pollinated varieties, waxy maize varieties, 
and varieties introduced from abroad. 

Lab analysis was done at the Chinese Academy of 
Agricultural Science to evaluate the allelic richness and 
genetic diversity of 170 landraces from southwest China 
(Guizhou, Guangxi and Yunnan provinces).  39 fluorescence-
labeled SSR primers distributed uniformly throughout 
the maize genome were used to assess the polymorphism 
among the 170 landraces mainly maintained and provided 
by farmers.

Results
With support from the PPB project, lots of landraces 

have been continually managed by farmers. More than 300 
varieties have been exchanged between farmer communities 
and breeding institutions. Some varieties have been locally 
improved through crossings and selections. So far, 6 PPB 
varieties have been developed. Good potential exist to add 
value to these varieties through the marketing of seeds. Many 
(women) farmers are keen to explore these new economic 
avenues as a way to improve their households’ livelihoods. 

The fluorescence-labeled SSR markers analysis results 
showed that an average of 8.7 alleles per locus with a range 
from 2 to 17 was detected. The polymorphic information 
content (PIC) ranged from 0.241 to 0.911 with 0.676 on 
average. The average  coefficient of gene differentiation 
(Gst) was 0.053. Rare alleles in the 170 landraces were 
49.9%.  These results indicate that landraces from Southwest 
China had a broad and rich genetic background. The lab 
analysis results indicate that: (i) landraces from Southwest 
China had a broad and rich genetic background; (ii) These 
in situ maintained landraces have higher and richer diversity 
than the same lines kept in gene bank 20-30 years ago. 

Conclusion
Both the PPB field experiments and lab analysis 

illustrate and confirm that farmers are key players in crop 
improvement and conservation in poor and monotonous 
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areas and that farmer-researcher collaboration can produce 
added value that farmers or researchers alone could never 
realize. One of the most important policy tasks is to create 
incentives for both farmers and breeders and rewards and 
support such innovative institutions and mechanisms to 
complement formal breeding to meet the needs by both 
farmers’ and the state. 
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Or_8.01:  International maize improvement consortium - Asia 
(IMIC-Asia): a public-private partnership

B.S. Vivek* and P.H. Zaidi

CIMMYT, c/o ICRISAT, Patancheru, Hyderabad – 502324, India
*Corresponding author: B.S. Vivek (bvivek@cgiar.org)

Background and Justification
A Consortium may be defined as an association, 

partnership, or union of institutions formed for the purpose 
of jointly engaging in a venture requiring large resources of 
capital.  Developing maize hybrids is a venture that requires 
elite sources of germplasm (breeding starts that carry the 
desired genetic variability), skilled personnel (training), 
an evaluation network (collaboration) and resources.  To 
be in the business of maize breeding, and to have an edge 
over the competition, tools and techniques of informatics 
(computing) and biotechnology (molecular markers) are 
additionally required; technologies that further raise the 
threshold of skill and resources.

CIMMYT (International Maize and Wheat 
Improvement Center, http://www.cimmyt.org)1, a global 
center that collects, safe guards, refines and distributes the 
world’s treasure of maize genetic variability, has a mandate 
of making maize germplasm available for the good of the 
public.  The service of supplying such international public 
goods by CIMMYT has had a tremendous global impact 
on human-kind over the last 40 years of its existence.  This 
is documented by the worldwide use of CIMMYT maize 

1  Mission: CIMMYT acts as a catalyst and leader 
in a global maize and wheat innovation network that 
serves the poor in developing countries. Drawing on 
strong science and effective partnerships, we create, 
share, and use knowledge and technology to increase 
food security, improve the productivity and profitability of 
farming systems, and sustain natural resources.

Vision: CIMMYT aims to be the world’s premier applied 
research organization for maize and wheat and associ-
ated cropping systems, as well as a leader in partnerships 
to help maize and wheat farmers in developing countries 
enjoy enhanced livelihoods and escape poverty through 
more productive, sustainable agriculture. 

CIMMYT is a non-profit research and training center with 
direct links to about 100 developing countries through of-
fices in Asia, Africa, and Latin America. We participate in 
an extensive global network of people and organizations 
who share similar development goals, including the public 
and private sector, non-governmental and civil society 
organizations, relief and health agencies, farmers, and 
the development assistance community.

inbred lines, hybrids, open-pollinated varieties (OPVs), and 
donor stocks, either directly or in combinations, by both 
public institutes and private enterprises.  This successful 
deployment of CIMMYT germplasm and technology is 
largely attributed to its dissemination strategy of formal 
training (students), informal training (workshops, seminars, 
visiting scientist positions, collaborative visits) and 
networking with National Agricultural Research Systems 
(NARS), Advanced Research institutes (ARIs), Universities, 
Non-Governmental Organizations (NGOs), and private seed 
companies.

Private seed enterprises have the most effective maize 
hybrid deployment conduit linking breeding (breeder) to 
farming (farmer). The wide networks of seed marketing 
and distribution established by seed companies are vital 
in ensuring national, regional and global food security.  
While large multinational seed companies have their own 
portfolio of products (hybrids), several small and medium 
enterprises lack trained breeders and are limited in their 
product portfolio.  Irrespective of the size, the need for new 
elite germplasm, training and the desire to evaluate maize 
hybrids over a broader range of environments has equally 
been expressed by various companies; although the scale of 
this need varies.  Over and above all these considerations, 
is the universal drive of all seed companies for an improved 
return to investment (improved resource efficiency).  Cost 
sharing of expensive technology, quick and prioritized 
access to source germplasm and common hybrid evaluations 
are some mechanisms by which such needs could be met. 

Recognizing the need to strengthen its link with seed 
companies, CIMMYT, a global leader in maize research (with 
comparative advantages in maize germplasm and testing) is 
now offering an opportunity for seed companies involved 
in seed maize business to be part of a regional initiative, 
the “International Maize Improvement Consortium - Asia” 
(IMIC-Asia).  Through this consortium, CIMMYT offers 
its members: (a) maize inbred lines, (b) training, and (c) a 
platform for evaluation of maize hybrids in the South and 
South-East Asian Region.  IMIC-Asia currently has 3 sub-
projects and will add on others as needs evolve.



490

Book of Extended Summaries for the Eleventh Asian Maize Conference

Sub Project 1: Development and distribution 
of inbred lines and identification of marketable 
CIMMYT hybrids

CIMMYT is developing inbred lines for priority target 
environments and traits identified by IMIC members.  Inbred 
lines developed in this consortium will be of yellow/bright 
orange in kernel colour, of medium to late maturity, having 
resistance to at least one of the common diseases like rust 
(Puccinia polysora), turcicum and maydis blights and will 
be accompanied by data on yield potential and tolerance 
to high density and drought stresses. This will enable 
seed companies to develop hybrids of intermediate to late 
maturity suitable for optimal and drought conditions.

Through Activities 1.1 (Development of CIMMYT 
derived early generation pedigree bulks) and 1.2 
(Development of CIMMYT derived advanced generation 
lines): S2 and per se evaluated S5 bulks will be made 
available to members. S2s would be useful in extracting 
new proprietary lines and S5s would be useful in generating 
proprietary hybrids in combination with their own lines.

Through Activity 1.3 (Identifying marketable CIMMYT 
hybrids for registration by member companies): ready 
combinations of CIMMYT hybrids are being identified for 
registration, production and marketing by member seed 
companies.  Permission to register and market a particular 
hybrid combination will be given to a single seed company 
based on criteria that indicate fast deployment of the hybrid.  
The member company becomes the maintainer of the hybrid 
and may market it with a name of its choice.

Sub Project 2: Training

CIMMYT is offering various training opportunities to 
IMIC members.

Through Activity 2.1 (Management of Maize Breeding 
Programs): CIMMYT is offering IMIC members the option 
of getting training, customized to its needs.

Through Activity 2.2 (Data Management): CIMMYT is 
offering members support to implement an in-house publicly 
available maize breeding data management software.

Through Activity 2.3 (Group Training): Group Training 
on maize breeding is offered.

Sub Project 3: Evaluation of Maize Hybrids

Unlike a crop like wheat, maize has a high genotype 
x environment interaction.  In other words, a maize hybrid 
that shows good performance in a particular location may 
not necessarily perform well in another location.  To address 
this, breeding for specified target mega-environments has 
been widely practiced through the history of maize breeding. 
However, as climate change is a reality, unpredictability 
of the season imposes tremendous variability even within 
such target mega-environments.  This calls for testing of 
maize hybrids at more sites and years even within a mega-
environment, the logistics of which are resource and planning 
intensive.  Therefore, IMIC-Asia offers to coordinate the 
evaluation of maize hybrids of member companies, in 
common trials covering India and the South and South-East 
Asian region.

By joining IMIC-Asia members get:

 • Priority and guaranteed access to germplasm (fixed 
inbreds and breeding bulks) developed under the 
project.

 • Opportunity to determine breeding priorities of the 
project.

 • Opportunity for training, tailored to the needs of 
companies.

 • Ready-made hybrids for marketing.

 • A cost-reduced mode of inbred and hybrid development.

 • Technologies being used by big seed companies, like 
doubled haploidy for generating inbred lines, and 
molecular markers (e.g. marker assisted recurrent 
selection).

CIMMYT recognizes the crucial role of the private 
sector in availing technologies, especially seed of improved 
varieties, to farmers.  This initiative has been started by 
CIMMYT with a desire to strengthen its links with the private 
sector having realized that public-private partnerships are 
essential components of sustainable food security.

Current Status

IMIC-Asia currently has 28 members at the time of this 
press.
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Figure 1.  Mother-Baby concept used for participatory technology generation and 
dissemination 
 
(E=Entry; LC=Local Check; CBSP=Community Based Seed Production)

Or_8.02:  Improving maize food security in the hills of 
Nepal through participatory variety selection and 
community based seed production

G. Ortiz-Ferrara1*, N. Gadal1, KC Dilli Bahadur1, D.B. Gurung2 and S. Pokharel3 
1CIMMYT-South Asia Regional Office, P.O. Box 5186, Kathmandu, Nepal 
2National Maize Research Program, Natl. Agric. Research Council (NARC), Rampur, Nepal
3Dep. of Agric. (DoA), Ministry of Agriculture and Cooperatives (MoAC), Kathmandu, Nepal
*Author for correspondence: G.ortiz-ferrara@cgiar.org

Introduction
Maize is the most important food crop in the hills of 

Nepal, where it is grown mainly by small-scale, resource-
poor farmers. Subsistence production predominates, often 
with traditional and inefficient farming methods and 
inadequate inputs specially improved seeds and technologies, 
resulting in low productivity. Availability and supply of 
quality improved seed is very important in improving the 
agriculture-based economy, food security, and livelihoods of 
poor and small farmers. Participatory variety selection (PVS) 
and community based seed production (CBSP) approaches 

used by the Hill Maize Research Project (HMRP) over the 
past 11 years, and their impact in enhancing food security 
and livelihoods, are described.

Materials and Methods
A PVS approach, consisting of “Mother-Baby” (MB) 

trials, has been used for the past 11 years (Figure 1). The 
Mother trial consists of about 12 elite maize lines including 
the local checks. Baby trials, consisting of one of the elite 
cultivars in the Mother trial plus a local check, are grown 
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Figure 2.  Amount of seed (t) produced through CBSP by different 
farmers groups over the last eleven years

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Tons 14 45 131 259 309 335 405 480 555 664 830
Groups 7 21 16 30 60 64 82 90 141 174 174
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around the Mother trial in a radius of about 10 km. Trials 
are assessed in a collaborative and consultative mode by 
farmers. Quantitative feedback is analyzed and used to find 
out farmer’s preferences. These varieties in turn are spread 
from farmer to farmer and through collaborating community 
based seed production organizations, the private sector and 
extension partners.

Results and Discussion
PVS has been reported as an efficient approach in up 

scaling new agricultural technologies (Ortiz-Ferrara et al., 
2001; Ortiz-Ferrara et al., 2007). It is capable of solving 
farmer’s problems that very often are not realized due to the 
vast diversity in farmer’s fields. Using the PVS approach, 
the National Maize Research Program, with support from 
the HMRP, has released seven varieties and identified six 
elite maize lines over the past 11 years. PVS has been 
used to complement the on-going national research to help 
farmers. Seed of farmers-preferred maize varieties have been 
produced through the concept of CBSP. Communities of 
farmers, especially farmers in very remote areas in the hills, 
are involved in producing seed of lines identified through 
the Mother-Baby trials the year before. Figure 2 describes 
the progress made over the past 11 years by community of 
farmers involved in seed production. The amount of seed 
increased from 14 t in 2000 to 830 t in 2010. The group of 
farmers involved in these activities has also increased from 
7 in the year 2000 to 174 in 2010.     

Conclusions
Maize is a strategically important crop for the millions 

of resource-poor farmers and other people living in the hills 
of Nepal. Transfer of technology, seed systems and the 
lack of marketing opportunities are important constraints 
for low maize production and poor livelihoods in the hills. 
The PVS Mother-Baby and the CBSP approaches described 
in this paper have been effective strategies to promote the 
dissemination and adoption of new maize technologies by 
resource-poor farmers. The impact of the adoption of the 
new maize technologies has already improved the food 
security and livelihoods of thousands of households in the 
hills of Nepal.
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Table 1. Performance of maize varieties in mother trials

Entry

Plant height 
(cm)

Grain yield 
(kg/ha)

WF WoF WF WoF

Deuti 270 267 6035 4808
Manakamana 6 263 269 4824 4302
Manakamana 3 286 277 4713 4663
Poshilo Makai 1 243 240 4128 3879
F. Local 232 345 3363 3223
CV (%) 7.86 18.35
F Test (with 
fertilizer)-A Ns ns
F Test (without 
fertilizer)-B ** **
A x B Ns ns
LSD (0.05) 21.97 814

WF: With fertilizer, WoF: Without fertilizer

Or_8.03:  Identification of farmers’ preferred maize varieties 
through participatory variety selection approaches in 
western hills of Nepal

K.B. Koirala*, S.R. Subedi* and S. Thapa*

*Hill Crops Research Program (HCRP), Kabre, Dolakha
Corresponding author/s e-mail ID: koiralakb@yahoo.com, hcrpkabre@gmail.com

Introduction

Maize is the most important crop in the hills of Nepal. 
It contributes about 3.15% of the national GDP and 9.5% 
of the AGDP. Maize occupies 40.6% area of the total 
crops in the hills. It contributes 43.5% of total edible food 
production. 70.42% of the total maize is grown in the hills. 
Yield difference between improved and local maize is 722 
kg/ha (MoAC, 2010). 86.77% maize is utilized for human 
consumption. Opportunities have not been given to farmers 
to select varieties of their choice and unavailability of quality 
seed of farmers’ preferred varieties, at right time, with 
desired quantities and reasonable price  is one of the major 
constraints in inaccessible areas of remote hills, resulting in 
low adoption of improved varieties and low productivity. 

Materials and methods 

Promising and newly released maize varieties were 
tested in farmers’ fields to get their feedback and identify 
farmers-preferred varieties in different trials namely farmers’ 
field trials (FFT), informal research and development (IRD), 
farmers’ acceptance test (FAT) and mother-baby trials 
(MBs). At each location, two sets of mother trials including 
babies were planted. In FFTs and in one set of mother trial, 
the recommended improved management practices were 
followed, whereas in rest of the activities and in the second 
set of mother trial, farmers’ practices were adopted. After 
identifying farmers’ preferred varieties, they were put under 
community based maize seed production (CBSP) program 
in farmers’ fields for wider promotion and dissemination 
and to bring substantial impact in wide range of farming 
communities. Activities were focused to women, socially 
disadvantaged and resource-poor farmers of remote hills.

Results and discussion
In the western hills, a total of 1800 sets of FAT and 750 

sets of IRD were distributed in 2009 and 2010 respectively. 
Varieties included were: Manakamana 1, Manakamana 3, 
Manakamana 4, Manakamana 5, Manakamana 6, Deuti 
and Poshilo Makai 1 (Table 2). FATs were distributed in 
nine districts in collaboration with district agricultural 
development offices. IRDs were distributed by research 
stations. Feedback was collected using household level 
questionnaires. Most of the farmers compared improved 
varieties with their locals for different traits from planting 
to post harvest management including culinary traits. More 
than 80% of respondents reported that improved varieties 
have shorter plant height resulting in less lodging, had stay 
green character, earlier maturity, higher production and had 
better taste as compared to their locals. They also expressed 
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Table 2. Farmers preferences towards different maize varieties in baby trials

Trait

Mana 3 Mana 4 Mana 5 Mana 6 Deuti Poshilo 1

1* 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Plant height 23** 0 2 22 1 2 17 6 2 20 5 0 22 2 1 18 5 2
Insect pests problem 14 11 0 16 9 0 11 14 0 11 14 0 8 17 0 14 9 2
Lodging problem 23 1 1 19 3 3 20 1 4 19 3 3 22 3 0 22 2 1
Stay green character 19 4 2 18 6 1 22 2 1 17 3 5 23 2 0 18 3 4
Maturity 20 5 0 17 6 2 16 9 0 19 6 0 17 6 2 20 5 0
Production 20 5 0 18 6 1 23 2 0 19 5 1 19 5 1 19 4 2
Insect pests in 
storage 7 18 0 4 21 0 4 21 0 8 17 0 8 17 0 6 19 0
Plan for next year 
planting 18 7 0 20 3 2 21 4 0 22 2 1 22 2 1 16 9 0

*1: Better than local, 2: Similar to local, 3: Worse than local; **: Number of respondents supporting the point

their desire to plant these varieties in the coming years. In 
FFTs normal maize, farmers preferred Across 9942 x Across 
9944 (4308 kg/ha) and Manakamana 4 (3865 kg/ha) among 
the tested six varieties. Similarly, in FFTs QPM, farmers 
preferred SO1SIWQ-3 (4270 kg/ha), S99TLYQ-AB (4182 
kg/ha) and Poshilo Makai 1 (3990 kg/ha) among the tested 
seven varieties. In 2009 and 2010, these varieties were 
included in CBSP and more than 113 mt seed was produced 
in both the years.

Conclusions
Majority of the farmers preferred Manakamana-3, 

Deuti, Manakamana 5, Manakamana 6, S01SIWQ-3 and 

Poshilo Makai1 for various traits. FFTs, IRDs, FATS, MB 
trials are effective to identify farmers preferred varieties 
within a short period of time. Community based maize 
seed production of farmers preferred varieties is effective 
to promote and disseminate improved varieties where the 
formal seed supply system can not reach.
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Fig 1: Evolution of P3 in hill maize system in Nepal (2000 to 2010)
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Introduction
P3 is conceived as a great opportunity in agricultural 

research and development to help poor farmers to improve 
their food security and livelihood. However, models and 
mechanisms of P3 applicable in the context of developing 
countries are rarely studied and examined. In the past few 
years, adoptions of improved maize varieties and quality 
seed by resource poor hill farmers have been increasing 
rapidly (Tiwari et.al. 2010 etc.). CBSPM is emerging as 
key institution in those remote areas for seed production 
and distribution (NSB, 2010). The aim of this paper is to 
examine P3 model in CBSPM system.  

Materials & Methods
Total of 174 CBSP groups were surveyed from 

30 hill districts during March to December 2010 using 
standard questionnaire and data sheet. To complement 
survey data, case study of two successful CBSP groups 
(Shiva Shakti Women Seed Producers Group, Palpa and 
Hariyali Communty Seed Company, Sindupalchowk) were 
carried out. 10 key informants interviews (KII); 5 FGDs 

and observations in each group were done to gather both 
qualitative and quantitative information about various 
aspects of public and private partnerships and its impact on 
food security. Data were analyzed using simple statistical 
tools and PRA methods.

Results & discussion
The number of maize varietal option, CBSP groups 

and seed production grew drastically during 2000 to 2010 
(7 to 174 CBSP groups; 14 to 830t seed and 5 to 14 maize 
varieties). Seed were sold to the NGOs(16%), DADOs(32%), 
agro-vets(44%), and farmers(8%). CIMMYT, NARC, DoA, 
NGOs, CBOs, donors, bank, local states, seed companies, 
input dealers, SQCC/ RSTL and NSB enhanced collaboration 
and partnerships (Fig 1). CIMMYT through HMRP 
introduced germplasm. These were tested and improved 
through participatory crop improvement by NARC and 
NGOs. PVS trials were implemented jointly by farmers and 
scientists. Farmers selected varieties were released by NSB. 
NARC provided breeder/foundation seed to private sector 
who multiplied seeds in CBSP. CSTL/RSTLs provided field 
inspection/seed testing services. CBSP groups enhanced 
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linkages with the local service providers and were able to 
develop modest level infrastructures. As a result of P3 New 
maize varieties/quality seed had significant impact on food 
security (Fig 2).  

Conclusions
Examination and analysis of the P3 in the development 

and dissemination of maize varieties and improved 
technologies in the remote hilly areas of Nepal is found very 
promising in helping resource poor farmers to improve their 
food security and income. Sustainability is the key benefit 
from P3. Additional business opportunities are created 
and capacities, assets and competencies of each actor are 
synergized through P3 model adopted in CBSP.  
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Figure 1. Thulo Pinyalo (local landrace) lodging in field conditions

P_8.02:  Farmer-led participatory plant breeding (PPB) in the 
mid hills of Nepal: a case study 

K. Khadka1, R.R. Puri2, S. Sunuwar1

1Local Initiatives for Biodiversity, Research and Development (LI-BIRD), Kaski, Nepal
2CIMMYT-SARO, Kathmandu, Nepal
Author for correspondence: kkhadka@libird.org, rameshrajpuri@yahoo.com

Introduction
Maize (Zea mays L.) is the most important livelihood 

crop in the mid hills of Nepal. More than 70% of the total 
maize area of the country is situated in the hills (CBS, 2006). 
The western mid hill districts, basically Gulmi, Syangja, 
Palpa, Arghakhanchi and Pyuthan have unique geophysical 
environment for maize cultivation. Maize in these areas 
is mainly cultivated on sloping terraces under rain-fed 
conditions and these areas are dominated by local landraces, 
predominantly, Thulo Pinyalo, a variety, highly prone to 
lodging (Figure 1). Farmers’ access to new and improved 
maize varieties suitable to their local environment is very 
limited in these districts (Sunuwar et al., 2001). Realizing 
the fact that farmers of these areas are in a dire need of 
varietal options LIBIRD/HMRP-CIMMYT/NMRP initiated 
a farmer led maize improvement program from 1998 in two 
VDCs, Darbar Devisthan and Simichaur of Gulmi district to 
improve the productivity of maize in the area.

Methodology
A Farmers’ Research Committee (FRC) which included 

the innovative farmers from Darbar Devisthan VDC and 
Simichaur VDC was formed and trained on the basic aspects 
of maize breeding. The FRC then set up the breeding goal 
and breeding plan to improve their variety. Improvement 

of local Thulo Pinyalo through crossing was designed by 
the FRC with the support from the technicians of LI-BIRD 
in 2000. The major objective was to reduce the lodging 
problem followed by leaf diseases in Thulo Pinyalo through 
crossing with elite maize varieties in Nepal. A total of six 
crosses were made in isolated plots of 500 square meters 
by the FRC members themselves. The standard spacing 
of 75x25 was maintained with female to male rows in 1:3 
ratios.  Caution was taken in synchronization of flowering 
of male and female parents. Negative selection was applied 
until the third generation and after that positive selection 
was practiced. In F4 and F5 generations, farmers selected 
150-200 cobs and in the subsequent generation, they 
selected up to 700 cobs. Farmers have dropped all other 
crosses except the population from Rampur Composite x 
Thulo Pinyalo and named it as Gulmi 2. Gulmi 2 was tested 
in mother baby trials followed by informal research and 
development (IRD) in Gulmi, Syangja, Palpa, Arghakhanchi 
and Pyuthan districts in western mid hills of Nepal. Farmers 
feedback from the baby and IRD trials were also collected. 
Respective District Agriculture Development Offices 
(DADOs) contributed significantly in testing these varieties. 
LI-BIRD, National Maize Research Program (NMRP) and 
CIMMYT have been continuously supporting the FRC of 
Gulmi technically and financially since the initiation of the 
maize breeding project. The performance of this variety has 
been satisfactory in the CVT (Coordinated varietal trial) 
conducted by NMRP too. Resunga Shrijanshil Multipurpose 
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Figure 2. Stability of Gulmi 2 (thick line) over standard check variety Deuti thin dotted 

Figure 3.  Improved Gulmi 2 maize variety under farmers 
field conditions

Farmers Groups of Darbar Devisthan VDC and Malika 
Multipurpose Farmers’ Group of Simichaur VDC were 
engaged in variety maintenance and seed production of this 
variety. 

Results and Discussions:
Gulmi 2 has a comparable yield performance with 

popular released maize varieties Deuti in farmers’ field 
condition and its yield is far better compared to local 
varieties (Figure 2). The yield potential of the variety is 
5.1 ton/ha observed through the trials over locations over 

years. The plant height of Gulmi 2 has been decreased (2.5 
m) compared to that of Thulo Pinyalo (3.2 m) but still it is 
tall enough to fulfill the demand of stover (Figure 3). Apart 
from the improvement in these traits, preferred traits of 
Thulo Pinyalo such as flint kernel, attractive yellow color, 
high grit recovery and sweet taste, have been retained. The 
results in the mother trials have clearly indicated that this 
variety does not differ significantly in terms of yield from 
the most popular improved varieties recommended for these 
districts (Figure 2). Feedback from the farmers receiving 
the baby trials and IRD kits was also collected. The results 
clearly showed that it is more preferred to the farmers own 
varieties. It is moderately resistant to major maize diseases 
like Turcicum leaf blight (TLB), Banded sheath blight 
(BLSB), Ear rot (ER), and Gray leaf spot (GLS). The seed 
production is being done by the community based seed 
production groups in Gulmi district of Nepal. 100 Kg of 
Breeder seed and 1000 Kg of foundation seeds are under 
seed production in 2011. The variety has been proposed for 
registration through the formal system of Nepal in 2011. 
Members of the variety release and registration committee 
of the National Seed Board of Nepal visited the standing 
crop of this variety in Gulmi and thus, the variety is ready 
for registration. 

Conclusions:
Gulmi 2 variety is an outcome of Farmer-led PPB. It 

is in fact a great initiative of the farmers which need to be 
acknowledged. The case indicates that farmers have the 
potential to be a part of research if they are empowered. This 
is an illustration of how farmers themselves can develop the 
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variety suitable to their environment. In addition, it is also an 
example of conservation of local genetic resources through 
participatory crop breeding approach. The registration of this 
variety will definitely support the farmers to improve their 
livelihood through increased maize production. It will also  
certainly raise interest, particularly among plant breeders 
and policy makers, in regarding farmers as potential and 
enthusiastic partners in crop development.
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Introduction:
The varietal contribution to total world food output 

has been estimated to be more than 50%. Seed is the first 
link in the food chain and seed-based technologies offer the 
easiest and cheapest options for increasing crop productivity 
to farmers. However, farmers’ access to new maize seeds is 
limited which could be one of the major reasons for the only 
gradual improvement in maize productivity. The formal 
seed sector in Nepal contributes less than five percent of 
seed requirements in major food crops including maize 
while the rest is met through the informal seed systems. 
Farm saved seeds, farmer to farmer exchange, local sales, 
and gifts are major sources of seed in Nepal. This paper 
reviews variety testing and seed production initiatives of the 
improved varieties in the past by the government or non-
government organizations and analyses the reasons for lack 
of their sustainability. 

Materials & Methods:
All the data used in this paper are secondary data 

collected from different books, journals and research papers 
of Nepal.

The western part of the country is poorer than the eastern 
part. Developmental indices are lower and the educational 
status is very poor. The paper is based on a study from the 
western parts of the country.  

Review and Analysis of Maize Improvement and 
Seed Production Initiatives: 

Maize varietal research to date: Maize research in 
Nepal began in early 1965. 23 maize varieties have been 
released so far for different agro-climatic zones of the 
country. Varietal options for hills are lower as more than 
80% of maize area lies in the hills. More varietal options 
should be given to the hills. There is only one hybrid 
“Gaurav” released by National Maize Research Program 
in Nepal. This hybrid is becoming popular and farmers use 

Indian hybrids, as seed of Nepali hybrids is not available in 
the market due to the lack of a seed production policy in the 
country.   

Farmers’ seed system versus Institutional 
arrangements: Seed production and distribution are serious 
bottlenecks to the dissemination of new crop varieties. 
Several studies indicate that more than 90 % of the area 
in developing countries of Asia and Africa is grown with 
local varieties. Community Based Seed Production practice 
should be promoted.

Lack of situation analysis to understand farmers’ 
needs and preferences: Most of the varieties are released 
based on breeders’ and/or researcher choice. Participatory 
Variety Selection practice should be followed for 
sustainability of the variety and confidence to the farmers 
for the new variety.

Lack of information on the varietal options: 
Governmental and non-governmental organizations and 
other community based organizations should work together 
and their programs should be transparent to each other and 
to the farming communities.  

Lack of access to source seed: In Nepal only about 
100 tons of source seed is available annually from different 
farms. The policy should be change that the local farming 
group should also get permission to produce source seed. 

Seed demand and supply: There is no practice of seed 
balance sheet preparation in the local level. The balance 
sheet for seed demand and supply to the local community 
should be prepared for assured supply of seeds.

Seed quality control mechanism: There is no enough 
right to the groups/person to produce the seed and market it 
in Nepal. There must be alternative mechanisms like quality 
declared seeds and truthful labeling mechanism for easy 
supply of seeds.  

Government current policy on cereal seeds: A 
centralized seed production and supply system is followed 
in Nepal and it must be localized for sustainability of the 
system.
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Conclusion:
Participatory approaches to crop improvement like 

participatory plant breeding and participatory variety 
selection are emerging and have been tested by government 
and non-government organizations partnership. Integration 
of participatory approaches into conventional methods hold 
the potential of making public sector plant breeding more 
effective and efficient and farmers responsive. Increasing 
farmers’ participation in variety selection, development, 
and verification would help address the need for increasing 
varietal choices. This could significantly cut research 
costs, improve varietal diversification, and enhance local 
seed systems and adoption rates. The following points 
would be helpful for sustainability of the community based 
seed production and supply system in the poor farming 
communities. 

 • Regular replacement of new varieties and seed 

 • Regular supply of quality source seed

 • Good market networking 

 • Improvement in seed quality management policy 
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Abstract:
The food security situation in Nepal is becoming more 

challenging due to climate change, as well as the political 
and economical instability. Although agriculture is the major 
contributor to GDP, contributing almost one third of the 
total,, this sector gets inadequate priority. Seed and fertilizer 
are the key inputs to increase production in both normal and 
unfavorable years.  Seed of improved varieties is the most 
important and least expensive agricultural input in Nepal. 
The availability of the required varieties of seed at the right 
time plays an important role to determine the production 
and productivity. In Nepal, quality seed plays a great role 
in food security. In forty years of agricultural development, 
the public sector- established Seed Company was able to 
distribute less than five percent of quality seed of the national 
demand. In the ninth five year plan, the government initiated 
a District level Seed Self Sufficiency Program (DISSPRO) 
through the Crop Development Directorate of the 
Department of Agriculture. There are four types of agencies 
involved in the seed sector in Nepal. The DISSPRO is the 
first community led seed production program of the country.  
There are different types of programmers in the seed sector, 
these are: DISSPRO, Community Seed Bank, Commercial 
Seed Production Program, and Community Seed Program.  
The seed replacement rate (SRR) in the country is eight 
percent, farmers groups/cooperatives are becoming business 
oriented, and sixteen seed companies are now registered 
and doing their business. In the Nepalese system, the Nepal 
Agriculture Research Council (NARC) is responsible for 
source seed production and varietal improvement. Other 
different projects like HMRP/CIMMYT have been providing 
technical and financial support for improvement of the seed 
system of Nepal for a long time.  The government policies, 
legislation and guidelines are there for the improvement of 
new varieties and maintenance of their qualities.

Background
Nepal’s economy is based on agriculture. This sector 

contributes significantly to the AGDP and food security 

situation of the country. Climate change is also playing a 
vital role in the food security situation. The sustainability of 
food security is also challenging for the country.

Beyond economic productivity and poverty reduction, 
agricultural stagnation undermines the Government’s goal 
of achieving food security for all citizens of Nepal. The 
virtual stagnation in agriculture has generated food security 
problems. In fact, 43 out of 75 districts are food deficit and 
10 more are considered vulnerable. An estimated 60 percent 
of households cannot meet their own food needs, especially 
in mountainous areas, and agricultural production only 
meets food requirements for three-to-eight months per year 
(Action against Hunger, 2006).

Seed, fertilizer and irrigation, are major inputs to 
improve production and productivity of our land. Nepal’s 
farmers needs for fertilizer  depend on other countries, 
and a huge investment is needed due to the geography 
of the country. A similar situation is faced in the case of 
irrigation, where a large investment is also needed. Thus, 
in Nepal’s case, seed is the only input  which requires less 
investment.  Considering all these facts and analyzing them, 
the government has initiated DISSPRO in the ninth five year 
plan. After this, the government has also initiated different 
programs related to seed sector development such as the 
commercial seed production program, community seed 
bank, and CBSP supported by HMRP/CIMMYT.  The seed 
policy, legislation and guidelines are there to promote and 
improve quality seed production and distribution system.

Agencies involved in seed sector of 
Nepal
1. Public sector led  (NARC, DOA, NSC etc.)

2. Community led (DISSPRO, CBSP, CSB, Cooperatives)

3. Private agency led (SEAN, Agro vets, Seed Companies)

4. Import led
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Seed supply situation of main cereals

Current seed policy, legislation and guidelines in 
Nepal

Agriculture Enterprise Promotion Policy 2063, 
Agriculture Biodiversity Policy 2063, National Agriculture 
Policy 2061, National Seed Policy 2056, Seed Act 2045, Seed 
Regulation 2054, Community Seed Bank, Implementation 
Guideline-2065

Conclusion
Due to the challenge of food security in the country, 

many organizations (government/NGOs/ INGOs/CBOs) 

work in food security and their major priority is seed. 
If there is no strong coordination among different stake 
holders working in this field, we can’t expect to get good 
results for the benefit of the country. Therefore, there is 
a need to improve the awareness of quality seed among 
general farmers, promote entrepreneurial skill among cereal 
seed producers, improve coordination among different stake 
holders, and  a need for a single funnel seed output.

References:
MOAC. 2009/10 Nepalese Agriculture Statistics
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Table 1: List of maize germplasm acquired and developed by S M Sehgal Foundation

Institute Country Inbreds S3-S6 Generation Pools / Populations

CIMMYT Mexico 333 588 37
North Carolina university USA 18   
University of Hohenheim Germany 2   
Kasetsart University Thailand 10   
Department of Agriculture Thailand 19 15  
Directorate of Maize Research India 37 84  
The Foundation research program   1602  
Total  419 2489 37
Total germplasm accessions = 2945  

P_8.05:  Research initiatives of SM Sehgal Foundation in 
developing hybrid-oriented source germplasm of maize

P Vani Sekhar*, J N Hanumantharaya, Murli D Gupta 

S M Sehgal Foundation, R&D Center, Bldg 303, Room #  15-23, ICRISAT, Hyderabad – 502 324, AP, INDIA
*Author for correspondence: p.vanisekhar@smsfoundation.org

Introduction
S M Sehgal Foundation (here after referred as 

“The Foundation”) is a non-profit organization with its 
headquarters at International Crops Improvement for 
the Semi Arid Tropics (ICRISAT), Hyderabad, India. 
The Foundation is engaged in varied crop improvement 
activities, including Maize. For the past several years, the 
Foundation is engaged not only in maize R&D but also has 
generously supported maize research at International Maize 
and Wheat Improvement Centre (CIMMYT) for at least four 
years and helped national program scientists to participate in 
scientific meetings within the Asian region. The focus in this 
presentation will primarily be on maize research activities. 
The Foundation holds strong belief in maize genetic diversity, 
its realistic classification in groups based on adaptation, 
maturity and grain color. The information prevailing in 
literature and experience of maize breeders has been used in 
developing appropriate multifunctional heterotic models for 
various classes of maize germplasm which the Foundation 
has acquired with exceedingly generous support of 
CIMMYT and several national programs in the Asian region 
particularly from India (Directorate of Maize Research – 
DMR) and Thailand (Kasetsart University, Department of 
Agriculture – K U., DoA).

Methods
In this presentation, the Foundation plans to discuss 

maize genetic diversity (Table 1) that is available with it, 
its utilization in germplasm improvement and hybrid related 
activities but more importantly to develop a mechanism 
for distribution of diverse germplasm to public and private 
institutions to strengthen and accelerate hybrid related 
activities. Simple, skillful and science based approaches that 
are deployed at the Foundation including Selfed progeny 
bulk method (Vasal, 1998 a,b., Vasal and Singh, 1998) and 
S3 recurrent selection as part of hybrid development efforts 
(Vasal et al., 1995) are being discussed.

The worldwide heterotic charts for maize germplasm 
have been prepared and constantly updated as new 
germplasm becomes available. This information was 
presented at 10th Asian Maize Workshop (Hanumantharaya 
and Gupta, 2008). Moving forward with the germplasm is an 
exciting challenge and a great opportunity for maintaining 
gain in hybrid performance in the long run. The genetic 
purity of lines is being maintained in a highly professional 
manner and these lines were provided on regular basis 
upon request to public and private sector institutions in the 
country (Table 3).
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Table 2. List of pedigree populations distributed from 2009-2011

S.No. Germplasm
No. of Pedigree 

Populations Gen

1 CML / CML 12 S3
2 Hybrid / CML 12 S3
3 CIMMYT Pool 3 S4
4 Synthetics reconstituted from CIMMYT Populations 4 S1
5 Hybrid / K U Line 8 S3
6 Hybrid / NEI Line 2 S3
7 Hybrid derivatives 27 S3
8 Thailand Synthetic derivatives 9 S3
Total No. of Pedigree populations distributed = 77

Two key activities to be highlighted are some unique 
initiatives such as selfed progeny bulks and well designed 
S3 recurrent selection for continuous improvement of 
potentially useful source germplasm. In both the above 
activities, the objective is to see multiplier effect while 
deeply conscious of efficiency and cost effectiveness. These 
activities have been planned and are being executed in a 
highly professional manner to supply breeders with new and 
better germplasm on continuous basis.

1. Development and distribution of S3 selfed 
progeny bulks

A practical approach designed to generate intermediate 
hybrid-oriented source germplasm for inbred extraction. 
The approach combines several essential features including 
simplicity, cost effectiveness and having enough variability 
for breeders to exploit their skill and saves four years or four 
cycles of work. These bulks can be used by the breeders in 
more than one way. The bulks could be further advanced by 
selfed progeny bulks or by standard ear to row method. The 
potential of these bulks can be ascertained by crossing with 
appropriate testers. The procedure involves the following 
steps.

Diversified approaches for developing pedigree 
populations are already in place. For the most part, such 
populations are created within the same population or between 
lines from sub-populations following in the same group. The 
number of parents may vary depending upon whether two-
parental, three-parental or multiparental populations are to 
be developed. The populations may further be F2s, BC1 and 
in some cases even BC2. The inbreeding procedure being 
followed is selfed bulk method. In any given generation the 
population size varies from 150 – 200 plants. At S3 stage, 
the selected ears are shelled in bulk and seed supplied to 
different breeders for use in their respective program (Table 
2). These bulks can undergo further inbreeding to develop 

more advanced and fixed lines. It may be pointed out that 
selfed bulks for inbred development is particularly suited 
for national programs and small seed companies with scarce 
resources. 

2.  Germplasm development and improvement 
using S3 recurrent selection

Several potentially useful synthetics have been 
reconstituted by Intercrossing among lines from the same 
population. More efficient procedure like Bulk Entry 
Method will be made use of in the future. These synthetics 
are subjected to inbreeding using selfed bulk method. 
Following past S3 stage, the ears are shelled separately 
and planted as ear-to-row the next season. The undesirable 
lines are rejected and the good ones recombined. Depending 
on the number of lines, the recombination process can be 
attempted by using bulk pollen from half of the rows to the 
other half and vice versa. Alternatively, the bulk from each 
line can be used to cross the remaining lines. The ears from 
each line can be harvested and shelled in bulk. Thereafter 
a balanced bulk is made to represent the improved cycle. 
Inbreeding can also be continued in desirable lines in the 
next cycle and later used in evaluating combining ability, 
and hybrid formation. The procedure described above 
provides an integrated approach to population improvement 
as part of hybrid development efforts.

Results

The materials acquired from various institutions have 
thus been used successfully to generate a wide array of 
pedigree populations and advanced to S3 selfed progeny 
bulks (Table 2). Also, a number of potentially useful 
germplasm sources were developed as listed in Table 2.
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Conclusions
The S3 bulks developed through pedigree population 

method have been distributed to the breeders of national 
programs and private seed companies by conducting field 
days every year starting from 2009 and the participants have 
appreciated the efforts of the Foundation.

Acknowledgement: S M Sehgal Foundation acknowl-
edges the help, technical guidance and support provided by 
Dr. Surinder K Vasal in preparing this extended summary. 
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Table 3. List of total seed samples distributed to various research programs

Year
No. of participants No. of seed samples 

distributedPublic sector Private Sector Total 

2008 CIMMYT, DMR & NBPGR* -   969
2009 35 55 90 2475
2010 28 62 90 2886
2011 39 66 105 1000
Total  = 7330

* Germplasm supplied for long term conservation purpose at National Bureau of Plant Genetic Resources, New Delhi.
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