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TS1: Enhancing Genetic Gains in Maize Breeding 
 
TS1-1 Development of High-Yielding and Stable Maize Hybrids Across Agro-ecologies in 
Bangladesh 
 
S. Ahmed1*, A.K.M. Shamsuddin2 and M.A.K.Mian3 
1Plant Breeding Division, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur, Bangladesh. 
2Department of Genetics and Plant Breeding, Bangladesh Agricultural University, Mymensingh, Bangladesh.  
3Department of Genetics and Plant Breeding, Bangabandhu Sheikh Mujibur Rahman Agricultural University, 
Salna, Gazipur, Bangladesh.  
*Corresponding author; Email: su_ahmed66@yahoo.com 
 
An elite line with good combining ability is the pre-requisite for a breeding program targeting 
hybrid-oriented products. Selected maize inbred lines with good performance were crossed using 
10 × 10 diallel mating design and 45 crosses (F1

’s) were evaluated with three commercial hybrids 
using alpha lattice with three replications at Gazipur to identify good combining parents as well as 
their high heterotic hybrids. Both general combining ability (GCA) and specific combining ability 
(SCA) variances were highly significant for yield and yield-contributing characters, indicating the 
importance of additive as well as non-additive gene actions in controlling all traits. However, 
variances due to GCA were much higher in magnitude than SCA for all the characters indicating 
preponderance of additive gene effects for the inheritance of these traits. Parents Ki21, BIL95, 
CML298 and CML285 were the best general combiners for yield and yield components. The GCA 
effects indicated that parents with desirable GCA effect could be used in hybridization to improve 
yield and other desirable traits as donor parents for the accumulation of favorable genes. Six 
crosses – Ki21 × CML285, BIL95 × CA34502, BIL95 × CML298, BIL95 × CML285, CA34502 × 
CML285 and BML2 × CML285 – had significant positive heterosis for grain yield associated with 
significant and positive SCA effects. These top-ranking six crosses, along with three commercial 
hybrids, were evaluated at five different agro-ecological zones in Bangladesh following 
Randomized Complete Block Design (RCBD) with three replications to identify high-yielding and 
stable hybrids. Two crosses viz. BIL95 × CA34502 and CA34502 × CML285 having positive 
phenotypic index (Pi>0) in addition to non-significant regression coefficients (bi ~ 1) and minimum 
deviation from regression (S2di

~ 0) values appeared as the most promising and stable options for 
grain yield and most of the yield contributing characters, which could be better exploited for 
commercialization across wide environments in Bangladesh. 

 
TS1-2 In-vivo Maternal Haploid Production and Chromosome Doubling in Maize (Zea 
mays L.) 
 
Muhammad Aslam1*, Khunsa Khakwani2, Babar Farid1 
1Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan 
2Ayub Agriculture Research Institute, Faisalabad, Pakistan 
*Corresponding author; Email: aslampbg@gmail.com 
 
Use of haploids and doubled haploids in maize breeding is very helpful. In this study, we evaluated 
specific inducer lines and effectiveness of colchicine and herbicide in chromosome doubling. 
Maternal haploids were identified by using the marker gene R1-nj. Induction was performed by 
using four inducer lines – Stock 6, Stock 6-BC4, (Stock 6 × cmsT) × ig gene and (ig gene × Stock 
6 × cmsT) × (Stock 6-BC4) – which were derivatives of Stock 6, cmsT and ig gene. Stock 6, Stock 
6-BC4, (Stock 6 × cmsT) × ig gene, and (ig gene × Stock 6 × cmsT) × (Stock 6-BC4) had 1.01%, 
2.38%, 8.18% and 7.53% average induction rate, respectively. Treatment with colchicine (0.04%) 
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with 0.5% DMSO resulted in 3.2% survival of plants, of which 37.5% survived up to maturity; 
50% plants were partially fertile and 50% were sterile. Pendimethaline at concentrations 0.66, 0.33, 
0.165 and 0.0825 ppm were used to check the effectiveness of this herbicide as a chromosome 
doubling agent. At 0.66 ppm, 23.3% of the plants survived, of which 28.57% remained alive up to 
maturity; 16.66% of the mature plants were partially fertile and 83.33% were sterile.  

 

TS1-3 Monitor Maize Growth and Increase Nitrogen Use Efficiency by Using Digital 
Camera 
 
Shamim Ara Bagum1, 2*, M. Shalim Uddin2, Sripati Sikder3, Ma Wei1 and Zhao Ming1 
1 Key Laboratory of Crop Physiology and Production of Ministry of Agriculture, Institute of Crop Sciences, 
Chinese Academy of Agricultural Sciences, Beijing, China 
2Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh 
3Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh 
*Corresponding author; Email:  happyshalim@yahoo.com 
 
Digital cameras and image analysis software have been used to quantify the “greenness” of foliage 
for indirect monitoring of crop growth and nitrogen (N) status. Maize hybrid Zhongdan 909 was 
grown in the root box (120×60×60 cm) during 2012 and 2013, with three levels of nitrogen (N0, 
N1=N220 and N2=N320 kg per ha) and three types of soil. Digital images were taken at V6, V9, VT 
and R3 growth stage. The red, green and blue (RGB) values were extracted from the digital images 
then canopy  cover (CC)  and  12  color  indices  were  calculated  from  digital  camera  images 
using an image  analysis  program. The color indices and CC were significantly correlated with the 
leaf area index (LAI), SPAD value, total dry matter (TDM) and leaf nitrogen content (LNC). The 
highest significant positive correlation was found TDM (r=0.93**), LAI (r=0.78**) and LNC 
(r=0.81**) with CC, respectively. There were significant exponential relationships observed 
between canopy cover with LAI, TDM and LNC. For TDM the coefficient of determination (𝑅2) 
value was 0.88, and the root mean square error (RMSE) value was 1.21 g per plant. The best 
relationship between canopy cover and LAI had 𝑅2 value of 0.92 and an RMSE value of 1.52 g. 
The study found that as a non-destructive method, digital images offer good potential for 
monitoring maize growth and N status. 

 

TS1-4 Development of Late Temperate Inducer Lines 
 

Rahime Cengiz*, Mesut Esmeray, A.Eşref Özbey 
Maize Research Station, Sakarya, Turkey  

*Corresponding author; Email: rcengiz24@gmail.com 
 
In recent years, the in vivo doubled haploid technique has been widely used in advanced maize 
breeding programs. Obtaining doubled haploids by the in vivo maternal haploid technique shortens 
the time necessary for breeding and increases the efficiency of maize breeding. Turkey does not 
possess inducer lines adapted to the environments in the country. Therefore, maize breeders in both 
public and private sectors in Turkey have to buy inducer lines from abroad in order to implement in 
vivo maternal haploid technique.  These temperate, early-maturing inducer lines (FAO 400-450) 
possess short plant height, poor pollen yield and poor vigor. The Maize Research Station breeding 
program transferred the haploid induction trait from the imported inducer lines to local inbred lines 
in 2011. Crosses were made between three local inbred lines from the Maize Research Station as 
female parents and inducer lines RWS, RWK-76 and inducer hybrids RWS x RWK-76 as 
pollinators. F2 generation populations were obtained for selected criteria such as anthocyanin 
coloration, tassel length, branch number, plant height, days to flowering and embryo-endosperm 
colorfulness. The F3 generation plants were planted using an ear-to-row methodology and were 
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selected according to desired traits, such as late flowering, good plant vigor and high pollen yield. 
Simultaneously, F3 generation plants were crossed with liguleless lines as female and haploid 
induction rates were determined.  

 

TS1-5 Development of Doubled Haploid Lines by In vivo Haploid Technique in Hybrid 
Maize Breeding 
 
Rahime Cengiz1*, Kayıhan Z. Korkut2, M.Cavit Sezer1, Mesut Esmeray1, A.Eşref Özbey1, 
Özden Dayı3, Ahmet Duman1, Niyazi Akarken1, İsmet Başer2, Metin Tuna2, Oğuz Bilgin2, 
Ertan Ateş2 
1Maize Research Station, Sakarya, Turkey 
2Namik Kemal University, Tekirdag, Turkey 
3The Provincial Directorate of Ministry of Food, Agriculture and Livestock, Afyon, Turkey 
*Corresponding author; Email: rcengiz24@gmail.com 
 
Doubled haploid (DH) technology is an indispensable tool for modern maize research and 
breeding. In this study, the maternal haploid induction method was applied using RWS, RWK-76 
and RWS x RWK-76 inducer materials as pollinators, and 200 source populations (as females) 
during 2011-2012.  The source genotypes are in 600-700 FAO maturity groups. Over 100,000 
seeds (102,373) were obtained by crossing the inducer lines with source genotypes. Over 16,000 
seeds (16,493) derived from the induction crosses were selected as putative haploid seeds using a 
seed coloration marker gene (R1-nj). The haploid induction rates (HIR) in 2011 and 2012 ranged 
from 9.14-15.24% and 11.40-19.14% respectively, depending on the inducer genotypes. Putative 
haploid seeds were germinated at 23°C in a growth chamber. Coleoptile and root of seedlings were 
cut and treated with 0.04% colchicine + 0.5% dimethylsulfoxide (DMSO) solution for 12 hours at 
20°C. The treated seedlings were planted, and the D0 plants were grown until they reached 3-4 
leaves in the growth chamber. Selfing was done on the fertile D0 plants. The fertile plant ratios 
were 57% and 63% respectively, in the first and second year of this study. A total of 327 doubled 
haploid lines were obtained from this study. Top-crosses were made with 140 doubled haploid 
lines and Mo17, B73, ADK-451 inbred lines testers in 2013 for further evaluation. 

 
TS1-6 Validation of a Tri-heterotic Group Model for Maize 
 
Xingming Fan1, Liqiang Zhao1, Wenhua Yao1, Li Liu1, Dan Jeffers2 
1Institute of Food Crops, Yunnan Academy of Agricultural Sciences and Tian Rui Seed Company, LTD., 
Kunming, Yunnan, China 
2International Maize and Wheat Improvement Center (CIMMYT), Yunnan Academy of Agricultural Sciences, 
Kunming, Yunnan Province, China 
*Corresponding author; Email: xingmingfan@163.com 
 
Based on the long-term breeding trials and intensive investigation, researchers proposed the 
classification of three heterotic groups (tri-heterotic group, TriHG) including Suwan 1, Reid and 
non-Reid heterotic group model. To further validate the TriHG, the three representative testers 
including TRML02 from the non-Reid, YML146 from the Suwan 1, and TRML211 from the Reid 
were crossed to 20 elite maize inbred lines in a NC II design and evaluated in three environments. 
The results showed that the inbred lines Y1, Y9, Y10, Y11, Y16, Y19 and Y20 were classified to 
the non-Reid group, Y2, Y5, Y6, Y8, Y12, Y13 and Y17 to Suwan 1 group, and Y3, Y4, Y7, Y14, 
Y15 and Y18 to the Reid group. The inbred lines were uniformly classified to each of the three 
heterotic groups and indicated that the TriHG was suitable to group inbreds in a maize breeding 
program. Among the 60 crosses, TRML02×Y7, TRML02×Y18, TRML211×Y17, YML146×Y18 
and YML146×Y19 had yields 10 percent greater than the commercial check. The results 
demonstrated that high-yielding crosses were produced by testers from all three heterotic groups, 
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which further demonstrated that the TriHG was a reasonable number of groups for maize 
germplasm improvement and the development of hybrids. 

 

TS1-7 Selection Strategies for Developing Subtropical Maize, and Special Trait Donor 
Germplasm for Use in China 
 
Dan Jeffers1*, Xingming Fan2, Fuyan Jiang2, Haiping Zhu2, Yunbi Xu3, Weidong Cheng4, and 
Mingliang Xu5 
1 International Maize and Wheat Improvement Center (CIMMYT), Yunnan Academy of Agricultural Sciences, 
Kunming, Yunnan Province, China 
2Yunnan Academy of Agricultural Sciences (YAAS), Institute of Food Crops, Kunming, Yunnan, China  
3International Maize and Wheat Improvement Center (CIMMYT), Chinese Academy of Agricultural Sciences 
(CAAS) Beijing, China  
4 Guangxi Academy of Agricultural Sciences, Maize Research Institute, Nanning, Guangxi, China  
5 China Agricultural University, Beijing, China 
*Corresponding author; Email: d.jeffers@cgiar.org 
 
Maize production in southern China is under mostly rainfed conditions in lowland to mountainous 
mid-altitude areas often on marginal land, and covers 10 percent of China’s maize area. Biotic and 
abiotic stresses are common in this region, and serve as a good selection environment for 
identifying abiotic stress-tolerant and biotic stress-resistant germplasm important both for this 
production zone, and as special trait donors for the temperate areas of China. Key biotic stresses 
include foliar blights, ear rots and stem borers while key abiotic stresses include drought, low 
nitrogen and low phosphorous.  Tropical, subtropical and temperate germplasm can be used in this 
zone for combining favorable attributes and exploiting heterosis. Collaborative breeding activities 
across this zone are in use or being developed to phenotype introduced germplasm for biotic and 
abiotic stresses to identify stress-resilient inbreds, and water- and nutrient use-efficient hybrids. 
Testers representing the Reid, non-Reid and Suwan heterotic groups are used to group the lines for 
use in China. Identified donors of special traits for temperate areas are in the initial stages of 
evaluation in northern China. 

 

TS1-8 Development of Maize Maternal Haploid Inducer Lines and the First Doubled 
Haploid Line at the Maize Research Station, Ayub Agriculture Research Institute 
 
Khunsa Khakwani 

Maize Research Station, Ayub Agricultural Research Institute, Faisalabad, Pakistan 

Email: khunsakhakwanioops@gmail.com 
 
Work on maize doubled haploid line development started at the Maize Research Station, Ayub 
Agricultural Research Institute, Faisalabad, Pakistan, since 2010. Locally identified best suitable 
lines were used as source germplasm in crosses with Stock6, ig gene, ig gene male sterile lines 
imported from Maize Genetic Coop Centre, in the same year, as follows: 1) ig gene line x Stock 6 
(WS14, a French induction line, a cross of W23ig x stock 6); 2) Ig1/ig1 homozygous cms line x 
Stock 6 (homozygous ig1/ig1 cms can increase the haploid induction rate when used as female 
(Kermicle 1969, 1971; Lin 1981) when crossed with other haploid inducer lines); and 3) Local 
inbred lines x Stock 6 till BC4, having (1) good branched tassel size (2) bold seed size (3) good 
pollen shedding etc. as female parent. Backcrossing (till BC4) was planned to achieve maximum 
transgressive segregation for haploid induction rate (HIR) was also planned. Each successive cross 
was evaluated in next generation for HIR. Till 2013-14, four best maternal haploid inducer lines 
were selected with very good tassel size, height and heat stress tolerance as best suited under harsh 
environmental conditions of the area. Haploid seed collected after induction crosses were used for 
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colchicine doubling treatment according to CIMMYT protocol in 2012. Out of 1000 treated 
seedlings, 15 survived and only 5 reached up to maturity, whereas only one D1 ear was harvested.  

 

TS1-9 Results of Testing Maize Hybrids on Lands Shifting from Rice-Growing Areas 
Having Less Efficiency in the Mekong Delta 
 
Le Quy Kha 
Institute of Agricultural Sciences for Southern Vietnam 
Email: Lquykha@gmail.com 
 
Forecasters predict that by 2020 there will be a 4.5 or 5 million tonnes per annum maize supply 
deficiency in Vietnam. As a result of this projection, the government responded by shifting 80,000 
hectares (ha) of low-efficiency rice production areas into maize production (2014-2015) and this 
area of production for maize is expected to increase to 150,000 ha by 2016-2020. Yield trials of 20 
maize hybrids, sourced from Vietnamese institutions and the private sector including Syngenta 
(NK67), and Dekalb (DK9901), were sown in Dong Nai, Hau Giang and Long An provinces 
situated in the Mekong delta, in minor acid sulphate soils containing a pH of 5.0-5.5. The trial 
included three replications in a randomized complete block design (RCBD) conducted during two 
cropping seasons – spring-summer and summer-autumn in 2014. The hybrids flowered at 50-52 
days after planting and physiologically matured between 94-97 days after planting. This suggested 
they would be suitable for cropping systems comprised of three seasons per year. To determine 
which hybrid is best-suited for the region, researchers evaluated yield and ear characteristics. The 
average yield of the genotypes across locations was 52.03, 54.92 and 57.60 quintals ha-1, 
respectively, and heritability of genotypes in each location was 0.51, 0.81 and 0.61, respectively. 
The mean yield of DK9901 was 58.82 quintals ha-1, ranking 7th among 20 hybrids, and NK67 was 
47.58 quintals ha-1, ranking 19th. The grand mean was 54.92 quintals ha-1; heritability for all 
genotypes (0.79). The highest yield was produced by the Southern Seed Company hybrid SSC474 
(69.39 quintals ha-1), which yielded significantly more maize than DK9901 (58.19 quintals ha-1) at 
P<0.05, followed by VS71 (NMRI) at 63.52 quintals ha-1, and LCH9 (NMRI) at 63.39 quintals ha-

1. Although the yield of the VS71 hybrid was greater than the DK9901 hybrid, the ear 
characteristics were less desirable. Therefore, after comparing these hybrids, it was concluded that 
SSC474 and LCH9 were the two hybrids most suitable to production in the Mekong delta.   

 

TS1-10 The Additive Main Effects and Multiplicative Interaction (AMMI) Analysis for 
Yield Stability of Elite Maize Hybrids under Rainfed and Irrigated Conditions   

 
Bhupender Kumar1*, S.K. Guleria2, R.B. Dubey3, S.M. Khanorkar4, J. Patel4, Eldho 
Varghese5, Vinod Kumar1, Alok Abhishek1, Abhijit Kumar Das1, Ganapati Mukri1, Ramesh 
Kumar1, Vishal Singh1, K.R. Yathish1, K.S. Hooda1, S.B Singh1,  J.C. Sekhar1, and O.P. 
Yadav1 
1Directorate of Maize Research, Pusa Campus, New Delhi, India 
2Himachal Pradesh Agricultural University (HAREC), Bajaura, India and Chaudhary Sarwan Kumar Himachal 
Pradesh Krishi Vishvavidyalaya (CSKHPKV), Palampur, India 
3Maharana Pratap University of Agriculture and Technology (MPUAT), Udaipur, India 
4Main Maize Research Station, Anand Agricultural University (AAU), Gujarat, India 
5India Agricultural Statistics Research Institute (IASRI), New Delhi, India 
*Corresponding author; Email: bhupender.iari@gmail.com 

 
The genotype × environment interaction has a direct effect on genotypes’ productivity, stability 
and adaptability in different environmental conditions. Therefore plant breeders look for genotypes 
having general adaptability and/or specific adaptability for environments. During kharif(monsoon 
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season) 2013, a set of 38 promising maize hybrids were tested under rainfed and irrigated 
conditions at five locations in India. AMMI analysis using R-software showed a significant effect 
of environments (E), genotypes (G) and genotype × environment interaction (GEI) indicating the 
presence of genetic variation and possible selection of stable entries in rainfed as well as irrigated 
conditions. More than 95 percent of the total sum of squares was justified by E and GEI 
fluctuations showing that the locations included in the study were diverse, and cause most of the 
variation in grain yield. Multiple comparisons (Tukey’s test) conducted by using SAS 9.3 for five 
different locations and 38 genotypes classified the locations in four (Udaipur & Bhiloda were in 
common cluster) and genotypes in two classes. GEI was further partitioned and first two 
multiplicative axes explained 70 percent of the total variation. Based on AMMI biplot analysis, 
under rainfed condition genotypes G2(HM5), G24(VEHQ3020), G31(Vivek maize hybrid 21), 
G7(HM8) and G35(Vivek maize hybrid 45) and under irrigated condition, genotypes G31(Vivek 
hybrid 21), G25(PEHM1), G6(CMH-10-473), G37(FH3556) and G7(HM8), revealed more 
interactive with specific adaptation for individuals environments. Genotypes G25 (PEHM1), G9 
(HM12) and G4 (HM4) in rainfed and genotypes G28 (EHL162508), G12 (PMH4) and G4 (HM4) 
in irrigated conditions were scattered close to the origin, indicating minimal interaction, and 
therefore, were considered more stable.  

 

TS1-11 Combining Ability and Heterosis for Grain Yield in Newly Developed in Maize 
Inbred Lines over Seasons. 
 
K.L. Naveen Kumar1 and G. Shantakumar2* 
1Department of Genetics and Plant Breeding, University of Agriculture Sciences (UAS), Dharwad, Karnataka, 
India 
2Main Agricultural Research Station, University of Agriculture Sciences (UAS), Dharwad, Karnataka, India 
*Corresponding author; Email: gshantha@rediffmail.com 
 
Maize is the world’s most widely grown cereal and is the primary staple food in many developing 
countries. The study sought to identify hybrids suitable for different seasons with higher grain 
yields. Thirty inbred  lines  were  crossed  with  three  testers  in  a  line ×  tester  design  to  
evaluate combining ability and heterosis.  This led to the identification of promising hybrids with 
desirable performance characteristics such as the number of days to reach 50 percent tasseling, 
number of days to achieve 50 percent silking, number of days to achieve 75 percent dry husk, 
as well as other performance indicators such as ear length, ear girth, number of kernel rows per 
ear, number of kernels per row, hundred seed weight, shelling percentage and grain yield per 
hectare. The study was undertaken during 2013 kharif (monsoon or rainy season) and summer 
seasons for 90 F1s along with three checks and their parents. Analysis of variance revealed highly 
significant differences among the genotypes. The investigation identified the best general 
combiners for grain yield in both the seasons: these included inbred lines DMIL103, DMIL152, 
DMIL699, DMIL765 and DMIL767 among the parental lines, and DMIL011 and DMIL031 
among the testers. During the kharif season, the hybrids, DMIL703 x DMIL031 and DMIL688 x 
DMIL011 were identified as a potential cross combination for grain yield over the best standard 
check (Super 900M), whereas during the summer season, DMIL765 x DMIL031 and DMIL318 
x DMIL011 demonstrated the greatest potential for cross-combination to optimize grain yield 
over the best standard check (Super 900M).  
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TS1-12 Assessment of Genotype × Environment Interaction for Grain Yield in Maize 
Hybrids under Rainfed Ecology 
 
Ramesh Kumar1*, Avinash Singode1, G.K. Chikkapa1, G. Mukari1, R.B. Dubey3, M.C. 
Komboj4, H.C. Singh5 , D.S. Olakh1, Bilal Ahmad1, Murli Krishna6, PH Zaidi2,  Manoj K. 
Debnath2 , K. Seetharama2and O.P. Yadav1 
1Directorate of Maize Research, Pusa Campus, New Delhi, India 
2International Maize and Wheat Improvement Center (CIMMYT)Asia  
3Maharana Pratap University of Agriculture and Technology (MPUAT), Udaipur, India 
4 Chaudhary Charan Singh Haryana Agriculture University (CCS) Haryana Agricultural University, Uchani, 
Karnal, India 
5Chandra Shekhar Azad University of Agriculture and Technology (CSAUAT), Kanpur, India 
6Acharya N.G. Ranga Agriculture University (ANGRAU), Hyderabad, India 
*Corresponding author; Email:  rk.phagna@gmail.com, rk_phagna@rediffmail.com 
 
A study was conducted to identify maize hybrids most stable for grain yield among 24 commercial 
hybrids in five test environments. Significant variation in genotypes, environments and genotype-
environment interaction (G x E) was found with maximum variation that could be attributed to 
differences in environmental conditions (55.92%) and the least amount of variation attributed to 
genotypes (9.81%). The two additive main effects and multiplicative interaction (AMMI) principal 
coordinates axes (PCA) explained 80% of the phenotypic variation.  For determining the 
quantitative measure of stability, the AMMI Stability Value (ASV) was calculated using PCA 
scores. Among these hybrids, HQPM-1 was found to be most stable with an ASV of 0.32. Based 
on this experiment using various biplot methods, the study concluded that the Hyderabad 
environment is the best for testing maize hybrids for wide adaptability and Karnal and Kanpur 
locations were most suitable for identifying and testing location-specific hybrids. The hybrids G5 
(TNAU Co-6), G14 (LVN 99) and G 18(VS 71) performed best in Udaipur; G23 (Bio 9544), G12 
(VN 8960) and G21 (HTMH 5101 Sona) and G24 (Bio 9522 S) performed best in Hyderabad and 
Delhi locations. At the Karnal site, G20 (900M Gold), G6 (PMH-1), G13 (LCH 9) and G22 
(HTMH 5401) were considered to be the best genotypes, whereas in Kanpur the genotypes that 
performed best were G7, (PMH-2), G11 (HQPM-1) and G 2 (WLS-F133-4-1-1-B-2-
BBB/CL02450-BBB). 

 

TS1-13 Combining Ability Analysis for Grain Yield and its Components in Single Cross 
Hybrids of Maize under Different Nitrogen Levels 

 
S.B. Lal*, Gautam Ghosh, and S. Marker 
Field Experimentation Center of the Department of Genetics and Plant Breeding, Sam Higginbottom Institute 
of Agriculture, Technology & Sciences, Allahabad, Uttar Pradesh, India 
*Corresponding author; Email:  sblal_aaidu@hotmail.com 
 
To evaluate the gene action involved in the inheritance of quantitative traits like grain yield, which 
eventually has a direct bearing on the development of efficient breeding procedure, researchers 
conducted a combining ability analysis. The study was implemented during the rabi (winter) 
season in 2008-09 and during the kharif (monsoon) season in 2009 by using 104 maize genotypes 
including 10 parents, 90 F1s and four checks (viz: Kanchan, Navjyot, Malviya Makka2 and MRM 
3765). The experiment methodology involved randomized block design with three replications 
under three different levels of nitrogen [Normal N (120 kg, E1), moderate N (90 Kg, E2) and low N 
(60 Kg, E3)]. All of the genotypes were grown in four rows, in a five-meter length plot, with three 
different levels of nitrogen. The analysis of variance for combining-ability revealed that the mean 
sum of squares from hybrids and parents were significant for all of the characteristics, in all of the 
environments, with the exception of  parents for ASI, in ear height and number of grain rows per 
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cob, for environments E1, E2 and E3, respectively. The significant mean sum of squares from 
parents selected for different characteristics indicated a significant contribution of parents to 
general combining ability (GCA), and to variance component for grain yield, test weight, ear 
characters and other yield components. Similarly, the significant mean sum of squares from 
hybrids indicated a significant contribution of hybrids to the specific combining ability (SCA), and 
to variance components for most of the yield components of maize. The ratio of GCA/SCA 
variance was less than unity, and this finding indicated a preponderance of non-additive gene 
effects in the expression of grain yield, 100 grain weight, anthesis-silking-interval(ASI), silking, 
ear length, ear girth, chlorophyll content and harvest index in maize. However, all the parental lines 
were highly significant for their grain yield, 100 grain weight, cob length, cob girth and number of 
grain rows/cob indicating the preponderance of additive gene action for the expression of these 
traits in normal- (120 kg), moderate- (90 Kg N) -to- low- N (60 Kg N) environments. Similarly, 
significance in the mean sum of squares, from hybrids, indicated the contribution of hybrids to 
specific combining ability variance for grain yield and its components under different N conditions 
in Uttar Pradesh. Estimates of GCA effects showed that parental lines CA00102-BBB-3-BBB  and 
CML 161-1-B*5 are promising for grain yield; SC7-6-f-1-1 and CML162-B*5 for cob length; and 
CML187-B*5  and SC7-6-f-1   are promising for 100 grain weight. The estimates of SCA effects 
indicated that hybrids CML161-1-B*5 x CA00102-BBB-3-BBB  and CML161-1-B*5 x CML161-
1-B*5 (18.58**,18.32** & 16.01** in E1, E2 and E3 respectively) for grain yield, and hybrids 
P31C4S5B-23-##4B*-7-4-BBB x IPA9-7     and SC7-6-f-1-0-0 x CML170-BBB-1-BBB    for cob 
length and hybrids IPA21-10-f#-15 x X2pool     and  CML187-B*5 x P31C4S5B-23-##4B*-7-4-
BBB    for 100 grain weight, showed the highest significance for positive SCA effects, thus 
indicating the importance of non-additive gene action for the expression of these traits. These 
crosses were mostly from low x low and low x high general combining parents, thus suggesting 
that dominant x dominant and dominant x additive gene effect was significantly involved in the 
inheritance of these traits. Thus, it is evident that gene action involved in the expression of grain 
yield and most of yield components traits in maize, under normal-, moderate- and low- N 
conditions were non-additive. Hence, researchers found that due to the positive combining 
outcomes, heterosis breeding may be adopted in the existing germplasm of maize. 

 

TS1-14 Studies on of Grain Filling and Nitrogen Translocation with Maize Parent Lines 
in Different Eras of China       
 
Cong-feng Li1, Peng Liu2, Ji-wang Zhang2, Ming Zhao1*, Shu-ting Dong2* 
1Institute of Crop Sciences, Chinese Academy of Agricultural Sciences Beijing,China 
2 State Key Laboratory of Crop Biology, Shandong Agriculture University, Taian,Shandong, China 
*Corresponding author; Email: stdong@sdau.edu.cn       
 
An effective way to improve the yield of maize is by tapping the genetic potential and breeding 
varieties with high nitrogen use efficiency (NUE). Dry matter accumulation rate is the main factor 
limiting the yield of maize. The grain filling rate, grain filling duration and peak filling determine 
the amount of dry matter accumulation in maize grains. Under high- and low-N conditions, N 
uptake efficiency and NUE significantly affect positive yield correlation. However, it is unclear if 
there is a relationship, or the extent of the relationship, between grain filling characteristics during 
different periods of large-scale promotion of inbred lines of maize and dry matter accumulation, 
and the evolutionary characteristics of N translocation among maize hybrid parents released in 
different eras. Sixteen elite parent lines derived from widely popularized lines released in China in 
the 1960s, 1980s and 2000s were used in 2007-08 to analyze the changes in grain-filling traits and 
NUE associated with yields in genetically improved maize during the past four decades. Based on 
a comparison of hybrids and their parents from the 1980s and 1960s, the modern hybrids and 
parent lines had higher grain yield that significantly evolved during these eras, while the 
correlation analysis indicated that the increased yield of hybrids closely correlated with their 
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parents. However, although the yield of parents was not significantly correlated with numbers of 
ears, significant positive-correlation occurred with 100-kernel weight released in different eras. 
Compared with 1980s and 1960s hybrid parents, the contemporary parents had higher initiation 
potential (R0), and highest delayed rate, the biggest production (Wmax) and the highest grain 
filling rate (Gmax).  Additionally, these characteristics performed at a higher level than those of the 
earlier parents. Also, the modern hybrids’ parents maintained higher nutrient matter accumulation, 
stem-sheath matter exportation rate and stem-sheath matter contribution. Furthermore, the modern 
hybrids’ parents had higher N accumulation amount (P < 0.05), no obvious advantages in 
transportation rate and contribution rate, but had higher NUE and nitrogen harvest index (NHI) (P 
< 0.05). These results demonstrated that the modern hybrids’ parent lines maintained higher grain 
yield and NUE, and this was closely correlated with the stronger grain filling ability and matter 
accumulation efficiency of modern maize lines. 

 

TS1-15 Multi-environment Evaluation of Yellow Grain Maize Genotypes for Grain 
Yield Stability under Temperate Ecology of Kashmir 
 
Ajaz A Lone1*, Z.A. Dar1, G. Zafar1, B.A. Alie1, M.H. Khan3, S.A. Dar1, Gowhar Ali2, B.A. 
Bhat3, G. Asima2, M. I. Mokhdoomi1, A.B. Shikari2, M. Habib2 and F.A. Nehvi2 
1Dryland Agriculture Research Station, Budgam, Sher-e-Kashmir University of Agriculture Sciences and 
Technology of Kashmir (SKAUST), India 
2Division of Plant Breeding and Genetics, (SKAUST), India 
 3Department of Agriculture, Kashmir, India 
*Corresponding author; Email: ajaz999@gmail.com 
 
Genotypes x environment interactions indicate the inconsistency of relative performance of 
genotypes over environments. Multi-environment evaluation in a randomized block design of 18 
maize genotypes was conducted under the temperate ecology of Kashmir for selection of suitable 
genotype across the locations. Pooled analysis of variance showed highly significant differences 
among the genotypes and environments for grain yield indicating the presence of variability among 
the genotypes as well as environments under study. KDM-970 (0.9374) and KDM-399 (0.8013) 
showed regression closer to unity, grain yield above the average and low deviation from 
regression. The genotype KDM-72 was high-yielding but it showed high bi values (4.2983) along 
with high deviation (0.0224) from regression, revealing specific environment suitability.  The 
maize lines KDM-1266, C-6, C-8, C-15 and Super-1 had regression values less than 1.0 with grain 
yield less than the grand mean yield, indicating average stability with poor adaptation to 
environmental fluctuations. The yield of SMC-4 was higher than the grand mean yield. It also 
possessed below-average linear response showing less sensitivity to environmental changes. Thus, 
it may be concluded that the genotypes KDM-970 and KDM-399 were most adapted and best 
suited under the temperate conditions of the Kashmir Valley. 

 

TS1-16 Changes in the morphological traits of maize genotypes in China between the 
1950s and 2000s  
 
D.L. Ma, R.Z. Xie, X.K. Niu, S.K. Li*, H.L. Long, Y.E. Liu 
Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Physiology and 
Ecology, Ministry of Agriculture, Beijing, China  
*Corresponding author; Email: lishaokun@caas.cn  
 
Improved maize morphology is the key for improving light-use efficiency, as it can affect canopy 
architecture, light attenuation, and, ultimately, yield. Changes in maize morphological traits 
occurred as genotypes were improved during the past 50 years. Few studies however, have 
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intensively examined the extent to which plant morphology contributes to maize yield increases 
combined with improved genotypes. For example, the selection for upright leaves was 
unintentional in the United States (Duvick et al. 2004), whereas intentional selection for upright 
leaves occurred in China because erect leaf angle was hypothesized to increase tolerance to high 
planting densities (Wang et al. 1995; Tong, 2001). The suite of changes in morphological traits in 
China may be expected to differ compared to the morphological changes in other countries. The 
study tested eight maize hybrids and two open pollinated cultivars (OPCs) released during a 50-
year period from 1950-2000 in China at a range of plant population densities (37,500, 52,500, 
67,500 and 82,500 plant ha−1). Characteristics such as plant height, ear height, center of gravity 
height, leaf angle, leaf orientation value (LOV) and leaf area (LA) were measured to examine the 
changes in morphological traits of maize within a time series. The rate of light transmittance, the 
attenuation coefficient (K), was calculated to analyze light interception in fully developed 
canopies. There were significant decreases in the ear ratio, center of gravity height and leaf angle 
with improved genotypes regardless of plant density. However, the ear leaves and adjacent leaves 
appeared to be longer in improved maize varieties. The mean LOV and individual LOVs increased 
considerably during the time series of the genotypes, but more obvious changes in LOV occurred 
in the uppermost leaves. The average LA per plant and LA on the ears increased significantly from 
the 1950s to the 2000s. At the highest plant density, new hybrids had the rates of light 
transmittance (0.04-0.05), low attenuation coefficient (K=0.47) and gained the highest yield. Leaf 
angle and LOV were highly correlated with TPAR/IPAR on ear, K and grain yield. From the 
viewpoint of plant morphology, the study demonstrated that hybrids that are resistant to high 
density planting have lower ear ratios and upright leaf orientations, and this contributed to 
increased photosynthetically active radiation (PAR) in the middle and lower portions of the plant 
population, and consequently, increased yield. 

 
TS1-17 Lodging-Related Stalk Characteristics of Maize Varieties in China since the 
1950s  
 
Daling Ma, Ruizhi Xie, Xin Liu, Xingkui Niu, Peng Hou, Keru Wang, Yanli Lu, Shaokun Li*  
Institute of Crop Science, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Physiology and 
Ecology, Ministry of Agriculture.     
*Corresponding author; Email: lishaokun@caas.cn   
 
Stalk lodging often limits maize grain yield potential and also causes difficulties in harvest 
operations. Plant characteristics such as plant height, ear height and rind puncture strength (RPS) 
have close relationships with stalk lodging in maize. Improved stalk lodging resistance and 
increases in genetic yield occurred as maize varieties evolved (Duvick, 2005; Ci et al., 2012). 
However, little attention has been given to the role that plant morphology plays in influencing stalk 
lodging decreases in the evolution of maize varieties. Information is also limited regarding 
genotypic variation of stalk morphological and mechanical properties. The study evaluated nine 
maize hybrids and two open pollinated cultivars (OPCs) that had been popularly used in China 
from the 1950s to the 2000. Stalk lodging at maturity was estimated visually. Measurements of 
internode length, plant height, ear height, ear ratio RPS, bending strength (BS), crushing strength 
(CS) and above-ground dry matter accumulation (DMA) contributed to the evaluation of stalk 
morphological and mechanical properties of maize within the timeframe of the study. The results 
showed that stalk lodging decreased significantly with the years of maize cultivar releases. 
However, in a longer series, the increase in resistance to stalk lodging fluctuated.  There was 
marked genotypic variation in lodging-related morphological and mechanical traits. The grain 
yield, DMA, harvest index (HI), length of the 13th and 14th internodes, RPS of the 4th internode 
and bending strength of the 1st internode all significantly increased in more modern cultivars. 
Length of the 4th and 5th internodes clearly decreased in the improved maize cultivars. 
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TS1-18 Implications of Climate Change for Pest Management in Maize 
 
Manoj Kumar Mahla*, Hemant Swami and O.P.Ameta 
Department of Entomology, Rajasthan College of Agriculture, Maharana Pratap University of Agriculture and 
Technology, Udaipur, India 
*Corresponding author; Email: mkmahla@yahoo.co.in 
 
The changing climate is predicted to impact the diversity and abundance of insect pests and 
ultimately the extent of damage caused in crops like maize. Agro-ecosystem environment is largely 
governed by interaction between abiotic and biotic components. Among the abiotic stress factors, 
temperature changes may alter the composition of agro-ecosystem, resulting in shifts in behavior, 
distribution, development, abundance, survival and reproduction of insect pests on maize crop. The 
current best estimates indicate an increase in the global mean annual temperatures of 10°C by 2025 
and 30°C by the end of century. Warmer climate is more favorable for the proliferation of insect 
pests particularly in maize ecosystem. The major impacts of climate change on insect-pests may be 
predicted as loss of ecological biodiversity, reduced winter mortality, increased over wintering 
survival of larvae, increase in number of reproductive cycles in a season, introduction of alien 
species, change in pest population dynamics, and outbreaks of new pests. These could impact the 
host plant resistance and reduce the effectiveness of bio-control agents. To combat the problems of 
increased pest population, sole reliance on chemical pesticides could create serious problems of 
pest outbreaks, insect resistance, resurgence and demand for more pesticides in addition to 
undesirable side effects on biodiversity, environment, food quality and human health. Therefore, 
these implications of climate change on insect-pest dynamics and maize production need to be 
given careful attention for planning, devising and mitigating strategies for future pest management 
programmes.   

 
TS1-19 Evaluation and Selection of Inbred Lines for Genetic Enhancement of White 
Maize 

 
Ganapati Mukri*, Abhijit Kumar Das, Ambika Rajendran, Bhupender Kumar, Vishal Singh, 
S.L Jat, K.S. Hooda, J.C. Sekhar, and S.B. Singh  
Directorate of Maize Research, Pusa Campus, Indian Agriculture Research Institute (IARI), New Delhi, India 
*Corresponding author; Email: ganapati4121@gmail.com 

 
White maize is usually preferred over yellow maize for human consumption. Since elite parental 
material is a prerequisite for the genetic enhancement of any crop, the research evaluated better 
parental line/s using 47 CMLs along with three checks (HKI 1344, HKI 1378 and CM 32) in 
randomized complete block design (RCBD) with three replications during the Rabi (winter) season 
2014, at RMR & SPC, DMR regional station, Begusarai, Bihar (India). Inbred lines were kept open 
for random mating. Data was recorded on days to 50 percent flowering, anther-silking interval 
(ASI) and other yield and yield component parameters. The analysis of variance revealed 
significant differences between the genotypes for all of the considered traits. Genotypes of high-
yielding ability with less ASI were selected at 5 percent LSD over the population mean. A total of 
nine inbred lines  (CML 517, CML 504, CML 552, CML 314, CML 494, CML 488, CML 319, 
CML 97 and CML 531), with high shelling-out turn (80-89 percent) and high-yielding capacity 
(3,263–4,264 kilogram per hectare [kg/ha]) were selected. These inbred lines had less ASI (1 to 4 
days), matured in 155-170 days during the rabi season and recorded significantly (>50 percent) 
higher yield over checks. These selected inbred lines therefore, can be effectively used for 
enhancing the white maize yield, following a suitable breeding method.  
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TS1-20 Current Achievements of High Yielding Hybrid Maize Research and 
Development in Myanmar 
 
Win Nwe* and Thant Lwin Oo 
Maize and Other Cereals Crop Section, Department of Agricultural Research (DAR), Yezin, Myanmar 
*Corresponding author; Email: tetpu200733@gmail.com 
 
Maize is a staple cereal that functions as the backbone of the feed industry in Myanmar. Demand 
exceeds supply, and therefore, the country could harness opportunities to produce maize for feed to 
meet market demand both domestically and internationally. The total cultivated area for maize in 
Myanmar is more than 412,000 hectares (ha) and national average yield is 3.61 t/ha in 2011-12. 
High-yielding hybrid varieties are an essential pre-requisite for promoting productivity. To 
strengthen the availability of high-yielding maize varieties, effective breeding methods for 
developing hybrid maize are required. Since 1975, the Department of Agricultural Research 
(DAR), Yezin, conducted research to develop of superior, locally-adapted, inbred lines in 
Myanmar. During the past eight years, the department implemented a hybrid breeding program 
which produced superior hybrids at low cost, using the composite line method. Two hybrids, Yezin 
Hybrid No.10 and Yezin Hybrid No.11 were developed and tested through participatory farmer 
trials from different regions of the country. The findings from these trials proved that the two 
hybrids demonstrated better performance and higher yield (7.5-7.7 t/ha) than existing varieties in 
Myanmar. In order to spread access to local farmers effectively and rapidly, the DAR joined with 
public and private seed companies to accelerate the national maize seed production program.  

 

TS1-21 A Rapid Breeding Scheme for Recurrent Selection in Maize (Zea mays L.) 
 
Hidayatur Rahman  
Department of Plant Breeding and Genetics, University of Agriculture, Peshawar, Pakistan 
Email: h_rahman_pbg@yahoo.com 
 
A modified maize breeding scheme has been adopted at the University of Agriculture, in Peshawar, 
Pakistan, that facilitates completion of one cycle of recurrent selection for grain yield and other 
plant parameters of interest within one year. The scheme entails growing three maize crops in one 
year and has been successfully undertaken during two years to complete two cycles of S1 line 
recurrent selection in Azam maize population. In addition to the two phases of recurrent selection 
(i.e. progeny development and evaluation), the third phase (i.e. recombination of selected 
progenies) was carried out under microclimatic condition and somewhat similar to the one 
experienced under normal field circumstances. Gain per cycle during these two years was 9% for 
grain yield, 7% for ear length and 6% for 1000 kernel weight in Azam population. Gain for 
resistance to Maydis leaf blight (MLB) disease was 13% per cycle, reflecting a significant 
reduction in the disease severity. This new procedure allows maize breeders to produce three 
generations of maize crop in a single year which could have a significant impact on the pace of 
maize cultivar development and would enable maize breeders to develop and release maize 
cultivars in an expedient manner. Salient features of the breeding scheme are: i) in addition to 
progeny development and evaluation, the third phase (i.e. recombination of selected progenies), is 
also carried out under normal conditions and somewhat similar to one experienced under field 
conditions; ii) planting and harvesting of the crop from the three phases is arranged in such a 
manner that no time lapses while proceeding from one phase to another; and iii) the scheme allows 
maize breeders to develop maize cultivars in a span of five to six years, compared to nine to ten 
years needed in traditional recurrent selection.  
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TS1-22 Early- and Medium-Maturing Maize and Changing Climatic Condition in 
Northwestern Himalayan States  
 
K.P. Singh1, V. Mahajan1*, Ekta Srivastava1, Kanya Rai1, S. K. Guleria2 

1Directorate of Maize Research, Pusa Campus, New Delhi, India 
2Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya (CSKHPKV), and Himachal Pradesh 
Agricultural University (HAREC), Bajaura District, Kulla, Himachal Pradesh, India 
*Corresponding author: vinmaha9@gmail.com 
 
Maize production is very sensitive to changes in climatic variables such as temperature and 
precipitation.  To evaluate the impact of climate change on maize production in India, the study 
evaluated impacts on rainfed maize crops grown in the northwestern Indo-Gangetic Plain zone. 
The study investigated climatic parameters and compiled yield trial data of Bajaura (Latitude 33° 
22’ N, Longitude 77° 0’ E, 1090 m amsl), Himachal Pradesh, a location in the northwestern 
Himalayan region of India. The objective of the study was to understand the variation in rainfall, 
temperature and grain yield of early- and medium- maturing maize hybrids tested under the All 
India Co-ordinated Research Programme (AICRP) over a period of 25 years from 1989 to the 
present. The changes in the rainfall, temperature and grain yield in the crop season of maize 
characteristics were determined by both parametric (linear regression) and non-parametric 
following Mann-Kendall test methods. The magnitude of change in minimum temperature was 
found to be significant but there was no significant change in magnitude for rainfall and maximum 
temperature. In such climatic conditions, the increase in maize productivity in maize trials 
conducted by AICRP may be primarily due to genetic improvement in the new material tested 
annually.  

 

TS1-23 Studies on Genotypic Response of Maize to Different Environmental Conditions 
 
N. K. Singh* and Pankaj Kumar 
G.B. Pant University of Agriculture & Technology, Pantnagar, Uttarakhand, India 
*Corresponding author; Email: narendraksingh2@gmail.com 
 
Thirty-three maize genotypes, including both hybrids and pure lines, were phenotyped to assess 
their performance under four environments:  normal nitrogen (NN 120 kg/ha), high nitrogen (HN 
160 kg/ha), low nitrogen (LN 80 kg/ha) and excess water (EW). Environment-wise analysis 
revealed significant variance for grain yield. Analysis of data across the environments, using 
additive main effect and multiplicative interaction (AMMI) statistics, revealed significant variance 
for genotypes, environment and genotype x environment (GxE) interaction. Genotype main effects 
had the largest contribution (55.23%) followed by GxE interaction (22.73%) and environment 
(22.02%) to the total sum of square for grain yield. The interaction component was further divided 
into three interaction principal component axes (IPCA).  IPCA I, IPCA II and IPCA III accounted 
for 45.24%, 29.60% and 25.16% respectively, of the GxE interaction component. The AMMI 1-
biplot analysis using genotype main effect and IPCA I, indicated that genotypes had a relatively 
higher variance than the variance due to environments as indicated by the distribution as well 
position occupied by the 33 hybrids and four environments on biplot display. AMMI 2-biplot 
analysis identified three hybrids with stable performance. AMMI 2-biplot also identified hybrids 
specifically adapted NN, LN, HN and EW environments.  However, all of the hybrids exhibited 
specific adaptability to LN and EW environments and had grain yield lower than the average yield.  
It is interesting to note that none of the inbred lines had specific adaptability to NN and HN 
environments, which may be attributed to the inherently poorer nitrogen use efficiency of inbred 
lines than of the hybrids.  
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TS1-24 Deviation in Correlation Coefficients and Heterosis in Early Maturing Maize 
Hybrids 
 
Avinash Singode1, K.P. Singh1, Ekta Srivastava1, S.K. Guleria2, R.S. Sudan3, Z.A. Dar4, A.A. 
Lone4, Bilal Ahmed1, and V. Mahajan1* 
1 Directorate of Maize Research, Pusa Campus, New Delhi, India 
2 Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya Himachal Pradesh Agricultural University 
(CSK HAREC), Bajaura, Himachal Pradesh, India 
3 Maize Research Center, S. K. University of Agricultural Sciences and Technology of Kashmir (SKUAST-K), 
Udhampur, Jammu & Kashmir, India 
4KD Research Station, SKUAST, Jammu & Kashmir, India 
*Corresponding author; Email: vinmaha9@gmail.com 
 
Extra-early, early and medium maturing maize varieties are grown in the Himalayan hills. To 
improve the quality of the maize used for the maize-based cropping system in the Himalyan hills, 
we selected early-maturing, single-cross hybrids with at least 10% superiority over the best check 
in order to evaluate coefficients and shifts among different traits.  Twenty-eight early maturing 
inbred lines were used to develop 48 early maturing single-cross hybrids. These hybrids, along 
with checks, were evaluated over three locations.  Early maturing single-cross hybrids (23) were 
also evaluated at Udhampur. Eleven single-cross hybrids were found to be superior to the best 
check at Bajaura and Srinagar.  Two single-cross hybrids exhibited superior heterosis at 
Udhampur. A significant shift in correlation values from zone one to zone two was observed for 
grain yield as well as other characteristics such as shelling percentage, plant and ear height, ratio of 
ear and plant height, anthesis-silking interval and grain filling period. The correlation coefficient 
deviated by 46.66% correlation between the characteristics from zone 1 to zone 2. At Udhampur, 
characteristics deviated significantly from one location to another across most of the characteristic 
elements evaluated.  The study found 86.11% correlation between traits from Udhampur to Delhi. 
The deviation of correlation between the environments was more meaningful than the correlation 
of coefficients and the shift of correlation coefficient was more important than correlation alone. 
Those correlation coefficients which do not shift over locations/zones were found to be more 
reliable for improved hybrid selection suitable to the Himalayan hills cropping system. 

 

TS1-25 Evaluation of Open Pollinated Maize Varieties in the Highlands of Papua New 
Guinea  
 
Julie Sip* and Peter A. Gendua 
National Agriculture Research Institute, Papua, New Guinea 
*Corresponding author; Email:  julie.sip@nari.org.pg 
 
Maize was introduced into Papua New Guinea (PNG) by the early explorers and Christian 
missionaries more than 200 years ago and is an important food crop throughout PNG. It is 
commonly grown as intercropping with other crops throughout PNG and, in the highlands, it is 
grown in crop rotation with sweet potato (Ipomoea batatas) and peanuts (Arachis hypogea.L) and 
is one of the crops that possess the potential to reduce the incidence of bacterial wilt in affected 
crops.  Evaluation of improved maize varieties began in the 1970s in several areas in PNG 
highlands and lowlands. From this research, several varieties such as Metro and Suwan were 
recommended for farmers’ general cultivation. However, there is lack of high-yielding varieties 
and a need for quality seed supply systems and maintenance of seed and variety quality in PNG. 
The recent evaluation work in the highlands of PNG occurred with 23 maize varieties. Statistical 
analysis indicated non-significant differences between all parameters assessed for the elite 
varieties, though yield range was between 1-5 tonnes/hectare (t/ha) and slightly above local check 
variety “Suwan” which yielded 4.0 t/ha.  The elite varieties were less susceptible to Northern Corn 
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Leaf Blight (Helminthosporium turcicum) with damage scores of two (2) and below. Despite these 
results, and, as the trials were conducted in different seasons (wet and dry), there is still a 
possibility of validating the promising entries   with a new batch of open pollinated varieties 
(OPVs) suitable for cool highlands environment which may be introduced from the International 
Maize and Wheat Improvement Center (CIMMYT). 

 

TS1-26 AMMI Model Based Stability Analysis of Maize Hybrids in North Western 
Himalayan Ecologies     
 

R.S. Sudan1∗, Nisar Ahmad1, Bharat Bhushan2, Z.A. Dar 3, A.A. Lone3   
1 All India Coordinated Research Projects (AICRP) Maize Research Centre Udhampur, India 
2Sher-E-Kashmir University of Agricultural Sciences and Technology of Kashmir (SKUAST-J), Jammu & 
Kashmir, India 
3KD Research Station, SKUAST-K, Jammu & Kashmir, India 
*Corresponding author; Email: rssudanudh@gmail.com 
 
Additive main effects and multiplicative interaction (AMMI)  based stability analyses were used 
for this study at the AICRP Maize Research Centre, located at Udhampur, Jammu and Kashmir, 
India,  during 2011-2013, to evaluate stability and adaptability of grain yield and its component 
traits in experimental maize hybrids. The study was comprised of 11 experimental hybrids 
including a check (Kanchan-612). The Analysis of Variance (ANOVA) indicated significant 
effects of genotypes (G), environments (E) and their interaction (GxE). The two principal 
components in AMMI analysis were significant, explaining 65.99 percent (37.87 percent PC1 and 
28.12 percent PC2) of interaction variation. The AMMI biplot clearly showed that certain 
genotypes in one year have higher yield than in the other. UDMH-9, UDMH-1 and UDMH-5 
exhibited high mean grain yield and average responsiveness with a high degree of stability, 
indicating general adaptability and thus can be recommended for north western Himalayan regions 
and for areas with similar environments. The best genotype with respect to the area was UDMH-9, 
a white colored hybrid which is preferred by farmers in the area for their staple food. Therefore, 
this hybrid can be recommended according to the specific adaptation area.  

 

TS1-27 Genetic Diversity in the Regenerated Set of Maize Germplasm Conserved in the 
Gene Bank of India 
 
N. Sunil1*, J.C. Sekhar2, Jyothi Kaul2 and O.P.Yadav2 
1Winter Nursery Centre, Directorate of Maize Research, Rajendranagar, Hyderabad, India     
2Directorate of Maize Research, Pusa Campus, New Delhi, India 
*Corresponding author; Email: sunilneelam9@gmail.com 
 
One hundred and one accessions of maize germplasm, conserved in the national gene bank of 
India, were regenerated during the Rabi (winter) season, 2013-2014. Wide variation was recorded 
in 11 phenotypic quantitative traits viz. plant height (108 -217 cm), days to anthesis (61-93), days 
to silking (63-95), anthesis-silking interval (1-16), ear height (40-132 cm), number of leaves above 
the ear (4-7), number of ears/plant harvested (3-24), ear length (7-19 cm), ear width (2.5-5.1 cm) 
and number of kernel rows (8-20).  Good variation was also recorded in the three qualitative traits 
of tassel type viz. Primary, Primary-Secondary, Primary-Secondary-Tertiary; kernel color – orange, 
yellow, white and kernel types – flint, dent and semi-dent. Multivariate analysis using these 11 
phenotypic traits revealed good diversity. Accessions were clustered using Ward’s minimum 
method for diversity analysis. All of the accessions were grouped into three broad clusters: cluster I 
had 41 accessions, cluster II contained 24 accessions and cluster III included 36 accessions. The 
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Principal Component Analysis (PCA) revealed that eigenvalues of the first three components 
explained more than 50% (61%) of the variation.  

 

TS1-28 Generation Mean Analysis for Carotenoids in Sweet Corn 
 
Bhalang Suriharn*, Anjana Junpatiw and Kamol Lertrat 
Plant Breeding Research Center for Sustainable Agriculture, Khon Kaen University, Khon Kaen, Thailand 
*Corresponding author; Email: bsuriharn@gmail.com 
 
Yellow sweet corn (maize) is an important source of dietary carotenoids such as lutein, zeaxanthin, 
β-cryptoxanthin, α-carotene and β –carotine. Genetic information is required to increase 
carotenoids in maize. Therefore, in this study, we sought to determine gene effects for carotenoids 
in two sweet corn crosses. The two inbred lines selected for the study were CPS (with high 
carotenoids) and 101L (with low carotenoids). These were used as parents to create six populations 
(P1, P2, F1, F2, BC11 and BC12). These populations were grown in a randomized complete block 
design with three replications. Generation mean analysis was performed. F1 hybrid was lower than 
mid-parent for all the carotenoid traits (lutein, zeaxanthin, β-cryptoxanthin, α-carotene and total 
carotine). The study found that additive gene effect plays an important role in carotinoids:  Broad-
sense heritability estimates ranged from 0.61 to 0.91 and narrow-sense heritability estimates ranged 
from 0.19 to 0.78. The result of this study indicates that selection for carotenoids would be 
effective in early generations. This information is important for choosing an appropriate breeding 
strategy for high carotenoids in maize. 

 

TS1-29 Evaluation of Imported and Local Hybrids Maize Tested in Multi-location 
Trials Using the Additive Main Effects and Multiplicative Interaction (AAMI) Model 
 
M.Z.A. Talukder*, K.A.M.M. Rahman, F. Aktar and M.R.Ali 
Bangladesh Agricultural Research Institute, Gazipur, Bangladesh 
*Corresponding author; Email: zahirbari@yahoo.com 
 
The genotype-environment interaction is generally recognized when the same genotype is assessed 
in different environments, having a decisive influence in cultivar recommendation. Maize hybrids 
that are only adapted to a particular environment can become a limiting factor to seed production in 
large scale. One of the main objectives of breeders is to obtain a hybrid with high mean yield and 
good adaptation to different environments. The present study assessed genotype × environment 
interaction and stability for grain yield, days to tasseling, days to silking, plant height and ear 
height with 25 hybrids imported by different seed companies, three experimental hybrids and four 
local hybrids across five different locations of Bangladesh during 2012-13. The additive main 
effects and multiplicative interaction (AMMI) model was used to analyze the genotype-
environment interactions over five locations to select the hybrid having higher yield and other 
potential attributes. Significant variation for genotypes (G), environment (E) and genotype by 
environmental interactions (GEI) were observed for the character yield. The environments in 
Gazipur and Hathazari were poor, but Jessore, Jamalpur and Burirhat were suitable for hybrid 
maize production. Burirhat in Rangpur was found most suitable for hybrid maize cultivation 
followed by Jamalpur and Jessore. Considering the mean, bi and S2di, all of the hybrids showed 
different adaptability responses under different environmental conditions. Among the hybrids, 981, 
827K and Elite are higher yielding and stable over all environments. Pac 999 Super, Prince, 
Pioneer, BMS 08-1 and 740 demonstrated moderate yield potential, but were highly stable. 
Sunshine generated the highest yield but was responsive to the environment. C6485 did not 
generate a good yield but was the most stable variety. 
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TS1-30 Application of Doubled Haploid Technology for Hybrid Maize Breeding 
Development in Vietnam 
 
Nguyen Duc Thanh*, Dang Ngoc Ha, Nguyen Huu Hung, Luong Thai Ha and Kieu Quang 
Luan 
National Maize Research Institute, Hanoi, Vietnam  
*Corresponding author; Email: Thanhkhvn2010@gmail.com 
 

Three years ago, with the support of CIMMYT, the National Maize Research Institute of Vietnam 
(NMRI) imported and successfully maintained three CIMMYT tropical, adapted, haploid inducers 
(TAILP1, TAILP2 and TAILP1 x TAILP2) in northern Vietnam. When crossing these three-TAILs 
with 6 commercial maize hybrids of Vietnam, 2,638 haploid seeds were obtained with the haploid 
induction rate of these TAILs ranging from 3.8 to 8.1%. After treating with 0.04% colchicine 
solution and 0.5% DMSO for 12 hours, 175 D0 plants were developed with an average fertility rate 
of 6.63%. Thirty out of 175 DH lines with high uniformity, performance and good agronomic 
characteristics were evaluated in the winter season 2013. By crossing these with two excellent 
tester lines of NMRI and evaluating the combining ability, two promising hybrids  CNC 686–8 and 
CNC 686–6 were identified with yield potential of 8.4 - 9.7 tons per hectare, or 10 to 15% higher 
yield than three commercial hybrid checks (NK4300, LVN61 and VN8960). NMRI will apply the 
doubled haploid technology on a large scale to strengthen the hybrid maize breeding program in 
Vietnam. 

 

TS1-31 Grain Filling Characteristics of Maize Hybrids Differing in Maturities in the 
Northeast China      
 
Xiaohui Wang1, Lei Zhang1, Shuangli Liu2, Yujun Cao1, Wenwen Wei1, Chunguang Liu1, 
Yongjun Wang1, Shaofeng Bian1, Lichun Wang1*  
1Institute of Agricultural Resources and Environment, Jilin Academy of Agriculture Sciences/State Engineering 
Laboratory of Maize, Changchun, Jilin   
2College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun, Jilin   
*Corresponding author; Email: wlc1960@163.com 
 
To generate scientific information to facilitate the regulation of grain weight and selection of 
maturity for maize grown in the northeast China, a field study was conducted to characterize grain-
filling attributes of maize hybrids with differing maturities. Experimental materials consisted of 40 
high-yielding hybrids; these were planted in 60,000 plants in one hectare (ha) under the same 
environmental conditions. The study involved estimation of yield, 100-kernel weight, grain-filling 
parameters of grain-filling rate and grain-filling duration, based on FAO criteria. The results 
indicated that 40 maize hybrids could be divided into four types of maturities: Type I is medium-
maturity representing whole-growing days, type II represents mid-late maturity, type III is late 
maturity, type IV is super-late maturity. The study found that type III represented 50% of the 40 
maize hybrids, the highest among these four types, type I and II represented the lowest proportion 
(12.5% each) of plants in the study, and the ratio of type IV was 25%. For these four types of 
maturing maize hybrids, the yield of the mid-late maturity (type II),  late maturity (type III) and 
super-late maturity (type IV) were not significantly different（P>0.05) but remarkably higher than 
medium maturity under trial density（P<0.05). The 100-kernel growth rate of mid-late maturity 
(type II) was fastest and the medium maturity (type I) was slowest among these four types. The 
total filling period could be divided into the early stage, the middle and late stages. Calculating the 
initial grain-filling potential and the maximum grain-filling rate, the grain-filling duration of early 
stage, and the grain filling rate of the middle and late stages were significantly higher than other 
three types in this trial. Regarding the active grain-filling period, the grain-filling duration of the 
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middle stage and the late stage, and the grain-filling rate of the early stage were remarkably lower 
than the other three types. Furthermore, correlation analysis indicated that the active grain-filling 
period, the effective grain-filling time, the grain-filling duration of early stage, and the grain-filling 
rate of middle and late stages were significantly correlated to yields. Thus, the study indicated that 
improved grain yield of maize hybrids could occur during differing maturities by: i) prolonging the 
active grain-filling period; ii) optimizing effective grain-filling time; iii) focusing on the grain-
filling duration of middle and late stages; and  iv) enhancing the mean grain-filling rate during the 
early stage. 

 

TS1-32 Broadening the Genetic Base of Chinese Maize Heterotic Pools with Exotic 
Germplasm  
 
Hongjun Yong*, Degui Zhang, Mingshun Li, Jianfeng Weng, Zhuanfang Hao, Xinhai Li and 
Shihuang Zhang  

Institute of Crop Science, Chinese Academy of Agricultural Sciences (CAAS), Beijing, China    
*Corresponding author; Email: yonghongjun@caas.cn 
  
Introgression of favorable alleles from exotic maize germplasm for breeding programs can increase 
genetic variation within heterotic pools of available temperate germplasm. This study measured the 
performance of exotic opulations in northern China with an aim to determine if elite germplasm 
could be used to broaden the genetic base of Chinese germplasm. Some 15 diverse populations 
sourced from the International Maize and Wheat Improvement Center (CIMMYT) and the United 
States (U.S.) were test-crossed with Csyn. 5, Cpop.11, and Cpop.12, representing Chinese 
Sipingtou, Lancaster Sure crop and Reid Yellow Dent subgroups, respectively.  Using Miranda 
Filho and Geraldi’s analysis for evaluating variety effects and opportunities to combine traits such 
as grain yield, stalk lodging, ear height and days to silking, some 45 test-crosses and 18 
populations were evaluated in northern China. The results indicated that additive genetic effects 
were more important than non-additive genetic effects for all of the traits measured. Pop28 and 
BS29 were found to be the most suitable maize germplasm for future improvement of grain yield 
and other favorable agronomic traits (ear height and days to silking) and adaptation in northern 
China. Pool 26, Pop32, Tuxpeño and Suwan 1 exhibited more favorable alleles for high yield 
potential and stalk lodging tolerance. The best strategies for utilizing these elite germplasms may 
be to introgress Pool 26/Suwan 1, BS29/Pop32, and Pop28/Tuxpeño into Chinese heterotic 
Sipingtou, Lancaster and Reid subgroups, respectively, by forming semi-exotic germplasm pools to 
broaden the genetic base of Chinese germplasm. 
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TS2: Maize for Fodder/Feed, Specialty Corn, Value-
addition and Processing 

 
TS2-1 Breeding for Low Phytic Acid Maize in Thailand 
 
Chokechai Aekatasanawan1, Pantipa Na Chiangmai2*, Phakatip Yodmingkhwan2, Phrutiya 
Nilprapruck2, and Mana Kanjanamaneesathian2 
1National Corn and Sorghum Research Center, Faculty of Agriculture, Kasetsart University, Pakchong, Nakhon 
Ratchasima,Thailand  
2 Faculty of Animal Sciences and Agricultural Technology, Silpakorn University, Phetchaburi IT Campus, Cha-
Am, Phetchaburi, Thailand. 
*Corresponding author; Email: pantipa@su.ac.th 
 
Phytic acid (PA) is the storage form of phosphorus (P) in seeds and plays an important role in the 
nutritional quality of food crops. Breeding for low PA (LPA) crops may offer potential to increase 
nutritional quality of crop products as PA is not efficiently digested by humans or non-ruminant 
animals such as swine, poultry and fish. Scientists analyzed the contents of PA and inorganic 
phosphorous (InP) using seeds from inbred lines and F1 hybrids of maize (Zea mays L.) grown 
from the 2007 late, rainy-season to the early, rainy-season of 2009 at the National Corn and 
Sorghum Research Center, Thailand. The PA content in the tested inbred lines and F1 hybrids 
ranged from 800 milligram (mg) to 1,000 mg per 100 gram (g) of seed. The two groups of Ki 
inbred lines (Nursery no. 122 during the 2007 late, rainy-season), were categorized as LPA 
representing a value of <900 mg/100 g seed, compared to the medium-high value (M-H) 
representing ≥900 mg/100 g seed. The medium-high PA group provided a basis for rating by visual 
selection of plant and ear characteristics, which contrasted to the LPA group. The resulting 
correlations revealed that the high PA inbreds possessed better characteristics (P < 0.05) than those 
of the LPA inbreds. Most of the negative and non-significant correlations were observed between 
PA and InP. Correlations between PA and grain yield of F1 hybrids tested in the 2008 late rainy 
season and 2009 early rainy season were positive and non-significant. Correlations between InP 
and grain yield of the F1 hybrids was negative and non-significant in the 2008 late rainy season, but 
highly significant (P < 0.01) in the 2009 early rainy season. From the results of genetic variation of 
the PA and InP contents of the Ki and the new inbreds, medium PA inbred lines (M) (900≤x<950 
mg/100 g seed) were differentiated from high PA inbred lines (H) (≥950 mg/100 g seed). The study 
concluded that the selected, low-PA hybrids with high grain yield may be achieved by using the M 
x L and M x M hybrid patterns which had lower PA contents than the means of the experiments in 
the two trials (Trial no. 916-918 and Trial no. 904-906). 

 

TS2-2 Prospects of Maize x Teosinte Hybridization in Fodder Improvement of Maize 
 
Anupam Barh*, Manjeet Kumar, N.K Singh 
G. B. Pant University of Agriculture & Technology, Pantnagar, Uttarakhand, India  
*Corresponding author; Email: anupambarh6@gmail.com 
 
Maize is among the very few fodder crops, amongst the non-legume cultivated fodders, which 
produces nutritional value along with a good quantity of biomass. It is commonly grown as a 
summer fodder in the northwestern regions of India, particularly in the Punjab, Haryana and 
Western Uttar Pradesh areas of the country. Farmers routinely face an acute shortage of green 
fodder during semi-annual, lean periods during the months of Nov-Dec and May-June. During 
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these periods, feed for cattle consists of straws or stovers which offer limited nutritional value  that 
results in reduced milk production potential. Cultivation of maize, particularly during the period 
from April to June faces problems of heat and drought stress which severely affects the yield.  
Additional challenges include the increased cost of production resulting from the need for frequent 
irrigation during this period and re-growth after cutting resulting from the inability to tiller the 
maize crop. To improve maize fodder yield, especially during the lean period, the research 
incorporated the breeding traits of tolerance to drought and heat stress, tillering and re-growth 
capacity, by crossing maize (female) with Teosinte (male) during the 2013 rainy season (May-
Sept). F1 seeds in four crosses out of the eight attempted, were planted during the 2013-2014 winter 
season (November–January) and data recorded. On an average, 2-5 basal and 5-6 lateral tillers in 
addition to main shoot were observed in F1 plants. No tillers were noticed in athe maize lines 
whereas 5-9 basal and 1-3 lateral tillers were observed in the Teosinte lines. The plant height of the 
main shoot and tiller length of F1 were 146-154 cm and 68 cm, respectively. The number of leaves, 
the leaf length and leaf width in F1s, maize and teosinte varied from 55-61 cm, 67-79 cm and 3.2-
5.75 cm, 9-11 cm, 71-84 cm and 6.5-8.5 cm, and 41-71 cm, 51-68 cm and 2.8-4.5 cm,  
respectively. The per plant biomass at the flowering was 785 g, 505 g and 175 g, respectively, for 
F1, maize and Teosinte. Teosinte was found to be highly tolerant to drought and heat followed by 
F1 and normal maize. Teosinte exhibited very slow growth and also did not flower even 170 days 
after sowing. In spite of normal maize-like seed of the maize x teosinte cross, the F1 plants 
exhibited typical features of teosinte ears and tassel whereas the plant type and growth habit of F1 
was in between the maize and Teosinte. Considering the Maize x Teosinte cross as promising 
fodder crop, F1 plants were selfed and crossed as male with respective parents as female to 
generate BC1 population. Backcrossed seeds were observed to be normal maize-like seeds whereas 
selfed seeds on F1 plants were both Teosinte-like seed and maize-like small seed with altered 
shape. Backcrossed and F2 seeds have already been planted for further investigation. Thus, initial 
observations indicate that maize x Teosinte hybridization can be a potential approach for 
improving the fodder yield of Maize. It is also assumed that tolerance potential of maize x Teosinte 
cross will help extend the maize cultivation period even in stress prone areas.  

 

TS2-3 Alien Gene Transfer through Interspecific Hybridization for Developing Dual-
purpose Fodder Maize 
 
D. R. Malaviya 
Indian Grassland and Fodder Research Institute, Jhansi, India  
Email: malaviya2007@yahoo.co.in 
 
Maize possesses potential as a dual-purpose crop for both feed and fiber from silageand hay. 
However, the production of maize for fodder is constrained by the prioritization/selection of high-
yielding grain varieties and hybrids. To facilitate dual-purpose crop variety development, 
researchers at the Indian Grassland and Fodder Research Institute (IGFRI), investigated indigenous 
and exotic germplasm in order to identify high-biomass varieties produced from the dual-purpose 
lines. The study found that one variety, the African Tall, remains the best maize variety. Teosinte, 
the progenitor of maize, however, possesses genes for tillering, branching and water lodging 
resistance which may be transferred to cultivated maize. Teosinte and maize are highly inter-fertile, 
making cross-breeding easier. The IGFRI maize improvement program introduced plant 
characteristics such as tillering and branching from Zea mexicana into Zea mays. However, the 
major challenge faced by fodder breeders is the selection of teosinte type F1 cob, which produces 
grain as a primary product. Researchers conducted inter-specific crossing, followed with repeated 
backcrossing with maize, to develop plant types with tillering and/or branching characteristics on 
the maize-type cobs. The backcrossing with teosinte, resulted in a teosinte-type plant that 
possessed a thick central stem characteristic of maize, combined with teosinte characteristics, 
including tillering and other traits. Though profound environmental effects occur in the expression 
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of these traits, there remains an opportunity to select plant types with high-penetrance, expressivity 
and minimal environmental effect. Given that the major genes teosinte branched (tb1), teosinte 
glume architecture (tga1) and grassy tillers (gt1) determine phenotype traits; tb1 demonstrates the 
most important feature, the capacity to determine plant architecture through its overexpression. 

 

TS2-4 Baby Corn Maize for Maximizing Quality Green Forage in the Indo-Gangetic 
Plains of India 
 
Mahendra Singh Pal 

G. B. Pant University of Agriculture & Technology (GBPUAT), Pantnagar, Uttarakhand India 
Email: drmspal1@gmail.com 
 
A field experiment conducted at the Instructional Dairy Farm at the G.B. Pant University of 
Agriculture and Technology (GBPUAT), sought to evaluate food and fodder production potential 
for quality baby corn and green cob forage, under different cropping systems over a three-year 
period (from 2007-2010). The soil at the experimental site was neutral in reaction, deficient in 
available nitrogen, low in phosphorus and medium in potash. The experiment consisted of 12 
treatments: NB hybrid + cowpea – bersem - maize (forage) + cowpea (T1); Maize (baby corn) + 
cowpea - maize (baby corn) + cowpea - maize (baby corn) + cowpea (T2); Maize (baby corn) + 
cowpea-berseem - maize (baby corn) + cowpea (T3); Maize (baby corn) + cowpea – oat - maize 
(baby corn) + cowpea (T4); Maize (baby corn) + cowpea – berseem - maize (forage) + cowpea 
(T5); Maize (baby corn) + cowpea – oat - maize (forage) + cowpea (T6); Maize (green cob) + 
cowpea - maize (green cob) + cowpea - maize (green cob) + cowpea (T7); Maize (green cob) + 
cowpea – berseem - maize (green cob) + cowpea (T8); Maize (green cob) + cowpea – oat - maize 
(green cob) + cowpea (T9); Maize (green cob) + cowpea – berseem - maize (forage) + cowpea 
(T10); Maize (green cob) + cowpea - oat- maize (forage) + cowpea (T11); Remunerative food/forage 
based system, paddy – wheat - maize (forage) + cowpea (T12). These 12 treatments were grown 
using a randomized block design with three replications. The crop varieties Co-3 (Napier Bajra 
hybrid), Surya (maize, both for baby corn and green cob), African Tall (maize-forage), Wardan 
(berseem), UPO (oat), UPC-5286 (cowpea), Pant Dhan-4 (paddy) and PBW 343 (wheat) were 
grown under recommended practices. One row of cowpea was sown in between two rows of maize. 
The maize was grown at 50 cm x 15 cm planting geometry and fertilized with 80 kg nitrogen, 60 
kg phosphorus and 40 kg potash per/hectare (/ha). Data was recorded on the green forage yield 
equivalents, dry matter yield and crude protein yield, and the economics of the cropping systems 
was evaluated. The green forage yield equivalent and economics were calculated on the basis of 
prevalent forage cost based on local market prices. The pooled data revealed that the second 
treatment (T2) produced the highest green forage yield equivalent. The other cropping systems 
where maize was grown as a baby corn (T3, T4, T5 and T6), had significantly higher green forage 
yield equivalents than other cropping systems. Baby corn is a high value product (that harnesses a 
high price in local markets) given its higher yield equivalents. The most significantly highest dry 
matter yield and crude protein yield occurred as a result of the first treatment (T1) system. The 
second-highest crude protein yield was found in the twelfth treatment (T12) system, mainly due to 
higher dry-matter yield. The other rotations, where maize was grown for baby corn, had higher 
crude protein yield than the rotations where maize was grown for forage purposes, and this was 
attributed to higher dry-matter yield. All of the cropping systems (T2-6) in which maize was grown 
for baby corn, demonstrated higher crude protein. The net returns were significantly higher in the 
second treatment (T2), and remained statistically at par with the fifth treatment (T5). Further, all of 
the other cropping systems that incorporated baby corn maize had higher net returns due to higher 
local market rates for baby corn. The B:C  ratio was again, found significantly highest in the 
second treatment (T2) system, followed by the first treatment (T1)  and the third treatment (T3) 
cropping systems. The results of these experiments proved that maize could be grown for baby 
corn along with cowpea as an intercrop, throughout the year, to achieve higher productivity and net 
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profit. However, the second-most remunerative rotation, the fifth treatment (T5), was found to be 
the most sustainable approach with improved soil fertility and productivity outcomes. Therefore, 
the study indicated that baby corn may be grown using both the second and fifth treatments (T2) 
and (T5) cropping systems, not only for higher productivity and net profit, but also for increasing 
the availability of quality green forage to feed livestock, using a continuous rotation cycle 
throughout the year, in the Indo-Gangetic Plains of India. 

 

TS2-5 Enhancing the Utilization of Maize through Improved Processing and Product 
Diversification in Bhutan 
 
U. Singh1* and Tirtha Katwal2* 
1Rajendra Agricultural University, Samastipur, Pusa, Bihar, India 
2Renewable Natural Resources Research and Development Center, Department of Forest and Park Services, 
Yusipang, Thimphu, Bhutan. 
*Corresponding authors; Email: usha_pusa@yahoo.co.in; tirthakatwal@gmail.com 
 
Maize continues to be a staple food in Bhutan where it comprises 30 percent of the national food 
basket. It is estimated that 80 percent of the total maize produced in Bhutan is directly consumed as 
food.  Generally, yellow flint maize, is the preferred variety, consumed in the form of grits and 
flakes. However, the consumption of maize is declining as preference for imported rice increases. 
Rice accounts for three percent of the total import value and the annual import value of rice has 
substantially increased from Nu. 853 million (1Nu= USD 61) in 2011, to Nu 1.2 billion in 2012. 
Due to high import dependency to India, the country faces an acute shortage of exchange currency 
(Indian Rupees) and thus consumers must shoulder higher rice import costs associated with 
currency conversion and relative purchasing power parity. To mitigate the rising preference for 
imported rice, the Department of Agriculture (DOA) in Bhutan, seeks to improve the quality, 
attractiveness and acceptability of maize grits and flakes produced domestically. Two of the most 
critical interventions for enhancing the production and increasing the consumption of maize are to:  
i) improved milling; and ii) diversify maize products. A rapid analysis of current processing 
practices and flaking machinery available and used in the country found that overall, the 
knowledge and capacity for processing maize is poor, and the processing equipment available and 
used is relatively crude. Therefore, to meet the DOA goal, there is a need to replace the existing 
processing methods and machinery with improved practices and technologies in order to improve 
the quality and acceptability of maize products produced and consumed domestically. A value-
added maize processing technology, widely known as the dry-milling processing machine, 
demonstrated that improved grits and flakes could be produced from locally produced maize.  
Additionally, the DOA embarked upon an awareness-raising campaign to promote the nutritional 
value of maize and its advantages as a wholesome food. Training and advocacy at food fairs also 
contributed to influencing public preference for maize as an attractive staple-food alternative.   
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TS3: Stress Resilient Maize for Asia 
 
TS3-1 Breeding for Low Phytic Acid Maize in Thailand 
 
Chokechai Aekatasanawan1, Pantipa Na Chiangmai2*, Phakatip Yodmingkhwan2, Phrutiya 
Nilprapruck2 and Mana Kanjanamaneesathian2 
1National Corn and Sorghum Research Center, Faculty of Agriculture, Kasetsart University, Pakchong, Nakhon 
Ratchasima, Thailand  
2 Faculty of Animal Sciences and Agricultural Technology, Silpakorn University, Phetchaburi IT Campus, Cha-
Am, Phetchaburi, Thailand. 
*Corresponding author; Email: pantipa@su.ac.th 
 
Phytic acid (PA) is the storage form of phosphorus (P) in seeds and plays an important role in the 
nutritional quality of food crops. Breeding for low PA (lpa) crops may offer potential to increase 
nutritional quality of crop products as PA is not efficiently digested by humans or non-ruminant 
animals such as swine, poultry and fish. Scientists analyzed the contents of PA and inorganic 
phosphorous (InP) using seeds from inbred lines and F1 hybrids of maize (Zea mays L.) grown 
from the 2007 late, rainy-season to the early, rainy-season of 2009 at the National Corn and 
Sorghum Research Center, Thailand. The PA content in the tested inbred lines and F1 hybrids 
ranged from 800 milligram (mg) to 1,000 mg per 100 gram (g) of seed. The two groups of Ki 
inbred lines (Nursery no. 122 during the 2007 late, rainy-season), were categorized as low (L) PA 
representing a value of <900 mg/100 g seed, compared to the medium-high value (M-H) 
representing ≥900 mg/100 g seed. The medium-high PA group provided a basis for rating by visual 
selection of plant and ear characteristics, which contrasted to the low PA group. The resulting 
correlations revealed that the high PA inbreds possessed better characteristics (P < 0.05) than those 
of the low PA inbreds. Most of the negative and non-significant correlations were observed 
between PA and InP. Correlations between PA and grain yield of F1 hybrids tested in the 2008 late 
rainy season and 2009 early rainy season were positive and non-significant. Correlations between 
InP and grain yield of the F1 hybrids was negative and non-significant in the 2008 late rainy 
season, but highly significant (P < 0.01) in the 2009 early rainy season. From the results of genetic 
variation of the PA and InP contents of the Ki and the new inbreds, medium PA inbred lines (M) 
(900≤x<950 mg/100 g seed) were differentiated from high PA inbred lines (H) (≥950 mg/100 g 
seed). The study concluded that the selected, low-PA hybrids with high grain yield may be 
achieved by using the M x L and M x M hybrid patterns which had lower PA contents than the 
means of the experiments in the two trials (Trial no. 916-918 and Trial no. 904-906). 

 
TS3-2 Virulence Variability in Exserohilum Turcicum Isolates and Identification of 
Resistant Sources under Temperate Ecology of Kashmir 
 
M.A. Ahangar1, Z.A. Dar1, Ajaz A. Lone1*, B.A. Bhat1, Z.A.Bhat1, N.R.Sofi1 and K.S.Hooda2 

1S.K. University of Agricultural Sciences and Technology of Kashmir (SKUAST-K), Srinagar, Kashmir  
2Directorate of Maize Research, Pusa Campus IARI, New Delhi, India 
*Corresponding author; Email: ajaz999@gmail.com 
 
Northern corn leaf blight (NCLB), caused by fungus Exserohilum turcicum (Pass.) Leonard and 
Suggs, is a highly destructive disease and occurs frequently in temperate agro-climatic conditions 
of Kashmir. The study evaluated virulence variability among isolates of E. turcicum in order to 
develop a location-specific disease management strategy. The study tested 12 isolates of E. 
turcicum which were isolated from 10 districts of the Kashmir valley during the period 2012-2013. 
Altogether, 45 maize genotypes derived from different sources (exotic and indigenous), at an 
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altitude of 2286 masl from a temperate ecology were screened for resistance against three isolates 
of E. turcicum at the Mountain Crop Research Station in Larnoo. Plants were artificially inoculated 
at the four-leaf stage. Disease intensity was recorded using a 0-5 rating scale 15 days after 
inoculation. The initial screening identified 15 resistant lines from various genetic backgrounds. 
Another 16 genotypes were compared to the collected isolates (12) of E. turcicum under artificial 
epiphytotic conditions. Observations of disease intensity, latent period, lesion size and virulence 
frequency led to the identification of seven genotypes (SMI-460, SMI-401, SMI-178, SMI-31, PS-
39, V341, V370) resistant to NCLB. Therefore, these NCLB-resistant lines will contribute to future 
breeding programs.    

 

TS3-3 Development of High-Yielding and Stable Maize Hybrids Across Agro-ecologies in 
Bangladesh 
 

S. Ahmed1, A.K.M. Shamsuddin2 and M.A.K.Mian3 
1Plant Breeding Division, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur, Bangladesh. 
2 Department of Genetics and Plant Breeding, Bangladesh Agricultural University, Mymensingh, Bangladesh.  
3 Department of Genetics and Plant Breeding, Bangabandhu Sheikh Mujibur Rahman Agricultural University, 
Salna, Gazipur, Bangladesh.  
*Corresponding author; Email: su_ahmed66@yahoo.com 
 
An elite line with good combining ability is the pre-requisite for a breeding program targeting 
hybrid-oriented products. The study selected maize inbred lines with good performance were 
crossed using a 10 × 10 diallel mating design and 45 crosses (F1

’s).  These were evaluated with 
three commercial hybrids using alpha lattice with three replications at Gazipur to identify good 
combining parents as well as their high- heterotic hybrids. Both general combining ability (GCA) 
and specific combining ability (SCA) variances were found to be highly significant for yield and 
yield-contributing characteristics, indicating the importance of additive as well as non-additive 
gene actions in controlling all traits. However, variances due to GCA were much higher in 
magnitude than SCA for all the characteristics indicating a preponderance of additive gene effects 
for the inheritance of these traits. Parents Ki21, BIL95, CML298 and CML285 were the best 
general combiners for yield and yield components. The GCA effects indicated that parents with 
desirable GCA effect could be used in hybridization to improve yield and other desirable traits as 
donor parents for the accumulation of favorable genes. Six crosses – Ki21 × CML285, BIL95 × 
CA34502, BIL95 × CML298, BIL95 × CML285, CA34502 × CML285 and BML2 × CML285 – 
had significant positive heterosis for grain yield associated with significant and positive SCA 
effects. These top-ranking six crosses, along with three commercial hybrids, were evaluated at five 
different agro-ecological zones in Bangladesh following Randomized Complete Block Design 
(RCBD) with three replications to identify high-yielding and stable hybrids. Two crosses viz. 
BIL95 × CA34502 and CA34502 × CML285 had positive phenotypic index (Pi>0) in addition to 
non-significant regression coefficients (bi ~ 1) and minimum deviation from regression (S2di

~ 0) 
values and appeared as the most promising and stable options for grain yield as well as most of the 
yield contributing characters, which could be better-exploited for commercialization across the 
wide environments in Bangladesh. 
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TS3-4 Study of Combining Ability in Excessive Soil Moisture (ESM) Tolerant Maize 
 
M. Amiruzzaman*, M.N. Amin1, A. Ahmed and M.M. Rohman 
Plant Breeding Division, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur, Bangladesh  
*Corresponding author; Email: amiruzzaman95@yahoo.com 
 
Excessive soil moisture (ESM) stress is one of the major constraints to overall production and 
productivity of maize in large areas of South and Southeast Asia during the summer-monsoon 
rainy season. To identify ESM-tolerant hybrids, 28 hybrids (from 8×8 diallel cross of selected 
inbreds), were evaluated using a cup screening methodology and in field waterlog and normal 
conditions, during the period 2012 to 2013. Genotypes were exposed to ESM-stress, at the knee-
high stage, by flooding continuously for 10 days. A good similarity was observed in the responses 
of genotypes to ESM-stress at the seedling and knee-high stages. The response of various traits 
differs significantly under normal versus ESM-stress. Genotypes that express tolerance possess a 
profuse appearance of adventitious roots. In general, the waterlogged condition reduced overall 
plant growth, SPAD value and considerably reduced yield, while anthesis-silking interval (ASI) 
widened. Nodes with brace roots showed positive correlation with yield, while ASI demonstrated 
negative correlation. Significant estimates of general combining ability (GCA) and specific 
combining ability (SCA) variances suggest the dominant role of both additive and non-additive 
gene actions for the expression of the traits studied, and where non-additive genetic variation was 
predominant was important in the inheritance of targeted yield traits. Parents E31 and E58 were the 
best-general combiners for yield. Crosses E31×E58, E38×E58, E58×E64 showed significant SCA 
for yield and also possessed better per se performance, indicating that these are important for 
hybrid development. The data suggest that genotypes with very sound seedling growth 
performance, observed during cup screening, were more important in determining hybrid 
performance under ESM-stress conditions. Therefore, the study concluded that ESM tolerance 
involves a morphological adaptation through the development of brace roots. 

 

TS3-5 Seasonal Incidence of Stem Borers in Corn – Record of New Site and Stage of Ovi-
position of S. Inferens 
 
Anuradha M.*, M. Lavkumar Reddy, D. Sreelatha and J.C. Sekhar 

Maize Research Centre, Agriculture Research Institute, Acharya N.G. Ranga Agricultural University, 
Rajendranagar, Hyderabad, India 
*Corresponding author; Email: kasuanu@yahoo.co.in 
 
While developing models for predicting pest population correlated to weather parameters, it is 
essential to conduct continuous surveillance of the seasonal incidence of pests. A field experiment 
on seasonal incidence of stem borer in corn was conducted at the Maize Research Centre in 
Hyderabad by sowing at monthly intervals from January 2013 to December 2013 across an area of 
150 m2 in a replicated trial. Observations of stem borer incidence, number of larvae, stem 
tunnelling and yield outcomes were recorded. An interesting observation of the stem borer 
occurred on the stage and site of oviposition/ Sesamia inferens. Apart from normal oviposition site 
and stage (1-2 leaf sheath at 10-15 DAG), the stem borer also preferred to lay eggs on the seventh 
leaf sheath, 35 days after germination (11th leaf stage), in the December-sown crop. This may be 
the source for the secondary infestation for tassel and cob damage. Significantly, the highest stem 
borer incidence was observed in crops sown in September (34.93%) and February (32.22%). The 
lowest incidence was noticed in December (1.39%) which was on par with crops sown in June 
(2.53%), July (3.38%) and May (3.65%). Similarly, the significantly highest dead-hearts were 
recorded in the September (13.13%), sowing followed by October (6.32%), November (5.35%) and 
February (4.32%) sowings. Stem tunnelling at 30 and 60 days after germination (DAG) was 
highest and significantly on par with September (3.99% and 5.1% respectively) and February 
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sowings (3.6% and 8.8% respectively). A mixed population of Chilo partellus and S.inferens was 
observed from September to February whereas Chilo alone was seen from March through August 
sowings. Destructive sampling at 30 DAG for C. partellus larval recovery revealed no significant 
differences among June (0.0) and May through December sowings (0.33 to 2.0). The number of 
Sesamia larvae observed at 30 DAG was highest in February (5.33%) followed by October 
(4.33%), and no significant difference was observed in the number of pink borer larvae at 60 DAG 
among all the sowings. The highest yield was obtained from the November-sown crop (135.2 
Q/ha) followed by (71.07 Q/ha) in the July-sown crop. It is evident from the results that among the 
monthly sowings, September and February sowings are subject to severe stem borer attack but 
incidents are low during the summer and early kharif (monsoon) season; however, low yields are 
also observed in summer. Hence, it is advisable for farmers to begin sowings in July during the 
kharif season and in November during rabi (winter) season in order to obtain maximum yields with 
low stem borer incidence. 

 

TS3-6 Effect of Heat Stress on Anti-oxidant Capacity of Maize Seedlings (Zea mays L.) 
 
Chubasenla Aochen1, Samantha Pyngrope1*, Anisha Sehgal1, Arunava Pattanayak1 and 
Premila D Thongbam1  
1Agriculture Technology Information Center, Indian Council for Agriculture Research, (ICAR) Northeastern Hill 
(NEH) region, India     
*Corresponding author; Email: pyngrope@gmail.com 
 
Seedlings of six maize varieties (RCMGP 40, RCMGP 47, RCMGP 63, RCMGP 105, RCMGP 
121 and RCMGP 124) differing in heat tolerance, were raised for 10 and 20 days in pots at ambient 
temperature using a Yoshida nutrient solution. The seedlings were then subjected to a heat 
treatment of 37°C for 24 hours in order to identify their differential behavior under heat stress. The 
effects of anti-oxidative enzymes such as superoxide dismutase (SOD: EC 1.15.1.1), catalase 
(CAT: EC 1.11.1.6) and guaiacol peroxidase (GPX: EC 1.11.1.7) as well as DPPH (2, 2-diphenyl-
1-picrylhydrazyl) were evaluated for radical scavenging activity, total antioxidant capacity (TAC) 
and ferric-reducing antioxidant power (FRAP).  Observations were measured in the heat-treated 
and in the control seedlings, respectively. The results of the study indicated that heat stress 
increased activity of SOD, CAT as well as GPX, in all six of the varieties. However, varieties 
RCMGP 63 and RCMGP 105 exhibited higher values for TAC. Therefore, given the varying levels 
of anti-oxidant capacity, anti-oxidative enzyme activities appear to be correlated with heat stress 
tolerance. 

 

TS3-7 Morpho-physiological Traits and Genotypic Variability of Low-temperature 
Stress Tolerance in Tropical Maize 
 
Muhammad Aslam and Saira Bano* 
Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan 
*Corresponding author; Email: sairakhan1441@gmail.com 
 
The spring maize cropping season in the Asian tropics is occasionally challenged by heat-waves at 
the reproductive growth stage. Through early planting of spring maize, heat stress may be avoided; 
however, given that maize is a thermophilic plant species sensitive to low temperatures at all stages 
of development but particularly at the seed germination and early seedling stages of development, 
the impacts of lower temperatures involving earlier maize sowing need to be better understood. 
The study sought to characterize the effects of low temperatures on the morpho-physiological and 
biochemical traits of maize accessions in order to identify available genotypic variability. A set of 
32 maize accessions were evaluated for their performance under screen-house conditions, at 11°C 
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/9°C (day/night) temperatures and also in field settings under natural low-temperatures (9°C 
monthly average) using randomized block design (two-factor) with three replications. The data 
collected on various important phenological traits including mean emergence time, emergence 
index, final emergence, time to 50% emergence, plant height, fresh-leaf weight, root-shoot ratio, 
root and shoot fresh- and dry-weight. Data was also collected on physiological and biochemical 
traits chlorophyll a and b contents, beta carotenoids, amino acid with ascorbic acid and proline 
contents, leaf temperature, stomata conductance, transpiration rate and photosynthetic active 
radiation. Yield attributing traits, such as growing-degree-days to 50% tasseling, growing-degree-
days to 50% silking, anthesis-silking interval, number of grains per cob and 100 grain weight were 
also recorded, in addition to final grain yield per plant. Data analysis indicated that effects of 
genotypic, treatment/season and their interaction were highly significant for the observed traits, 
except chlorophyll “a” and beta carotenoids. The mean performance of the accessions, using an 
index score method (that assigned low number values to tolerant accessions and higher number 
values to susceptible ones), found that the accession 014888 was most tolerant to low-temperature 
stress followed by UAF-2 and UAF-4, while accessions UAF-326, 014905 and 014889 
demonstrated greatest susceptibility to low-temperature stress. Therefore, the study demonstrated 
that significant genotypic variability exists in maize accessions for low-temperature tolerance and 
those accessions with low-temperature tolerance could be used as source germplasm for 
developing new low-temperature, stress-tolerant maize synthetics or hybrids. 
 

TS3-8 Genetics of Resistance to Sclerophthora Rayssiae pv. Zeae Causing Brown Stripe 
Downy Mildew in Maize 
 
Ashwani K. Basandrai*, Daisy Basandrai, Akhilesh Singh and V. Kalia 
Chaudhary Sarwan Kumar Himachal Pradesh Agricultural University Krishi Vishvavidyalaya (CSKHPKV), Hill 
Agricultural Research and Extension Centre, Dhaulakuan, District Sirmour, Himachal Pradesh, India 
*Corresponding author; Email: bunchy@rediffmail.com 
 
Maize is grown in India during the kharif (monsoon) and rabi (winter) seasons. The productivity of 
maize (25.07q/ha) is much lower in India than the global mean yield of 49.2q/ha. Various factors 
may contribute to this low productivity including diseases such as brown stripe downy mildew 
(BSDM) caused by Sclerophthora rayssiae pv. zeae. The BSDM disease may be managed by the 
cultivation of disease-resistant varieties and through the identification and genetic characterization 
of resistant germplasm sources made available through plant breeding. This study evaluated the 
genetics of BSDM-resistance under artificial epiphytotic conditions. Through a generation mean 
analysis of 10 crosses, based on the disease rating of six generations: P1, P2, F1, F2, BC1, BC2, the 
crosses DKI 9406 x DKI 9416 and Farraka Ba x DKI 9553 showed low mean disease ratings in 
most of the generations, therefore indicating resistance to the BSDM disease. Among these crosses, 
significant gene effects were demonstrated in Farraka Ba x DKI 9553.   The study suggests that 
resistance in the inbred lines DKI 9422, DKI 138 and CM 111 was controlled by a single dominant 
gene, whereas resistance in DKI 3 was controlled by a single recessive gene. It is evident, from this 
study, that resistance from these crosses may be easily exploited. 
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TS3-9 Sources with Multiple Resistance to Fungal and Bacterial Diseases in Indian 
Advanced Maize Breeding Material 
 
Ashwani K. Basandrai1*, Rakesh Devlash2, Daisy Basandrai1 and S Guleria2 

1Chaudhary Sarwan Kumar Himachal Pradesh Agricultural University- Krishi Vishvavidyalaya (CSKHPKV) Hill 
Agricultural research and Extension Centre, Dhaulakuan, District Sirmour, Himachal Pradesh, India 
2Hill Agricultural Research and Extension Centre, Bajaura, District Kullu, Himachal Pradesh, India  
*Corresponding author; Email: bunchy@rediffmail.com 
 
The low productivity of maize sown during the rainy season in India may be attributed to losses 
from diseases such as Erwinia stalk rot (ESR), Maydis leaf blight (MLB), Banded leaf and sheath 
blight (BLSB) and Turcicum leaf blight (TLB). These diseases may be successfully managed by 
cultivating resistant varieties. To identify disease-resistant varieties, we evaluated 321 advanced 
Indian maize breeding cultivars against these diseases at hot-spot locations where these diseases 
predominate, specifically in the areas of Dhaulakuan and Bajaura, under artificial epiphytotic 
conditions. The cultivars BH 41127, RMH 3591, JH 31610 and CP 333; HKH 338, KMNH 4302, 
KMNH 4303 and BIO 9637; and KMH 2811, B 54, RMH 932, JH 31601, JH 31470, EHL 162508, 
KNMH 4010141 and  Vivek Hybrid 27 were free from ESR, BLSB and MLB respectively. Ninety-
five of the cultivar entries with ‘DR<2’ were highly resistant to TLB. The cultivars KNMH 4305, 
DMH 63 and KMNH 4301; and Super GA-105, X35D603, HKH 340 and KMNH 4305 were 
resistant to ESR and BLSB, respectively. The cultivars Janahit, FCH 11227, ASMH 777, EHL 
3512, Safal 2, Mahabeej 1202, KNMH 4304, -4305, Orbit and S 6790 were highly resistant to 
TLB. Another 55 cultivar entries were found to be resistant to MLB. The cultivars Super GA 105 
and DAS MH 105 showed multiple resistance to ESR, BLSB and MLB; the cultivars MCH 46 and 
KNMH 4010141 were resistant to ESR and MLB, respectively; however, the cultivars KNMH 
4305, HQPM 5 and KDPC 2 showed multiple resistance to ESR and BLSB. The cultivars MMH 
QPM 6-12-13, VEHQ 3020 and CMH 11-659 showed multiple resistances to MLB and BLSB. In 
addition, the entries Super GA 105, KNMH 4010141 and VEHQ 3020 were found to be resistant to 
TLB. These agronomically desirable resistant cultivarsmay be deployed in disease-prone areas and 
their inbred lines may be characterized for resistance to these diseases. 

 

TS3-10 Yield Stability of a Promising Drought Tolerance Hybrid Maize in Thailand 
 
Thadsanee Budthong*, S. Thaitad, S.Vongsupathai, J. Chanthavorn and P. Grudloyma 

Nakhon Sawan Field Crops Research Center, Nakhon Sawan, Thailand 
*Corresponding author; Email: tchuajad@hotmail.com 
 
To investigate the yield potential and yield stability of late maturing (115-120 days relative 
maturity) hybrids, a a study was undertaken with eight promising hybrids from the Nakhon Sawan 
Field Crops Research Center (NSFCRC), one commercial hybrid from the private sector, and 
another hybrid (NS 3) as a check hybrid.  The hybrids were selected for yield and agronomic trait 
evaluation at seven locations during the rainy season (March to June) 2013. The methodology 
involved a randomized complete block design with four replications.  Each plot consisted of six 
rows (5 meters long) with a row spacing of 0.75 m. and 0.20 m. between the plants. Analyses of 
variance showed significant differences (P<0.05) due to variety, location and variety-location 
interaction. This analysis indicated that large differences occurred among the hybrids in yielding 
ability specific to each location. The variety-environment interactions were also significantly 
different from location to location. Across the seven locations, the experimental mean of the days 
to silking was 57 days, but a highly significant effect was the days to silking among the varieties 
which ranged from 56 to 58 days. The experimental mean for days to tasselling was 55 days, but 
each variety varied days to silking on a range from 54 to 56 days. The plant height and ear height 
traits showed that most entries had ear placement at about the middle of the plant height, the 
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shelling percentage, ranged from 79.62% to 83.20% and experimental mean was 81.40%. The 
highest level of grain yield was obtained from three hybrids –  NSX 042007 (5.88 t ha-1), NSX 
052014 (5.71 t ha-1) and NSX 112013 (5.69 t ha-1) – which produced 5% to 9% greater yield than 
the check variety, NS 3 (5.40 t ha-1) at P<0.05. Furthermore, the study found that the three highest 
yielding hybrids also consistently maintained high-yield performance over diverse, tested 
environments. 

 
TS3-11 The Function Analysis of SOD in the Pathogenicity of Curvularia lunata in 
Maize  
 
Jie Chen 1,2,3  
1School of Agriculture & Biology, Shanghai Jiaotong University, Shanghai, China 
2Laboratory of Southern Urban Agriculture of Ministry of Agriculture 
3State Key Laboratory of Microbial Metabolism 
Email: jiechen59@sjtu.edu.cn 
 
In this study, functional analysis of the SOD gene for the pathogenicity of Curvularia Lunata in 
maize was conducted. The function of the SOD gene was identified by gene knockout and gene 
complement. The two flanking sequences of the SOD gene were ligated into a plasmid 1300qh 
containing a hygromycin resistant gene and a homologous recombination vector 1300qh. Gene 
knockout resulted in the construction of the SOD 53 gene. 1300qh: SOD 53 was transformed into 
Agrobacterium from competent cells and positive transformants obtained. The ORF sequence of 
the SOD gene was replaced by a junk sequence containing a hygromycin-resistant gene using 
genetic transformation, mediated by Agrobacterium. The SOD deleted mutant ΔSOD was obtained 
through resistance screening. The research found that there were no distinct differences in colonial 
morphology and growth rate between the wild type and ΔSOD; however, the pathogenicity of 
ΔSOD was lower than the wild and complementary type due to the deletion of SOD gene. 

 

TS3-12 Uniting the World’s Popcorn Diversity for Dissection of Complex Traits and 
Accelerating Breeding 
 
Denise Costich1 and Huihui Li1,2* 
1International Maize and Wheat Improvement Center (CIMMYT), Apdo, Mexico 
2Institute of Crop Science, International Center for Maize and Wheat Improvement (CIMMYT-China) and 
Chinese Academy of Agricultural Sciences (CAAS) Beijing, China 
*Corresponding author; Email: H.Li@cgiar.org 
 
Popcorn (Zea mays everta) is a special type of flint corn that is the most ancient type of maize. 
Although ancestors of wild maize were domesticated in Mexico nearly 10,000 years ago, nearly all 
of the world's popcorn is commercially produced in the United States (U.S.). While consumers of 
popcorn are worldwide, in Mexico, nearly all of the popcorn consumed comes from the U.S. due, 
in part, to consumer preference for the quality of popcorn produced: U.S. popcorn can pop 24 times 
bigger than the commercially available Mexican popcorn. As a result, the number of landrace 
popcorn growers in Mexico decreases every year. The CIMMYT maize gene bank stores 873 
popcorn accessions with ample phenotypic variance. These accessions provide a valuable resource 
to find the best genetic diversity for popcorn traits, and to determine the genetic basis for these 
traits. Currently these accessions plus nine commercial checks were phenotyped for seven traits, 
including:  i) time to first pop; ii) expansion volume; iii) color of endosperm; iv) shape of flake; v) 
pericarp remaining after popping; vi) number of unpopped kernels; and vii) weight of unpopped 
kernels. The study found a total of 157 accessions that can pop faster than the nine commercial 
checks. For expansion volume, 11 accessions could pop with the similar or larger size than the 
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commercial checks. Over a quarter of the seeds could not be popped for commercial popcorn, 
while 39 accessions could pop with less than 5 percent of seeds left unpopped after cooking.  For 
every important trait measured, the study identified landrace accessions that were equivalent to or 
exceeded the commercial checks. Based on phenotype findings, CIMMYT will develop inbred 
lines to construct an association mapping panel and some bi-parental populations to further study 
the popcorn traits. 

 

TS3-13 Analysis of Genetic Diversity in Maize for Development of Drought-Tolerant 
Hybrids in South Vietnam 
 

Tran Kim Dinh*, Truong Quoc Anh, Ly Hau Giang, Nguyen Canh Vinh and Bui Xuan Manh 

Institute of Agricultural Science for South Vietnam (IAS), Ho Chi Minh City, Vietnam 
*Corresponding author; Email: trankimdinh_ias@yahoo.com.vn 
 
Drought causes significant reduction in maize yields worldwide, including in Vietnam. 
Forecasting drought incidence, frequency and the extent of drought-stress remains a challenge, 
but an alternative is to develop improved maize that is capable of maintaining productivity 
under potential drought conditions. Research on genetic components of hybrids that support 
drought resilience responses may offer insights for targeting the long-term goals of genetic 
improvement breeding programs. A corn breeding program at IAS aimed to address this by 
identifying drought-tolerant germplasm using molecular markers based approach. We analysed 
diversity of 62 drought-tolerant inbreds for developing new tolerant hybrids for South 
Vietnam. The accession of 62 inbreds was identified in 2010 through phenotyping and DNA 
markers. The study revealed abundant genetic variability among 62 inbred lines indicating 
good potential for utilization in the breeding program. The study also established four 
genetically diverse groups among these lines. A total of 84 crosses among the genetic groups 
were developed and tested in 2011 and based on this, one highly promising hybrid was 
selected for commercial exploitation. 
 

TS3-14 Screening Technique for Banded Leaf and Sheath Blight Disease of Maize (Zea 
mays L.) in Sri Lanka  
 
W.M.K. Fernando*, H.N.S.Fernando, S. Wijerathne and D.M.K.Dissanayake  
Field Crops Research and Development Institute, Department of Agriculture, Sri Lanka 
*Corresponding author; Email: menukrisha@yahoo.com 
 
The Banded leaf and sheath blight (BLSB) disease caused by the Rhizoctonia solani pathogen 
seriously effects maize cultivation in Sri Lanka. Surveillance of BLSB is critical for implementing 
control interventions. However, screening methods for this disease using the detached leaf disk 
method is not practical as the leaf disks become yellow and dry before disease scoring. This study 
sought to identify a suitable non-destructive, accurate screening technique for identifying this 
disease. The experiment was conducted during the major and minor cropping seasons 2012 to 2013 
at the Field Crops Research and Development Institute, in Mahailluppallama, Sri Lanka. The study 
selected three maize varieties for the evaluation using five methods including:  i) spraying 
mycelium suspension onto the soil; ii) incorporating sclerotia into the soil; iii) injecting mycelium 
suspension to the sheath;  iv) inserting sclerotia to sheath; and v) using the detached leaf disk 
method, which were initiated one month after planting. The rate of disease incidence and the time 
for symptoms to appear were recorded. By inserting sclerotia in the plant sheath, symptoms of 
BLSB disease appeared within four days and disease incidence of 100% occurred within 11 days in 
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all of the varieties evaluated. Among the methods tested, treatment iv)(inserting sclerotia to sheath) 
was significantly superior in accelerating the appearance of BLSB. The study also found that the 
BLSB disease incidence in the variety Ruwan, was significantly greater than in the other hybrids. 

 

TS3-15 Reconnoitring Resistance to Combat Maize Turcicum Leaf Blight Disease in 
Karnataka, India 
 
K.T. Pandurange Gowda*, N. Mallikarjuna, T.A. Sreeram Shetty  
Zonal Agricultural Research Station, VC Farm, Mandya, Karnataka, India 
*Corresponding author; Email: pandu2049@yahoo.com 
 
Maize is a widely cultivated cereal crop with a broad range of uses: for food, feed and for industrial 
applications. Karnataka, one of the major maize-producing states in India, contributes 12% of 
maize produced in the country, from 1.12 million hectares of cropping land with production levels 
of 3.4 million tonnes. Productivity is limited by the threat of Turcicum leaf blight (TLB), a major 
threat in the different ecosystems across the state. TLB control methods, such as spraying 
fungicides, lack economic viability mainly due to the demand on energy (labor) in the standing 
maize crop. Therefore, the study sought to identify an alternative solution to this threat by 
developing TLB-resistant cultivars appropriate for the eco-systems of south India.  A set of 1,012 
inbred lines and composites representing diverse germplasm, collected from both indigenous and 
exotic sources, were screened under field conditions using artificial inoculation of the TLB 
pathogen (Exserohilum turcicum).  This led to identification of 129 Naganahalli inbred lines (NAI), 
out of the 1,012 lines screened, selected for their resistance to maize diseases and insect pests (and 
widely used by the All India Coordinated Research Project [AICRP]-Maize..  These lines and other 
resistant sources were registered at the National Bureau of Plant Genetic Resources (NBPGR), 
New Delhi. Two maize composites (NAC 6004 and NAC 6002) and two hybrids (NAH 2049 & 
NAH 1137) were developed and released; the two hybrids were superior to commercial private 
hybrids and are also widely adopted in major maize growing areas of the state.  Two popcorn 
varieties (Mysore Pop-1 and Mysore Pop-2), one sweet corn variety (Mysore Sweet Corn) and two 
baby corn varieties (NAB-1: white and NAB-2: yellow) were also developed using these sources. 
Additionally, four races of E. turcicum, prevalent in India, were identified based on their reaction 
to four differentials (H-4460 Ht1, H-4460 Ht2, H-4460 Ht3 and A-503 HtN, pioneered by AICRP-
Maize). The study led the conclusion that the threat of prevailing races of the pathogen TLB calls 
for an immediate re-evaluation of control strategies including development of germplasm for 
integrating multiple resistance genes into existing popular lines. 

 

TS3-16 Relationship between the Corn Stalk Strength and Resistance to the Asian Corn 
Borer Penetration  
 
Jing-fei Guo, Kang-lai He, Zhen-ying Wang*  
State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese 
Academy of Agricultural Sciences, Beijing, China  
*Corresponding author; Email: zywang@ippcaas.cn 
 
The Asian corn borer (ACB), Ostrinia furnacalis (Guenée), is the most important insect pest of 
maize in China. The fourth instar larvae tunnel into the corn stalk and feed on the pith during the 
corn development stage which also provokes stalk lodging, adversely affects mechanized 
harvesting, and results in yield loss. Improvement for rind puncture strength (RPS), an indicator of 
stalk strength, may increase stalk lodging resistance, and may also have some positive influence on 
stalk resistance to ACB. The study evaluated the usefulness of stalk strength in resistance to ACB 
penetration by determining the relationship between rind puncture resistance and ACB boring. The 
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study found a correlation between the number of holes and RPS in the upper-, middle-and lower-
portion of spring and summer maize planted in 2013. The results indicated that the number of holes 
and RPS in the middle portion had a negative correlation. We analyzed the relationship between 
the number of holes and RPS in the middle portion using partial correlation and regression 
analysis.  The biological properties of ACB penetration were also considered.  The number of holes 
present related to the RPS of the seventh internode occurred at the tasseling stage, whereas the 
number of holes present related to the RPS of the sixth internode occurred at the milking stage; this 
suggests that the key to penetration resistance during the first and second generation of corn borer 
was the RPS of the seventh internode at tasseling stage and RPS of the sixth internode at milking 
stage, respectively. 

 

TS3-17 Stable Sources of Multiple Disease Resistance in Maize 
 
K.S. Hooda1*, J.C. Sekhar1, Chikkappa G. Karjagi1, Bhupender Kumar1, Jyoti Kaul1, Avinash 
Singore1, Sain Dass1, R. Sai Kumr1, O.P. Yadav1,  Vimla Singh1, Shravan Kumar1, M.K. 
Khokar1, S.S. Sharma2,  Harleen Kaur3, T.A. Sreerama Setty4, K.T. Pandurange Gowda4, R. 
Gogoi5, R. Range Reddy6, R.K. Devlash7, Ashwani Basandrai8, Chandrashekara C.9, and 
Pradeep Kumar10  
1Directorate of Maize Research, Pusa Campus, Indian Agriculture Research Institute (IARI), New Delhi, India 
2Maharana Pratap University of Agriculture and Technology (MPUAT), Udaipur, India 
3Punjab Agriculture University (PAU), Ludhiana, India 
4University of Agriculture Sciences (UAS) Zonal Agriculture Research Station (ZARS), Mandya, Mysore, India 
5 India Agriculture Research Institute (IARI), New Delhi, India  
6Acharya N G Ranga Agricultural University (NGRAU), Hyderabad, Andhra Pradesh, India 
7Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya or CSK Himachal Pradesh Agricultural 
University (CSK HPKV), Bajaura, India; 
8Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya or CSK Himachal Pradesh Agricultural 
University (CSK HPKV), Dhaulakuan, India,  
9Vivekananda Parvatiya Krishi Anusandhan Sansthan (VPKAS), Indian Council of Agricultural Research 
VPKAS, Almora, India   

10G. B. Pant University of Agriculture and Technology (GBPUA&T), Pantnagar, India 
*Corresponding author; Email: hoodaks@gmail.com 
 
The study sought to identify multi-environment, stable sources of maize germplasm with resistance 
to various diseases. To accomplish this, we selected 200 elite inbred lines and subjected them to 
preliminary screening for 10 major diseases in 2010. Based on the level of  disease reaction, 80 
promising lines were selected for re-testing during two additional years (2011 and 2012) for 
resistance to six diseases: Turcicum leaf blight (TLB); Maydis leaf blight (MLB); Banded leaf and 
sheath blight (BLSB); Brown Stripe downy mildew (BSDM); Post-flowering stalk rots (PFSR); 
and Brown stem rot (BSR), at nine established hot-spot locations under artificially created 
epiphytotics through the testing network of the All India Coordinated Research Project (AICRP) on 
Maize. Analysis of the data resulting from this multi-year disease surveillance investigation 
revealed a broad range of responses in inbreds to diseases. Two lines (PFSR-R 9, JCY 2-1-2-1-1B-
1-2-3-1-1) showed resistance to as many as six diseases (TLB, MLB, BSDM, PFSR, RDM, CLS); 
eight lines (CML 172, HKI-MBR 139-2, PFSR-S 3, PFSR-S 2, 42048 2-2-1-1-1-2, 42050 1-1-2-1-
3,  LM 16, PFSR /51016-1) were resistant to 3-4  diseases (TLB, PFSR, BSDM, CLS). The other 
24 lines (CML 141, PFSR-R 3, PFSR-R 10, LM 13, NC 392, DMSC 16-1, CM 117-3-4-1-2-2-1, 
HKI 193-1, JCY 2-7-1-2-1-B-1-2-1-1, JCY 3-7-1-2-1-B-1-1-2-3-1-1, JCY 3-7-1-2-2-1-3-1-1-2-7-
1-1-1, CUBA 380, PFSR-R 2, DMSC 3, WINPOP 1, WINPOP 21, CLQ-RCYQ 30, WINPOP 16, 
HKI 1040-5, LM 12, CM 121, CM 144, HKI C 323, CML 269) were resistant to 2-7  diseases 
(TLB, MLB, BSDM, PFSR, ESR, RDM, CLS). Thus, the study identified 34 stable sources of 
multiple, disease-resistance germplasm which could be utilized for developing promising maize 
hybrids with inbuilt resistance to multiple diseases. These base materials will contribute to the 
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advanced studies of genetics, mapping of resistant genes and marker-assisted selection for stable 
sources of multi-disease resistance in maize. 

 

TS3-18 Temporal and Spatial Variation in Accumulated Temperature Requirements of 
Maize 
 
Peng Hou, Yuee Liu, Ruizhi Xie, Bo Ming, Daling Ma and Shaokun Li*  
Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Physiology and 
Ecology, Ministry of Agriculture, Beijing, China  
*Corresponding author; Email lishaokun@caas.cn 
 
Extended drought in maize growing areas of China negatively impacts the income of farmers, 
and especially smallholders. According to China’s Flood Control and Drought Relief 
Headquarters severe drought has affected about 5 million hectares of farmland 
(http://europe.chinadaily.com.cn/opinion/2014-09/02/content_18528326.htm). To help 
strengthen resilience to drought conditions, we analysed the performance of 35 major maize 
varieties that are grown in large and disbursed areas of China over more than a decade. The 
experiment utilized a split-plot design with water as a treatment variable in main plots and 
variety as a variable in subplots, with three repetitions. Components such as growth period, 
related agronomic characteristics and the seed-yield per plant ratio were monitored to calculate 
a drought tolerance coefficient and yield tolerance index. The drought resistance coefficient of 
the seed yield per plant, ear length, ear diameter, grain number per row and 100-grain weight 
were significantly and positively correlated (0.586, 0.522, 0.542 and 0.350 respectively). The 
correlated degree of the agronomic characters and yield per plant (ear length, kernels per ear, 
ear diameter, 100-kernel weight, tassel length, ear height, and plant height) indicate that 
drought tolerance in maize is significantly different from year-to-year and drought tolerance 
has also gradually increased during the past 14 years. The study found that maize variety 
drought tolerance was significantly stronger in 2000 than in other years. The participant 
varieties of the maize study (Xianyu 335 and Shendan 16) presented a “very strong” drought 
resistance. Those species with “strong” drought resistance were Huang 417, Shendan 7, Yedan 
2, Jidan 180, Yedan 13, Nongda 108, Denghai 9 and Ludan 981. Thus, an effective evaluation 
of maize varieties may be achieved by using the yield drought index combined with the 
drought tolerance coefficient of the main agronomic traits.  
 
TS3-19 Comparison of Physiological and Ecological Effects of Planting Patterns in 
Summer Maize with Different Morphological Types 
 
Chang Jianfeng, Dong Pengfei, Zhang Haihong and Li Chaohai*  
College of Agronomy, Henan Agriculture University, Zhengzhou, China  
*Corresponding author; Email: Lichaohai2005@yahoo.com.cn 

 
During the 2012-2013 growing season, a field experiment was conducted at Henan Agriculture 
University and 15 experiment stations in China’s Huang-huai-hai region. The study evaluated the 
effect of maize planting patterns on plant physiology, crop ecology and yield, using three different 
maize cultivars with dissimilar morphological types (Xianyu 335, Zhengdan 958 and 512-4).  Plant 
heights were about 280 mm, 250 mm and 220 mm, respectively.  Plant population densities 
comprised of two units: 6,000 plants in one hectare and 7,500 plants in a second hectare were 
compared with five-row spacing treatments (50 cm, 60 cm, 70 cm, 80 cm and 80 cm + 40 cm). The 
maize dry matter was the same among all of the treatments. The highest yield occurred with the 
cultivar Xiangyu 335, in a 60 cm row spacing in both 2012 and 2013.  The cultivar Zhendan 958 
demonstrated the highest yield at the high-planting density (in the 60 cm row spacing for maize). 
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This cultivar also performed well in the low planting density (in the 70 cm row spacing for maize) 
which resulted in the highest yield both 2012 and 2013. The maize cultivar 512-4 produced the 
highest yield in high-planting-density (in 50 cm row spacing for maize), while the highest yield in 
low-planting density maize occurred at 60 cm in both 2012 and 2013. SPAD readings showed that 
the 60 cm row spacing resulted in the highest leaf chlorophyll values, but there was no significant 
difference in chlorophyll values at high- or low-planting density. Canopy light interception rates at 
the 50, 60 and 70 cm row spacing intervals were higher than in the others (80 cm and 80 cm + 40 
cm). However, light interception rates in the lower leaves of the 60 cm and 70 cm row spacing 
were higher than in the 50 cm row spacing in both 2012 and 2013. The study found that the 60 cm 
row spacing not only resulted in more suitable canopy radiation, but also contributed to the 
formation of a micro-climate that was more favorable to crop photosynthesis. In addition, this trend 
was observed across all of the crop varieties and planting densities, making for consistently higher 
yields in the 60 cm row spacing for maize. Therefore, we recommend 60 cm row spacing for 
mechanized seeding of summer maize in the Huang-huai-hai Region of China. 

 

TS3-20 Mechanisms of Resistance to Shoot Fly, Atherigona naqvii Steyskal in Spring 
Maize 
 
Jawala Jindal*, Dulcha Singh Brar, M. S. Grewal, Gurmail Singh, Sunita Sharma, Mahesh 
Kumar and J. S. Chawla 
Punjab Agricultural University (PAU), Ludhiana, India 
*Corresponding author; Email: jawalajindal@pau.edu 
 
The shoot fly (Atherigona naqvii Steyskal L.) is a serious pest of spring-sown maize in northern 
India. Current methods used to control shoot fly include seed treatment and soil application of 
insecticides. Although the mechanisms of host plant resistance to shoot fly have not yet been 
identified in the promising maize cultivars used in the Punjab, host plant resistance offers potential 
as an alternative approach for minimizing losses due to shoot fly. To evaluate this potential, the 
study considered antixenosis for oviposition, antibiosis and tolerance components of resistance in 
six maize hybrids and two inbred lines using the fish meal technique during the spring of 2011 and 
2012. Antixenosis for oviposition was not observed in any of the test genotypes. The prevalence of 
dead hearts was least in cultivars JH 3459 (10.49 %) and JH 3956 (10.95 %); intermediate in 
cultivars CM 143 (15.16 %), PMH 1 (15.35 %) and JH 31244 (16.70 %); and highly prevalent in 
cultivars LM 16 (21.48 %), PMH 2 (21.52 %) and Parkash (23.57 %), indicating high susceptibility 
to Atherigona naqvii. The proportion of dead hearts in shoot fly incidence predominantly occurred 
in the susceptible cultivar LM 16 (47.43 %), while the lowest proportional presence of dead hearts 
in shoot fly incident occurred in the susceptible cultivar JH 3956 (32.45 %), indicating tolerance is 
one of the mechanisms of resistance. The susceptible LM 16, PMH 2 and Parkash cultivars had 
comparatively lower larval and pupal periods, more larval survival, pupal weight and fecundity.  
This suggests that the prevalence of the antibiosis mechanism. Among various morphological and 
biochemical traits of seedlings at the fifth stage of leaf development, the susceptible genotypes 
demonstrated greater leaf length, width, stem girth and reducing sugars. 
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TS3-21 Generation Mean Analysis of Preferential Oviposition Behavior of Pink Stem 
Borer (Sesamia inferens L.) in Maize Germplasm 
 
Chikkappa G. Karjagi1*, J.C. Sekhar2, P. Lakshmi Soujanya2 and Pradyumn Kumar1  
1Directorate of Maize Research, Pusa Campus, Indian Agriculture Research Institute (IARI), New Delhi, India 
2Winter Nursery Centre, Directorate of Maize Research, Hyderabad, India 
*Corresponding author; Email: chikkappagk@gmail.com 
 
Sesamia inferens (Walker, 1856), one of the major insect pests of maize in India, can impact losses 
ranging from 25.7% to 78.9% if uncontrolled. Current chemical control methods however, are 
neither ecologically nor economically sustainable.  Selection of maize germplasm with resistance 
to this pest is the most viable option for sustainably controlling and mitigating the impact of this 
pest on production.  Researchers sought to improve understanding about the genetic basis of the 
mechanism of resistance, by conducting a generation mean analysis of S. inferens egg load in 
maize germplasm. This approach evaluated the significant differences of egg load between the 
resistant (8 to 38 eggs per plant) and susceptible (179 to 251 eggs per plant) inbred maize lines. 
The study observed nine cross-combinations generated from two resistant (DMRE1 & DMRE2) 
and three susceptible (CM202, CML451, CML287) inbred lines. The F1 generation showed either 
partial-dominance or over-dominance and higher oviposition across all cross-combinations except 
in one cross. In this cross CML451 X CM202), between the two susceptible inbred lines, lower 
oviposition occurred in F1 as compared to the parents. This indicated a probable presence of 
gene(s) combination which complements each other to reduce the egg load in F1. The results of 
gene effects for egg load on plant did not show any specific type of gene effects. The gene effects 
also differed depending on the cross-combinations involved, but showed a mixed type (viz., a, d, i, 
j, k) including both positive and negative values.  Therefore, it is highly unlikely that any one kind 
of gene effect will determine the oviposition on plants/seedlings. 

 

TS3-22 Development of Inbred Lines of Quality Protein Maize with Resistance to Foliar 
Diseases 
 
Jyoti Kaul*, J.C. Sekhar, K.S. Hooda, D.P. Chaudhary and Ramesh Kumar 

Directorate of Maize Research, Pusa Campus, New Delhi, India  
*Corresponding author; Email: kauljyoti1@yahoo.co.in 
 
In order to make available economically viable seed production technologies, maize hybrid 
breeding requires development of genetically diverse inbred lines with high-yield potential using 
two-parent combinations and productive-seed parental lines. Hence, under a systematic program, 
we collected 55 Quality Protein Maize (QPM) germplasm from various sources, including the 
International Maize and Wheat Improvement Center (CIMMYT), the National Bureau of Plant 
Genetic Resources (NBPGR), and the All India Coordinated Research Project (AICRP) maize 
research centers, including the Directorate of Maize Research (DMR). These were purified and 
evaluated in 2008-2012. During the kharif  (monsoon) season these germplasms were evaluated for 
phenology, agro-morphology, biochemical quality and foliar diseases, viz. Maydis leaf blight 
(MLB), Turcicum leaf blight (TLB), Banded leaf and sheath blight (BLSB), Curvularia leaf spot 
(CLS), and Polysora rust, in order to develop desirable lines for hybrid breeding. Lines were 
classified as early (16), medium (24) and late (15), based upon the number of days to anthesis, 
silking and maturity. Data related to traits such as plant height (75-168 cm), ear height (27-105cm), 
tassel length (9.2-47.0 cm), leaf width (4.4-15.7cm), ear length (9-16cm), ear diameter (2.5-4.7 cm) 
and 1000 kernel weight (112-289 gm) revealed wider variability among all the lines. These lines 
also displayed >0.6 <0.94 % tryptophan, > 2.4 <4.2 % lysine in protein, respectively, with protein 
(in mature endosperm kernels) ranging between 6.78% and 13.34%. Under artificial inoculation 
conditions, at hot-spot locations, 10 inbred lines exhibited resistance (R)/moderate resistance (MR) 
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to MLB, TLB and CLS. Among these lines, only one line (DMRQPM 103) displayed resistance to 
MLB, while seven lines showed MR reaction. Another two lines (DMRQPM [03]-113 and 
DMRQPM 105) displayed a resistant reaction to TLB whereas four lines were found to possess 
moderate resistance to TLB; and finally, one line (DMRQPM 112), showed a resistant reaction to 
CLS. The study led to identification of promising QPM lines for use in the hybrid breeding 
program.   

 

TS3-23 Biochemical Basis of Resistance to Maydis Leaf Blight in Maize 
 
Harleen Kaur*, Sunita Sharma and J. S. Chawla  
Maize section, Department of Plant Breeding and Genetics, Punjab Agriculture University (PAU), Ludhiana, 
India 
*Corresponding author; Email: harleenkaur@pau.edu 
 
Maydis leaf blight (MLB), caused by Drechslera maydi, is an important foliar disease of maize 
(Zea mays L.) grown in northern India. Researchers sought to identify the biochemical basis of 
resistance to MLB in Maize. Sixteen promising inbred lines were evaluated during the kharif 
(monsoon) season 2013, under artificial epiphytotic conditions conducive to MLB. Out of these, 13 
inbred lines were found to be MLB-resistant with disease severity scores ranging from 1.5 to 2.0 
on a 1-5 scale, and three were found susceptible to MLB (ranging from 4.0 to 4.5 on a 1-5 scale). 
Biochemical parameters also play an important role in governing resistance against diseases in 
plants. For different biochemical analysis, a seed sample of randomly selected plants was used to 
estimate three key factors that impart resistance to plants – total phenols, tannins and total sugars. 
The study found that the total phenols varied from 0.30-0.47 mg/g in resistant inbred lines. These 
lines were also higher than the susceptible check Win-Pop1 (0.19 mg/g) and at par with check 
Masmadu (sh2sh2) (0.30 mg/g). Phenols were found highest in BML-5 (0.47 mg/g) followed by 
HKI 193-2-2-1-1 (0.37 mg/g). All of the resistant lines exhibited more tannins than susceptible 
checks Win-Pop1 (0.02 mg/g) and HKI PC4B (0.03 mg/g) and Masmadu (sh2sh2) (0.04 mg/g) 
except ITNA04 and 42050-1 which were at par with Masmadu (sh2sh2). Total sugars ranged from 
2.02-6.00 mg/g in resistant lines and from 2.00-2.41 in susceptible inbred lines. All of the resistant 
lines, with the exception of ITNA04 (2.02 mg/g) and 42050-1 (2.17 mg/g), recorded higher total 
sugar content than the sugar content found in each of the three checks. All of the resistant lines had 
higher total phenols, tannins and total sugars than Win-Pop1, the susceptible check for MLB. Two 
of the inbred lines, ITNA04 and 42050-1, were registered at par with HKI PC4B and Masmadu 
(sh2sh2) with respect to all the three biochemical parameters.  

 

TS3-24 Stability of Parents and their Hybrids of Maize (Zea mays L.) for Grain Yield 
under Stress and Nonstress Environments  
 
Prakash H. Kuchanur1*, Prakash M. Salimath2, Sharanappa I. Harlapur2, Venkatesh R. 
Kulakarni2, Mrutyunjaya C. Wali2 and Shreekanth S. Patil2 
1University of Agricultural Sciences (UAS), Raichur, Karnataka, India  
2UAS, Dharwad, Karnataka, India  
*Corresponding author; Email: prakashkuchanur@yahoo.co.in 
 
Drought is the major abiotic stress that limits the yield potential of maize. Information on 
germplasm combining ability, stability of parents for drought tolerance traits and reaction to 
diseases will help in producing multiple stress tolerant hybrids/populations. To identify these 
characteristics, the study selected parents based upon their drought tolerance traits, and their 66 
hybrids, along with seven commercial, private check hybrids for evaluation under drought stress 
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and well-watered conditions during the post-rainy seasons of 2008-09 and 2009-10. The study 
evaluated the combining ability and stability of parents and hybrids for grain yield. The parents and 
hybrids were also screened for Turcicum leaf blight and common rusts of maize under epiphytic 
conditions. The study attributed variances due to general combining ability (GCA) and specific 
combining ability (SCA) that were significant for grain yield. The magnitude of GCA variance was 
greater than SCA variance for grain yield under both drought- and water-stress conditions. Among 
the parents (CI4, HS4, HS15 and NEI9208B) stable yield occurred under drought-stress and non-
stress situations with significant GCA effect on grain yield. The parents (HS2, NEI9202B and 
NEI9208B) demonstrated resistant reaction to Turcicum leaf blight and common rust. The study 
identified 66 hybrids (HS2 x NEI9202B, NEI9208B x HS17, CI4 x HS4 and HS15 x HS17) with 
an above-average stability and resistance to Turcicum leaf blight and/or common rust diseases 
which could be recommended for rainfed/drought environments. The results validated that single 
cross hybrids tolerant to multiple stresses (abiotic and biotic) could be produced. Further, the 
identified inbred lines could be used to develop mapping populations and to identify QTLs for 
marker assisted selection. 

 

TS3-25 Physiological and Biochemical Effects of 24-Epibrassinolide on Drought 
Tolerance in Maize 
 
Bicky Kumar, Pranjal Yadava and Ishwar Singh* 

Directorate of Maize Research, Pusa Campus, New Delhi, India 
*Corresponding author; Email:  isingh.dmr@gmail.com 
 
Brassinosteroids (BRs) are natural plant growth regulators, which occur at low (nano-molar to 
micro-molar) concentration in all plant parts. Studies confirmed that BRs not only play an essential 
role in plant growth, development and reproduction, but also exert anti-stress effects on plants. The 
study investigated whether maize plants treated with 24-epibrassinoloide (EBR), an active BR, are 
more tolerant to reproductive stage drought stress than untreated plants. Foliar application of EBR 
on drought-stressed maize plants, one week prior to anthesis, significantly enhanced net 
photosynthetic rate, decreased transpiration rate, prevented chlorophyll degradation and maintained 
leaf water potential. A marked increase in root length was also observed in treated plants, which 
perhaps enhanced water uptake under limited soil moisture conditions. The pre-anthesis application 
of EBR significantly increased total soluble proteins, glycine-betaine and key anti-oxidant enzyme 
activities including superoxide dismutase (SOD), catalase (CAT) and ascobate peroxidase (APX) 
and markedly decreased lipid peroxidation in terms of malondialdehyde (MDA). The findings 
suggest that EBR possibly induced drought tolerance in maize by: i) improving photo-assimilate 
availability for developing silk; ii) preventing pollen from desiccation by maintaining plant water 
status; and iii) improving the antioxidant system. EBR-induced enhanced accumulation of glycine 
betaine perhaps prevented drought-induced tassel blasting and increased the anthesis-silking 
interval (ASI). 
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TS3-26 Development of Susceptibility Index for Maize Germplasm against Sorghum 
Shoot Fly, Atherigona soccata (Rondani) 
 

Pradyumn Kumar1*, S.B. Suby1, Jaswinder Kaur1, J.C. Sekhar1 and J.K. Bana2 

1Directorate of Maize Research, Pusa Campus, New Delhi, India 
2Agricultural Experimental Station, Paria, Navasari Agricultural University, Navasari, Gujarat, India 
*Corresponding author; Email: pradyumn.kumar@gmail.com 
 
The study sought to develop a susceptibility index for maize germplasm against the sorghum shoot 
fly (Atherigona soccata L.). We screened maize germplasm for resistance against sorghum shoot 
fly under natural infestation conditions during pest synchrony. A fish meal treatment was 
introduced to ensure infestation of 212 germplasm sown in the spring of 2013. The egg-laying 
pattern of A. soccata and the progression of dead heart formation were recorded. The study found 
that large number of germplasm off-set the insect preference for any particular germplasm. Data 
was recorded on the number of plants oviposited, number of eggs laid per plant and the number of 
dead hearts formed for each germplasm during the first 20 days after germination (DAG). By 
blending two parameters of antixenosis (the percentage of plants oviposited and the number of 
eggs laid per plant) and one parameter of antibiosis (the percentage of dead heart formation) a 
susceptibility index for maize germplasm against sorghum shoot fly was developed using the 
formula: Susceptibility index = {(percentage of plant oviposited/10) + (Number of eggs laid per 
plant*10) + (percent of DH/10)}/3. The susceptibility indices ranged from 0.48 to 42.86 with a 
mean of 9.73 and a standard deviation of 6.14. The values declined within the mean susceptibility 
index compared to the standard deviation resulting in 68% of the germplasm identified as 
“moderately resistant” germplasm. The study found that the skewed values on the left and right 
side of the index profile represent resistant and susceptible germplasm, respectively, and only four 
resistant germplasm were identified. 

 
TS3-27 Relationship between Maize Plant-age and Atherigona soccata (Rondani) 
Infestation 
 
Pradyumn Kumar1*, S.B. Suby1, Jaswinder Kaur1, J.C. Sekhar1 and J.K. Bana2 

1Directorate of Maize Research, Pusa Campus, New Delhi, India 
2Agricultural Experimental Station, Paria, Navasari Agricultural University, Navasari, Gujarat, India 
*Corresponding author; Email: pradyumn.kumar@gmail.com 
 
To develop effective pest management interventions, improved understanding of the precise 
synchronicity between Atherigona fly egg laying and maize plant-age interactions is required. The 
study included 212 germplasm (planted on February 20, 2013); the large number of germplasm off-
set the insect preference for any particular germplasm. Observations were recorded on the number 
of eggs on the plants, on alternate days starting from the first day of germination (DAG) until the 
20th DAG. The number of eggs were recorded on 6, 8, 10, 12, 14, 16, 18 and 20 DAG were 159, 
166, 205, 159, 224, 182, 91 and 28, respectively; a total of 1214 eggs were laid on 478 plants at an 
average of 2.54 eggs per plant. The number of dead hearts recorded in the field on 10, 12, 14, 16, 
18 and 20 DAG were 42, 69, 68, 55, 69 and 52, respectively. Accounting for the eggs laid on the 
2nd and 4th  DAG, averaging 2.54 eggs per plant, and correlating the commensurate number of dead 
hearts on these days, the total number of eggs would be 1,496, and a total number of 355 dead 
hearts could be recorded out of 478 plants oviposited. From this calculation, crop infestation is 
most likely to occur during the first 20 days after germination resulting in 39% infestation which 
indicates a 74.27% chance of dead heart development. 
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TS3-28 Identification and Development of Water-Logging Tolerant Maize Hybrids 
from Indian Landraces 
 
Rajesh Kumar*, Firoz Hossain, Kaliyugam Shrigga, Digvendar Pal and Nepolean 
Thirunavukkarasu  
Division of Genetics, Indian Agricultural Research Institute (IARI), New Delhi, India 

*Corresponding author; Email: rmaize@gmail.com 
 
Flooding in Southeast Asia affects 15 percent of the total maize growing area. About 2.5 million 
hectares of land area in India, mainly in the states of Eastern Uttar Pradesh, Bihar and Assam, are 
affected by water-logging stress, resulting in losses of up to 30%. Maize landraces traditionally 
cultivated by farmers, offer rich genetic resources that may contribute to the development of maize 
varieties with multiple traits, including abiotic stress tolerance. The study evaluated several 
landraces collected from three flood-prone districts of Eastern Uttar Pradesh (Bahraich, Gonda and 
Jaunpur), from 2010 to 2012, to identify Indian maize landraces with water-logging tolerance. 
Stress, imposed at the vegetative stage, occurred by maintaining a stable water table level (5 cm 
from the soil surface) for 10 days. The study identified a set of potential landraces and 
subsequently developed inbreds derived from those promising landraces. From these newly 
developed inbreds, the study generated experimental hybrids that were also evaluated for their 
response to stress during the 2012 to 2013 growing season. As a result of this research, a few 
promising hybrids with water-logging tolerance have been identified.  

 
TS3-29 Effects of Planting Density on Tensile Force of Maize Roots and Chemical 
Regulation  
 
Hongliang Lan, Tianjun Xu, Jiao Gao, Zhi-chao Pei, Zhiqiang Dong* 
Key Laboratory of Crop Eco-physiology and Cultivation, Institute of Crop Science, Chinese Academy of 
Agricultural Sciences, Beijing, China  
*Corresponding author; Email: dongzhiqiang@caas.cn 
 
One approach for improving maize yield is through the increase of planting density, but this 
approach also promotes competition among plants, especially competition among roots for water 
resources and nutrient absorption. Root competition results in more slender and weaker roots 
which are more vulnerable to lodging, the most critical factor impacting yields of spring maize. 
Previous research on maize roots mainly focused on root nutrient composition, root morphological 
and physiological characteristics. However, the effects of high-density planting on maize root 
quality and the root strength of spring maize is unclear. The study therefore sought to identify how 
to enhance plants’ lodging resistance in high-density planting in order to obtain high yield. The 
study selected two maize genotypes,  Jingdan28 (lodging resistance) and Xianyu335 (lodging 
easily), and tested these under five plant densities (4.5×104 plants per 1.5 hectare, 625×104 plants 
per 1 hectare, 6.75×104 plants per 1 hectare, 7.875×104 plants per 1 hectare, and 9.0×104 plants 
per 1 hectare). A chemical treatment was applied as top dressing, ethephon-chlormequat-chloride, 
(ECK) during the six-leaves expended stage. A number of variables were measured: i) root number 
and diameter; ii) root tensile force and strength; iii) root opening angle; and iv) broken length in 
different layers, to determine the effects of planting densities and the ECK treatment on maize root 
quality and strength features. The results showed that the total root number and the root numbers in 
different layers decreased when the planting density increased; the root numbers in the five to 
seven layers were more than in the other layers. Additionally, along with increase in planting 
density, decreasing tensile force and strength, broken length and fracture surface diameter 
occurred. However, the roots’ opening angle did not change significantly. The features of root 
strength were significantly improved by the foliage spray of ECK, but the opening angle of 
jingdan28 increased while the opening angle of xianyu335 decreased; lastly, the root distribution 
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area, three-dimensionally in soil, was larger than in the ECK treatment. The study thus showed that 
high planting density of maize contributed to a decline of root quality and decrease in root tensile 
force, but the ECK treatment could improve root strength and lodging-resistance. 

 

TS3-30 Rating Scale of Southern Corn Leaf Blight and Yield Losses    
 
Bo Li, Ning Guo, Haijian Zhang, Shuo Yang, Jie Shi* 

Institute of Plant Protection, Hebei Academy of Agriculture and Forestry Sciences, International Pest 
Management (IPM) Centre of Hebei Province, Baoding, China  
*Corresponding author; Email: shij99@163.com 
 
Southern corn leaf blight (SCLB) is one of several serious foliar diseases which occur globally in 
maize-producing environments where the temperature ranges from 20-30℃. The disease occurs 
throughout the duration of the corn growth period, mainly on the plant leaf, but the highest 
incidence occurs after tasseling. During the tasseling period, photosynthesis is blocked by SCLB, 
resulting in severe yield losses. The study systematically applied a severity scale to evaluate the 
extent of southern corn leaf blight severity against corn yield losses, using a methodology that 
induced disease by artificial inoculation. The results showed that five yield factors could be 
attributed to SCLB disease, including: i) ear length; ii) rear ear length; iii) ear diameter; iv) 
numbers of kernels rows; and v) kernels-to-row.  The impact of the disease was greatest on the ear 
length and kernel-to-row but significant impacts occurred across these yield factors. Ear length of a 
“0” scale for Zhengdan 958 and Xianyu 696 was 20.98±0.21 and 19.58±0.72 respectively, but ear 
length of a 9 scale was 13.03±0.16 and 11.14±3.26 respectively. Kernels/rows of the two varieties 
were reduced correspondingly. The yield losses of the two varieties used in the study were more 
than 50% with increase in disease severity; the loss rates of Zhendan 958 and Xianyu 696 were 
51.01±1.34 and 77.40±4.31, respectively.   

 

TS3-31 Composition, Structure and Anti-oxidant Activity of Maydis Stigma 
Polysaccharide ZZ-311 
 
Dongbo Li1, Haichun Shi1*, Xuejie Yu1, Yongpei Ke1, 2, Yuan Huang3, Qun Sun3 
1College of Agronomy, Sichuan Agricultural University, China 
2Sichuan Nongda Zhenghong Biotech Co., Ltd., China 
3College of Life Sciences, Sichuan University, China 
*Corresponding author; Email: 459594341@qq.com 
 
Due to its high yield, fine quality, multiple-disease resistance and wide adaptability, the hybrid 
corn variety Zhenghong 311 (ZH-311) emerged as the most-used variety in the mountainous area 
of southwestern China.  Maydis stigma, usually considered as a waste bi-product of corn 
production, may bring added economic value to farmers for pharmaceutical use in traditional 
Chinese medicine. This study investigated the characteristics of Maydis stigma polysaccharide of 
the ZZ-311 variety including its antioxidant activity.  Maydis stigma was obtained from ZZ-311 by 
water extraction and alcohol treatment, followed by purification by DEAE cellulose. Its molecular 
weight, composition and structure were determined by HPGPC, FTIR, GC-MS and 1HNMR, 
respectively, and its antioxidant activities were evaluated by DPPH and ABTS radical scavenging 
assay. The results showed ZZ-311 had a molecular weight of 44465 Da, and it was composed of D-
arabinose and D-galactose with a β configuration at the ratio of 3:2. The radical scavenging ability 
of ZZ-311 was concentration-dependent, with the IC50 values for DPPH and ABTS radical 
scavenging assay being 29.8 and 106.3μg/mL, respectively. The study on polysaccharide ZZ-311 
may help further investigation on its development as an adjuvant for chronic diseases including 
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diabetes as well as the breeding of new maize varieties with high quantity and efficiency of Maydis 
stigma. 

 

TS3-32 Identification and Evaluation of Drought Tolerance of Major Maize Varieties of 
Different Eras in China  
 
Xiaoling Liang1*, Huijin Cheng1, Dengxu Han1, Mingshun Li2, Ablet Abula1, Hongyu Shao1, 
Jie Yang1, Zhigang Lei1 
1Xinjiang Academy of Agricultural Sciences (XAAS), Urumqi, Xinjiang, China     
2Chinese Academy of Agricultural Sciences (CAAS), Beijing, China                      
*Corresponding author; Email: liangxiaoling99@126.com          
 
Drought resistance among 35 major maize varieties that have been planted in large areas at 
different eras of China was analyzed in this study. A split-plot design was utilized with water as 
main plots and variety as subplots, with three replications. Growth period, related agronomic 
characters and the seed yield per plant were collected to calculate the drought tolerance coefficient 
and yield tolerance index for each variety. The drought resistance coefficient of the seed yield per 
plant, the ear length, ear diameter, grain number per row and hundred grain weights were 
significantly and positively correlated, and the correlation coefficients were 0.586, 0.522, 0.542, 
and 0.350, respectively. The correlated degree of the agronomic characters and yield per plant: ear 
length > kernels per ear > ear diameter > 100-kernel weight> tassel length > ear height > plant 
height; Yield drought indexes show that drought tolerance in maize of different times is significant. 
And drought tolerance has gradually increased with the time changes. The drought tolerance of 
maize varieties after the year 2000 was significantly better than the others. Yield drought index 
combined with the drought tolerance coefficient of the main agronomic traits can provide an 
effective evaluation of maize varieties. The participant varieties of the maize with strong drought 
resistance were Xianyu 335 and Shendan 16, followed by Huang 417, Shendan 7, Yedan 2, Jidan 
180, Yedan 13, Nongda 108, Denghai 9, and Ludan 981. 

 

TS3-33 Study on the Synchronization Characteristics of Biochemical Indexes on Roots, 
Leaves and Grains of Maize by Soil Drying-Wetting Alternation at Anthesis and Grain 
Stages   
 
Yong-Hong Liu1,2, Qin Yang1, Guo-Hua Ke1, Li-Jie Yud1 and Zhuo Li1,2* 
1Crop Research Institute, Sichuan Academy of Agricultural Sciences 
2Agriculture research Water-saving Laboratory for the Hilly Areas of Southern China in Sichuan Province, 
Sichuan Chengdu, China 
*Corresponding author; Email: saaslyh@yahoo.com.cn 
 
Maize is grown in southwestern China during the season when both drought and heavy rain occur. 
The impact of this alternating weather pattern on maize roots, leaves and grains is not well 
understood. This study was aimed to improve understanding of the impacts of drought/rain 
interaction on maize productivity across the crop lifecycle with an aim to identify biological-
chemical tools for evaluating maturity and incremental yield at anthesis and grain stages. The study 
investigated the synchronization characteristics of biological and chemical indices involving root, 
leaf, and seed responses to water, at the anthesis and grain stages, at different rates of drought in a 
pond culture established in the yellow soils of the Jianyang Research Station of Sichuan Academy 
of Agriculture Sciences.  The study implemented two treatments including severe drought (SD, soil 
relative water content 50% of 0～20 cm soil layer) and light drought (LD, soil relative water 
content 60% ～70% of 0～20 cm soil layer). The duration of the drought treatment occurred from 
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the maize tasseling stage to the seventh day after silking (DAS) stage, and rehydration began on the 
eighth DAS. Each plot measured 10 m2 with three replications.  The results showed that most of 
the biochemical indices in roots and leaves were synchronized and had similar tropismresponses 
during drought stress. Roots and leaves manifested responses through proline (Pro) and abscisic 
acid (ABA) content which initially increased and then decreased.  Contrastingly, soluble sugar 
content (SSC) and zeatin riboside/abscisic acid (ZR/ABA) initially decreased and then increased, 
whereas ZR decreased significantly, but ZR was always higher in serious drought than in light-
drought conditions. However, in grain, the content of ZR and ZR/ABA increased significantly, 
whereas Pro, SSC, ABA and MDA decreased significantly.  The dynamic changes of biochemical 
indices in grain were closely correlated to the development process.  After rehydration, there were 
significant differences in the changes of the biological-chemical indices in root, leaf and grain 
responses. For example, in roots, biological and chemical responses were mainly manifested in the 
decreased content of Pro, SSC and IAA, whereas in leaves, the content of ABA and MDA 
increased significantly, signalling the aging process.  The content of ZR and ABA in grain 
increased significantly but decreased on the 14th DAS. The root demonstrated greater sensitivity to 
water than the leaf and grain, and could, to some extent, effect a reversal to the aging process. The 
adventitious roots appeared as a compensatory growth response after rehydration (at anthesis and 
grain stages), as some of the nutrients in the grain transferred to the root. Both the ZR in grain and 
ZR/ABA were present at significantly lower levels during serious drought conditions than during 
light-drought conditions, and these lower levels may result in a significant decrease in the grain 
filling rate. The results also showed that the biological-chemical indices of Pro and ZR may be 
used as research indices under water stress. However, these are better indicators than SSC, ABA, 
IAA and MDA, for measuring early stress conditions than later-stress conditions using both root 
and leaf samples. Contrastingly, the biological-chemical indices of ABA, MDA and ZR/ABA were 
better suited for monitoring plant senesecence using a leaf sample rather than root or grain sample.  
 

TS3-34 Stability of Maize Disease Resistance to Blight and Southern Corn Rust 
 
N. Mallikarjuna*, K.T. Pandurange Gowda, G.B. Shivakumar, Puttramanaik, S.V. Manjunatha 

Zonal Agricultural Research Station, V. C. Farm, Mandya, Karnataka (India) 
*Corresponding author; Email: malliksmsf@gmail.com 
 
Maize is a versatile crop grown over a range of agro-climatic zones, but predominantly in tropical, 
sub-tropical and temperate regions.  Karnataka, India is one of the major maize producing states, 
contributing 12% to the country’s production of maize, from cropping area comprised of 1.12 
million hectares and production of 3.4 million tonnes.   Turcicum leaf blight (TLB) and Southern 
corn rust (SCR) are the major disease threats in the different ecosystems of Karnataka state causing 
considerable yield losses. To address the losses imposed by these diseases, we screened 184 inbred 
lines with different genetic backgrounds in field conditions at the ZARS, VC Farm, in Mandya, by 
artificial inoculation of TLB pathogen (Exserohilum turcicum) using a leaf whorl inoculation 
technique and foliar application of uredospores (ca.5x105) of Puccinia polysora. The entries were 
planted in two rows of four meter lengths with two replications. These inbred lines were screened 
for four consecutive years from 2008 to 2011 during the rainy season of each year. Among the 184 
inbred lines screened, 65 inbred lines showed resistance to polysora rust (rating scale-<2.0) and 35 
inbred lines showed resistance to TLB (rating scale-<2.0), and 50 inbred lines showed combined 
resistance to both diseases. However, the results from this screening revealed that, the nine inbred 
lines (NAI -102, 104, 116, 123, 124, 137, CML 124, CML 141 and SKV 50) consistently 
demonstrated high resistance to both of the diseases and promising lines were identified for future 
utilization in the breeding program.  
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TS3-35 Performance of Nine Maize Cultivars to Three Major Diseases at Three 
Different Sites 
 
Amran Muis* and Muhammad Azrai 
Indonesian Cereals Research Institute South Sulawesi, Indonesia 
*Corresponding author; Email: amran.muis@yahoo.co.id 
 
One of the prerequisites for the release of varieties is demonstrated resistance to major diseases. 
Diseases in maize include downy mildew, rust, banded leaf and sheath blight (BLSB), southern 
corn leaf blight (SCLB) and northern corn leaf blight (NCLB). The objective of this study was to 
evaluate the responses of nine maize cultivars to major diseases at three different sites in Indonesia. 
The study was conducted from March to August 2013, at three different Indonesian locations: i) 
Highland Brastagi, North Sumatera (1340 m above sea level);  ii)  highland Malino, South 
Sulawesi (1300 m above sea level); and iii)  lowland Pandu, North Sulawesi (50 m above sea 
level). The methodology involved a randomized block design (RBD) with three replications using 
standard plot size (4 x 5 m), and planting distance (75 x 20 cm). Disease incidence occurred by 
natural infection. The results showed that there was no rust incidence in Malino and Brastagi 
locations. However, in Pandu, the lowest rust incidence (22.2%) was shown by cultivars DPC003 
and DK 77 while the highest rust incidence (44.4%) was shown by cultivar Bisi 222. NCLB 
incidence occurred at three study sites with varying levels of incidence. In Pandu, NCLB incidence 
was lower than in the other two sites. The lowest NCLB incidence was shown by cultivar DPC004 
in all of the study sites. BLSB incidence was also found in all of the study sites and the percentage 
incidence of BLSB in the Pandu site was found to be lower than in the other two sites. The 
DPC004 cultivar showed the lowest BLSB incidence in all of the study sites, even in Berastagi, 
and no BLSB attack occurred on the cultivar. The highest yields are shown by the DPC004 cultivar 
with 12.4, 11.6, and 10.8 tons per hectare at Pandu, Malino, and Brastagi, respectively. This yield 
was higher compared to those of the cultivars NK33 and Bisi 222. The best performance was 
shown by the DPC004 cultivar with low diseases incidence and high yield. 

 
TS3-36  Maize Inbred Lines, Genetic Diversity, Homozygosity and Tolerance to Low 
Nitrogen Application  
 
Yunus Musa*, Roy Efendi, M. Farid Bdr, Sigit Budi Santoso, and M. Azrai 

Fakultas Pertanian, Universitas Hasanuddin, Kampus Unhas Tamalanrea, Makassar, Sulawesi Selatan 
*Corresponding author; Email: yunusmusa@yahoo.com 
 
Maize inbred lines with high levels of homozygosity, broad genetic diversity and tolerance to low-
nitrogen (N) application are potential genetic materials to incorporate in developing hybrid 
varieties tolerant to low-N. The study aimed to select inbred lines with homozygosity level >80% 
and tolerance to low-N. The research methodology involved Single Sequence Repeats (SSR) which 
are used as molecular markers to analyze genetic diversity and homozygosity. We selected 51 
inbred lines to measure the levels of low-N tolerance, compared results at two locations using a 
sensitivity index at the optimum application (150 kg N/ha) compared to low-N application (75 kg 
N/ha). Analysis using SSR markers showed that homozygosity level >80 % in the 30 inbred lines 
tested. The genetic diversity was broad-based on the coefficient of similarity value (0.28-0.79) with 
six heterotic groups. Based on sensitivity index in low-N application, 20 inbreds were 
characterized as ranging from low-N susceptible to tolerant. Nine inbred lines (CML 161/NEI 
9008, CY 11, CY 15, CY 6, CLRCY039, NEI 9008, DTPYC9-F46-1-2-1-2-B, G 2013627, 
G2013649, 1044-30) revealed medium tolerance to low-N,  scattered within various heterotic 
groups of A, B, C, D and F. The study identified the best inbred line based upon the tolerance to 
low-N in the D heterotic group (G2013307). Inbred lines with medium tolerance and low-N 
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application could be used in cross-combination to develop low-N varieties through breeding 
programs.  

 
TS3-37 Inheritance of Banded Leaf and Sheath Blight Resistant in Maize (Zea mays L.) 
 
Win Win Nwe1*, Phyu Thi Thi Nyein1, Thant Lwin Oo1, Myint Myint San2 and Thandar Win3 

1Maize and Other Cereals Crop Section, Department of Agricultural Research (DAR), Yezin, Myanmar 
2Plant Pathology Section, Department of Agricultural Research, Yezin, Myanmar 3Nyaungmon Research Farm, 
Department of Agricultural Research, Northern Shan State, Myanmar 
*Corresponding author; Email: tetpu200733@gmail.com 
 
Banded leaf and sheath blight (BLSB) incited by Rhizoctonia solani f.sp. sasakii Exner, is the most 
important disease of feed corn in Myanmar. The study aimed to help breeders understand genetic 
inheritance and the combining ability of inbreds resistant to BLSB through diallel crosses. To 
investigate diallel crosses performance, 11 inbreds were analyzed in 2013, for their reaction to 
BLSB under natural and artificial conditions. The control treatment i.e., natural conditions 
occurred at the Nyaungmon research farm, and the experimental treatment, by artificial 
inoculation, occurred at the Department of Agricultural Research, Yezin. Plants were inoculated by 
sheath insertion at the V6-V8 stage. Crosses were given a disease rating 1 (no infection) to 5 (cob 
completely rotted), every two weeks after the inoculation until a maximum of two weeks after 
flowering, with mean scores used for analysis. Highly significant variations were recorded in both 
the control and experimental trials. The study led to the conclusion that non-additive genetic 
variance is more important in controlling the inheritance of resistance to BLSB. General combining 
ability (GCA) mean-squared was highly significant in both trials, indicating that additive genetic 
variance is also involved in resistant mechanisms. Both P8 and P11 had negative GCA effects that 
contributed toward resistance in both trials. Nine of the 11 inbreds were selected for further 
evaluation. Among them, P9 x P11, P2 x P4 and P5 x P9 were identified as promising 
combinations based upon their yield and BLSB-resistant characteristics. This information will 
contribute to the development of improved maize for maize production areas of Myanmar where 
high prevalence of BLSB infection exists.  
 

TS3-38 Evaluation of Early Maturing Maize Lines for Drought Tolerance 
 
Gazi Ozcan¹*, Fatih Ozdemir¹, Mehmet Tezel¹, Ramazan Keles¹, Seydi Aydogan¹, Süleyman 
Soylu², Ali Fuat Tari³ 
¹Bahri Dağdaş International Agricultural Research Institute, Konya, Turkey  
²Selçuk University Agricultural Faculty, Konya, Turkey 
³Harran University, Agricultural Faculty, Sanliurfa, Turkey  
*Corresponding author; Email: gaziozcan76@hotmail.com 
 
The semi-arid region of the Konya Closed Basin, the fourth-largest river basin among the 25 river 
basins in Turkey, is an area with high potential for maize production.  However, the area is also 
prone to drought which is one of the most critical of the abiotic stresses that affect maize yield and 
quality. This study planned to identify water-use efficiency solutions for the expanding maize 
production area and excessive groundwater use/depletion in the Konya basin field in 2012. The 
methodology included randomized blocks (split plots) in three replications in order to determine 
the physiological and morphological effects of drought stress on early-maturing maize lines, using 
four limited water applications (control, 75%, 50% and 25%) applied by drip irrigation. During the 
vegetation period (between May 1 and October 20, 2012), 88 mm of precipitation occurred. A total 
of 20 genotypes including one susceptible, one tolerant and 18 pure maize lines were tested. The 
study found the highest yield from maize line 19, with tolerant control, for 75% limited water 
application totalling 15,310 kg/ha. The lowest yield was derived from maize line 13, with 25% 
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limited water application totalling 1,530 kg/ha. For yield, the difference between the control and 
75% limited water applications was not found to be significant. While water usage efficiency for 
genotypes 4, 18, and 19 for all applications was higher than the experimental average, for 
genotypes 1, 3, 7, 11 and 20 water-use efficiency was lower than average. Statistical analyses 
revealed that material was significant (P<0.01) for all parameters. The study found valuable results 
for limited water applications and interaction values, including promising Ky values. Furthermore, 
the study found that Normalized Difference Vegetation Index (NDVI) and SPAD values are 
practical parameters which can be used in breeding programs for abiotic stress tolerance. 

 

TS3-39 Prediction of Yield under Moderate Waterlogging Stress Using the Best Linear 
Unbiased Prediction, with Agronomic Traits Measured Prior to Harvesting, within Two 
Elite Maize Populations in the Philippines 
 
Jefferson F. Paril*, Maria Alma B. Sanchez and Artemio M. Salazar 
Institute of Plant Breeding, Crop Science Cluster, College of Agriculture, University of the Philippines, Los 
Baños, Laguna, Philippines 
*Corresponding author; Email: jeffersonparil@gmail.com 
 
Intense and frequent rainfall resulting in waterlogging stress constrains maize production in the 
Philippines. Identification and assessment of agronomic traits related to waterlogging stress is key 
to the development of stress-tolerant cultivars. S1 families from two, high-yielding, open-
pollinated maize cultivars IPB Var 6 (white quality protein maize) and IPB Var 13 (yellow flint 
maize), respectively, were evaluated under normal field soil moisture and moderate waterlogging 
conditions. Yield was used as the indicator of stress tolerance. For each cultivar, 20 S1 families 
were selected based on their best linear, unbiased and yield predictor values, which were estimated 
from models accounting for: i) treatment; ii) S1 family; and iii) interaction effects. Correlation 
analysis indicated that the anthesis-silking interval and adventitious root growth were not 
significantly correlated with yield. The yield prediction models developed by utilizing 10 
agronomic traits that were measured prior to harvesting as explanatory variables also 
complemented the correlation analysis. The models were 74% and 75% accurate in predicting yield 
under normal field soil moisture and under moderate waterlogging conditions, respectively. These 
models have potential application in predicting yield when empirical yield data are lost due to 
inclement weather, pest, and diseases.  

 

TS3-40 Selection of Heat Tolerant Maize (Zea mays L.) Germplasm Using Early 
Generation Cross Performance 
 
Ayyanagouda Patil1*, Prakash H. Kuchanur2, B. V. Patil1, B. S. Janagoudar1, K. Seetharama3, 
M. Vinayan3, Raman Babu3 and P. H. Zaidi 3 
1MARS, University of Agricultural Sciences (UAS), Raichur, Karnataka India.  
2College of Agriculture (UAS), Bheemrayangudi, Karnataka, India  
3CIMMYT, Hyderabad, India  
*Corresponding author; Email: ampatil123@gmail.com 
 
The Inter-governmental Panel on Climate Change in India has projected a global mean temperature 
increase of 1.1 °C to 6.4°C to occur by the year 2100, based on projections of climate change 
scenarios. As a result, high daytime and night time temperatures will contribute significantly to 
reduced maize yields due to tassel blast, leaf firing and other physiological disturbances. Though 
maize is cultivated throughout the year, the maize hybrids which are cultivated in the northeastern 
portion of Karnataka (located in southern India), compete with rice harvests. Rice production, in 
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the canal-irrigated areas of Karnataka, stretches the rice harvest into the month of January. 
Therefore, subsequent sowing of heat-tolerant maize germplasm is needed to realize a good yield 
in maize crop sown after rice crops in southern India. Two multi-parental synthetics were 
synthesized using a group of lines in each heterotic group (A and B) that represented elite 
CIMMYT lines and the lines that tolerate abiotic stresses including heat stress, in each of the 
heterotic groups. All possible single crosses, among the selected lines, were made.  The F1s were 
inter-crossed and families derived by selfing. Two hundred S2:3 plants were crossed to the opposite 
heterotic group testers (CL02450 and CML 451) representing two heterotic groups (A and B), 
respectively). These test crosses were evaluated in Karnataka, along with the local checks under 
heat stress that occurred during the spring of 2014. The study identified, among the S2:3 lines, 10 of 
the top-ranking S2:3 lines which demonstrated good test-cross performance for grain yield and other 
secondary traits such as tassel blast, leaf firing and anthesis to silking interval (ASI) vis-a-vis the 
heat resilient check variety 31Y45. These selected S2:3 maize germplasm provided a gain of 3.0 
tonnes per hectare (t/ha) and 2.73 t/ha representing gains of 94% and 38% over the population, 
respectively, in heterotic group (A and B), and heat-stress tolerance. The study successfully 
identified an opportunity to derive new and advanced elite heat-tolerant lines for use in breeding 
programs. 

 

TS3-41 Inheritance of Resistance to Fusarium and Macrophomina Stalk Rots 
 
Zerka Rashid1*, Pradeep Singh1, Manoj Debnath1, M.T Vinayan1, S.S Sharma2, P.H Zaidi1 and 
Sudha Nair1  
1Asia Regional Maize Program (ARMP), International Maize and Wheat Improvement Center (CIMMYT), 
International Crops Research Institute for the Semi-Arid Tropics ICRISAT Campus, Patancheru, Hyderabad, 
Andhra Pradesh, India 
2Department of Plant Pathology, Maharana Pratap University of Agricultural Science & Technology, Udaipur, 
Rajasthan, India 
*Corresponding author; Email: m.zerka@cgair.org 
 
Post-flowering stalk rot is one of the most widespread and destructive of the diseases affecting 
maize worldwide.  A complex of several fungi such as Fusarium moniliforme, Colletotrichum 
graminicola, Diplodia maydis and Macrophomina phaseolina, cause the disease, which results in 
yield losses as a result of lodging and premature plant death. This disease is prevalent in most of 
the maize growing areas of India, particularly when water scarcity coincides with the post-
flowering stage of crop growth. The study developed a partial 12x12 diallel comprised of 66 
crosses among a set of resistant and susceptible lines to Fusarium and Macrophomina stalk rots 
(FSR and MSR respectively). The hybrids were evaluated for FSR and MSR at two locations 
(Hyderabad and Ludhiana) where artificial inoculation treatments occurred during the kharif 
(monsoon) and rabi (winter) seasons of 2013. The heritability estimates of the trials ranged from 
0.5-0.6. The general combining ability (GCA) -affect estimates for resistance to FSR ranged from -
0.26 to 0.49 and resistance to MSR ranged from -1.26 to 0.93. A set of lines identified with good 
combining ability for imparting resistance against FSR and MSR were further examined. The line 
TS6C1F238-1-3-3-1-2-#-BB/([EV7992#/EV8449-SR]C1F2-334-1(OSU8i)-10-7(I)-X-X-X-2-BB-
1]-1-1-2-1-1-BBBBB-1-B-B2 was identified as a good combiner for resistance to FSR and the line 
DT/LN/EM-46-3-1xCML311-2-1-3)-B- F203-1-1-1  was identified as a  good combiner for 
resistance to MSR. This study also revealed that the hybrids [TS6C1F238-1-3-3-1-2-#-
BB/[EV7992#/EV8449-SR]C1F2-334-1(OSU8i)-10-7(I)-X-X-X-2-BB-1]-1-1-2-1-1-BBBBB-1-B-
B2/CL-RCY031=(CL-02410*CML-287)-B-9-1-1-2-B*7-B-B and (DT/LN/EM-46-3-1xCML311-
2-1-3)-B-F203-1-1-1/[TS6C1F238-1-3-3-1-2-#  BB/[EV7992#/EV8449-SR]C1F2-334-1(OSU8i)-
10-7(I)-X-X-X-2-BB-1]-1-1-2-1-1-BBBBB-1-B-B2 were resistant to FSR and MSR, respectively, 
at both field locations. 
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TS3-42 Polyamine Modulated Oxidative Damage in Maize under Polyethylene Glycol 
Induced Drought Stress 
 
M.M. Rohman1*, M. Amiruzzaman1* and M. Fujita2  
1Plant Breeding Division, Bangladesh Agricultural Research Institute, Gazipur, Bangladesh 2Laboratory of Plant 
Stress Responses, Kagawa University, Japan 
*Corresponding author; Email: motiar_1@yahoo.com 
 
The study investigated the protective role of polyamines (PAs) in maize under drought stress. The 
experiment pre-treated the Khoibhutta seedling variety of maize with 20% polyethylene glycol 
(PEG) containing 50 μM of putrescene (Put), spermidine (Spd) and spermine (Spm) for a 48 hour 
period. Data was recorded on relative water content (RWC), proline, chlorophyll and 
malondialdehyde (MDA), hydrogen peroxide (H2O2), rate of superoxide radicals (O2

•-) generation 
and methyl glyoxal (MG). Additionally, antioxidant enzyme activities were also analyzed for 
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), ascorbate peroxidase 
(APX), glutathione reductase (GR), monodehydroascorbate reductase (MDHAR), 
dehydroascorbate reductase (DHAR), glutathione S-transferase (GST), glyoxalase-I (Gly-I), 
glyoxalase-II (Gly-II) and lipoxigenase (LOX). Pre-treatment of Put, Spd and Spm effectively 
maintained the balance of water content, chlorophyll and carotinoid contents in the plant leaves. 
The data also indicated that the pre-treatments reduced accumulation of the proline and this 
suggested a reduction of stress effect. The pre-treatments also decreased H2O2 content, rate of O2

•- 
generation and prevented drought-induced MDA. CAT, APX and GPX activities were found to 
increase in response to Put. Pre-treatment of Put, Spd and Spm increased MDHAR contents, but 
also dramatically reduced LOX activities. The study researchers concluded that polyamines may 
influence or change antioxidant functions (which moderate the radical scavenging system in maize) 
and reduce oxidative stress. The results suggest that pre-treatment with Put, Spd and Spm prevents 
oxidative damage, and the protective effect of Put was greater than either Spd or Spm. 

 
TS3-43 Protective Roles of Antioxidants in Two Differently Sensitive Maize Inbreds 
under Drought Stress  
 
M.M. Rohman1*, M.Z.A. Talukder1, S. Begum1, A.H. Akhi1, M.A Ullah2 and M. 
Amiruzzaman1 

1Plant Breeding Division, Bangladesh Agricultural Research Institute, Gazipur, Bangladesh 2Department of 
Genetics and Plant Breeding, Patuakhali Science and Technology University, Bangladesh 
*Corresponding author; Email: motiar_1@yahoo.com 
 
The study sought to identify the role of antioxidants in regulating responses to drought stress in 
two maize inbreds. We evaluated the level of oxidative stress and the participation of antioxidant 
systems on stress responses by using seedlings of two maize inbreds (E134, a relatively drought-
tolerant inbred and E142, a susceptible inbred, respectively). The seedlings were subjected to water 
deficit for seven days and then re-watered to determine the oxidative stress-tolerant mechanism 
under the drought treatment. The superoxide (O2

•-) generation rate, hydrogen peroxide (H2O2) and 
methyl glyoxal (MG) contents were higher throughout the drought period in the inbred E142. 
Conversely, proline accumulation was remarkably higher in the inbred E134. Reduced levels of 
glutathione (GSH), ascorbic acid (ASA) and their redox homeostasis showed more oxidation in the 
E142 inbred. Though the activities of glutathione S-transferase (GST), glyoxalase-I (Gly-I) and 
glyoxalse-II (Gly-II) increased in both inbreds, GST and Gly-II activities decreased in the inbred 
E142 after recovery. Reactive oxygen species (ROS) scavenging enzymes, superoxide dismutase 
(SOD), and peroxidase (POD) activities were higher in the inbred E142, while catalase (CAT) 
activities were higher in the inbred E134.  Activities of ascorbate peroxidase (APX) and 
glutathione peroxidase (GPX) induced in both inbreds during the drought treatment decreased 
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during recovery. Glutathione reductase (GR) activity was higher in the inbred E134; but DHAR 
activity was higher in the inbred E142. The study also found that chlorophyll and carotinoid 
recovery was higher in the inbred E142. Interestingly, both peroxidation product (MDA) and 
lipoxigenase (LOX) activity were lower in E142. The study found that the non-enzymatic 
antioxidant system was stronger in the inbred E134, and the higher levels of SOD and POD and 
APX and GPX in E142 might play a role in cellular protection from oxidative damage, whereas 
lower MDA might be attributed to the lower activity of LOX. 

 

TS3-44 Estimation of Genetic Variability using Full-sib and S1 for Drought Tolerance 
in the Philippine White Maize (Zea mays L.) Population  
 
Maria Alma B. Sanchez1* and Artemio M. Salazar2 
1Institute of Plant Breeding Crop Science Cluster, College of Agriculture 
2University of the Philippines Los Baños, Laguna, Philippines 
*Corresponding author; Email: mariaalmabautista@yahoo.com 
 
This study estimated genetic variation in a white maize variety (IPB Var 6) using 150 full-sib and 
50 S1 progeny types. We determined the correlations among progeny types for yield traits in 
drought and irrigated conditions. The evaluation used a randomized incomplete block design in 
two locations, Laguna and Isabela, in the Philippines during the 2010 dry season. A drought 
treatment was imposed by withholding water supply for two weeks before the flowering stage and 
resumed two weeks after flowering to achieve intermediate drought stress. Evaluation of the traits 
(for variance components), could provide evidence validating the presence of significant genetic 
variation in the population studied. Genetic variance estimates were higher in the sample group one 
(S1) compared to full-sib type implying more efficiency of the S1 for eliciting genetic variation. 
The variability was a good indication that further selection could improve tolerance of IPB Var 6 to 
drought. The findings also suggest that under drought conditions, expression of quantitative traits 
under observation are governed by different gene actions. Additive variance is mainly involved in 
days-to-anthesis, days-to-silking, ASI and ear length, while dominance variance is involved in the 
inheritance of stand count, ears-per-plant, ear diameter and yield. The study found a low 
correlation among full-sib families for yield between normal and drought conditions. This suggests 
the need for a separate evaluation under the two contrasting conditions to identify stable genotypes. 
However, S1 families demonstrated a high correlation with good yield performance under normal 
and drought conditions. This suggests that efficient evaluation of S1 progenies can contribute to 
breeding for drought stress tolerance. 

 

TS3-45 Identification of Suitable Maize Hybrids for Rainfed Cultivation among 
Existing Elite Maize Cultivars  
 
N. K. Seetharam1*

,
 M.T. Vinayan1, Avinash Singode2, Ramesh Kumar2, Dilip Singh3, K. 

Muralikrishna4, Y. Sivalaxmi4, Manoj Debnath1 and P.H. Zaidi1 

1Asian Regional Maize Program, International Maize and Wheat Improvement Center (CIMMYT), Patancheru, 
Hyderabad, Telangana, India 
2Directorate of Maize Research, New Delhi, India 
3Maharana Pratap University of Agriculture and Technology (MPUAT), Udaipur, Rajasthan India 
5Acharya N. G. Ranga Agricultural University (ANGRAU), Hyderabad, Andhra Pradesh, India 
*Corresponding author; Email: k.seetharam@cgiar.org 
 
Before recommending cultivars for rainfed maize crops in specific agro-climatic zones, 
information needs to be generated about the stability and adaptability of cultivars to different 
environments. We have sought to identify suitable maize hybrids for a variety of environmental 
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conditions by first selecting a set of 24 elite maize hybrids obtained from the public and private 
sectors, and then evaluated performance of these hybrids at 13 different locations across the 
country, under four management practices (drought, waterlogging, rainfed and optimal moisture 
conditions). Significant variation occurred among the hybrids, under rainfed conditions (where the 
moisture regime varied during the crop cycle, but was seldom adequate). Variation was much 
stronger, however, under managed waterlogging stress. An extensive evaluation of five promising 
hybrids (including three from the public sector and two from a private company) using 
participatory varietal screening trials, conducted in a large, rainfed plot (3.75 m2) at 23 locations, 
re-validated hybrid suitability for rainfed, stress-prone agro-ecologies. The GGE biplot revealed 
that the most discriminating and informative environments were located in Hyderabad, Ludhiana, 
Karnal and Nellore. Among the top five hybrids tested, hybrids BIO9220S (5.66 t/ha) and TNAU-
CO-6 (5.59 t/ha) demonstrated the greatest stability and the highest yielding capability across 
environments, with above-average yields demonstrated in environments 14 and 9, respectively. 
These hybrids are found promising for rainfed areas and for cultivation in stress-prone agro-
ecologies of India, during the rainy season. 

 

TS3-46 Response of Different Maize Accessions to Pink Stem Borer Sesamia inferens 
Walker (Lepidoptera: Noctuidae L.) 
 
J.C. Sekhar1*, P. Lakshmi Soujanya1, G.K. Chikkappa2,   J. Kaul2, K.P.Singh2 and P. Kumar2 
1Winter Nursery Centre, Directorate of Maize Research, Rajendranagar, Hyderabad, India  
2Directorate of Maize Research, Pusa Campus, New Delhi, India 
*Corresponding author; Email: jcswnc@rediffmail.com 
 
Sesamia inferens (Walker) is the most important winter pest of maize causing serious losses in 
India. To identify maize accessions with good level of resistance to S. inferens, we screened 427 
maize accessions from different geographical regions of the country, along with CM 500 and CML 
451 (resistant and susceptible checks, respectively). The accessions were evaluated under natural 
infestation conditions in an augmented design conducted during the winter season (2012-2013). 
The study recorded the number of dead hearts formed in each accession 45 days after planting and 
calculated a percentage of dead hearts. The percentage of dead hearts found in the accessions 
ranged between 0.0% and 57.14%. The most promising maize accessions (IC 258225, IC 319533, 
IC 321053, IC 321110, IC 321111, IC 321119, IC 326886, IC 331795, IC 338827 and IC 350198) 
showed no dead heart formation. The highly susceptible accessions (IC 331939, IC 340368, IC 
369174, IC 369184, IC 406420, IC 549985, IC 549989, IC 549990, IC 569669 and IC 547811) 
showed 46.15% to 57.14% dead heart formation. There was no dead heart formation in the 
resistant check (CM 500) while the susceptible check (CML 451) showed  prevalence of dead 
hearts at rates of 50% to 100 %. The study identified 10 maize accessions appropriate for the 
development of S. inferens resistant maize, for use after re-screening, under artificial infestation 
validation.  

 

TS3-47 Differential Response of Maize Inbred Lines to Stemborers  
 
J.C. Sekhar1*, P. Lakshmi Soujanya1, G.K. Chikkappa2, P. Kumar2 and K.P. Singh2 
1Winter Nursery Center, Directorate of Maize Research, Rajendranagar, Hyderabad, India  
2Directorate of Maize Research, Pusa Campus, New Delhi, India 
*Corresponding author; Email: jcswnc@rediffmail.com 
 
Pests contribute significantly to maize losses in India. To identify viable maize inbred lines with 
resistance to stem borers, we screened 212 maize inbred lines against the spotted stem borer, Chilo 
partellus, and the pink borer, Sesamia inferens, during the 2012 rainy and post-rainy season 
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respectively, under an artificial infestation treatment, under field conditions. The inbred lines 
received a leaf injury rating (LIR) with a 1-9 scale, on the 45th day after infestation. Based on the 
LIR, 112 inbred lines with LIRs less than 3.0, along with resistant and susceptible check, were re-
screened against C. partellus during the rainy season (May-October) 2013, using an augmented 
design, under an artificial infestation treatment. Of the 212 lines, 33 lines with LIRs less than 3.0 
were re-screened using a replicated randomized block design (RBD) during the post-rainy season 
2013, against S. inferens under an artificial infestation treatment. The study found seven inbred 
lines (WINPOP8, AEBYC534-1-1, P63C2-BBB-17B, PFSRS2, P390AM/CMLC4F230-B-2, 
AEBCYC534-3-1 and CML384X176F3-100-9) that were least susceptible and 19 inbred lines that 
were moderately susceptible to C. partellus. Of the 33 inbred lines screened against S. inferens, 
seven inbred lines (WNZPBTL 9, WNZPBTL 8, CML 338, WNZ EXOTIC POOL DC2, CML 
424, WNZPBTL 5 and HKI 536) were least susceptible and seven lines were moderately 
susceptible. The maize inbred lines identified could be utilized in the development of varieties with 
resistance to C. partellus and S. inferens through breeding programs. 

 
TS3-48 Assessment of Maize Inbred Lines for Drought Tolerance Based on Morpho-
Physiological Traits, Molecular Diversity and Root Studies 
 
T.V. Shadakshari1, G. Shantakumar2* and K.L. Naveen Kumar1 
1Department of Genetics and Plant Breeding, University of Agriculture Sciences (UAS), Dharwad, Karnataka, 
India 
2Maize Scheme, Main Agricultural Research Station, (UAS), Dharwad, Karnataka, India 
*Corresponding author; Email: gshantha@rediffmail.com 
 
Drought is the major abiotic stress affecting the production and productivity of maize in several 
countries worldwide, including India. Nearly 80 percent of maize is cropped in rainfed areas 
making the crop severely vulnerable to drought stress. Considering the importance of drought, the 
investigation was aimed at identifying drought-tolerant inbred lines. The study evaluated 100 
inbred lines for drought tolerance under field conditions by withholding water prior to anthesis and 
silking. The 15 drought-tolerant inbred lines selected (DMIL101, DMIL103, DMIL112, DMIL117, 
DMIL122, DMIL125, DMIL129, DMIL130, DMIL136, DMIL140, DMIL145, DMIL147, 
DMIL150, DMIL152 and DMIL160) demonstrated targeted morpho-physiological traits under 
water-stress conditions. The study also confirmed that molecular characterization, using SSR loci 
linked to candidate genes, was useful for identifying drought tolerance and for root screening. 
Among the SSR markers used, bnlg2248 produced a maximum of seven alleles, followed by 
bnlg1866, bnlg210, mmc0181 and umc1056 tagged to hsp26, abp4, sps1 and bip1 candidate gene, 
respectively, produced four alleles each. The polymorphic information content was highest for the 
SSR primer bnlg2248 (0.73) and the can be effectively utilized to determine the genetic differences 
among the maize inbred lines. Three inbred lines (DMIL152, DMIL136 and DMIL16) exhibited 
superior performance for various root morphological traits under water-stress conditions and could 
be effectively utilized in breeding programs to develop genotypes with profuse root growth under 
adverse soil environments. 

 

TS3-49 Evidence of Symptom-less Colonization of Stalk Rots Pathogens in Maize 
 
Meena Shekhar*, Diwakar Bahukhandi and Rashmi Kiran  
Directorate of Maize Research, Pusa Campus IARI, New Delhi, India 
*Corresponding author; Email: shekhar.meena@gmail.com 
 
The study investigated stalk rot fungi (Macrophomina phaseolina and Fusarium verticilloides) 
infection patterns and interactions on maize seed, seedlings, roots and stalks in two inbred lines 

mailto:gshantha@rediffmail.com
mailto:shekhar.meena@gmail.com


51 
 

CM 123 (resistant) and BML6 (susceptible).   The fungi could infect seeds, stalks and roots. In 
seed inoculation high mycelia growth on seed led to rotting in both inbreds. In seed and seedlings, 
the necrotic/rotting phase occured quickly within 24-48 hrs when treated with fungal culture 
extract and direct contact with pathogens, probably due to secretion of hydrolytic enzymes and 
toxins from fungi. Gels and gum deposits were also observed during histopathology, a process 
involving the excision of diseased tissue which is microscopically examined to determine the 
cytologic and histologic structure of diseased tissue. Both the inbreds grown in the inoculated soil 
remained healthy and symptomless even 30 days after fungi inoculation. The histopathological 
study and confirmation about the pattern and interaction of fungi on asymptomatic plants proved 
that infection of both fungi (Macrophomina phaseolina and Fusarium verticilloides) starts from the 
root and develops systemically in host tissues with inter- and intra-cellular colonization. Disease 
symptoms also appeared when the plant approaches maturity. When plants are healthy, infection 
and fungal growth may be symptomless. When plants approach the flowering stage, aggressive 
pathogens with large amounts of mycelium may reduce carbohydrate content and become 
physiologically weakened. The magnitude and timing of the expression of symptoms varies. For 
example, the presentation of disease in plants may range from symptom-less to severe rotting 
throughout the life cycle of the plant, depending on the physiological and environmental conditions 
of the plant. The study suggests that there is a need to develop bioassays to estimate disease 
intensity at the early stages of infection so that the influence of disease on the physiological and 
environmental conditions can be avoided while identifying sources of resistance for use in maize 
breeding programs. 

 

TS3-50 Yield Loss in Maize Caused by Conogethes punctiferalis Injury  
 
Jie Shi1*, Shuo Yang1, Haijian Zhang 1, Ning Guo 1, Po Li1, Dan Chen1, Jie Chen1 and Zhen-
ying Wang2 
1Institute of Plant Protection, Hebei Academy of Agriculture and Forestry Sciences, International Pest 
Management (IPM) Centre of Hebei Province, Baoding, China; 
2State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese 
Academy of Agricultural Sciences, Beijing, China  
*Corresponding author; Email: shij99@163.com 
 
Conogethes punctiferalis is a polyphagous pest that feeds on many kinds of plants, including many 
fruit trees and economic crops. The study evaluated the effects of C. punctiferalis larval feeding 
on: i) maize yield components; ii) yield losses; and iii) the incidence of ear rot by artificial 
infestation of C. punctiferalis neonates at the silking stage of maize. The study showed that yield 
loss was significantly greater as the number of larvae increased. When the number of larvae 
numbered 1 and 3 per ear, the yield loss was 0.73% and 4.19%, respectively. When the number of 
larvae was 5 and 10 per ear, the yield loss was 11.65% and 17.71%, respectively. The injury of C. 
punctiferalis affected yield mainly by shortening ear length and by reducing the number of kernels 
in the rows of ears. When the number of larvae was 1 and 3 per ear, the ear length and number of 
kernels in rows was not significantly different than the control. When the number of larvae 
numbered 5 and 10 per ear, the ear length shortened 8.66 mm and 13.17 mm, respectively, and 
when compared to the control, significant differences occurred. The incidence of ear rot was also 
significantly higher than in the control, due to the damage caused by C. punctiferalis larvae. The 
major pathogens causing ear rot were Fusarium verticillioide, Penicillium spp. and F. 
graminearum, with occurrence rates of 84.91%, 54.45% and 40.97%, respectively, whereas the 
occurrence rate of ear rot caused by Aspergillus spp. was only 2.4%. 
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TS3-51 Selection of Germplasm Lines Superior for Drought Tolerance and Yield 
 
Avinash Singode1*, Ramesh Kumar1, R.B. Dubey2, Bilal Ahmad1, M.K. Muralikrishna3, 
Abhijit Kumar Das1, P.H. Zaidi4, K. Seetharam4 and Om Prakash Yadav1 
1Directorate of Maize Research, New Delhi, India 
2Maharana Pratap University of Agriculture and Technology, Udaipur, India 
3Acharya NG Rangarao Agriculture University, Hyderabad, India 
4International Maize and Wheat Improvement Center (CIMMYT), Hyderabad, India 
*Corresponding author; Email: avinash.singode@gmail.com 
 
The research sought to identify maize germplasm lines with tolerance to drought while producing 
high yields. Germplasm lines were testcrossed and evaluated under managed drought and optimal 
conditions. A total of 288 germplasm lines were testcrossed with CML451 and another set of 244 
was test-crossed with CML474. The two testers were diverse and belong to different heterotic 
groups. The test crosses generated were screened under drought condition to assess their inherent 
drought tolerance. Under optimal conditions, the yield potential of lines was determined. Based on 
composite analysis, a selection criterion was formulated to select drought-resilient lines with high- 
yielding potential under optimal conditions. The criteria for selecting the lines included: i) a grain 
yield of at least 2.5 t/ha; and ii) anthesis-silking interval (ASI) of a maximum of three days. The 
performance of selected lines under heterotic group ‘A’: ZH111458, ZH111666, ZH114245, 
ZH111705 and VH112933; and in heterotic group “B”:  ZH112613, VH112399, ZH115993, 
ZH115982 and ZH111878 lines will be discussed. 

 
TS3-52 Evaluation of Maize Genotypes for Shading Tolerance 
  
Suwarti Syafruddin* and Muhammad Azrai 

Indonesian Cereals Research Institute South Sulawesi-Indonesia 
*Corresponding author; Email: syaf.syafruddin@gmail.com 
 
A major constraint impacting maize productivity under an industrial crop canopy is the high 
percentage of shade which lowers the absorption of light necessary to support healthy plant growth. 
The most effective and efficient response to this constraint is to develop maize varieties tolerant to 
the shading effect. The study evaluated hybrid genotypes in the shaded environment to identify and 
select potential hybrids with shading tolerance. The study was conducted at the Pandu research 
station, Manado, from March to August 2006, with 13 genotypes including two check varieties of a 
well-known hybrid. A shading-stress treatment was applied without a shading net (under a coconut 
tree canopy), with light intensity measured at 40 - 45% and a control treatment with maize planted 
under normal light. The study methodology involved a randomized complete block design with 
three replications. The study revealed that shade stress decreased leaf chlorophyll, leaf area index, 
ear length, ear diameter, 1000-seeds weight and yield. The yield of genotypes under the coconut 
tree canopy decreased at a range of 16.53 – 49.71% compared to the control treatment. Among the 
genotypes evaluated, CY 15 x MAL03 (7.58 t/ha) and 1044-9 x 1027-11 (7.29) obtained the 
highest yields under the shaded environment.  
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TS3-53 Screening Maize Hybrids for Resistance to Asian Corn Borer (Ostrinia 
furnacalis Guenee) in Thailand 
 
Amara Traisiri1*, Pichet Grudloyma2 and Suriphat Thaitad2   
1Chai Nat Field Crops Research Center, Sapphaya, Chai Nat, Thailand 
2Nakhon Sawan Field Crops Research Center, Tak fa, Nakhon Sawan, Thailand  
*Corresponding author; Email: atraisiri@hotmail.com 
 
The most serious of the various insect pest species that constrain maize production in Thailand is 
the Asian corn borer (Ostrinia furnacalis Guenee L.) or ACB. This borer attacks the maize plant in 
the whorl stage, post-flowering and ear formation stages. The objective of this study was to 
identify maize germplasm with resistance to ACB in the whorl stage.  We evaluated 70 hybrids at 
the Nakhon Sawan Field Crops Research Center during the period 2011 to 2013 for resistance to 
ACB using artificial infestation in a greenhouse environment. In this experiment, 30 of the second 
instar larvae were applied to each plant inside the whorl of leaves. The leaf-feeding damage rating 
(1-9) was ascribed to each plant, and the resistance level was recorded five days after infestation. 
Significant differences were found among the hybrids. Fifteen hybrids were identified as having 
intermediate resistance and others were identified as susceptible. Field observations of the 
experimental plots, conducted during the early and late rainy seasons of 2012-2013 to determine 
the level of damage caused by ACB. The study did not reveal significant differences among 
hybrids; the average borer damage was found, with 0.23 – 1.21 damage-hole per plant. 

 

TS3-54 Performance of Maize Hybrids under Drought and Low Nitrogen Stress in 
Thailand 
  
Suriphat Thaitad*, Pichet Grudloyma, Sutatsane Vongsupathai, Tatsanee Budthong and 
Jumnong Chanthaworn 

Nakhon Sawan Field Crops Research Center, Nakhon Sawan, Thailand 
*Corresponding author; Email: suriphat_t@hotmail.com 
 
Drought and low-nitrogen (N) stresses are major factors limiting maize production and 
productivity in Thailand. To help improve understanding about these factors, we compared the 
performance of some promising hybrids and analyzed the relationships among yield and secondary 
traits under abiotic stress conditions. The methodology involved separate trials under drought, low 
N and normal conditions (well-watered) during the dry season of 2012, at Tak Fa, Nakhon Sawan, 
Thailand. The study found significant differences in grain yield among the hybrids in the treatment 
environments. The mean grain yield under drought, low N and normal conditions averaged 3.83, 
3.07 and 8.62 t ha-1 respectively. Yield under drought conditions averaged 56% less than in normal 
conditions, while yield under low N conditions averaged 64% less than in normal conditions. The 
anthesis-silking interval ranged from -1 to 5 days under drought conditions and 0 to 4 days under 
low N condition. The mean number of ears per plant was 0.8 under drought condition, while under 
low N, the mean number of ears was 1.0 ear per plant. Phenotypic correlations indicated that the 
increases in grain yield under drought and low N stresses were associated with a reduction in ASI, 
an increase in the numbers of ears per plant and 1000 seed weight. 
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TS3-55 Identification of Stress-resilient Maize Inbred Lines with Good Cross-
Performance across Water Regimes 
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4National Maize Research Institute, Ha Noi, Vietnam  
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*Corresponding author; Email: P.nagesh@cgiar.org 
 
Maize production in the Asian tropicsfaces threats resulting from uneven distribution patterns of 
monsoon rains and the frequent occurrences of drought and excess moisture during the kharif 
(monsoon) season. The study selected a set of elite maize inbred lines derived from the abiotic 
stress breeding program at CIMMYT-Asia and evaluated their stress responses and combining 
ability under varied moisture conditions including flowering-stage stress; vegetative-stage excess-
moisture stress, and optimum moisture. Three sets of inbred lines were selected based on their 
genetic background, maturity and kernel color.  These lines were crossed using line × tester design. 
A set of 214 testcrosses were evaluated during 2012 to 2013, at eight locations under three levels 
of water management treatments (optimal, waterlogging and drought stress). Data analysis led to 
the identification of:  i) a set of promising inbred lines with high-general combining ability (GCA); 
and ii) crosses with superior performance under different moisture conditions. Promising lines for 
high combining ability were CML472, and POOL16BNSEQC3F32x37-4-1-2-1-B for drought 
conditions, and CML452, WLCY2-7-1-2-1-5-B-2-3-1-2-2 and DTPWC9-F67-2-2-1-3-2-1-2-B for 
waterlogging conditions. One of the elite lines (WLCY2-7-1-2-1-5-B-2-3-1-2-2) demonstrated 
good combining ability across both drought and waterlogging conditions. These lines may be 
useful for breeding programs that seek to develop water-stress resilient hybrids for stress-prone, 
rainfed, agro-ecologies of the Asia tropics. 

 

TS3-56 Differentiation of Physiological Races of Cochliobolus heterostrophus Causing 
SCLB in Southern China 
 
Meng Wang1,2, Jia Ma1,2,  Chuanjin Yu1,2, Jinxin Gao1,2, Q. Wu1,2, Jie Chen1,2,3 * 
1School of Agriculture & Biology, Shanghai Jiaotong University, Shanghai, China 
2Laboratory of Southern Urban Agriculture of Ministry of Agriculture 
3 State Key Laboratory of Microbial Metabolism 
*Corresponding author; Email: jiechen59@sjtu.edu.cn 
 
Southern corn leaf blight (SCLB) caused by Cochliobolus heterostrophus is one of the common 
diseases in maize grown in southern China. During the past two years, 67 pathogens of 
Cochliobolus heterostrophus isolates were collected from 10 provinces (municipalities) in southern 
China. Both bacterial assay (transgenic E. coli, expressing the maize mitochondrial protein URF13) 
and maize cytoplasmic male sterile (CMS) line assays showed that all isolates were identified as 
race O, of which the high-, mid- and low-pathogenicity types of SCLB pathogen isolates were 
distinguished based on lesion areas on the detached leaf of differential host plants composed of 
four inbred lines. The three pathogenicity types were normally distributed in histogram; therefore 
the differential changes in pathogenicity within race O was found in the natural maize production 
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system. Furthermore, the expression of gene “estExt_Genemark1.C_2_t10148” in the isolates of all 
pathogenicity types was found in accordance to the pathogenicity distribution, thus the two genes 
could be considered as a part of the potential markers of pathogenicity differentiation. We are 
seeking to identify pathogenicity markers which may demonstrate differentiation in dominated 
maize varieties, using comparative transcriptomicanalysis of isolates with high pathogenicity and 
low pathogenicity. This is the first report revealing the differential changes of C. heterostrophus 
race O in pathogenicity of maize in southern China. 

 

TS3-57 Biological Control of Southern Corn Leaf Blight by Trichoderma atroviride 
SG3403 
 
Meng Wang1,2, Jia Ma1,2, Lili Fan1,2, Kehe Fu1,2, Chuanjin Yu1,2, Yingying Li1,2, Jinxin Gao1,2, 
Yaqian Li1,2 and Jie Chen1,2,3  
1School of Agriculture & Biology, Shanghai Jiaotong University, Shanghai, China 
2Laboratory of Southern Urban Agriculture of Ministry of Agriculture, China 
3State Key Laboratory of Microbial Metabolism, China 
*Corresponding author; Email: jiechen59@sjtu.edu.cn 
 
Trichoderma atroviride SG3403 demonstrates high bio-control activity against Southern corn leaf 
blight (SCLB). Microscopic observations revealed that the Trichoderma strain could cause 
pathogen mycelium death in the confrontation culture assay. However, when a  spore suspension 
spraying treatment occurred  over the T. atroviride SG3403 maize seedling leaf, prior to 
inoculation of pathogen Bipolaris maydis, the spore suspension treatment protected the corn from 
pathogen infection by 69.86% and 51.62% under greenhouse and field conditions, respectively. 
This effective control measure lasted 30 days in the field. The study found that the Trichoderma 
strain was able to induce defensive responses in the maize leaves against pathogen infection. The 
activities of phenylalanine ammonia lyase and superoxide dismutase in maize leaves peaked in 24 
hours, whereas catalase activity peaked at 36 hours in the Trichoderma treatments after the 
pathogen challenge inoculation occurred. RNA expression levels of Pal, Sod and Cat increased and 
this expression corresponded to the enzyme activity at the same commensurate level, which 
implies that T. atroviride SG3403-induced maize defence gene expression occurred under the 
pathogen infection. Thus, an induced resistance mechanism was possibly involved in the bio-
control of SCLB by T. atroviride SG3403. 

 

TS3-58 Genetic Diversity of Cercospora Associated with Grey Leaf Spot Disease of 
Maize by ISSR Analysis  
 
Zhang Xiaofei, Li Xiao*, Cui Lina, Zou Chengjia, Yang Xiaorong, Xiang Yunjia  
Institute of Plant Protection, Sichuan Academy of Agricultural Sciences, Chengdu, Sichuan. China 
*Corresponding author; Email: lixiaomaize@163.com 
 
The study sought to evaluate genetic diversity in the grey leaf spot (GLS) disease (Cercospora L.) 
of maize. To accomplish this, genetic diversity among 29 isolates of Cercospora isolated from 
different geographical regions of China was analysed. A total of 81 bands were amplified using 10 
primers. The size of these bands ranged from 200 to 2000 bp and demonstrated polymorphic 
characteristics. At a similar level of 0.19, all isolates were clustered into two distinct groups. These 
clustered groups represented strains that were isolated from maize collected from the southwest 
and northeast regions of China. The study found significant differences in the genetic profile of the 
two groups. The study suggests that there are two Cercospora species causing GLS. Analysis 
revealed that given the phylogenetic relationship and the genetic differentiation of the isolates of 
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Cercospora tested in this study, a relatively abundant genetic diversity of Cercospora exists in 
China. 

 
TS3-59 Daily Water Consumption Characteristics of Summer Maize by Two Plant 
Types Based on the Weighing Lysimeters 
 
Gaoping Xu, Hongbin Tao and Pu Wang*  
College of Agriculture and Biotechnology China Agriculture University, Haidian district, Beijing  
*Corresponding author; Email: wangpu@cau.edu.cn 
 
The dynamic of daily water consumption is an important basis for field water management and 
drought monitoring. To evaluate water consumption rates, the study applied weighing lysimeters to 
measure daily water consumption and its characteristics in summer maize, with two contrasting 
plant types (large canopy and small canopy). In addition, the study analysed the relationship 
between daily water consumption and meteorological parameters across five growth stages of 
summer maize. The study found that the average daily water consumption for large canopy 
genotype and small canopy genotype were 3.7 mm/d and 3.5 mm/d, respectively. The most 
vigorous water consumption period began at the 13-leaf stage until the mid-filling stage. Moreover, 
the maximum value of daily water consumption occurred at the silking stage. Nighttime water 
consumption showed a unimodal pattern during the entire growing period, while the ratio of 
daytime water consumption to daily water consumption trended toward an increase of 
consumption. Generally, the daytime water consumption of the large canopy genotype was greater 
than that of small canopy genotype, with the genotype difference most significant during the 
silking to mid-filling stages (Δ=0.41 mm). The apex of water consumption rate appeared during 
12:00-13:00 p.m., and declined thereafter, lasting for about 30-45 minutes, then slightly recovered. 
After 3:00 p.m. the water consumption rate gradually decreased and then stabilized at 6:00 p.m. 
Fluctuation of the water consumption rate was inelastic from 6:00 p.m. to 6:00 a.m. the next day. 
The study found that daily water consumption significantly and negatively correlated with the daily 
humidity levels and daily precipitation, but positively correlated with solar radiation and sunshine 
duration. 

 

TS3-60 Herbicidal Activity of “Pesta” Granular Formulation of Serratia marcescens 
Ha1  
 
Juan Yang, Wei Wang, Peng Yang, Bu Tao, Zhi-Yan Cao, Li-Hui Zhang, Jin-Gao Dong*  
Agricultural University of Hebei, Baoding, Hebei Province, China 
*Corresponding author; Email: dongjingao@126.com 
 
This study sought to determine the herbicidal activity of a product called “Pesta,” a granular 
formation of Serratia marcescens Ha1, to determine its potential as a biocontrol agent against the 
common weed. Researchers began the study by isolating herbicidal activity from 479 marine 
microorganisms. The biological activity assay indicated that the crude extracts from the strain Ha1 
demonstrated strong inhibitory effects on Digitaria sanguinalis. Researchers then developed the 
semolina-kaolin granular formulation from the strain Ha1. They found that herbicidal activity in 
this granular formation was influenced by storage temperature and by the presence of adjuvant 
maize oil on living bacterium. The study stored samples for eight weeks at 4℃. The living 
bacterium preserved in the granular formulation at 4℃ and room temperature treatments decreased 
by 4.3 units and 5.5 units, respectively. The granular formulation stored in the 4℃ treatment 
demonstrated a reduced inhibit rate (to 23% from 83%), but a higher rate of inhibit activity 
compared with the granules stored at room temperature (with an inhibit rate reduction to 17% from 
70%). The presence of living bacterium in the granular formation samples stored at 4℃, with the 
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adjuvant, was reduced by 3.55 units. In contrast, the presence of living bacterium in the granular 
formation samples stored at 4℃, without the adjuvant, was reduced by 4.95 units. The inhibition 
rate on Digitaria sanguinalis from the granular formulation with the adjuvant was reduced to 50% 
from 90%. The inhibition rate from the granular formulation without the adjuvant, however, 
reduced to 23% from 83%. The study showed that in order to preserve the viability of bacteria in 
the granular formulation, herbicidal activity could be improved when the granules were stored at 
4℃ and the maize oil was added as the adjuvant. Thus, S. marcescens Ha1 can potentially be used 
as a biocontrol agent against D. sanguinalis. 

 

TS3-61 Root Functional Traits are More Important than Structural Traits for Drought 
Tolerance of Maize (Zea mays L.)  
 
P.H. Zaidi1*, K. Seetharam1, Zerka Rashid1, L. Krishnamurthy2 and B.S. Vivek1 

1Asian Regional Maize Program, International Maize and Wheat Improvement Center (CIMMYT), Hyderabad, 
Telangana, India 
2International Crop Research Institute for the Semi-arid Tropics (ICRISAT), Hyderabad Telangana, India 
*Corresponding author; Email:  phzaidi@cgiar.org 
 
Roots are the first part of a plant exposed to soil-mediated stress, including drought. However, due 
to the complex logistics involved in a root study, research remains limited. The study aimed to 
improve understanding about how roots respond to limited water availability in soil in order to 
improve crop production under drought conditions. The study used a semi-automated root 
phenotyping facility (rhizotronics), and an association mapping panel (CIMMYT Asia association 
mapping, or CAAM) to evaluate 396 diverse tropical maize lines which had been phenotyped for 
various structural and functional root aspects. The lines were planted in lysimeters (PVC cylinders 
1.5 m long, 30 cm diameter) and exposed to drought stress, during the reproductive stage, by 
withholding water supply to the cylinders beginning two weeks before flowering and continuing 
until most of the entries completed male flowering. Various structural and functional root and 
shoot traits, yield and its attributes were recorded. The study found significant genotypic variability 
for structural and functional root traits, and yield traits under drought stress. Root functional traits 
(such as stress-period water use and transpiration efficiency) showed comparatively stronger 
relationship with total biomass (r = 0.61** and 0.82**, respectively) and grain yield (r = 0.33** 
and 0.47**, respectively) under stress. Among the root structural traits, root dry-weight showed 
significant relationship with total biomass (r = 0.56**) and grain yield (r = 27**) under stress. 
However, traits such as root-depth and root-length density were important only for early-maturing 
entries. The study suggested that root functional traits, compared to structural traits, were more 
heritable and highly correlated to performance of genotypes under drought stress. 

 

TS3-62 Research on the Photosynthetic Mechanism of Genetic Defect Barren Stalks of 
Maize (Zea mays L.)  
 
Xuemei Zhong 
Special Corn Institute, Shenyang Agricultural University Shenyang, Liaoning Province, China  
Email xuemei.zhong@163.com 
 
The amount and distribution of rainfall affect the development of spring maize produced in the 
Liaoning Province of China. Continuous rainy conditions and scant sunlight typically result in poor 
pollination, bald tips and even an abnormally high barren-stalk rate of maize. Field studies were 
undertaken to improve understanding about the interaction between the degree of precipitation and 
extent of daylight on maize productivity. The study began at the kernel formation stage (3-11 days 
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after silking). Paired, near-isogenic lines (NILs) of vulnerable and non-vulnerable genotypes were 
exposed to 38%, 60% and 75% shade stress to investigate changes in photosynthesis (PN) and 
chlorophyll fluorescence characteristics under different shade stresses and light intensity transfer 
treatments. The effects of shade stress and light intensity transfer on photosynthesis and 
chlorophyll fluorescence characteristics of low-light sensitive maize lines were also investigated. 
The study found that leaf maximum photochemical efficiency (Fv/Fm), photosynthetic system II 
(PSII), actual photochemical efficiency (ΦPSII) and photochemical quenching of chlorophyll 
fluorescence (qP) increased, while PN, nonphotochemical quenching (NPQ) and electron transport 
rate (ETR), decreased after shading. The study suggested that these trends were aggravated by 
increased shade intensity. After the removal of shading, NPQ, Fv/Fm, ΦPSII, qP and ETR, 
recovered to some degree. Under shaded and normal-light conditions, the PN and chlorophyll 
fluorescence characteristics of Shennong 98A were both lower than that of Shennong 98B. The 
study suggested that a poor adaptability to low light is an important physiological reason for 
inducing barren stalk in low light-sensitive maize. 

 

TS3-63 Identification of Fusarium Species and F. graminearum Species Complex 
Causing Maize Ear Rot in China 
 
Qin Zihui, Ren Xu, Jiang Kai, Wu Xiaofei, Yang Zhihuan, Wang Xiaoming*  
Institute of Crop Science, Chinese Academy of Agricultural Sciences (CAAS) Beijing, China  
*Corresponding author; Email: wangxiaoming@caas.cn 
 
Fusarium/Gibberellaear rot is a destructive disease in maize which causes severe contamination of 
mycotoxins in kernels used for human food and animal feed. Research is needed to improve 
understanding about the presence, prevalence and biology of F. graminearum infection. The study 
evaluated 130 kernel samples from 104 counties in 18 provinces in China and isolated those with 
evidence of seed-borne fungi. The study found that the species of Fusarium genus were mainly the 
same (56.0%) causing maize ear rot in China. Other fungi (remaining 44%) were Penicilium spp., 
Aspergillus spp., Trichoderma spp. and Alternaria spp. The experiment identified seven species of 
Fusarium for advanced analysis including: Fusarium verticillioides (56.5%); F. graminearum 
species complex (37.7%); F. culmorum (2.2%); F. proliferatum (1.5%); F. oxysporum species 
complex (0.7%); F. solani species complex (0.7%); and F. subglutinans (0.7%). These were 
selected for advanced study, based on their morphology, characteristics and species-specific 
molecular detection. By analyzing the partial sequence of the gene TEF-1α in 52 isolates of the F. 
graminearum species complex, three species were identified:  F. graminearum, with a frequency of 
59.6%, is found widely distributed (from entries sourced in the 104 countries);  F. meridionale had 
a frequency of 25.0% but this species is only found in the southern ecology of the maize growing 
zone; and F. boothii contained a frequency of 11.5% and this species is found in the northern 
ecology, while two other isolates may be hybrids of F. graminearum × F. verticillioides. These 
results indicated that F. verticillioides and F. graminearum species complex are main causal agents 
of maize ear rot, and this is the first report of F. meridionale and F. boothii in the F. graminearum 
species complex collected from maize ears in China.
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TS3-64 Standardization of Artificial Infestation of Pink Borer, Sesamia inferens 
(walker) in Maize 
 
M. Lavakumar Reddy1*, M. Anuradha1 and J.C. Sekhar2 
 
1Maize Research Centre, Agriculture Research Institute, Acharya N.G. Ranga Agricultural University, 
Rajendranagar, Hyderabad, India  
2Winter Nursery Centre, Directorate of Maize Research, Rajendranagar, Hyderabad, India 
*Corresponding author; Email: mlkreddy2003@yahoo.co.in 
 
Pink borer, Sesamia inferens (Walker) is a serious pest in peninsular India, limiting the production 
of maize during rabi season. Any sound integrated pest management must have resistant variety as 
one of its components. For development of resistant variety or hybrid, a large-scale, efficient and 
reliable field screening of germplasm is a pre-requisite. This can be done in hot spots or by testing 
the germplasm under artificial infestation with laboratory reared insects to obtain uniform 
infestation. An experiment was carried out at maize Research station, Hyderabad  to study the 
requirement of egg mass/larval density per plant to get sufficient plant injury for screening the 
germplasm in seven plots (twenty 3m rows/plot). At 12-15 days after germination plants were 
inoculated with the neonate larvae (1, 2, 5, 10, 15 and 20 numbers) and egg mass (25 eggs/egg 
mass) with the help of fine brush. Larvae and egg mass were released in to the lower leaf sheath. 
Larval recovery was recorded by destructive sampling technique @ five plants at periodic intervals 
viz., 1, 2, 3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 days after entry of the larvae into the 
plants and data analyzed statistically. The data showed that the larval recovery was significantly 
high in plants released with egg mass (25 eggs) with 2.62 mean larvae per plant followed by 
release of 20, 15, 10 and 5 larvae per plant with mean larval recovery of 2.28, 2.21, 1.69 and 1.24 
larvae per plant respectively. The overall larval recovery progressively decreased with increase in 
days after infestation (DAI) irrespective of the number of larvae released. The larval recovery was 
maximum at 1 DAI (11.0) followed by 2 (5.1), 3 (3.8) and 5 DAI (3.3) when infested with egg 
mass. Subsequently from 7 DAI onwards, the larval recovery declined steeply and the trend was 
similar as in the case of plants infested with 20, 15, 10 and 5 larvae per plants. There was a 
progressive decrease in the number of larvae recovered from infested plants with increase in plant 
age might be due to certain biochemical compounds, natural predation and environmental factors 
which affected larval survival. Therefore, 12-15 days after germination is the right stage for 
artificial infestation which is the most critical stage of the maize crop growth to succumb to 
maximum insect damage. Thus, the release of egg mass consisting of 25 eggs at black head stage 
into the bottom most leaf sheath when the plants are about 12-15 days old is the best for artificial 
infestation of plants for screening against pink borer. However, if larvae are to be released, fifteen 
to twenty larvae are required per plant to get sufficient plant injury for screening across the 
germplasm for resistance. 
 
TS3-65 Sources of resistance to rice weevil Sitophilus oryzae (L.) and anguomois grain 
moth Sitotroga cerealella (Oliv.) in Indian Maize  
 
P. Lakshmi Soujanya1*, J.C. Sekhar1, G.K. Chikappa 2 and P. Kumar2  
1Winter Nursery Centre, Directorate of Maize Research, Rajendranagar, Hyderabad 500030      
2Directorate of Maize Research, Pusa Campus, New Delhi -110 012 India 
*Corresponding author; Email: soujanyak.scientist@gmail.com 
 
Post harvest losses in maize due to insect pests is the most serious concern in tropical and sub 
tropical regions of the world because of the magnitude of losses and  irreversibility of damage  they 
inflict on stored produce. Sitophilus oryzae (L.) and Sitotroga cerealella (Oliv.) are the most 
destructive storage pests that enhance food insecurity among maize growers. Improving genetic 
resistance of host plant is the best way for controlling storage pests as it is an effective and 
environment friendly option. The objective of the study was to evaluate maize germplasm by 
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screening twenty-six and twenty-two inbred lines for resistance to S. oryzae and S. cerealella, 
respectively by ‘No choice’ method under laboratory conditions (27±2°C and 60±5% RH). The 
experiment was laid in complete randomised design and replicated three times. Progeny of 
emerging adults, grain damage, grain weight loss, median development period and susceptibility 
index were taken as parameters for this study. Significant differences were observed among inbred 
lines for the traits evaluated (p< 0.05). The genotypes WNCDMR11R 0913, WNCSKNY 4854 (2) 
and WNCDMR19RYDWS 1518 were found to be moderately resistant to S. oryzae based on 
Dobie’s index (4-7) and thirteen were susceptible (8-10) whereas ten inbreds were highly 
susceptible (≥ 11). Similarly S. cerealella WNCDMR18RYD 820171 and WNCDMR11R 0913 
were found to be moderately resistant based on Dobie’s index (4-7) and eleven were found to be 
susceptible (8-10) while nine lines were highly susceptible (≥ 11). WNCDMR11R 0913 was found 
to be moderately susceptible to both S. oryzae and S. cerealella and per cent weight loss observed 
on these moderately resistant  lines was in the range of 1.68 to 2.86, 3.85 to 3.9, respectively. 
Further these inbred lines had low percentage of grain damage and reduced number of F1 progeny 
compared to susceptible lines. None of the lines were found to be least susceptible to both the 
pests. The increasing F1 progeny emergence resulted in an increased grain damage and weight 
loss. The susceptibility index was inversely related with median development period (R2 = 0.71, 
0.48), however number of F1 progeny emergence (R2 = 0.83, 0.75) per cent grain damage, (R2 = 
0.86, 0.86) and weight loss (R2 = 0.73, 0.81) by S. oryzae and S. cerealella, were positively related. 
These moderately resistant lines help in reduction of post harvest storage losses and can be used as 
sources of resistance for use in breeding programmes. 

  



61 
 

TS4: Socioeconomics and Innovative Policies for 
Enhanced Maize Production and Impacts 
 
TS4-1 Value Chain Analysis of Community Based Maize Seed Production in the Hills of 
Nepal 
 
K.C. Dilli Bahadur1*, N. Gadal1, A.R. Sadananda1, C. Boeber1, K.B. Koirala2, S.P. Neupane1, 
B. Khatiwada1 and K. Baral1 
1International Maize and Wheat Improvement Center (CIMMYT), South Asia Regional Office, Kathmandu, 
Nepal 
2Nepal Agricultural Research Council (NARC), Department of Agriculture, Ministry of Agriculture, Kathmandu, 
Nepal 
*Corresponding author; Email: d.kc@cgiar.org 
 
Smallholder farmers, in the remote hills of Nepal, mainly produce maize seeds for local use. 
Challenges such as remote and often inaccessible locations, poor infrastructure, labor shortages, 
quantity of production and few private traders in the hills limit seed production and marketing 
potential in Nepal. Using the primary data collected from 248 value chain actors across 20 hilly 
districts of Nepal, researchers analyzed the maize seed value chain in the hills of Nepal across five 
major maize seed marketing chains. Chain I involved producers, collectors, wholesalers, retailers 
and consumers; Chain II involved producers, collectors, wholesalers and consumers; Chain III 
involved producers, collectors, retailers and consumers; Chain IV involved producers, collectors 
and consumers; and Chain V involved producers and consumers. The sampled seed producers 
marketed a total of 45.3 tons of improved maize seed by the sampled seed producers through these 
channels. The analysis found that Chain II was the most important value chain, accounting for 
38.9% of marketed seeds and Chain I was least important, accounting for only 4.3% of marketed 
seeds. The cost of seed production was Nepali Rupees (NRs) 30.8/kg (about 0.30 USD) while the 
farm gate price was NRs 35.0 (about 0.57 USD). Added costs such as assembling, grading, storage 
and transport  by seed producers, collectors, wholesalers and retailers were calculated to represent 
63.7%, 6.2%, 17.6% and 12.4% respectively, or a  total added cost of NRs 48.3/kg (0.49 USD), 
respectively. Altogether, the total profit per kg of seed, across this value chain (seed producers, 
collectors, wholesalers and retailers), was NRs 16.8 (0.17 USD). The per kg profit at producer, 
collector, wholesaler and retailer levels was calculated to be 25.4%, 14.9%, 20.9% and 38.8% of 
the total profit, respectively. The total margin per kilogram of seed was NRs 65 (0.66 USD) and 
represented margins at seed producer, collector, wholesaler and retailer levels of 53.8%, 8.5%, 
18.5% and 19.2% respectively. Therefore, while seed retailers provided the smallest contribution to 
the marketing of seeds and had the second-smallest cost burden (12.4%), they received the most 
profit (38.8%); whereas seed producers shouldered the greatest cost burden (63.8%) and harnessed 
only two-thirds the profits of retailers (25.4%). 

 

TS4-2 Maize Marketing Patterns in Indonesia 
 
A.D. Hadijah* and Herman Subagio 

Indonesian Cereal Research Institute, South Sulawesi, Indonesia 
*Corresponding author; Email: sunilneelam9@gmail.com 
 
Increasing year-on-year demand for maize in Indonesia, concurrent with the diversified uses of 
maize for food, feed and industrial purposes, potentially provides an opportunity for growth. To 
identify optimal value chain efficiencies, we evaluated several maize marketing patterns in 
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Indonesia with an aim to identify opportunities and gaps that contribute to greater productivity and 
profitability from maize markets. The study found that marketing patterns varied according to 
location due to different characteristics associated with farm-to-market systems. Components of 
the value chain in Indonesia include farmers, village and sub-district collectors, wholesalers, inter-
island traders and feed industries. We also compared value chains to determine benefits. The long 
value chain (marketing channel) was found to offer greater marketing margins, but reduced 
farmers’ return on investment. The value chain in Grobogan Central Java (marketing line V), was 
comprised of farmers, village and sub-district collectors, wholesalers and feed companies was 
compared with the value chain in Bantaeng South Sulawesi (marketing line I) comprised of 
farmers, village and sub-district collectors, wholesalers and inter-island traders. Of these two value 
chains, the farmer-to-feed industries demonstrated greater efficiency. Within the farmer-to-feed 
industry value chain, greatest marketing efficiencies occurred in Kediri (marketing line II) where 
maize was distributed directly by wholesalers (from farmer-to-feed industries). Researchers 
analyzed national maize production and found that about 50% of maize production is absorbed to 
meet the demand of feed industries which has increased 10-15% year-on-year. By 2020, feed 
industry demand for maize is predicted to increase 28.52%. Although the prospects for market 
growth are promising, modern transportation infrastructure and efficient marketing services 
between wholesalers and feed industries are required to fully realize the benefits of an efficient 
marketing system. 

 
TS4-3 Socioeconomic Characteristics of Maize Farmers of Indo Gangetic Plains of 
Eastern India: Some Reflections and Pedogenic Influences 
 
Anshuman Kohli1*, Meera Kumari1, V.B. Shahi2, Sudarshan Dutta2 and Ushik Majumdar2 
1Bihar Agricultural University, Sabour, India  
2International Plant Nutrition Institute - South Asia Program 
*Corresponding author; Email: anshuman_kohli@hotmail.com 
 
A socioeconomic survey conducted to capture the typology of maize farmers and explore their 
relationships with soil characteristics, found a positive relationship between the number of family 
members working on a farm and the years the family cultivated maize. However, a strong negative 
relationship occurred between the number of family members working on a farm and annual farm 
incomes. The average farm size also did not show any relationship with the average annual farm 
income. The study found that average land holding was not a determining factor for the proportion 
of family labor used in comparison to the hired manpower in field preparation. The proportion of 
family laborers used in comparison to the hired laborers for field preparation decreased as farm 
incomes increased. Farm income was positively correlated with the mean size of the soil separates 
and available nitrogen (N) content and negatively correlated with the available phosphorus (P) 
content. Therefore, annual farm income per unit area was found to be functionally related with 
organic carbon content, texture and available N, P and potassium (K) content in the soils. 

 

TS4-4 India Poised to Lead Maize Export in Asia: Need Multi-level Innovation in Value 
Chain 
 
Ranjit Kumar1*, K. Srinivas1, N. Sivaramane1 and Christian Boeber2 

1National Academy of Agricultural Research Management (NAARM), Hyderabad, India 
2International Wheat and Maize Improvement Center (CIMMYT), New Delhi, India 
*Corresponding author; Email: ranjitkumar@naarm.org.in 
 
During the past 15 years, maize production doubled in India, from about 10 million metric tonnes 
(mmt) in 1995-1996 to more than 21 mmt in 2010-2011 and increased further to 23.29 mmt in 
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2013-2014. Increased production, attributed to market opportunities such as limited Asian market 
competition and a high demand (50 mmt) maize market, resulted in an exported surplus of about 
4.67 mmt during 2012-2013. To determine the future potential for maize growth in the country and 
India’s potential role as an export leader in Asia, researchers calculated the scale of production, 
yield of production, use of production and opportunities to harness efficiencies, to inform their 
outlook projections. Currently, more than 13 million farmers in India allocate 8.6 million hectares 
(mha) of land to cultivate maize. However, only 13% of the total maize area harvested a grain yield 
of > 4 t/ha, while 44% of the total maize area harvested a grain yield < 2 t/ha, suggesting that low 
productivity may jeopardize the profit incentive of maize growers. Shifting uses for maize may 
lead to greater adoption of improved maize varieties that produce greater yields.  The per capita 
consumption of maize as food decreased by nearly half in just 7 years in rural India, from 3.7 
kg/per year in 2004-2005 to 2.2 kg/per year in 2011 to 2012. Researchers found that the current, 
predominant consumer of maize is the feed industry (59%), followed by other industrial usage 
(17%), especially for starch manufacturing and finally, food consumers (10%). However, demand 
for maize as food is expected to sharply reduce another 5-6% by the year 2020. Assuming the 
continued trend for shifting uses of maize, the total domestic demand for maize is projected to 
reach about 27-30 mmt by 2020 under a medium-to-high economic growth scenario. Additionally, 
the technology push for hybrid seed adoption may lead to improved maize production with the 
potential to produce  about 44 mmt by 2020, if overall average yield reaches 5 t/ha. Therefore, the 
projected production potential for maize, over the short-term, is expected to provide 17-20 mmt of 
surplus maize in the country. As a result of this analysis, the future outlook for the Indian maize 
sector looks bright provided it plugs all of the loopholes in the value chain, especially large-scale 
adoption of improved production technologies, scientific bulk storage, transportation, in order to 
reduce the cost of production, post-harvest losses and transaction costs to improve price and quality 
competitiveness. 

*The study is based on the findings of the CRP-MAIZE funded project on “Assessment of the 
maize situation, outlook and investment opportunities to ensure food security in Asia.” 

 

TS4-5 Factors Influencing the Adoption of Hybrid Maize and Scope for the Adoption of 
Abiotic Stress Tolerant Varieties in Panchmahal, Gujarat  
 
Udita Sanga and Christian Boeber*  
International Wheat and Maize Improvement Center (CIMMYT), New Delhi, India  
*Corresponding author; Email: C.Boeber@cgiar.org 
 
Abiotic constraints such as drought and waterlogging limit India’s maize productivity. To identify 
the factors influencing the adoption of improved, abiotic-stress resilient hybrids, we conducted a 
survey to evaluate potential for adoption of such hybrids in Panchmahal, Gujarat. More than 50% 
of respondents recognized maize as the crop most affected by drought and waterlogging. Using a 
univariate logit model to analyze hybrid maize adoption potential, the analysis found that adoption 
increases with educational level of the head of household, monthly expenditures, social capital, 
access to irrigation and input dealers and extension services. Adoption rate also increases with the 
decrease in distance to the nearest input dealer. Households that grow maize primarily for 
feed/fodder and as a cash crop, have a higher adoption rate compared to those who grow maize for 
their own consumption. Credit constraints also limit adoption rates. The study found that adoption 
potential is higher among better educated farmers with better access to input dealers and extension 
services. Therefore, interventions targeting improved input access, extension support and credit 
instruments could support the accelerated adoption of hybrid maize as well as the future adoption 
of abiotic-stress tolerant varieties. 
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TS5: Biotechnology for Maize Improvement in Asia 

 
TS5-1 Functional Traits Associated with Drought Tolerance in Subtropical Maize 
Identified through Genome-Wide Association Mapping 
 
Kanika Arora1*, Rinku Sharma1, Kaliyugam Shiriga1, Sweta Mohan1, Swati Mittal1, Sreelatha 
Dogga2, Tikka Shobha Rani2, Sumalini Katragadda3, Rajesh Kumar1, Firoz Hossain1 and 
Nepolean Thirunavukkarasu1  
1Division of Genetics, Indian Agricultural Research Institute (IARI), New Delhi, India 
2Maize Research Centre, (ARS-ANGRAU), Rajendra Nagar, Hyderabad, India 
3Agricultural Research Station (ANGRAU), Karimnagar 
*Corresponding author; Email: kanika.arora.2089@gmail.com 
 
The frequent occurrence of drought is one of the major consequences of climate change and a 
major threat to maize production environments. To identify the single nucleotide polymorphisms 
(SNPs) associated with drought tolerance, a panel of 240 subtropical genotypes was phenotyped 
under stress conditions, at three locations in India and simultaneously genotyped by 29,620 high-
quality SNPs. The findings from the genome wide association study (GWAS) models from GAPIT 
and GenABEL (GWAS theory software system and research library for genome wide association 
analysis, respectively) identified several co-mapped associations for agronomic traits including 
anthesis-to-silking interval, ear girth, ear length, kernels per row, kernel rows, 100-kernel weight 
and grain yield. Genes involved in these key regulatory functions (such as flowering, root 
development, auxin metabolism, guard cell functions and scavenging reactive oxygen species) 
were identified by SNPs under drought stress. Candidate genes mapped from GWAS were further 
validated by co-expression of gene networks – including the interactions among ABA-signalling, 
stomatal closure and detoxification encoding genes. Maintenance of internal water-balance during 
drought stress was explained by the signalling of root development and ion homeostatic genes. The 
candidate SNPs associated with several functional traits under drought stress will be useful for the 
development of tolerant maize hybrids. 

 

TS5-2 Molecular Characterization of CrtRB1-based Indian- and HarvestPlus-Maize 
Inbreds for their Utilization in β-Carotene Enrichment Programs 
  
Mukesh Chaudhary, Firoz Hossain, Vignesh Muthusamy, Nepolean Thirunavukkarasu, 
Supradip Saha, Neha Pandey, Shailendra K. Jha and Hari S. Gupta* 
Indian Agricultural Research Institute (IARI), New Delhi, India 
Corresponding author; Email: hsgupta.53@gmail.com 
 
Vitamin A deficiency contributes to some of the most important micronutrient-related health 
problems (such as vision-, immune system- and reproduction-related problems) that afflict billions 
of people worldwide. Traditional yellow maize is predominantly comprised of the micronutrients 
lutein and zeaxanthin, but also contains very low β-carotene, the precursor of vitamin A in humans. 
A natural variant of the β-carotene hydroxylase (crtRB1) gene increases β-carotene in kernels by 
blocking its conversion to zeaxanthin. The study conducted a single sequence repeat (SSR)-based 
genetic diversity analysis of 24 diverse maize inbreds from Indian and CIMMYT-HarvestPlus 
maize breeding programs, all of which possess favorable allele[s] of the crtRB1 gene. The study 
found that the average kernel β-carotene concentration among the inbreds was 9.3 µg/g, of which 
five and seven inbreds possessed >15 µg/g and 10-15 µg/g of kernel β-carotene, respectively. 
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Some 65 SSR markers, distributed throughout the genome, generated 268 alleles with a mean of 
4.12 alleles per locus. The polymorphism information content and genetic dissimilarity ranged 
from 0.21-0.82 and 0.40-0.94, respectively. The study detected 12 unique and rare alleles that may 
be useful in fingerprinting studies. Cluster analyses grouped the genotypes into four major clusters, 
and the principal coordinate analysis depicted the diverse nature of the genotypes consistent with 
their pedigree. Potential hybrid combinations for higher kernel β-carotene were identified. The 
study found that genetically diverse and phenotypically contrasting inbred lines may be used in 
developing mapping populations for identifying modifier genetic loci influencing β-carotene 
accumulation. Further, nucleotide sequence of crtRB1-allele in inbreds having <4.00 µg/g and >15 
µg/g may be compared to identify nucleotide modifications that effect enormous change in β-
carotene concentration. 

 

TS5-3 Saturated Linkage Map Construction in Two Connected Maize Populations Using 
Genotyping-by-Sequencing 
 

Sun Dapeng1*, Samuel Trachsel1, Félix San Vicente1 Hongjian Zheng2, Xuecai Zhang1, Raman 
Babu3 
1Center for International Maize and Wheat Improvement, Sichuan Academy of Agricultural Sciences 
(CIMMYT/Mexico/SAAS)  
2Sichuan Academy of Agricultural Sciences (SAAS), Sichuan, China 
3CIMMYT-India    
*Corresponding author; Email: sundapeng.shanghai@gmail.com  
 
Genotyping-by-sequencing (GBS) is a high-throughput, multiplex and short-read sequencing 
approach that reduces genome complexity via restriction enzymes and a bar-code system, to 
generate high-density, genome-wide markers at a low-per-sample-cost by pooling samples into a 
single sequencing channel.  The study utilized version 2.7 maize GBS data (955,690 Single 
Nucleotide Polymorphism [SNPs], per sample) generated by Cornell University to develop a 
genetic map and map quantitative trait locus (QTL) in two connected, BC1F2 maize populations 
developed by CIMMYT. The initial GBS data, before filtering, showed ranges from 148,752 on 
chromosome 1 to 67,216 on chromosome 10, and even distribution on 10 chromosomes. The 
average SNP missing and heterozygosity proportion on each sample was 10.67% and 2.74%, 
respectively. After filtering the GBS markers with several criteria (i.e., less than 20% missing 
values, minor allele frequency greater than 0.05, discard redundant and segregation distortion 
markers), some 25,000 SNPs were obtained from each individual.  The missing proportion of SNPs 
on each sample decreased to 1.59%, the heterozygosity proportion increased to 23.79%, and the 
main minimum allele frequency of SNPs was around 20%-35%, which reflected the real genetic 
architecture of two BC1F2 populations. Several methods are currently being tested to select 
adequate makers for saturated linkage map constructions for both populations. Preliminary results 
showed that the ~2500 cM genetic map on 10 linkages could be obtained with 250-1000 selected 
SNPs. Further research is underway to help understand how to apply GBS to QTL mapping 
studies. 
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TS5-4 Expression Pattern of Genes Related Starch Synthesis in High Amylose Starch 
Maize and Physicochemical Properties of High Amylose Starch 
 
Dongwei Guo, Zhiwei Li, Xudong Zhang, Yuyue Zhong, Linsan Liu, Shutu Xu, Jianchao Liu, 
Jiquan Xue*  
College of Agronomy, Northwest A& F University, Yangling, Shaanxi, China  
*Corresponding author; Email: xjq2934@163.com  
 
The unique composition of high-amylose starch, found in maize, offers important benefits as an 
industrial raw material. Improved benefits could occur if efficient selection of high amylose starch 
inbreds occurred. This study explored two factors of efficiency: i) the expression pattern of genes 
related with starch synthesis; and ii) the relationship between grain phenotype and amylose starch 
content. We selected a total of 14 inbreds with different levels of amylose content (ranging from 
27.72% to 78.81%). These were used to check gene expression, kernel phenotype and 
physicochemical properties. The study found that the total starch content in a high-amylose kernel 
was significantly lower than that of the normal/control. However, the correlation coefficient (0.30) 
indicated that seed plumpness was not a significant correlation with amylose content even when 
some of the inbreds possessed both high-amylose content and full kernel characteristics. The key 
genes related to starch synthesis, with the exception of the granule-bound starch synthase (GBSS) 
and the starch-branching enzyme (SBE), showed different expression patterns between high-
amylose inbreeds and normal controls. For example, the SBEIIb and DBEiso2 were down-
regulated in the high-amylose kernels. The peak expression of SBEIIb occurred at the 10th DPA in 
the high-amylose kernel and this peak expression occurred 10 days earlier than in the control. The 
pattern was the same as that of the DBEiso3. In contrast, the peak of DBEiso2 occurred at the 25th 
DPA in the high-amylose kernels, and this peak was also about two weeks later than in the control. 
The same expression pattern also occurred on starch synthase (SS) simultaneously. Similar 
expression patterns may explain molecular mechanisms – the ratio of high amylose and 
amylopectin is an important factor affecting the qualities of starch for food processing. Therefore, 
the physiochemical characteristics of high-amylose starch were further investigated.  From electron 
micrograph scans of the common inbred, the appearance of the A-type starch granules was full, in 
the shape of smooth spheres (polyhedrons) that possessed a waxy luster.  However, the appearance 
of the high-amylose maize inbreds was shrunken, irregular and the polyhedron surface, dull. There 
were also significant changes in B-type starch granules whereby the full and smooth spheres 
gradually became the dull ovals and some became distorted. The thermal properties determined by 
the DSC showed that with an increase of amylose content, To, Tp, Tc and To-Tc gradually 
increased but △H gradually reduced. The pasting properties indicated by rapid visco analysis 
(RVA) demonstrated that the common starch possessed the typical “doublets” curve, while high-
amylose maize inbreds’ starch possessed “S” curves. Peak viscosity, hot-pasting viscosity, final 
viscosity, breakdown and setback were lowered with the decrease of amylose content. When peak 
time increased, the pasting temperature did not increase significantly. Starch solubility gradually 
increased with the increase of temperature from 55℃ to 75℃ and reached the highest solubility at 
75℃; then it gradually decreased to a minimum value at 95℃. While swelling power increased 
continuously from 55℃ to 95℃, the turning point for common starch was at 65℃ and at 75℃ in 
high-amylose starch respectively. Compared with common corn starch, high-amylose corn starch 
has many different phenotypic characteristics including starch granule appearance, thermal 
property, pasting property, solubility and swelling power. These results may provide theoretical 
support for future high-amylose maize breeding for industrial applications including food 
processing. 
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TS5-5 Development of Quality Protein Maize Hybrids through Marker-assisted 
Breeding Strategy 
 
Firoz Hossain1, Nepolean Thirunavukkarasu1, Neha Pandey1, Ashish K. Vishwakarma1, 
Supradip Saha1, Vignesh Muthusamy1, Pawan K. Agrawal2, Sallaram S. Reddy3, Arunava 
Pattanayak4, Swarn Lata5, Sharad Tiwari6, Boddupalli M. Prasanna1,7 and Hari S. Gupta1* 
1Indian Agricultural Research Institute (IARI), New Delhi, India 
2Vivekananda Parvatiya Krishi Anusandhan Sansthan (VPKAS), Almora, India 
3Acharya N G Ranga Agricultural University (ANGRAU), Hyderabad, India 
4Indian Council for Agriculture Research, Northeastern Hill Region (ICAR-NEH), Barapani, India 
5Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya (CSK-HPKV), Palampur, India 
6Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, Madhya Pradesh, India 
7International Center for Maize and Wheat Improvement (CIMMYT), Kenya 
*Corresponding author; Email: hsgupta.53@gmail.com 
 
Quality Protein Maize (QPM) genotypes, by virtue of opaque2 allele possesses, have nearly double 
the quantity of lysine and tryptophan in the endosperm than normal maize. The biological, 
nutritional value of QPM is much higher than normal maize with protein equivalents similar to that 
of milk. However, fewer than a dozen QPM hybrids have been released in India, where 57 million 
of the world’s 146 million undernourished children live. To develop new QPM hybrids to suit 
diverse ecologies, we identified five commercial, single-cross maize hybrids (HM-4, HM-8, HM-9, 
HM10 and HM-11) under medium- and late-maturity groups targeted for conversion to QPM 
through a two-generation, backcross breeding strategy. Parental inbreds (HKI 323, HKI 1105 and 
HKI 1128) were used as recurrent parents to introgress opaque2 allele from QPM donor (CML161, 
HKI161 and HKI193-1). The gene-based single sequence repeat (SSRs) method using umc1066 
and phi057 successfully identified heterozygotes in BC1F1 and BC2F1, while homozygotes were 
selected in BC2F2. For background selection, 73-92 SSRs across populations were used.  A 
recurrent parent genome in the selected introgressed progenies ranged from ~94-98% which led to 
the higher degree of resemblance with recurrent parents for flowering behavior, plant- and ear- 
characteristics. The introgressed progenies possessed significantly higher tryptophan in the 
endosperm compared to recurrent parents. The QPM versions of hybrids generated among these 
introgressed inbreds and other QPM parents (HKI 161, HKI 163 and HKI 193-2) were much 
superior for endosperm tryptophan, and were on par with the original hybrids for grain yield. These 
QPM hybrids demonstrate promising potential to provide higher lysine and tryptophan for 
sustainable and cost-effective biofortification programs.  

 

TS5-6 Characterization of Population Structure of Chinese Sweet Corn Inbreds by SNP 
Markers Based on SLAF-seq  
 
Jianguang Hu*, Yongtao Yu, Jinrong Zheng, Gaoke Li, Jihua Mao  
Guandong Academy of Agriculture Sciences (GAAS), Guandong, China 
*Corresponding author; Email: jghu2003@263.net  
 
Sweet corn (Zea mays L. Var.rugosa Bonaf) possesses characteristics desired by consumers in 
China. Although grown in China for decades, production recently increased dramatically. The 
study sought to characterize the population structure and haplotypes of sweet corn inbred lines in 
China. To accomplish this, a specific length amplified fragment sequencing (SLAF-seq) was 
employed in this study. A total of 175,049 SLAFs were acquired, and average depth of 
3.63,569,054 SNP markers were discovered based on the targeted polymorphic SLAFs. More than 
900 haplotype blocks (block size >1kb) were estimated in Haploview. According to distance-based 
clustering and model-based estimation, more than 50 accessions were divided into two sub-groups 
in correspondence with tropical and temperate ecotypes. Twenty lines were clustered into the first 
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subgroup, including lines which were sourced from primarily from tropical or sub-tropical area 
(e.g., Taiwan, Thailand). Thirteen lines were clustered into the second subgroup, including lines 
primarily sourced from temperate areas (e.g., the mainland of China, the United States and Japan). 
The results may provide clues for elucidating the genetic profile of germplasm for informed 
decisions on selection of parents for sweet corn breeding. 

 

TS5-7 Prokaryotic Expression and Characterization of Cysteine Protease from Zea mays 
L.  
 
Liu Huimin1,2,3, Cheng Guodong1,2,3, Chen Fangqi1,2,3, Zheng Mingzhu1,2,3, Zhan Dongling1,2,3, 
Min Weihong 1,2,3, Zhang Dali 1,2,3, Liu jingsheng1,2 ,3* 
1College of Food Science and Engineering, Jilin Agriculture University, Changchun, China 
2National Engineering Laboratory for Wheat and Corn Deep Processing, Changchun, China 
3Functional Laboratory of National Corn Industry system for Corn Deep Processing Technology and Utilization 
of By-products, Changchun, China  
*Corresponding author; Email: liujs1007@vip.sina.com  
 
The study sought to identify the prokaroytic expression and characterization of Cysteine Protease. 
To accomplish this, Cysteine protease was cloned from Zea mays (zmCP1) by polymerase chain 
reaction (PCR) using the maize genome DNA as a template, and ligand to the pET28a vector, 
expressed in E.coli BL21 (DE3). The recombinant enzyme was identified by SDS-PAGE and 
Western blotting, and then purified by Ni agarose, using a purification of zmCP1 at 95%. The 
characterization of the enzyme properties indicated that the optimal temperature was 55℃ with the 
pH of 6.0. The zmCP1 enzyme demonstrated better heat tolerance with a half-time of 62.09 
minutes, 44.83 minutes and 37.53 minutes at 70℃, 80℃, and 90℃, respectively. The enzyme 
kinetic research using R-AMC and LAFR-AMC as a substrate showed that zmCP1 has a better 
substrate affinity and catalytic activity with the R-AMC. 

 

TS5-8 Genome-wide Association Study Dissects the Genetic Architecture of Carotenoid 
Biosynthesis in Maize Kernels 
 
Orawan Jittham*, Zhigang Li, Xiiuyi Fu, Dong Jin, Ye Cai, Jiansheng Li, Jianbing Yan and 
Xioahong Yang 

National Maize Improvement Center, China Agricultural University, Beijing, China 
*Corresponding author; Email: oji036@hotmail.com 
 
Carotenoids are natural pigments that play an important role in human health. To deconstruct the 
genetic basis for maize carotenoid biosynthesis and accumulation, a genome-wide association 
study was performed using 1.06 million single nucleotide polymorphisms (SNPs) and seven 
carotenoid-related traits in a maize panel comprised of 508 maize inbred lines. The study identified 
18 loci significantly associated with carotenoid-related traits in maize kernels, at P < 1.8 × 10-6. 
This finding was further validated using linkage mapping and expression quantitative trait loci 
(eQTL) mapping. The study found that over half of the detected loci had support QTL (11/18) and 
eQTL (13/18). This demonstrates that transcript regulation may be a major molecular mechanism 
in the regulation of the natural variations of carotenoid biosynthesis and accumulation. These 
results provide useful insight into the genetic basis of carotenoid biosynthesis in maize kernels and 
opportunities for biofortification using maize carotenoid-related traits. 
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TS5-9 High Density Genome-wide Scan Uncovers Potential Candidate Genomic Regions 
for Drought Tolerance in Tropical Maize 
 
Girish K Krishna1*, B.S. Vivek1, P.H. Zaidi1, M.T. Vinayan1, Le Quy Kha2, Đặng Ngọc Hạ2, 
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2 National Maize Research Institute, Ha Noi, Vietnam 
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4 Acharya N.G. Ranga Agriculture University (ANGRAU), Hyderabad, India 
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*Corresponding author; Email: g.krishna@cgiar.org 
 
Extreme climatic conditions and shifting rain patterns in South Asia warrant broader incorporation 
of innovative solutions to help cope with these exogenous threats, including abiotic stress 
resilience in crops. Maize is particularly sensitive to drought and hence breeding for drought 
tolerance could minimize the risk associated with maize-based rainfed cropping systems. To 
identify abiotic stress-resilient traits, an association panel comprised of 430 diverse elite lines, 
mostly sourced from CIMMYT’s Asian tropical and subtropical germplasm, were test-crossed to a 
set of three testers (CML451, CML474 and CL02450) and the hybrids were evaluated for grain 
yield (GY) and Anthesis-Silking Interval (ASI) under six managed drought-stress treatments and 
nine optimal locations in India. The study found heritability estimates that ranged from 0.4 to 0.9 
and 0.6 to 0.9 for drought and optimal trials respectively, in the multi-location analysis. The mean 
GY under drought-stressed conditions was 1.3 tonnes per hectare (t/ha) compared to 5.9 t/ha under 
optimal locations. Mixed model GWAS using the 55K Infinium platform identified five common 
genomic regions for GY across multiple-drought locations and testers; these regions individually 
explained up to 15% of phenotypic variance with an effect size of 0.2 to 0.5 t/ha. Fifteen genomic 
regions were significant across both drought and optimal locations, indicating constitutive 
expression of these genomic regions irrespective of the moisture regimes. Several candidate genes 
such as triose-phosphate transporter, zinc finger protein, glycosyl hydrolase and DUF250 domain 
containing proteins that were previously demonstrated to be associated with drought tolerance were 
identified and tolerant haplotypes in these loci are currently being validated in independent association 
panels as well as using multiple diverse bi-parental populations in a range of genetic backgrounds. 
Besides, marker-aided introgression experiments aimed at developing drought tolerant versions of the 
leading tester lines such as CML451 and CML472 are underway to facilitate rapid development of 
stress resilient maize hybrids for drought prone marginal environments in Asia.  

 
TS5-10 Inheritance Studies and Development of Mapping Populations for MLB 
Resistance in Maize 
 
Bhupender Kumar1*, K.S. Hooda1, R. Gogoi2, Vinod Kumar1, Shravan Kumar1, Alok 
Abhishek1, J.C. Sekhar1, Abhijit Kumar Das1, Ganapati Mukri1, Vishal Singh1, Yathish K.R.1, 
O.P. Yadav1   
1Directorate of Maize Research, Pusa Campus, New Delhi, India 
2International Agriculture Research Institute (IARI) New Delhi, India  
*Corresponding author; Email: bhupender.iari@gmail.com 
 
Maydis leaf blight (MLB), caused by Cochilobolus heterostrophus race O, is a widespread disease 
which can cause maize yield losses of up to 46%.  Resistant (CML269, PScl Brasil 117) and 
susceptible (ESM113, HKIPC4B) parents were selected from inbreds artificially inoculated and 
screened for two years at five hot-spot locations. Four F1 populations (CML 269 × HKI4C4B, PScl 
Brasil 117 × ESM 113 and their reciprocal) and two different F2 populations having 361 and 352 
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plants, respectively, were developed and screened (2012-2013) for inheritance studies. Inoculation 
was done at the four-to-six leaf stage by placing a sorghum seed culture of C. heterostrophus race 
O in the leaf whorl of each plant, and the treatment was repeated 12 days after the first inoculation. 
Disease rating was done on a 1 (highly resistant) to 5 (highly susceptible) scale. The study found 
partial dominance (incomplete dominance) over susceptibility in all of the F1 crosses. The null 
hypothesis (H0) of segregation of highly resistance, resistance, susceptible and highly susceptible 
classes (for digenic ratios in the different F2 populations) was rejected by the Chi-square test. 
Further, continuous variation of the disease rating was observed in F2 populations. Significant 
(p<0.001) negative correlation was also observed between the days to anthesis and severity of 
disease in both populations. Recombinant inbred line (RILs) population development (size 238 and 
257) is in progress (F4 stage) from two different crosses. A parental polymorphism survey has been 
initiated using simple sequence repeat (SSR) markers. Partial dominance in each of the F1s and the 
normal distribution pattern in F2s highlighted the polygenic nature of MLB resistance and its 
control by the nuclear genome. 

 

TS5-11 Improved Tryptophan Content of Elite Maize Inbred through Introgression of 
opaque2 Gene for Developing Nutritionally Superior QPM Lines  
    
S. Lata1*, S.K.Guleria1, T.R.Sharma1, Kalpna Thakur1, J.K. Sharma1, Rajan Katoch1, P.K. 
Aggarwal3, Firoz Hussain2 and H.S.Gupta2 
1Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya (CSKHPKV), Palampur, Himachal 
Pradesh, India 
2Indian Agricultural Research Institute (IARI), New Delhi, India 
3 Vivekananda Parvatiya Krishi Anusandhan Sansthan (VPKAS), Almora, India  
*Corresponding author; Email: slatasharma@gmail.com 
 
Nutritional deficiency in maize may be attributed to limited presence of two essential amino acids: 
lysine and tryptophan. High-quality protein maize (QPM), unlike normal maize, contains a 
mutation in the opaque2 (o2) gene, which results in nearly double the amount of lysine and 
tryptophan. The study targeted normal maize inbred (BAJIM-08-27) for marker-assisted 
backcrossing using the o2 line CML193 as donor parent. The opaque2 gene-specific markers 
(phi057 and umc1066) were used to select the target genes which facilitated marker-assisted 
selection efforts and greatly reduced breeding time. Simple sequence repeat (SSR) markers, 
covering the genome, were used for background selection of individual progenies among the 
backcross population. Foreground selection was conducted on BC1F1, BC2F1 and BC2F2 progenies 
using phi057 and umc1066. Background selection was carried on BC2F1 and BC2F2 progenies for 
identification of individuals having highest proportion of the recurrent parent genome. The selected 
plants of the BC2F2 generation, with more than 90% recurrent parent genome content, were 
subjected to foreground and phenotypic selection for kernel modification. Plants on the basis of 
25% opaqueness were selected and selfed to develop BC2F3 generations and evaluated for levels of 
tryptophan content (which ranged from 0.66% to 0.85% for BAJIM-08-27×CML193, 
respectively). The converted QPM lines may be used as parental lines for the development of QPM 
varieties. 
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Molecular Markers 
 
S. Lata*1, Nisha Palia1, Kalpna Thakur1, Anju Pathania1 J.K. Sharma1, N. Thakur1, J. Prakash1, 
Z.A. Dar2, A.A. Lone2 and P.N. Sharma1  

1Himachal Pradesh Agricultural University, Palampur, Himachal Pradesh, India  
2Sher-E-KashmirUniversity of Agricultural Sciences and Technology of Kashmir (SKAUST), Kashmir, India  
*Corresponding author; Email: slatasharma@gmail.com 
  
To investigate the genetic diversity of maize germplasm in India, 60 selected local maize (Zea 
mays L.) landraces from different agro-ecological parts of Himachal Pradesh and the North East 
States of India, were evaluated based on their phenotypic and simple sequence repeat (SSR) data. 
The study found significant differences among the landraces for the traits studied. Quantitative 
traits were selected for a cluster analysis which grouped 60 genotypes into seven clusters. The 
cluster mean for the different traits showed that cluster IV exhibited the most value for the majority 
of traits (viz., seed yield per plant, 100-seed weight, cob length, cob girth, kernels per row and 
protein content). Traits such as cob placement height, cob girth and 100-kernel weight (in rank 
order, from first to third) contributed the most to genetic divergence. Genetic diversity based on 
D2–statistics did not reveal significant correspondence with geographical and taxonomical 
diversity. Greater variation occurred within populations (92%) than between populations (8%) 
which may be attributed to farmers’ unconscious selection of ears from the most heterozygous 
plants (which prevents genetic drift among landraces and maintains a high level of genetic 
diversity within landraces). The SSR data demonstrated that the 60 genotypes could be 
differentiated into two major clusters (A and B). Cluster A was grouped into two sub-clusters: A1 
and A2 (comprised of 13 and 17 genotypes). Cluster B was grouped into two sub-clusters:  B1 and 
B2 (comprised of 16 and 14 genotypes). Additionally, population structure analysis revealed four 
groups among the genotypes studied with some introgressions whereby the high-yielding 
genotypes also demonstrated resistant reactions towards diseases under natural epiphytotic 
conditions (viz., LM-18-08, LM-19-07 and LM-14-11) and these may be further evaluated and 
used as donor parents in future maize breeding programs. 

 

TS5-13 Construction and Enzymatic Properties of the Mutant F191M of Amylosucrase 
from Neisseria polysaccharea    
 
Zhang Lei1,2,3, Liu Chunlei1,2,3, Min Weihong1,2,3*, Liu Jingsheng 1,2,3,  Fang Li1,2,3 
1National Engineering Laboratory for Wheat and Corn Deep Processing, Changchun, China 
2College of Food Science and Engineering, Jilin Agricultural University, Changchun, China 
3Functional Laboratory of National Corn Industry system for Corn Deep Processing Technology and Utilization 
of By-products, Changchun, China   
*Corresponding author; Email: Minwh2000@163.com  
 
Although improvement of enzyme activity of amylosucrase (AS) through site-directed mutagenesis 
may be possible, a better understanding of enzymology properties is needed.  This study conducted 
an experiment to characterize enzymology properties in order to develop processes for large-scale 
application of AS. The gene of AS, from Neisseria polysaccharea, was cloned and heterologously 
expressed in E.coli BL21 using genetic engineering techniques. The gene F191M was obtained by 
site-directed mutagenesis. The enzymology properties of AS from F191M and wild-types were 
detected after induced expression and purification. We successfully built F191M and increased the 
specific activity of 202U/mg 1.44 times more than the wild type. By comparing the enzymology 
properties of F191M and wild type, the optimal pH of F191M was 8.0 higher than the wild type 
(7.0). The optimal temperature was the same as the wild type (35℃) with the half-life of F191M 
and the wild type recorded at 19 hours and 20 hours at 35℃ respectively. F191M had better 
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resistance on metalions and organic solvents than the wild type. The kinetics study showed that the 
Vmax of F191M increased 1.45 times. The mutant strain F191M was expressed in E.coliBL21 
effectively and the activity of AS increased by 1.44 times compared to the wild type. 

 

TS5-14 Introgression of crtRB1 Gene for Increasing Pro-vitamin A Content using 
Microsatellite-assisted Backcross Selection in Maize 
 
Li Liu1,2*, Xingming Fan1,2, Yaqi Bi12, Meiling Ding1 and Dan Jeffers3   
1Institute of Food Crops, Yunnan Academy of Agricultural Sciences, Kunming, Yunnan Province, China  
2Yunnan Tian Rui Seed Company, LTD, Kunming, Yunnan Province, China,  
3CIMMYT, Mexico 
*Corresponding author; Email: liuliliulidouble@gmail.com 
 
The crtRB1 gene controls critical steps in the carotenoid biosynthetic pathway in the maize 
endosperm for increasing pro-vitamin A (proVA), and functional markers have been identified for 
use in molecular breeding. In this study, the maize inbred Hp 321-1 carrying favorable alleles, 
crtRB1-5'TE-2 and crtRB1-3'TE-1 was used as male donor parent. The inbred lines CML161 and 
CML171 were used as female and recurrent parent to generate the F1, BC1F1, BC2F1 and BC2F2 
generations. Functional markers and SSR markers were used to identify the crtRB1-5'TE-2 and 
crtRB1-3'TE-1 in background selection. The background recovery rates were 77.4% and 84.5% in 
CML 161 and CML 171 populations, respectively, in the BC1F1 generation. In the BC2F2 
generation, the recovery rate of plants with crtRB1-5'TE-2 and crtRB1-3'TE-1 alleles were 89.9% 
and 92.1% in the CML161 and CML171 populations, respectively. The average proVA content of 
the BC2F2 generation for CML161 and CML171  reached 5.54 ug/g and 8.20 ug/g, which was 
significantly higher than those of recurrent parents with 1.67 ug/g and 1.85 ug/g (P<0.01). The 
lines maintained their protein quality, but with a proVA 3.32 and 4.43 fold higher than the 
CML161 and CML171, respectively.  

 

TS5-15 Genome-wide Expression and Interactions of Genes under Iron and Zinc 
Stresses in Maize 
 
M.G. Mallikarjuna, T. Nepolean, Rinku Sharma, Kaliyugam Shiriga, Firoz Hossain and H.S. 
Gupta   
Maize Research Lab, Division of Genetics, Indian Agricultural Research Institute, Pusa Campus, New Delhi, 
India 

*Corresponding author; Email: hsgupta.53@gmail.com  
 
Iron (Fe) and zinc (Zn) are vital minerals that play a key role in the transportation of oxygen and 
energy, cell division, protein synthesis and growth.  Deficiency of these minerals in the human diet 
will lead to severe nutritional disorders. Understanding the genes involved in Fe and Zn 
accumulation in maize will be useful for making these nutrients available in maize through 
biofortification. To analyse Fe and Zn homeostasis at the molecular level, a selected maize inbred 
(SKV616) was grown hydroponically with four treatments (+Fe +Zn, +Fe –Zn, –Fe +Zn and–Fe –
Zn). A genome-wide transcriptome profile using maize affymetrix genechips® 18k was developed 
on 18 day-old roots and shoots. The study found that more genes were differentially regulated in 
the absence of Zn in comparison to Fe. This suggested that several metabolic pathways were 
affected by the lack of Zn. Both Fe and Zn stress-activated more genes in the shoot area of the 
plant than in the plant roots, indicating that the shoot was highly sensitive to deficiencies of these 
minerals. A total of 332 (root) and 908 (shoot) genes were found common across two stress 
treatments (–Fe, –Zn and –Fe –Zn). This includes genes regulating important pathways such as the 
mugineic acid pathway, proteins involved in transport and vacuolar (re)mobilization of Fe/Zn and 
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phyto-hormone metabolisms. The findings from this investigation will help improve the selection 
of target genes for breeding maize hybrids with enhanced Fe and Zn content.  

 

TS5-16 Unravel the Genetics of Resistance and Validation of SSR Markers Linked to 
Sorghum Downy Mildew in Tropical Maize 
 
S. V. Manjunatha*, K. T. P. Gowda, H. C. Lohitaswa, T. A. Sreeramasetty and T. G. Manu 

Department of Plant Pathology, College of Agriculture, Gandhi Krishi Vignan Kendra (GKVK), University of 
Agriculture Sciences (UAS), Bengaluru, India 
*Corresponding author; Email: manjusvgowda@yahoo.co.in 
 
Sorghum downy mildew (SDM), caused by P. sorghi, is an important disease in maize globally, 
including India. To evaluate the genetics of SDM resistance in the maize, scientists conducted a 
line and tester analysis (LXT) and linked markers to validate a set of susceptible (CM 202, CM 
212) and resistant (SKV 50, CML 226, MAI 105) inbred lines developed at ZARS, VC Farm, 
Mandya. Using the infector row technique, a screening for SDM resistance found significant 
variances in both general and specific combining ability (GCA and SCA). This suggests that both 
additive and non-additive factors govern the expression of resistance to SDM. Therefore, recurrent 
selection is an effective approach for increasing the level of resistance to SDM. Three of the eight 
simple sequence repeat (SSR) markers used to validate SDM resistance (bnlg1893, mmco241 and 
phi078) could differentiate the resistant and susceptible genotypes. These markers may be utilized 
in marker-assisted selection for development of inbred lines resistant to SDM. 

 

TS5-17 QTL Identification and Marker-Assisted Selection for Sorghum Downy Mildew 
Resistance in Maize (Zea mays L.) 
 
H.C. Nagabhushan, H.C. Lohithaswa*, T.A. Sreeramasetty, Puttaramanaik and K.T. 
Pandurangegowda 

University of Agricultural Sciences, Bangalore, Karnataka, India 
*Corresponding author; Email: lohithhc@rediffmail.com 
 
Sorghum downy mildew (SDM), caused by Perenosclerospora sorghi (Westen and Uppal), 
predominantly every year during the rainy season, causing considerable yield losses to maize. In 
the present study, an attempt was made to identify resistant sources and map QTLs associated with 
resistance to SDM. Based on their consistent responses, three inbreds were identified asresistant 
sources for SDM (CML226, SKV-50 and EC598475). F3 mapped population was developed using 
CML153 (susceptible) and CMl 226 (resistant) as parents was phenotyped during the kharif 
(monsoon) and rabi (winter) seasons of 2012, in the national SDM sick-plot nursery. The mean 
disease incidence differed significantly during these seasons, indicating that the performance of 
progenies was different during different seasons and under different weather conditions. The 
frequency distribution of F3 progenies did not show normal distribution for SDM incidence and 
were negatively skewed towards the susceptible parent CML153, which indicated the dominance 
of susceptibility. However, the distribution was approximated to normal through arcsine 
transformation of the percentage of disease incidence data. Linkage analysis using 319 (128 SSRs 
and 191 SNPs) polymorphic markers in the F2 population revealed 10 linkage groups spanning 
2065.3 cM with average distance of 6.47 cM. QTL analysis revealed three QTLs (viz., qsdm-2, 
qsdm-3-1 and qsdm-6) as consensus QTLs in both seasons and in the pooled data. The QTL (qsdm-
2) flanked by markers C00337-01 – C00108-01 contributed highest (30.68%) phenotypic variance 
for SDM resistance. The QTL, qsdm3-1 flanked by markers C00278-01 and umc1030 explained 
the phenotypic variance of 7.82% followed by qsdm-6 which was flanked by markers umc1388 and 
umc1462 with the phenotypic variance of 7.46%. Among the resistant plants from F3 progenies, 
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108 were selected and advanced to the F6 generation based on flanking SSR markers (phi101049, 
umc1030, umc1388 and umc1462) of three major QTLs conferring resistance to SDM on 
chromosomes 2, 3 and 6, within the F6 generation, 33 lines were screened against SDM in the 
disease screening nursery during the kharif season in 2013. These lines demonstrated resistance to 
SDM, thereby proving the utility of major QTLs identified in the study. 

 
TS5-18 Genome-wide Scan Reveals Candidate Regions for Resistance to Turcicum Leaf 
Blight in Asian Tropical Maize Germplasm 
 
Sudha Nair*, Zerka Mir, Pradeep Kumar, Vivek Bindiganavile, Raman Babu 

International Maize and Wheat Improvement Center (CIMMYT-ARMP) and International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Hyderabad, Telengana, India 
*Corresponding author; Email: sudha.nair@cgiar.org 
 
Turcicum leaf blight (TLB), caused by Exerohilum turcicum, is a disease affecting maize crops 
grown in the Asian tropics that has devastating consequences. To identify genomic traits with 
resistance to TLB, two association panels, with about 700 inbred breeding lines sourced from 
CIMMYT-Asia and different tropical and sub-tropical breeding programs from CIMMYT-Africa 
and CIMMYT- Latin America were evaluated for TLB under artificial inoculation conditions in 
Mandya, India. Heritability estimates varied from 0.6 to 0.7 for reaction to TLB. The study found 
that the frequency of tolerance was relatively lower in the lines from the CIMMYT-Asia panel than 
the lines adapted to Africa and Latin America. This finding indicates untapped elite germplasm as 
source of TLB resistance for the Asian tropics. Mixed-model GWAS using ~900,000 Single 
Nucleotide Polymorphism (SNPs) generated through the Genotyping by Sequencing (GBS) 
platform, identified 31 significant genomic regions (P<1.00E-04) associated with TLB resistance. 
Among these, five were common between the two panels. The proportion of variance ranged from 
4% to 10.6% and the effect size ranged from 0.24 to 1.1 units on a disease-rating scale of 1-5. One 
of the most important regions identified (on 8.05/06) in the study overlapped with the known 
locations of ht2, htn1 and many other minor gene(s)  or QTL previously reported, thereby 
indicating the effectiveness of these major and/or minor loci and their potential deployment for 
increasing TLB resistance in Asian germplasm. Characterization of resistant haplotypes in the 
identified donor lines is currently underway to enable the integration of MAS for enhanced TLB 
resistance in breeding pipelines.  

 

TS5-19 Molecular Characterization of Endosperm- and Amino Acid-Modifier Loci 
among a Selected Set of CIMMYT- and Indigenous-based Quality Protein Maize (QPM) 
Inbreds  
 
Neha Pandey1, Firoz Hossain1, Kishan Kumar2, Ashish K. Vishwakarma1, Vignesh 
Muthusamy1, Supradip Saha1, Pawan K. Agrawal3, Satish K. Guleria4, Sallaram S. Reddy5, 
Nepolean Thirunavukkarasu1 and Hari S. Gupta1* 
1Indian Agriculture Research Institute (IARI), New Delhi, India 
2Singhania University, Jhunjhunu, India 
3Vivekananda Parvatiya Krishi Anusandhan Sansthan (VPKAS), Almora, India 
4Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya or CSK Himachal Pradesh Agricultural 
University (CSK-HPKV), Bajaura, India 
5Acharya N G Ranga Agricultural University (ANGRAU), Hyderabad, Andhra Pradesh, India 
*Corresponding author; Email: hsgupta.53@gmail.com 
 
The accumulation of the endosperm modifier loci in the opaque2 background leads to the 
successful development of lysine- and tryptophan-rich quality protein maize (QPM) genotypes. In 
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order to characterize endosperm- and amino acid-modifier loci for imparting higher-kernel 
modification and amino acid accumulation in the QPM genotypes, we selected a set of 46 inbreds 
(including CIMMYT and indigenous), for assessing the genetic variability for endosperm- and 
amino acid-modifier loci. Analysis using 83 single sequence repeat (SSRs) markers linked to both 
endosperm- and amino acid-modifier loci revealed a total of 341 alleles. The study observed a wide 
range of allele number (2-8), polymorphism information content (0.12-0.78), average major allele 
frequency (0.26-0.95), gene diversity (0.10-0.81) and genetic dissimilarity (0.40-0.88). Seventeen 
unique alleles and 42 rare alleles were detected. More occurrence of unique and rare alleles linked to 
amino acid modifiers was observed as compared to endosperm modifier loci.  Accumulation of 
tryptophan in the endosperm was positively correlated with opaqueness, suggesting that 
modification of the selection (based on the appropriate degree of endosperm) is central to the 
successful development of QPM germplasm. Phylogenetic analyses grouped the inbreds into three 
major clusters, which, along with principal coordinate analyses, revealed genetic relationships 
consistent with their pedigree. The modifier loci are reasonably distributed throughout the genome 
and may be used in background selection, in order to facilitate selection for higher tryptophan and 
endosperm modifications. The study found that genetically diverse inbreds with higher degrees of 
endosperm modification and enhanced tryptophan accumulation may be used as potential donors 
for accumulating favourable alleles in the segregating progenies.  

 

TS5-20 Development of Quality Protein Maize (QPM) Lines for North East India 
through Marker-Aided Selection 
 
A. Pattanayak1*, B. Iangrai1, P. K. Agrawal2, Firoz Hussain3, S. Gupta3 
1Indian Council for Agriculture Research (ICAR), Research Complex for the North East Hill Region (NEH), 
Umiam, India 
2 NFBASARA, Indian Council of Agricultural Research (ICAR), New Delhi, India 
3Indian Agricultural Research Institute (IARI), New Delhi, India 
*Corresponding author; Email: apat.icarneh@gmail.com 
 
To identify QPM lines appropriate for northeast India, we selected a parent of a hybrid 
recommended for this region of India (V398) and crossed it with CML173. F1 plants were screened 
using an o2-specific polymorphic marker (umc1066). Two backcrosses were made, and the 
resulting BC2F1 plants were screened using foreground and background selection. The 
homozygous o2 individuals were advanced for further analysis. The segregating population was 
advanced following a background selection strategy using 132 polymorphic SSR markers. Finally, 
910 plants of BC2F5 were grown and evaluated based on their background and agronomic 
selection. Harvested cobs were screened for ear characteristics (similarity with V398) and grains 
were also screened for opaqueness using the light box test. On the basis of background and 
agronomic characteristics, 23 individuals were selected. The recurrent parent genome recovery 
ranged from 90- 94%. These individuals were crossed with VQL17. Currently, the converted 
second parent of the hybrid and the resultant hybrids are under evaluation. 

 
TS5-21 Screening for Resistance-related Genes in Maize during Symbiosis with the 
Cercospora zeae-maydis    
 
Jin Qi-Ming*, Jia Jiao, Su Qian-fu, Ma Ying-ying, Meng Ling-min, Zhang Wei and Li Hong  
Institute of Plant Protection, Jilin Academy of Agricultural Sciences, Gongzhuling, Jilin Province, China  
*Corresponding author; Email: qiming1956@163.com   
 
Grey leaf spot disease (GLSD),  caused by Cercospora zeae-maydis, is a major foliar diseaseof 
maize. . To gain insight into the mechanism of resistance, four resistant and susceptible inbred 
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lines for GLSD were screened for resistance-related genes (78599-1, ON43HtN/Ye 478, K12) by 
Differential Display Reverse Transcription Polymerase Chain Reaction (DDRT-PCR). The study 
used 16 primer combinations of two anchor primers and 16 arbitrary primers to identify differential 
gene expression among the four inbred lines inoculated with C. zeae-maydis at 0, 5, 7 and 9 days. 
Among the 46 DDRT-PCR bands, 40 bands re-amplified by double primers, with a collection rate 
of up to 87%. Reverse northern blot analyses indicated 36 positive segments, including five 
segments in Ye 478, six segments in 78599-1, five segments in ON43HtN, and three segments in 
K12. The susceptible lines showed eight segments lesser than the resistant lines. NCBI BLAST 
obtained sequences that showed significant matches including ACBP, CPRF-2, MTN3 and FB2 
and CPRF-2 of ON43HtN and Ye 478. The possible role of ACBP gene  in plant development, 
cold tolerance, and GLSD resistance is indicated.  

 

TS5-22 Genotyping of LcyE and CrtRB1 Loci in Maize for the Enhancement of β-
Carotene 
 
Malik Rashmi*and N.K. Singh 

G.B. Pant University of Agriculture and Technology (GBPAUT), Pantnagar, Uttarakhand, India 
*Corresponding author; Email: malik.raashmi@gmail.com 
 
Maize not only possesses high genetic yield potential, but also contains varied amount of total 
carotenoids (TC) and β-carotene (βC). Therefore, there is an opportunity for biofortification of 
maize. This requires phenotypic and molecular characterization of germplasm to identify potential 
lines for enabling βC biofortification. Given the important role of TC in general, and βC in 
particular in human health, 32 promising, short-duration maize lines were quantified for TC and βC 
and then genotyped LcyE and CrtRB1 loci using five functional markers. The TC was found to 
vary from 3.34μg/g to 27.44μg/g while βC ranged from 0 to 4.814μg/g. Kernel color did not 
exhibit strong association with TC and βC whereas the research found a high positive correlation 
between TC and βC. Polymorphism information content (PIC) values for all five polymorphic 
markers varied from 0.21 to 0.73. The unweighted pair group method with arithmetic mean 
(UPGMA) algorithm dendrogram classified 32 lines into four groups. The first two groups had 
lines with high βC and the best allelic variants for the LcyESNP(216) and CrtRB1 3’TE. However, 
these groups also consisted of lines poor in βC and with undesirable allelic variants. The 10 lines of 
group III and IV consisted of low βC. The remaining three markers (LcyE5’TE, LcyE3’TE and 
CrtRB15’TE) produced ambiguous results and therefore were considered ineffective for the 
purposes of this investigation. The combined effects of gene-based marker data for CrtRB1 3’TE 
and LcyE SNP(216) may be used for accurate selection of desirable lines for enhancing β-carotene 
in maize.  

 

TS5-23 Genome Sequencing and Analysis of Curvularia lunata in Maize 
 
Gao Shi-gang1 and Chen Jie1*     
1School of Agriculture & Biology, Shanghai Jiaotong University  
2 Laboratory of Southern Urban Agriculture of Ministry of Agriculture 
3 State Key Laboratory of Microbial Metabolism 
*Corresponding author; Email: jiechen59@sjtu.edu.cn   
 
Curvularia leaf spot of maize is an important foliar fungal pathogen that distributes widely in the 
maize growing areas in China. We report the genome of Curvularia lunata CX-3 (high virulence), 
a maize pathogen. The genome contained 11234 protein-encoding genes, of which 803 are secreted 
proteins and 1904 are involved in the pathogen-host interaction. 2830 conserved protein families in 
the genome contained 8471 proteins.  5.8% of genes in C. lunata CX-3 are specific compared to C. 
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lunata m118 and Bipolaris maydis C5. Phylogenomic analysis indicated that C. lunata diverged 
from B. maydis around the period of Cretaceous Extinction. C. lunata CX-3 contains 161 
transposases, most of which are rich in subclass TcMar (70), Tad1 (22), Copia (18) and Gypsy 
(28). There is a strong mutation bias in nucleotides: C→T and G→A caused by repeat induced 
point mutations, which support our hypothesis that the pathogen showed differentiation in 
pathogenicty. C. lunata CX-3 contains 235 glucoside hydrolases including 46 cellulases, 15 pectate 
lyases and 13 cutinases. It also showed 39 ABC and 155 MFS transporters, and 19 ABC and 31 
MFS belonging to multi-drug transporters, besides 146 P450 enzymes, of which 7 belong to 
CYP505 family and 17 to the CYP65 family involved in toxin biosynthesis. There are 17 PKSs and 
16 NRPSs in the genome, which lay the foundation for identifying core genes required for the 
biosynthesis of toxin and melanin. C. lunata CX-3 contains 76 small secreted cystein-rich proteins, 
of which three are anther proteins (with 234 amina-acids) that could be effecters. This is the first 
detailed report of novel genomic information of Curvularia leaf spot pathogen. 

 
TS5-24 The Applications of Biotechnology in Maize Breeding Programs in Vietnam 
 
Nguyen Xuan Thang*, Ngo Thi Minh Tam, Doan Thi Bich Thao, Nguyen Van Truong, 
Nguyen Thi Thu Hoai, Nguy Huong Lan, Nguyen Anh Thu, Ta Thi Thuy Dung, Bui Manh 
Cuong* 
National Maize Research Institute, Vietnam Academy of Agricultural Sciences, Hanoi, Vietnam 
*Corresponding author; Email: nxthangnmri@gmail.com 
 
The National Maize Research Institute (NMRI) in Vietnam’s achievements in the application of 
biotechnology techniques in maize breeding, including doubled haploid breeding, genetic diversity 
analysis based on molecular markers, and especially, improving drought tolerance in maize using 
genetic transformation. The doubled-haploid breeding program via anther culture developed more 
than 42 pure lines with desirable traits; these are now being used in maize breeding as parental 
lines of some high-yielding and stress-tolerant commercial hybrids (such as LVN145, LVMN146, 
LVN092 and G77), besides some promising hybrids). NMRI also accelerated the analysis of 
genetic diversity using molecular markers. Over 70% of the inbred lines developed by NMRI were 
analyzed and classified into heterotic groups resulting in reduced field work for hybrid selection 
and testing across the breeding cycle. Additionally, NMRI has genetically engineered maize using 
genes associated with drought tolerance. Four inbred lines with a high rate of plant regeneration 
were selected as germplasm for genetic transformation using Agrobacterium tumefaciens. 
Transfomation efficiencies ranged from 0.3% -1.2%. Polymerase chain reaction (PCR) analysis 
confirmed transgene integration in the transgenic plants. Screening experiments for validating 
drought tolerance in the transgenic maize seedlings will be conducted in greenhouse conditions. 
This approach, which combines molecular breeding and conventional breeding, may accelerate 
development of high-yielding and stress-tolerant maize varieties in Vietnam. 

 

TS5-25 Transferring Shrunken 2 Gene Coding for ADP-glucose Pyrophosphorylase 
Enzyme into some Inbred Maize Lines by Agrobacterium tumefaciens Mediated Gene 
Transfer  
 
Nguyen Duc Thanh*, Tran Thi Lương, Nguyen Thi Thu and Nguyen Thuy Ninh 
Institute of Biotechnology, Vietnam Academy of Science and Technology, Hanoi, Vietnam 
*Corresponding author; Email: nguyenducthanh_pcg@ibt.ac.vn 
 
The Shrunken 2 (Sh2) gene was proved to be involved in starch biosynthesis. It codes for two 
large subunits of ADP-glucose pyrophosphorylase, an enzyme that plays an important role in 
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regulating starch biosynthesis in cereal crops. The aim of this study was to transfer Sh2 gene 
into some inbred maize lines and generate transgenic plants for further study of the role of Sh2 
gene in the enhancement of starch biosynthesis in maize. The Agrobacterium tumefaciens 
strains C58 and DHA105 harboring transformation vector pCambia1301/Ubi/Sh2 containing 
Sh2 gene and monocot-specific Ubiquitin promoter were used to transfer Sh2 gene into 
immature embryos of the maize lines. PCR amplification of Ubi and Sh2 genes was performed 
to confirm the presence of the transgene in T0 transgenic plants. Southern and Northern 
hybridizations were carried out to confirm stable integration and expression of Sh2 gene in T0 
and T1 transgenic plants, respectively. Transgenic plants were generated from transformed 
calli of six maize lines H95, H240, H26, H14, H4 and CML161 with the transformation 
frequencies from 1.08 to 1.77% (based on Southern analyses). A. tumefaciens strain DHA105 
gave higher transformation frequencies than that of C58 strain and the values ranged from 1.60 
to 4.31% (based on PCR analyses). The transgenic maize plants possessed 1 to 3 copies of 
transgene. Many transgenic plants grew normally and set seeds. The study of the effect of 
transgene in starch biosynthesis in transgenic maize lines will be performed.  

 

TS5-26 Integrated Approach to Protein Quality Improvement in Maize 
 
Mahak Tufchi* and N. K. Singh 

G. B. Pant University of Agriculture and Technology (GBPUAT), Pantnagar, Udhamsingh Nagar (Uttarakhand), 
India 
*Corresponding author; Email: 2828004mahakt@gmail.com 
 
An efficient approach for improving the quality of normal maize and diversification of germplasm 
involves integration of molecular markers and phenotypic selection. Four short-duration normal 
maize lines, developed at Pantnagar, India, were targeted for improvement using CIMMYT quality 
protein maize (QPM) donor lines (CML161, CML162, CML187 and CML189). These lines were 
genotyped at opaque-2 locus using simple sequence repeat (SSR) markers, then phenotyped and 
compared for distinctness, uniformity and stability (DUS) criteria. Nine F1s, developed by crossing 
the polymorphic normal and QPM donor lines, were backcrossed to the recurrent parent to generate 
BC1F1s. The BC1F1 and BC2F1 populations of each cross were screened and individual plants 
selected based upon their phi057 SSR marker data and phenotypic data. The number of plants 
selected in each BC1F1 and BC2F1 population varied from 12 to 24 and from 10 to 28, respectively. 
Two of the plants in Pant11R-128 x CML189 and up to 10 plants in Pant11R-126 x CML162 
demonstrated 25% to 50 % kernel opaqueness when the BC2F2 seeds were screened using a light 
box. Tryptophan was 0.075% higher in 29 BC2F3 lines and of these, 19 lines fulfilled the QPM 
criteria; therefore, these 19 lines were selected as QPM lines. These lines could be useful for 
development of QPM hybrids.  

 

TS5-27 Conversion of Elite Maize Inbreds to Quality Protein Maize (QPM) using 
Marker Assisted Selection 
 
Sharad Tiwari1*, Navinder Saini2 and Niraj Tripathi1 
1Biotechnology Centre, Jawaharlal Nehru Agricultural University (JNAU), Jabalpur, India 
2 Division of Genetics, Indian Agriculture Research Institute (IARI), New Delhi, India 
*Corresponding author 
 
Normal maize protein lacks two essential amino acids: lysine and tryptophan. In order to develop a 
medium-maturity, full-season, quality protein maize (QPM) hybrid, we applied an integrated 
strategy including: a) phenotypic selection; and b) marker-assisted selection for evaluating the 
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conversion of two elite maize inbreds (HKI 287 and HKI 1126) into QPM hybrids. The o2 donor 
lines used were HKI 193-1 and HKI 161. Both the parental lines revealed polymorphism with 
opaque2 specific markers (umc1066 and phi057) and these two SSR markers were used for 
foreground selection. More than 100 polymorphic, simple sequence-repeat (SSR) markers covering 
the maize genome were used in analyses of BC1F1, BC2F1 and BC3F1 generations and individuals 
with the highest recurrent parent genomic background were selected.  Phenotypic selection for 
endosperm modifiers was conducted on backcross generations for the selection of segregants with 
good kernel texture by using the standard light box test. Biochemical analysis for total protein 
content and tryptophan content was also conducted on BC3F2 progenies in order to identify 
genotypes with higher nutritional value. opaque2 homozygotes from the BC3F2 and BC3F3 
populations were identified and selfed to generate QPM lines. Promising lines are being tested as 
QPM experimental hybrids for potential release. 

 

TS5-28 Identification of a Novel Maize Dwarf Mutant 123D 
 
Min Xu1*, Haichun Shi1, Xuejie Yu1, Changyun Zhao2, Yongchuan Ke2, Yichuan Tan1, Qun 
Sun3 and Yongpei Ke1,2  
1College of Agronomy, Sichuan Agricultural University, Sichuan, China  
2Sichuan Nongda Zhenghong Bio Co., Ltd., Sichuan, China  
3College of Life Siences, Sichuan University, Sichuan China 
Corresponding author; Email: 282567033@qq.com 
 
Dwarf characteristics were widely introduced in maize breeding programs as these were aligned 
with improved lodging resistance and yield. In this study, a dwarf mutant 123d derived from the 
inbred line 123 via spontaneous mutation was analyzed. Mutant 123d plants demonstrated shorter 
stalk (reduced by 35.59 %), erect leaves, low ear placement, shortened internodes and poor 
fertility. Three cross populations were obtained using 123d as donor parents. The segregation ratio 
of dwarf to normal in F2 populations showed 3:1 ratio, as expected, by the χ2-test. The dwarf gene 
dx was mapped on the short arm of the chromosome 1 by simple sequence repeat (SSR) markers to 
a region flanked by umc1278 and bnlg1564 with distances of 12.8 cM and 7.3 cM, respectively. 
Linkage analysis showed that dx in 123d was likely allelic to br2, and homology-based cloning 
suggested that dx was different from br2 with 8 bases changed. Alignment of the br2-like domain 
in dx with the br2 domain revealed the replacement of glutamate by lysine at the fourth exon. The 
study demonstrated that 123d was a novel mutant controlled by a single recessive dwarf gene and 
this mutant has the potential to be used as a valuable genetic resource in maize breeding. 

 
TS5-29 Salicylic Acid Mediated Transcriptional Modulation of Antioxidant Genes 
Alleviates Oxidative Stress in Maize 
 
Pranjal Yadava1, Nepolean Thirunavukkarasu2 and Ishwar Singh1 

1Directorate of Maize Research, Pusa Campus, New Delhi, India 
2Division of Genetics, Indian Agricultural Research Institute (IARI), Pusa Campus, New Delhi, India 
Corresponding author; Email: pranjal.yadava@gmail.com  
 
While the role of salicylic acid (SA) in the responses of plants to biotic stresses is well known, 
recent studies suggest that it may also play a role in abiotic stress adaptation. To validate these 
findings, we investigated the role of SA as a plant growth regulator that alters the biochemical and 
transcriptional dynamics of maize antioxidant genes. Pre-treatment of maize plants with SA, prior 
to methyl viologen-induced oxidative stress, reduced electrolyte leakage, enhanced protein 
accumulation and improved root biomass and grain yield. SA application also led to a general 
enhancement in the biochemical activities of three major antioxidant enzymes, namely superoxide 
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dismutase (SOD), catalase (CAT) and peroxidases (POX). As discerned by quantitative real-time 
polymerase chain reaction (qRT-PCR), pre-treatment with 0.5 mM SA led to enhanced 
accumulation of transcripts among the Sod genes analysed, while higher SA concentration 
repressed many Sod genes, under stress. Cat 1 showed clear dose dependent repression in response 
to graded concentrations of SA, while Cat 3 showed inverse dose dependent activation in response 
to graded concentrations of SA. Apx 1 was found to be up-regulated by 1.6 fold at 0.5 mM SA, 
while higher doses of SA (i.e. 1.0 and 1.5 mM) led to the repression of the Apx 1 gene by 2.5 and 
1.4 times respectively. All three concentrations of SA repressed the Apx 2 gene. Altogether, the 
study suggested that SA possesses the potential to alleviate oxidative stress and biochemical and 
transcriptional modulation of the antioxidant pathway, and this might be a key mechanism behind 
its protective role for biotic and abiotic stress adaptation. 

 
TS5-30 The Zea mays NAC Transcription Factors Family: Characteristics of Structure, 
Nomination and Relationship with Drought Stress 
 
Zhuanfang Hao, Jianfeng Weng, Hongjun Yong, Degui Zhang and Mingshun Li, Xinhai Li* 
and Shihuang Zhang 

Chinese Academy of Agricultural Sciences (CAAS), Beijing, China 
*Corresponding author; Email: lixinhai@caas.cn 
  
NAC is one of the plant-specific transcription factor (TF) families, which plays an important role 
in plant development and morphogenesis, as well as in regulation of biological responses to 
different abiotic stresses. So far, in maize, 190 NAC proteins have been identified. After 
downloading from the PlantTFDB website and bioinformatics analysis, 177 of these were found to 
possess five typical conserved domains and major functional regions of NAC transcription factors. 
These NAC transcription proteins are uniformly distributed on 10 chromosomes of maize, with 
only three clusters on bins of 2.04, 4.05 and 9.03.  Combined with known functional NAC TFs in 
Arabidopsis and rice, a total of 195 NAC proteins were phylogenetically classified into five 
groups. NAC-IV group was full of abiotic stresses-tolerant NAC members and ATAF genes, which 
was predicted to be SNAC (Stress-responsive NAC) subfamily. High frequency motifs in TAR 
region of SNAC TFs served as regulating role in response to stress stimuli. Thirteen of 16 SNAC 
genes were differentially expressed as activators or inhibitors in roots, stems, and leaves of maize, 
and two of them were identified to play down regulation role in young tassels under water-stressed 
treatment. The study, through bioinformatics, advanced the functional analyses of NAC family in 
maize.  

 

TS5-31 Genetic Characterization and Linkage Disequilibrium Mapping of Resistance 
to Gray Leaf Spot in Maize (Zea mays L.)  
 
Liyu Shi1, Xiangling Lu2, Jianfeng Weng1, Changlin Liu1, Zhuanfang Hao1, Yu Zhou1, Degui 
Zhang1, Mingshun Li1, Xinhai Li1* and Shihuang Zhang1 
1Chinese Academy of Agriculture Sciences (CAAS) Beijing, China 
2Sichuan Agriculture University (SAU) Sichuan, China 
*Corresponding author; Email Lixinhai@caas.cn 
 
Gray leaf spot (GLS), caused by Cercospora zeae-maydis, is an important foliar disease of maize 
worldwide. To gain insight into the genetic structure underlying the resistance to GLS, an 
association mapping population with 161 inbred lines was analyzed. . These lines were evaluated 
for resistance to GLS in a plant pathology nursery in 2010 and 2011. Subsequently, a genome-wide 
association study (GWAS) using 41,101 single-nucleotide polymorphisms (SNPs) identified 51 
SNPs that showed significant (P < 0.001) association with GLS resistance; these SNPs mapped 
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onto 31 QTL. Additionally, three candidate genes related to plant defense functions were 
identified, including nucleotide-binding-site/leucine-rich repeat, and receptor-like kinase genes 
similar to those involved in basal defense. The study found two SNPs (PZE-103142893 and PZE-
109119001) associated with GLS resistance in chromosome bins 3.07 and 9.07, which may be used 
for marker-assisted selection (MAS) of GLS resistance. These results provide an important 
resource for developing molecular markers closely linked with GLS resistance in maize.  

 

TS5-32 Improvement of Disease Resistance in a Maize Inbred Line 0908 through 
Molecular Marker-assisted Selection  
 
Xianfei Zhu, Erpeng Zhang, Liming Wang and Haobo Wang 

Anhui Agricultural University, Hefei City, Province, China 
Corresponding author; Email: 116361729@qq.com 
 
Head smut and Stalk rot are diseases of maize that can cause serious yield losses. Breeding for 
resistance to these diseases is an effective approach for addressing disease problems. Near-isogenic 
lines (NILs) with genetic resistance to head smut as well as stalk rot were obtained after 
hybridization and backcrossing with Ji 1037 (resistance to head smut) and 1145 (resistance to stem 
rot) as the donor parent, and 0908 as the recipient parent, using marker-assisted selection (MAS). 
For this, two markers, namely STSM1 and STSM2, were chosen from 15 prospective markers for 
selecting for head smut disease resistance genes, Fory-two markers which showed polymorphism 
between Ji1037 and 0908 were used for background selection of backcross population. So far, 
BC3F3 generations were developed.  

 
TS5-33 Identification of Genomic Regions Associated with Waterlogging Tolerance in 
Maize  
 

Dasmeet Kaur, Yogesh Vikal*, M.S. Grewal and G.K. Gill  
School of Agricultural Biotechnology Punjab Agricultural University Ludhiana, India 
*Corresponding author; Email: yvikal-soab@pau.edu 
 
In India, water-logging is the second major constraint to maize crop production, which causes on 
average 25-30% loss of national maize production almost every year. The present study focuses on 
identification of QTL using microsatellite markers (SSRs) for yield components under 
waterlogging conditions. A mapping population was developed for waterlogging tolerance by 
crossing I110 (susceptibel) with I172 (tolerant). A waterlogging treatment was applied at 7-leaf 
growth (V7) stage to 256 F2:3 families continuously for 14 days with the ponding depth of 10.0 ± 
0.5 cm in the flat field conditions. Data on a variety of morphological and responsive traits like leaf 
senescence, leaf rolling, wilting score, percentage mortality, plant height, SPAD value and yield 
related traits like number of grains, grain weight, ear length, ear weight, anthesis silking interval 
(ASI) and plant biomass were recorded. Parental polymorphism was analysed using 434 SSR 
primers and 145 polymorphic markers were identified. Ninety SSR markers have been analyzed on 
212 F2:3 families. Under controlled conditions, ASI was mapped on a region of chromosome 7 
whereas under stress condition it was mapped in different regions of chromosome 10. Under stress 
conditions, genomic regions associated with leaf senescence, leaf rolling, plant mortality and plant 
height were  mapped to chromosome 1,3,4,7 and 9 whereas total no. of ears per line, no. of grains 
per line and grain weight were mapped on chromosome 1 and 3 under stress conditions, whereas 
on chromosome 7 and 3 in controlled conditions. The detected regions need to be mapped more 
precisely.  
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TS5-34 Molecular Mapping of QTL associated with Southern Leaf Blight Resistance in 
Maize 
 
Yogesh Vikal*, Shikha Chauhan, Harleen Kaur, J.S. Chawla and Kuldeep Singh  
School of Agricultural Biotechnology Punjab Agricultural University (PAU), Ludhiana, India 
*Corresponding author; Email: yvikal-soab@pau.edu 
 
Southern leaf blight (SLB), caused by Drechslera maydis, is one of the major foliar diseases of 
maize worldwide and causes production yield losses up to 40 percent. Host resistance is the most 
cost-effective, eco-friendly and practical criteria for management of SLB. The study determined 
the number, genomic positions and genetic effects of quantitative trait loci (QTL) that conferred 
resistance to SLB. An F2 mapping population was developed from a cross of CM139 (resistant) and 
CM140 (susceptible) and advanced to 325 F2:3 families. Each of the F2:3 families were inoculated at 
the leaf growth stage (from V7 to V9), by placing 20 to 30 grains of infected sorghum seeds with 
the isolate Dm1 in the whorls of each plant. Parental polymorphism was analysed using 384 SSR 
markers, of which 172 were found to be polymorphic. Seventy-five polymorphic SSR markers 
were used for genotyping 92 F2:3 families. The association of markers with SLB resistance was 
found in chromosomes 2, 3, 6 and 10. Three probable QTL (qSLB2.1, qSLB3.1 and qSLB3.2) 
were detected for SLB resistance in bins 2.05 to 2.08 and 3.04 and 3.06 to 3.09. The marker 
interval phi099-umc1729 spanning qSLB3.1 showed highest QTL peak explaining phenotypic 
variance of 46.3 percent at log-likelihood of 12.41 and was considered as major QTL.  Additive 
gene effects have been explained by this QTL. This region needs further dissection with more 
markers to identify candidate genes linked with SLB resistance. 

 

TS5-35 Introgression of the opaque2 Gene in Elite Maize Inbred Lines using Integrated 
Phenotypic and Marker-Assisted Selection 
 
Yogesh Vikal*, Gurjit Kaur Gill, Ravneet Kaur, Gurleen Kaur, Sunita Sharma and J.S. Chawla 

School of Agricultural Biotechnology Punjab Agricultural University Ludhiana, India 
*Corresponding author; Email: yvikal-soab@pau.edu 
 
The protein of maize and most cereals is deficient in the essential amino acids lysine and 
tryptophan. For nutritional security, a genetic enhancement strategy that increases these essential 
amino acids in grain protein is needed. The present study aims at improving the quality of 
normal inbred maize lines of hybrid Buland and PMH1 by transferring opaque2 allele along 
with modifiers using MAS. Foreground selection for o2 locus was employed in each 
generation for selection of o2 specific allele.  The selected plants were subjected to recombinant 
selection for flanking markers to o2 locus and further background selection for recurrent parents to 
recover the recurrent genome with minimum linkage drag. The plants with the maximum recovery 
of the recurrent parent genome (88-92%) were selected for generating the BC2F2 generation. The 
kernels from BC2F2 plants segregated for hardness and for different levels of modifications. BC2F3 
progenies were evaluated for agronomic traits. Based on agronomic performance on a single-plant 
basis, selections were made and advanced to generate BC2F5 progenies. The tryptophan content of 
the BC2F5 progenies ranged from 0.58 to 0.91. The selected progenies were selfed, as well as 
crossed, to the respective converted QPM inbred line and in different combinations, to generate the 
QPM hybrids. The Buland hybrid combination was evaluated using a randomized block design 
(RBD) in two environments i.e. during winter 2013 to 2014 and spring 2014 along with nationally 
released QPM hybrids (HQPM1 and HQPM7) as checks. Among the Buland hybrid combinations 
and the QPM hybrids (HQPM1 and HQPM7), three hybrids (JHQPM8, JHQPM20 and JHQPM23) 
demonstrated a 10 percent increase of amino acids. The F1s of PMH1 were being evaluated for 
amino acids content during the summer cropping season of 2014 and results will be presented. 
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TS5-36 Characterization of Maize Germplasm for β-Carotene Content using HPLC and 
Allelic Variation at Crtrb1 and Lycε Genes 
 
Yogesh Vikal*, Dasmeet Kaur, Maninder Kaur, Sunita Sharma and M.S. Grewal 

School of Agricultural Biotechnology Punjab Agricultural University Ludhiana, India 
*Corresponding author; Email yvikal-soab@pau.edu 
 
The exploitation of the natural variation in the β-carotene pathway would result in the 
identification of maize inbreds with higher β-carotene contents, which may be utilized for 
biofortification programs. Optimization of β-carotene accumulation requires enhanced flux to the 
β-branch (Lycε) of the pathway, in combination with limiting hydroxylation of β-carotene 
(crtRB1), to downstream xanthophyll compounds that do not possess provitamin-A activity. 
Therefore, two loci (Lycε and crtRB1) were targeted to study allelic variation in maize germplasm. 
The study selected 58 maize inbred lines that had a kernel color which ranged from white to deep 
orange. These were characterized for allelic variation in the Lycε gene and crtRB1 genes. The β-
carotene content of the 58 maize inbred lines ranged from 0.120 µg/g (CML134) to 11.44 µg/g 
(LM11). Three of the genotypes viz. CML32B (5.37 µg/g), VL1039 (7.65 µg/g) and VL109582 
(7.66 µg/g), showed the presence of favorable alleles for higher-levels of β-carotene using LYCε 
PCR assay 5' indel. The LYCε PCR assay 3' indel, responsible for high β-carotene, was found to be 
deleted in nine of the inbred lines. No allelic variation was observed at the crtRB1 5' TE and the 
crtRB1 3' TE site. Allelic polymorphism was reflected among these inbreds using the crtRB1 
Indel4 PCR assay. Due to insertion of 12 bp, the presence of 129 bp band indicated high β-carotene 
content. However, the β-carotene content was detected in low frequency (11%).  Favorable alleles 
for both genes were present in genotypes CM140, LM11, VL1047 and VL1050, whereas favorable 
alleles in the LYCε 3' indel & 5' indels were observed in VL1039 and CML32B genotypes. 
Combining favorable Lycε and crtRB1 alleles could lead to pro-vitamin A enriched maize hybrids. 
 

TS5-37 Genetic Characterization of CIMMYT Maize Inbred Lines with Genotyping-by-
Sequencing Markers 
 
Yongsheng Wu2*, Félix San Vicente1, Kaijian Huang3, Xuecai Zhang1 and Raman Babu4 
1International Maize and Wheat Improvement Center (CIMMYT), Mexico 
2CIMMYT Mexico and Guangxi Academy of Agriculture Sciences/Guangxi, China 
3Guangxi Academy of Agriculture Sciences/Guangxi, China  
4CIMMYT, New Delhi, India   
*Corresponding author; Email:  wuys0771@126.com 
 
CIMMYT maize inbred lines (CMLs) are international public goods those are widely distributed 
and serve as precious elite germplasm for maize improvement worldwide. In order to investigate 
the genetic relatedness among CMLs and their potential use, a set of 539 CMLs developed by 
CIMMYT’s Global Maize Program along with four temperate inbred lines were characterized 
through genotyping-by-sequencing (GBSv2.7) platform, where 955,690 SNPs were called for each 
sample. High quality subset of SNPs (243,713) with less than 20% missing values and minor allele 
frequency greater than 0.05 were used to assess population structure, genetic relatedness and extent 
of LD (Linkage Disequilibrium) decay. Marker based analyses clearly distinguished three major 
groups viz., lowland tropical, sub-tropical and highland tropical, in agreement with pedigree and 
known geographical adaptation patterns. Four temperate inbred lines clustered separately but 
proximal to highland tropical group, and lowland tropical group overlapped partially with sub-
tropical group. There was abundant genetic variation within each group, often exceeding inter-
group relatedness. Observed genetic characterization results will aid in making informed breeding 
decisions such as organizing heterotic groups, selecting appropriate testers and choosing parental 
combinations in pedigree breeding. Genome-wide LD analysis revealed extensive decay at a rate of 
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2.32 kb (r = 0.1), which demonstrated tremendous genetic diversity in tropical maize germplasm. 
Association studies using high density GBS genotypes coupled with low LD in CMLs offer 
unprecedented opportunities for precise identification of putative candidate genes underlying major 
geographical adaptation patterns as well as important agronomic traits in tropical maize 
germplasm. 

 
TS5-38 Enhancing Genetic Gain in the Molecular Breeding Era  
 
Yunbi Xu 

International Maize and Wheat Improvement Center (CIMMYT-China) and the Institute of Crop Science, Chinese 
Academy of Agricultural Sciences (CAAS), Beijing, China 
Email: y.xu@cgiar.org 
 
Genetic gain is one of the important concepts in quantitative genetics and breeding, which can be 
defined as the increase in productivity achieved following a change in gene frequency affected by 
selection. To develop breeding products to meet the increasing demand of agricultural products, 
breeders are challenged to improve realized genetic gain continuously. The factors affecting 
genetic gain include genetic variation in breeding populations, heritability of target traits, selection 
intensity, and breeding cycle time. The strategies for improvement of genetic gain have been 
evolving with modern breeding techniques and platforms, mainly driven by genomics and related 
tools. Favorable genetic variation can be mined through unlocking germplasm resources. 
Heritability can be estimated more accurately with well-controlled and precisely assayed 
environmental factors. Selection intensity can be upgraded by increased scale and precision in 
genotyping and phenotyping. The cycle time required for breeding product development can be 
shortened by accelerating breeding procedures and one-step pure-breeding. All these strategies can 
be integrated and used simultaneously in breeding programs to improve genetic gain.  

 

 

TS6: Strengthening Maize Seed Systems in Asia 
 

TS6-1 Public-Private Partnership to Enhance the Availability and Access to Hybrid 
Maize Seed in Pakistan: A Win-Win Approach 
 
Abdu Rahman Beshir1*, Sartaj Khan2 and Muhammad Imtiaz1  
1International Maize and Wheat Improvement Center (CIMMYT) Pakistan  
2National Agricultural Research Center (NARC) Islamabad/Pakistan 
*Corresponding author; Email: a.issa@cgiar.org 
 
Given the good performance of hybrid maize in Pakistan and the increasing demand for maize as 
food and feed, farmers responded by surging maize production in the country. However, majority 
of maize seeds are imported (about 80 percent); while these hybrids produce higher yields, the 
price of imported seed may be unaffordable for smallholders. In order to enable inclusive 
participation in the maize value chain, a well-functioning local maize seed system that consistently 
makes maize seed available at affordable prices to the smallholders is needed. We present how 
targeted interventions and collaborations in availing well adapted maize germplasm and 
strengthening local capacity in quality seed production and distribution can create a robust and 
vibrant seed system CIMMYT, under the Agricultural Innovation Program for Pakistan (AIP), 
created a platform to enhance synergies among public and private institutions in germplasm 
development and deployment. Eight public and six private institutions jointly evaluated more than 
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200 maize varieties with various traits sourced from CIMMYT for different agro-ecologies of 
Pakistan. This network enables each participating partner to share variety performance data in 
comparison to local checks and to articulate the benefits of potential maize germplasm to 
stakeholders and for market-driven improved maize seed deployment.   

 

TS6-2 Making Science Beneficial to Smallholder farmers: Perspectives from the Hill 
Maize Research Project (HMRP), Nepal 
 
Nirmal Gadal1*, Y. Ghale2, E. Mayer3, N. Hada3, D. KC1, K.B. Koirala4, D.R. Bhandari5, D.D. 
Baral4, B. Hamal5, B. Khatiwada1 and S.P. Neupane1   
1International Maize and Wheat Improvement Center (CIMMYT)/SARO, Kathmandu, Nepal 
2 Swiss Development Cooperation (SDC), Kathmandu 
3 United States Agencies for International Development (USAID), Kathmandu 
4 Nepal Agriculture Research Council (NARC), Kathmandu, Nepal 
5 Department of Agriculture 
6 Seed Quality Control Center (SQCC)/ National Seed Board 
*Corresponding author; Email: n.gadal@cgiar.org 
 
Nearly one quarter of the population in Nepal live on less than $1 a day. Massive out-migration – 
mainly of male youth (4 million) – resulted in a shift of agricultural labor to women. Nearly 10 
percent of households that depend on agriculture for livelihoods are landless. Compounding these 
challenges, climate change increased the unpredictability of rainfall, diseases, pests and species 
shift. To help constructively address the dynamics and drivers of change in the Himalayan hills, the 
Hill Maize Research Project (HMRP) implements a multidisciplinary and impact-oriented 
approach emphasizing on gender equity and social inclusion (GESI) across research and 
development activities. The 15-year project introduced interventions, including scientific 
innovations, to catalyse women, smallholder and disadvantaged farmers to improve their food 
security, livelihoods and incomes while preserving the natural resources in the Himalayan hills. As 
a result of these interventions, farmers (including both men and women) increased production, 
productivity and sustainability of maize-based cropping systems. We reviewed the scientific 
articles, reports and other various publications about HMRP published during the lifetime of the 
project (1999 to 2014) and interviewed several individual farmers and farmer-group leadership to 
evaluate the project impacts. The findings revealed that the project made available new 
technological choices including new maize varieties and seeds to more than 50,000 households (58 
percent women and 68 percent disadvantaged farmers). Adoption of these technologies occurred as 
a result of farmer-managed participatory research (FAMPAR), strengthening community-based 
seed production (CBSP) with emphasis on GESI, local institution building, strong partnerships and 
collaboration with national/international actors, and strategic engagement with the government 
institutions and support for appropriate policy development.  By focusing on making science 
beneficial to smallholder farmers as they worked to address the key drivers of change, more farm 
families could harness economic opportunities through greater participation across the agriculture 
value chain.   
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TS6-3 Maize Pipeline Varieties Evaluated by Participatory Varietal Selection for Yield 
Using GGE Biplot Analysis 
 
B. Khatiwada*, N. Gadal, K. C. Dilli Badakur and S.P. Neupane 
International Maize and Wheat Improvement Center (CIMMYT) International 
*Corresponding author; Email: b.khatiwada@cgiar.org 
 
In order to evaluate the potential of a maize variety for development, it is necessary to compare 
multiple traits.  The GGE biplot technique was used in this study to produce a graphic profile that 
helps breeders understand genotypic and genotypic × environment interaction. Six varieties of 
maize (one released, four pipeline and one local check) were evaluated across three eastern districts 
of Nepal.  Following the participatory varietal selection for yield in 2013, we analyzed yield and 
stability across locations, with consideration given to existing limitations involved in conducting 
experiments in farmer’s fields. The study found significant (P<0.05) genotype ×environment 
interactions. Based on analysis of mean performance and stability of genotypes, Manakamana 3 
was found to have both high-stability and high-grain yield, Kym33/Kym35 and S99tlyqb showed 
stability and above-average yield, while Bgbypop and Across 9942/9944 revealed below average 
yield. The local check variety was highly unstable and also showed below-average yield.   

 

TS6-4 Participatory Crop Selection Approaches for Sustainable Maize Production 
Systems 
 
Ajaz A Lone1*, Z.A. Dar1, B.A. Alie1, Gul Zafar1, M.I. Makdoomi1, S.A. Dar 1, S.A. Wani2, 
M.A. Khan3, I. Khan4, I. Abidi2, S.H. Wani2 and M.A. Wani5

 
1Dryland Agriculture Research Station, Sher-e-Kashmir University of Agriculture Sciences & Technology of 
Kashmir (SKUAST), Kashmir, India 
2Directorate of Research, SKUAST, Kashmir, India 
3Faculty of Agriculture, SKUAST, Kashmir, India 
4Krishi Vighyan Kendra, Anantnag, Kashmir India, 
5Division of Plant Breeding & Genetics, SKUAST, Kashmir, India 
*Corresponding author; Email: ajaz999@gmail.com 
 
The process of participatory plant breeding (PPB) empowers farmers to participate in efforts that 
could lead to efficiencies in breeding improvements as an alternative to classical breeding methods. 
The study found that farmers who possessed an enhanced understanding of breeding research 
processes, engaged in problem identification and prioritization, provided critical feedback to 
inform formal research priorities. This active participation influenced farmers’ positive perceptions 
about their role in guiding future breeding programs. The study evaluated perceptions using a 
practical field trial with advanced single-cross hybrids under farmers conditions, involving test 
entries, local checks and validation trials with three replications.  Collaborative support to farmers 
and the research team, from local agriculture extension services called KVKs, occurred  in the 
Districts of Pulwama (Harpora), Kupwara (Warnow), Budgam (Sithaharan) and Bandipora 
(Sumlar), and one set of a grandmother  trial at the research center for metric trait estimation, 
validity and correlation of findings. The performance of entries varied across locations. Farmers 
prioritized high-yield traits and other criteria such as taste, cooking attributes, kernel color, and 
fodder yield for selecting genotypes that met their production goals (food, fodder, industrial uses). 
Farmers preferred KDM 111 genotype in the District Budgam for its white colour and 59 percent 
yield superiority over the local, traditional cultivar. Farmers also identified another genotype, 
KDMH 48, a single-cross yellow hybrid, not only for its yield advantage but also for its thick stem 
as a protective mechanism against damage during nocturnal bear attacks. Further, the hybrids 
tested under farmers’ conditions at higher planting density demonstrated to farmers increased grain 
yields of 14 percent and increased fodder yield of 21 percent.  Nearly all of the participating 
farmers (87 percent) reported that they “will grow again.” This suggests their intent to adopt new 
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breeding processes and to grow improved maize cultivars as well as to continue to participate in 
trials for testing hybrids. 

 

TS6-5 Quality Assurance of Maize Seed through Varietal Introduction and 
Strengthening of the Value Chain 
 
Sudhir Chandra Nath 

Agriculture and Food Security, BRAC Center, Dhaka, Bangladesh 
Email: sudhir.cn@brac.net 
 
Composite varieties of maize were introduced in Bangladesh in 1975. Although the Bangladesh 
Government tried to popularize this seed through the extension network, efforts were stymied as a 
result of lower yield, i.e., around 3 tons per hectare (t/ha), scattered cultivation, lack of proper 
cultivation technology and marketing facilities. BRAC responded in three ways:it addressed 
barriers to adoption, explored new approaches for introducing hybrid variety, and strengthened the 
value chain. BRAC began producing hybrid maize seed in 1997, using the parent materials from 
the Pacific Seed Company, based in Australia. Three years later, BRAC launched its hybrid maize 
research and development program and established collaboration with the International Maize and 
Wheat Improvement Center (CIMMYT) for maize germplasm exchanges and joint research. 
BRAC identified and used maize seed sourced from other private sector suppliers, built a modern 
seed processing plant with a capacity of 4,500 metric tons per year, distributed maize seed through 
contract growers and conducted promotional activities to stimulate maize market demand. As a 
result of these interventions, in 2005 and 2007, BRAC developed two yellow hybrids; three years 
later, it developed a quality protein maize (QPM) hybrid, that increased yields up to 6.9 t/ha. 
Finally, these efforts contributed 29 percent of the total national maize seed demand, totaling 3800 
metric tons per year. 

 

TS6-6 Strengthening Community-based Maize Seed Producer towards Sustainable 
Business Venture – Case of Sambriddhi Cooperative, Nepal 
 
S.P. Neupane1*, N.Gadal1, D. K.C.1, B. Khatiwoda1 and G.O. Ferrara2 
1International Maize and Wheat Improvement Center (CIMMYT)-South Asia Regional Office, Kathmandu, Nepal 
2Hill Maize Research Project, CIMMYT/SARO, Kathmandu, Nepal 
*Corresponding author; Email: s.neupane@cgiar.org 
 
To develop sustainable business models for maize seed production in Nepal, a case study was 
undertaken to improve understanding of the seed production system at the community level, using 
the example established by the Sambriddhi Cooperative located in Surkhet, one of the towns in the 
inner Terai Valley of the country. The study involved: i) a focus group comprising of members of 
the cooperative and seed producer farmers; and ii) strengths, weaknesses, opportunity and threat 
(SWOT) analysis of seed production. Reflection upon past trends led to a forecast for achieving 
optimum seed production goals. The analysis showed that the seed production area increased by 
40.9 percent in 2012 and 118.18 percent in 2013. The increased area contributed to household 
income by 42.74 percent and 95.16 percent in 2012 and 2013, respectively. Beside maize seed 
production, activities were gradually diversified to other commodities to support the sustainability 
of the seed production business. The benefit/cost (B/C) ratio of vegetable seed, maize, wheat, rice 
and rapeseed in 2013 were 3.26, 1.67, 1.55, 1.40 and 1.13, respectively. These findings highlight 
the potential for growing various seed production commodities. To evaluate community-level best 
practices, a mini-seed laboratory, established at the Cooperative, tested the quality of seed 
purchased from neighboring farmers and evaluated compliance to truthful leveling (TL) of seed. 
Additionally, the pre-sowing seed contract (PSSC) business process linked seed marketing, agro-
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vets and seed companies to secure reliable seed marketing practices and promoted the competitive 
advantage of locally produced seed.  

 

TS6-7 Study on Farmers' Preferences for Hybrid Maize Varieties in the Hills of Nepal  
 
Ambika Pandey1*, Shanti Pandey3, N.B.Dhami2, D.B. Bhandari1

, Nirmal Gadal3, K.C. Dilli 
Bahadur3 
1Hariyali Community Seed Company 
2Nepal Agriculture Research Council (NARC), Kathmandu, Nepal 
3International Maize and Wheat Improvement Center (CIMMYT) /SARO, Kathmandu, Nepal 
*Corresponding author; Email: ambika.pandey46@gmail.com 
 
Farmers in the hills of Nepal grow maize for food, feed, fodder and firewood purposes. To properly 
respond to their diverse needs through the development and deployment of hybrid and open 
pollinated varieties (OPVs), it is important to know their preferences in the choice of maize 
varieties. To understand these preferences and develop specific recommendations for systematic 
use and consideration by the national maize breeding program, a study was conducted in 
Sindupalchok, Dolakha, Ramechhap and Kavreplanchok Districts of central Nepal. The survey was 
conducted between March and May 2014, and reached 135 farmers. To complement the survey, 12 
focus group discussions were organized with segregation of men and women producers. The study 
found that farmers grow a mix of landraces, OPVs, hybrid and recycled hybrids to fulfill their 
various maize needs. It also revealed that farmers grow nine different types of local varieties, six 
OPVs and 10 hybrids. OPVs were popular in those areas where government extension services 
were strong; alternatively, hybrids were grown by farmers where private sector seed suppliers were 
active and in the remote areas farmers grew local landraces where both the public and the private 
actors were absent. Farmers preferred, in rank order, high yielding varieties, more numerous and 
bigger size cobs (greater than two cobs per plant), tight husk cover, medium height and medium 
placement of cob. Additionally, taste and storability were considered important when the variety is 
grown for household consumption. 

 

TS6-8 A Success Story of Public-Public Participation in Hybrid Seed Production that 
Paved the Way for Public-Private Partnerships 
 
P.Y. Shinde, P.N. Rasal and N.M. Magar 

Agriculture Research station, College of Agriculture, Dhule Maharashtra, India 
Email: drpyssst@gmail.com 
 
The hybrid seed production of maize is concentrated in the southern states of India. Given the 
considerable cost of hybrid development as well as the cost to produce hybrid seed at scale for 
commercial distribution, most production occurs through multinational companies and large-scale 
seed companies. Small-scale seed organizations that develop seeds to meet local requirements lack 
access to financial capital for investments that might enable them to more effectively compete in 
the marketplace.  The study evaluated a model for engaging small-scale seed organizations in 
planning and executing a hybrid seed production program. A single-cross maize hybrid, Rajarshee, 
was selected by the Agricultural Research Station, College of Agriculture, Dhule, for this study 
during the 2013 rainy (kharif) season. Hybrid seed production technology was demonstrated to 
students in the Bachelor of Science agriculture program as an experimental learning module. The 
harvested hybrid seed they produced was distributed to farmers through different schemes aided by 
the State Department of Agriculture as well as through non-governmental organizations (NGOs) 
working in the tribal areas. This public partnership model generated interest amongst the small-
scale seed industry organizations and farmer groups and offers a promising approach to strengthen 
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capacities that could lead to broader private sector participation in the hybrid seed production 
industry in the future. 

 
TS6-9 On-farm Evaluation of Maize in Western Hills of Nepal 
 
S. Subedi*, R.C. Adhikari, A.P. Aoudel and B. Thapa 

Regional Agricultural Research Station, Lumle, Nepal 

*Corresponding author; Email: sudeepsubedi111@gmail.com; rarslumle@gmail.com  
 
To improve maize characteristics to meet local demand in the western hills of Nepal, it is necessary 
to identify and disseminate varieties with improved grain yield and other agronomic attributes. The 
study evaluated farmers’ field trials involving full summer season maize, early season maize and 
quality protein maize (QPM) during 2012 and 2013. A total of six full season maize and QPM, and 
five early maize genotypes were evaluated. The study of the full season maize, combined over two 
years, found that the genotype A cross 9942/Across 9944 produced the highest grain yield (4641 
kg/ha) followed by Manakamana 3 (4180 kg/ha), Rampur S03F06 (3929 kg/ha) and BGBY Pop 
(3850 kg/ha). Good plant height and ear height ratio was recorded in Across 9942/Across 9944 
(plant height: 229 cm] and ear height: 108 cm). Among the early maize set, each of the studied 
parameters differed significantly except grain yield in both years. Arun-1 EV was the earliest in 
flowering (tasseling: 50 days after sowing [DAS] and silking: 54 DAS). Farmer's variety produced 
the highest grain yield (4.2 t/ha), followed by Arun 2 (3.9 t/ha) in 2012; in 2013, Arun 4 produced 
the highest grain yield (5.7 t/ha). Among the QPM varieties, Obatanpa produced the highest grain 
yield (7.2 t/ha) in 2013 while in 2012, Poshilo Makai 1 produced the highest grain yield (7.3 t/ha). 
The majority of the farmers preferred improved genotypes over their local maize variety given their 
higher yield, earliness, non-lodging and green foliage characteristics. 

 

TS6-10 Participatory Varietal Selection of Maize in the Western Hills of Nepal 
 
B. Thapa*, R.C. Adhikari, A.P. Aoudel and S. Subedi 
Nepal Regional Agricultural Research Station, Lumle, Kaski, Nepal 
*Corresponding author; Email: thapabihani@gmail.com   
 
In order to identify and disseminate superior genotypes that meet farmers’ needs and preferences, 
six genotypes including farmers’ varieties, were evaluated under a mother-baby scheme in four hill 
districts (Baglung, Syangja, Palpa and Gulmi) of western Nepal in 2012 and 2013. Mother trials 
were conducted at four sites in each district, with two sets of mother trials at a site managed using 
improved package of practices and farmer’s practices. Hundred farmers were involved in baby 
trials in each district for collecting qualitative data. Quantitative data was collected from the 
mother trials. The genotypes in the mother sets were evaluated across a set of parameters: days to 
50 percent tasseling, days to 50 percent silking, plant height, ear height, and grain yield. Data from 
these parameters were analyzed separately and combined for each location and treatment in both 
years. The study found that genotypes differed significantly across each of the parameters and 
across each location for both treatments. In 2012, three genotypes produced higher grain yield than 
other test genotypes. Genotype Manakamana 3 produced a yield of 5.8 t/ha, followed by 
Manakamana 5 (5.2 t/ha) and Deuti (5 t/ha). In 2013, genotypes Manakamana-3 (6.6 t/ha) followed 
by RML-4/RML-17 (6.1 t/ha) and BGBY Pop (5.8 t/ha) produced higher grain yields. All of the 
genotypes produced higher grain yields at the improved practice site (mean yield: 6.02 t/ha) than in 
the farmer’s traditional practice site (mean yield: 5.4 t/ha). Manakamana 3 produced the highest 
grain yield in all of the locations during in both years. The majority of the farmers participating in 
the baby trials preferred the improved varieties based upon their higher grain yield, non-lodging 
characteristics, stay-green foliage, bold grain size and acceptable color and taste. 
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TS6-11 Community-Based Maize Seed Producer Groups: A Way towards Smallholder 
Seed Enterprises in Bhutan 
 
Dorji Wangchuk* and Rinzin Choney 

Renewable Natural Resources Research and Development Center, Wengkhar Mongar, Bhutan 
*Corresponding author; Email: dorjis_uasblr@yahoo.com 
 
Maize productivity and production in Bhutan is constrained by the lack of timely supply of quality 
seeds which is evident through the low seed replacement rate of only 24%. This is due to the lack 
of efficient public seed supply and distribution system, in addition to the absence of private 
enterprises (due to low profit). To address the issue of poor quality maize seed, the concept of 
community based seed producers (CBSP) groups approach was first implemented in 2006 at two 
sites involving 30-40 smallholder farmers.  Farmers were not only supplied with high-quality 
source seeds sourced from the research center, but also trained on the basics of seed production. 
Initially CBSP seeds met demands from adjacent communities but market demand soon expanded 
to major maize growing areas. Currently there are nine CBSP groups, totalling 200 members that 
produce quality seeds and cater to the seed requirements of the country. In 2012, CBSPs produced 
approximately 45 million tonnes (mt) of seeds (valued at US $13,500), an increase of more than 15 
mt from 27 mt (valued at US $8,100) produced during the previous year. The project found that 
these groups may play an important role in meeting the objectives of the National Maize Program 
to: i) increase the seed replacement rate from 24 percent to 50 percent%;  and ii) increase the 
productivity and production by 36% and 39% respectively. Given the CBSP groups’ effectiveness 
in meeting demand for seed production, the study found that there is sufficient return on 
investment to support seed enterprise development in Bhutan.  

 

 

TS9: Precision‐Conservation Agriculture for Enhanced 
Input Use Efficiency 
 

TS9-1 Enhancing Productivity and Profitability of Maize-Wheat Cropping System 
through Site-Specific Nutrient Management  
 
G.S. Ameta* and Hargilas 

 Agriculture Research Station, MPUAT, Banswara, Rajasthan, India 
*Corresponding author; Email: ametags@yahoo.co.in 
 
The maize-wheat cropping system in India spans 1.8 million hectares, making it the third largest 
cropping system which produces about three percent of the national food basket. However, 
declining maize yields indicate the need for interventions to boost productivity through novel 
approaches including site-specific nutrient management (SSNM). To evaluate the impact of SSNM 
on productivity and agronomic efficiency of nitrogen (AEN) in the maize-wheat cropping system, 
an experiment was conducted from 2009-2010 and 2010-2011, on a fixed site at the Agriculture 
Research Station, MPUAT, located in Banswara, Rajasthan. The treatments included state and 
national recommendations for nutrients, and the SSNM treatment. Each treatment evaluated the 
impact of the omission of either nitrogen (N), phosphorus (P) or potassium (K) on yields compared 
to an absolute control. The soil in the experimental field was low in available N, but it contained 
medium levels of available P and high levels of available K. The experiment found that SSNM 
contributes to the attainment of optimal yield targets for the maize-wheat system (≥11.5 tonnes per 
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hectare [t/ha]). Additionally, the study found that the omission of either N or P nutrients from the 
SSNM dose drastically reduced the yields of both crops. Compared to SSNM treatment, the omission 
of N reduced the yield of maize by 51 percent and reduced the yield of wheat by 36 percent. However, 
the productivity of the system did not decline significantly when K was omitted from the maize/wheat 
cropping system (SSNM-K). The SSNM treatment (229 kg N + 72 kg P2O5+0 kg K2O + 25 kg ZnSO4 
/ ha for maize and 180 kg N and 36 kg P2O5 / ha for wheat) demonstrated the optimal benefit cost 
(B:C) ratio of 2.53 with net returns of Indian Rupees (Rs.) 111,920/- per hectare (ha) which was 54.63 
percent and 29.01 percent greater than either the state and national recommendation for nutrients 
applied to the maize-wheat rotation, respectively. The maximum AEN totalling 21.44 kg/kg N was 
obtained from the SSNM treatment. In contrast, AEN was 15.29 kg/kg of N using state 
recommendations and 19.26 kg/kg of N using national recommendations for fertilizers. The higher 
AEN recorded under SSNM validates the hypothesis that this technique is a reliable approach for 
estimating the nutrient requirement in a particular field. Furthermore, the SSNM approach contributes 
to the attainment of target yields from improved AEN in the maize-wheat cropping system. 

 

TS9-2 Site Specific Nutrient Management (SSNM) using “Nutrient Expert” for Hybrid 
Maize (Zea mays L.) under Zero Tillage in TBP Command Area of Karnataka 
 
S.R. Anand1*, J. Vishwanatha1, R.H. Rajkumar1, Prakash H. Kuchnur2 and S.G. Patil3 
1Indian Council for Agriculture Research  (ICAR) All India Coordinated Research Projects (AICRP) on 
Management of Salt Affected Soils & Use of Saline Water in Agriculture 
Agricultural Research Station, Gangavathi Karnataka, India and the University of Agriculture Sciences (UAS), 
Raichur 
2International Maize and Wheat Improvement Center (CIMMYT), Cereal Systems Initiative for South Asia 
(CSISA Hub), Bheemarayagudi, UAS, Raichur, India 
3UAS, Raichur, India  
*Corresponding author; Email: anuagron80@gmail.com 
 
In order to study the effect of site-specific nutrient management (SSNM) practices using the 
Nutrient Expert® software tool for hybrid maize  variety GK-5029 under zero tillage, an 
experiment was deployed during the rainy or kharif (monsoon) season in 2012 and 2013 at 
Agricultural Research Station, in Karnataka, India. The methodology included a split-plot design 
with 10 treatments, with two main plots (M1: Zero tillage with mulch; M2: Zero tillage without 
mulch) and five sub-plots (F1: SSNM for the target yield of 7 t/ha; F2: SSNM for the target yield of 
8 t/ha; F3: SSNM for the target yield of 9 t/ha; F4: SSNM for the target yield of 10 t/ha; and F5: 
recommended dose of fertilizer). The study found that among the main plots, there were no 
significant differences in growth or yield parameters between with mulch and without mulch 
treatments. Among different target yield levels (10 t/ha), significantly higher grain and stover 
yields were recorded with SSNM (9.40 t/ha and 9.84 t/ha, respectively) compared to the other 
target yield treatments. Surprisingly, the recommended dose of fertilizer recorded significantly 
lower grain and stover yields (4.90 t/ha and 5.72 t/ha, respectively). Gross returns, net returns and 
benefit cost (B:C) ratio were significantly higher with SSNM (Rs.141,070, Rs. 110,803 and 3.59, 
respectively) compared to other target yield levels and recommended dose of fertilizer which 
recorded significantly lower gross returns, net returns and B:C ratio (Rs. 74,232, Rs. 46,143 and 
2.65, respectively). Thus, SSNM practices recommended by the “Nutrient Expert” tool can help 
farmers to achieve target yields for hybrid maize (up to 9.40 t/ha) in Karnataka, but these results 
need to be verified under farmers’ field conditions.  
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TS9-3 Adoption of Maize in the Context of Climate Change and Food Security: Evidence 
from Bihar 
 
Jeetendra P. Aryal*, Alwin Keil, Srabashi Ray, Christian Boeber and Tek Sapkota1  
 

International Maize and Wheat Improvement Center (CIMMYT), India 
*Corresponding author; Email: j.aryal@cgiar.org 
 
Climate change threatens the productivity of rice- and wheat-based cropping systems in the 
northeastern Indo-Gangetic Plains. Diversifying into maize could potentially increase farmers’ 
resilience to cope with the risk from weather hazards. Maize is a dual season crop and is less 
susceptible than rice to dry spells during the kharif (monsoon) season and also less susceptible to 
heat stress than wheat during rabi (winter) season. While this agro-climatic flexibility offers 
attractive benefits, the adoption of maize as an alternative crop depends on socio-economic, 
market- and policy-related factors. In order to determine which factors have the greatest impact on 
adoption, a random sample survey of 625 farm households in the Vaishali district of Bihar was 
conducted.  The study differentiated maize adoption during the three different seasons (spring, 
kharif and rabi), and evaluated productivity, profitability and farmers’ motivations related to their 
choice to grow maize during each of these seasons. Using the Heckman two-stage model to 
identify influencing factors of incidence and scale of maize adoption (as these are influenced by 
different sets of determinants), the study found that farmers prefer growing maize on fertile plots, 
with plot selection varying across different seasons. The predominant purpose of the rabi maize 
crop was to generate cash while the spring and/or kharif maize crop was grown mostly for 
household consumption.  

 

TS9-4 The Role of Biochar in Enhancing Nitrogen Use Efficiency (NUE) in Spring Maize 
(Zea mays L.) 
 
Muhammad Naveed Arshad*, Ashfaq Ahmad, Aftab Wajid, Fahd Rasul, Muhammad Awais 
and Hafiza Naheed Fatima 
Agro-Climatology Lab, Department of Agronomy University of Agriculture, Faisalabad-Pakistan 
*Corresponding author; Email: naveedarshad26@gmail.com 
 
Low nitrogen use efficiency (NUE) and an inadequate amount of organic matter are the major 
constraints and cause of low productivity in Pakistan’s maize production. A solution for enriching 
the soil may include the addition of a proper amount of nitrogen in biochar. To evaluate the 
efficacy of this approach, an experiment was conducted to identify the extent to which biochar 
could enhance NUE in spring maize. The experiment evaluated different rates of biochar (0, 5 and 
10 t ha-1) and nitrogen (0, 150, 200 and 250 kg ha-1) using a randomized complete block design 
(RCBD) with factorial arrangements having three replications. The plot size was 3 m  x 6m. The 
maize crop was planted in 75cm intervals with ridges, requiring a plant distance of 25cm. All the 
agronomic and cultural practices, except nitrogen and biochar rates, were normal and uniform. Soil 
samples were analyzed to check the impact of the biochar with different soil properties. Different 
agro-qualitative parameters were analyzed using Fisher’s Analysis of Variance (ANOVA). The 
data compared individual treatments using the least significance difference (LSD) test at a 5 
percent probability level. 
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TS9-5 Water Use Efficiency of Maize under Different Crop Residue and Silage 
Management Systems 
 
Mohammad Esmaeil Asadi* 

Agricultural and Natural Resources Research Center Golestan Province, Gorgan, Iran 
Email: iwc977127@yahoo.com 
 
A field experiment was conducted to determine the water use efficiency (WUE) of silage on the 
maize variety SC704 in the Golestan Province during the years 2010 and 2011. The experiment 
methodology involved a randomized complete block design with a strip-plot arrangement and each 
treatment was replicated three times. Wheat residual treatments were kept as main plots and tillage 
treatments as sub-plots. There were three wheat residue treatments including burnt management 
referred to as (R1), 50% residue (R2) and 100% residue (R3). The three tillage treatments included 
conventional tillage (T1), reduced tillage (T2) and no tillage (T3). All of the plots received border 
irrigation. The study measured and analysed yield and yield components, water consumption and 
WUE of irrigation water. The results showed that the highest average water consumption occurred 
in R1 (3,737.0 m3 ha-1) and the lowest average water consumption occurred in R3 (2,968.7 m3 ha-1). 
The higher water volume used in the R1 treatment may be attributed to the greater evaporation of 
moisture from the soil surface. The study also revealed that by maintaining crop-residues, yield and 
WUE of silage improved significantly. R1 demonstrated the lowest WUE (7.2 kg m-3) and R3 had 
the highest value of WUE (10.2 kg m-3).  

 
TS9-6 Site-Specific Nutrient Management in Maize for Enhanced Productivity and 
Nutrient-use Efficiency 
 
R.S. Bana* and Vijay Pooniya 
Indian Agricultural Research Institute, New Delhi, India 
*Corresponding author; Email: rsbana@gmail.com 
  
Site-specific nutrient management (SSNM) may improve fertilizer use efficiency and reduce 
environmental impact from fertilizers. Field studies initiated during the monsoon, or kharif season 
of 2012, in sandy-loam soil, evaluated fertilizer (nitrogen, phosphorous and potassium (NPK) rates 
for hybrid maize. Five different fertilizer dose treatments included the control, 100 percent 
recommended dose of fertilizer (RDF), SSNM based on the recommendations of Nutrient Expert®, 
SSNM + farm yard manure (FYM) at 5 t/ha) and 125 percent RDF. The results revealed that the 
application of nutrients on the basis of Nutrient Expert system provided higher productivity and 
nutrient use efficiency in maize, and it was at par with SSNM + FYM at 5 t/ha treatment and 125 
percent RDF. Among the treatments, the highest agronomic efficiency of applied P and N was 
recorded with SSNM, followed by SSNM + FYM and 100 percent RDF, whereas the highest K 
use-efficiency was recorded with SSNM and closely followed by 100 percent RDF. Therefore, 
SSNM based on the nutrient expert system offers the best results for nutrient management in 
maize. 

 

TS9-7 Understanding the Biophysical and Socio-Economic Determinants of Maize (Zea 
mays L.) Yield Variability in Selected Agro-Ecological Zones of Eastern India 
 
Hirak Banerjee1, Rupak Goswami2, Somsubhra Chakraborty2, Sudarshan Dutta3, Kaushik 
Majumdar3, T. Satyanarayana3, M.L. Jat4 

1Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal, India 
2Integrated Rural Development and Management (IRDM) Faculty Center, Ramakrishna Mission Vivekananda 
University (RKMVU), Kolkata, India  

mailto:iwc977127@yahoo.com
mailto:rsbana@gmail.com


94 
 

3International Plant Nutrition Institute, South Asia Program, Gurgaon, Haryana, India 

4International Maize and Wheat Improvement Center (CIMMYT), National Agricultural Science Center (NASC) 
Complex, New Delhi, India 
*Corresponding author; Email: hirak.bckv@gmail.com 
 
To improve understanding about the key factors limiting maize productivity in eastern India and to 
develop recommendations for effective crop and nutrient management strategies to reduce yield 
gap, the study surveyed smallholder farmers in two distinct agro-ecological zones. The surveys 
revealed yield variations across the growing seasons. Lower yields were mainly associated with 
farmers’ ethnic origin, availability of family labor, land ownership, the extent to which legumes are 
present in the cropping sequence, irrigation constraints, seed type, optimal plant population, use of 
organic manure and labor and capital investment. The dimensions of variation between the sites as 
well as between the growing seasons were measured using a multivariate classification and 
regression tree analysis. The findings revealed that the maize yield was affected by multiple and 
interacting production constraints, differentiating the surveyed farms into six distinct groups. The 
findings from the study will enable more efficient outreach to groups for the introduction of 
typology-specific crop management practices through appropriate participatory on-farm 
evaluation/trials. 

 

TS9-8 Productivity and Economics of Hybrid Maize (Zea mays L.) under Different 
Fertilizer Doses in the Inner Terai Region of Nepal 
 
Bandhu Raj Baral 

National Maize Research Program, Rampur, Chitwan, Nepal  
Email: bandhu.baral@gmail.com 
 
Maize  varieties differ in their response to nutrient supply. In order to determine the optimum 
fertilizer dose to obtain the greatest yield potential of a variety, a field experiment was conducted at 
Rampur, Chitwan, during the winter (rabi) seasons of 2012-2013 and 2013-2014 to study the 
productivity of a hybrid maize RML 32 X RML 17 to different levels of nitrogen (N), phosphorus 
(P) and potash (K).  Treatments included two levels of K (40 and 60 kg K2O ha-1) and  P (60 and 
90 kg P2O5 ha-1) and four levels of N (120, 160, 200 and 240 kg N ha-1). The study found that 
increased N levels increased the number of ears m-2, kernel row/ear, kernel rows-1, grain and stover 
yield ha-1, while increased doses of P significantly decreased days to 50 percent  tasselling and 
silking. Soil analysis results indicated that increased N and P doses increased the available N, P 
and soil organic matter, but decreased soil pH. The highest mean grain yield of 9.35 t/ha was 
obtained when 200 kg of N ha-1 was applied with 60:40 kg P2O5 K2O ha-1. The application of 
200:60:40 kg N P2O5 K2O ha-1 resulted in the highest net returns of Indian Rupees 134,696 ha-1 
(about US $2,210 ha-1) with the highest benefit cost ratio of 1.9.  

 
TS9-9 Evaluation of Initial Effectiveness of Different Sulfur Fertilizer Sources for Maize 

 
Graeme Blair1 and Nguyen Hai2*  
1University of New England 
2Institute of Agriculture Science for Southern Vietnam  
*Corresponding author; Email: hai.nt.iasvn.org; iasvn@iasvn.org 
 
Sulfur (S) is an important macro-nutrient needed for normal crop performance. Deficiencies in S 
may be resolved by fertilizer materials that contain S either as sulfates-S (the most common form) 
and/or elemental-S (S0). Additionally, a wide range of S0-containing fertilizers exist, including 
granulated sulfur bentonite, S0 modified N/P fertilizers, sulfur coatings and liquid sulfur fertilizers. 
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The greenhouse study evaluated maize responses to S-fertilizer applied in various forms. The 
experiment included eight S fertilizer sources and one unfertilized S control. The methodology of 
the experiment involved a randomized block design with three replications. Two plants (per pot) 
were grown for 33 days with soil moisture maintained at “near field” capacity, and at a temperature 
between 20oC and 30oC. The study found that the application of S fertilizer increased the dry-
matter yield. Fertilizers containing a mixture of elemental S and sulfate-S were found to be as 
effective as gypsum. Both S bentonite and S-pastille elemental S containing fertilizers were found 
to be ineffective. The study concluded that considerable differences exist in the ability of S 
fertilizer sources to provide adequate S to maize in the short term. Field studies are needed to 
verify these results. 

 

TS9-10 Explaining Maize (Zea mays L.) Yield in Smallholder Agricultural Systems of 
Eastern India  
 
Somsubhra Chakraborty1*, Rupak Goswami1, Hirak Banerjee2, Bin Li3, Sudarshan Dutta4, 
Kaushik Majumdar4, T. Satyanarayana4 and M.L. Jat5  
1Integrated Rural Development and Management Faculty Center (IRDM), Ramakrishna Mission Vivekananda 
University (RKMVU), Kolkata, India  
2 Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal, India 
3 Department of Experimental Statistics, Louisiana State University, Louisiana, U.S.  
4 International Plant Nutrition Institute, South Asia Program, Gurgaon, Haryana, India 
5 International Maize and Wheat Improvement Center (CIMMYT), New Delhi, India 
*Corresponding author; Email: som_pau@yahoo.com 
 
The study utilized several diagnostic devices to determine the relative importance of biophysical, 
socio-economic and crop-management factors which determine maize yield variability. The study 
assessed soil fertility at180 farms by combining wet chemistry methods, visible near-infrared 
diffused reflectance spectroscopy (VisNIR DRS) and penalized spline regression (PSR) to 
determine the organic carbon present in soil (r2=0.90). Due to the complexity of the data set, the 
analysis used classification and a regression tree (C&RT) analysis to correlate the relationship of 
crop yields to soil, socio-economic and management factors. Classification involved the 
comparison of maize yield classes with the artificial neural network (ANN) which produced the 
smallest misclassification rate on test set (25 percent), outperformed random forest [RF] (with a 
misclassification rate of 38 percent) and the support vector machine (SVM) (with a 
misclassification rate of 47 percent). The C&RT also measured the relative importance of variables 
including farm size, total labor, soil factors, seed rate, fertilizer and organic manure as the 
influential factors. The RF partial-dependence plots exhibited a positive relationship between farm 
size and maize productivity. Furthermore, the non-linear SVM boundary for the leading influential 
variables revealed that complex interactions determine maize yield responses. The study concluded 
that a synergistic relationship exists between farm size and the total labor for increasing maize 
yield. 
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TS9-11 Ex-ante Analysis of Agronomic and Economic Benefits of Fertilizer use in Maize 
in Eastern India 
 
Sudarshan Dutta1*, Hirak Banerjee2, Rakesh Kumar3 and Kaushik Majumdar3  
1 International Plant Nutrition Institute (IPNI) 
2 Bidhan Chandra Krishi Viswavidyalaya (BCKV), West Bengal, India  
3 Birsa Agricultural University (BAU), Ranchi, India 
*Corresponding author; Email: Sdutta@ipni.net 
 
Maize is replacing traditionally grown rice and wheat in eastern India, as a result of higher yield 
and profitability potential resulting from reduced biotic and abiotic stresses and water 
requirements. However, improper nutrient management by smallholder farmers inhibits their 
capacity to fully realize the potential benefits of maize production. Nutrient Expert® is a precision 
tool that enables smallholders to more efficiently target nutrient improvements that will enable 
them to achieve improved maize yields. To evaluate the efficacy of the Nutrient Expert® fertilizer 
decision-support tool, an ex-ante analysis of a range of farmers’ target yields (n=15) with 
progressively increased targets in short increments, to estimate the economic benefit of fertilizer 
compared to actual achieved yields. The Nutrient Expert® -based fertilizer recommendation, plus 
additional seed + fertilizer cost was compared to the farmers’ practice. This ranged from Indian 
Rupees (INR) 2,694 to +1,201, and INR -1,981 to +1,959 and INR -4,853 to +2,538 for average 
incremental yield targets of 0.7 tons per hectare (t/ha), 1.7 t/ha and 2.3 t/ha, respectively. This 
suggests that the Nutrient Expert®-recommended fertilizer + seed for higher yield targets often cost 
less than the farmers’ practice. The analysis suggests that Nutrient Expert® recommendation, based 
on farmer resources, can potentially improve the economic return of the smallholder maize farmers 
in West Bengal, India.    

 

TS9-12 Effects of Planting Pattern on Some of the Agriculture Characteristics of Sweet 
Corn Varieties in Saline Environments 
 
F. Faridi1*, S. Khavari Khorasani2, M. Ramroudi1, M. Galavi1, B.A. Siahsar1 

1Zabol University, Iran  
2Seed and Plant Improvement Division Mashhad, Iran 
*Corresponding author; Email: Fahimeh.Faridi@gmail.com 
 
In 2010, a field experiment was conducted to evaluate the effects of planting patterns on 
morphological traits, and the relationship of planting patterns on yield and on the yield components 
of sweet and super-sweet corn varieties in saline conditions. The methodology included a split-plot 
design based on the randomized complete block design (RCBD) with four replications and three 
planting patterns (included one row in a ridge, two rows in a ridge and furrow planting as main 
plots) using two sweet corn varieties (KSc403su, Merit) and two super-sweet varieties (Basin, 
Obsession) as sub plots. The experiment was conducted in textured, sandy-loam soil, with an 
electrical conductivity (EC) of 16 dsm-1 and water 6 dsm-1. Data was recorded on various 
morphological traits: plant height and leaf length, grain yield, number of kernels per row, number 
of rows per ear, 1000-kernel weight, harvest index and yield components. The study demonstrated 
that the planting pattern had significant impact on  plant height, leaf length, number of kernels per 
row, number of rows per ear, grain yield, harvest index and 1000-kernel weight. Different varieties 
demonstrated significant impacts across all of the traits. One variety, “Obsession,” demonstrated 
the greatest grain yield and highest harvest index. However, the “Basin” variety demonstrated the 
least grain yield and lowest harvest index. These findings indicated that the use of the furrow 
planting pattern for sweet- and super-sweet corn, in saline conditions, may result in better yields. 
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TS9-13 Weed Management Options in Maize in India – A Review  
 
O.P. Gill*, P.L. Maliwal and S.K. Sharma  
Maharana Pratap University of Agriculture & Technology, Udaipur, Rajasthan, India 
*Corresponding author; Email: vc@mpuat.ac.in; vc_mpuat@yahoo.co.in 
 
India is the sixth-largest producer of maize in the world, contributing about two percent of the 
global maize production – a total of 855.72 million tons in 2012-2013. Maize is the third-largest 
crop produced and consumed in the country, after rice and wheat. Increased demand for maize is 
driven by national food schemes, changing consumption patterns and growing demand of maize for 
poultry feed and fuel. Development of quality protein maize (QPM) hybrids is an important 
solution to address malnutrition problems in India. However, weed infestation reduces the yield of 
maize by 29.5 percent to 74 percent. During the kharif monsoon-generated rainfed cropping 
season, weed management is addressed by weed control and weed management. The weed control 
approach reduces weed pressure and the weed management approach focuses on keeping weed 
infestation at a level compatible with environmentally and economically suitable production.  

 

TS9-14 Typology Delineation of Maize Growers in West Bengal, India for Farm-Specific 
Crop Management 
 
Rupak Goswami1*, Hirak Banerjee2, Somsubhra Chakraborty1, Sudarshan Dutta3, Kaushik 
Majumdar3, T. Satyanarayana3, Rajdipta Biswas2 and M.L. Jat4 

1Integrated Rural Development and Management (IRDM), Ramakrishna Mission Vivekananda University 
(RKMVU), Kolkata, India  
2 Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal, India  
3 International Plant Nutrition Institute, South Asia Program, Gurgaon, Haryana, India  
4 International Maize and Wheat Improvement Center (CIMMYT), New Delhi, India 
*Corresponding author; Email: goswamirupak@rediffmail.com 
 
This study delineated farm typology of smallholder maize growers in West Bengal, India, for site-
specific management of maize crops. A questionnaire-based survey collected data from 127 maize 
growers from four districts of West Bengal. The data was analyzed using a combination of 
principal component analysis (PCA) and cluster analysis (CA). This resulted in the delineation of 
six farm types, based on the five principal components extracted from the PCA. Farm type-I 
represented moderately resourced farmers with high off-farm incomes, moderate management 
intensity but high agronomic and economic return. Farm type-II represented ‘exclusive cultivators’ 
with non-fragmented large holdings, moderate management intensity and moderate agronomic and 
economic return. Farm type-III represented moderately resourced, ‘new’ maize growers with 
moderate management intensity but low agronomic and economic return. Farm type-IV 
represented labor-intensive farm families with low management intensity but moderate agronomic 
and low economic return. Farm type-V represented traditional maize growers with marginal 
holdings, low-to-moderate management intensity, high agronomic and moderate economic return. 
Farm Type-VI represented resource-rich commercial maize growers with high management 
intensity, moderate agronomic, but high economic return. This farm typology may be used for 
farm-specific recommendations on crop management. 
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TS9-15 Integrated Weed Management in Maize for Sustainable Productivity and 
Profitability of Maize-Wheat Cropping System 
 
Hargilas* and G.S. Ameta 

Agriculture Research Station (MPUAT), Banswara, Rajasthan, India 
*Corresponding author; Email: hargilasm73@gmail.com 
 
After rice, maize and wheat are the major cereals contributing to food security and incomes from 
farming in India. The maize-wheat cropping system occupies about 1.8 million (M) hectares (ha) in 
the country (Timsina et al, 2010). Maize is a rainy season crop which is widely spaced making it 
prone to infestation from a variety of weeds that leads to crop losses ranging from 28 percent to 
100 percent (Patel et al., 2006). A field experiment was conducted during two seasons from 2010-
2011 and 2011-2012 to identify the most effective integrated weed management (IWM) process for 
enhanced production and productivity in the maize-wheat cropping system. The treatments included 
pre-emergence herbicides, PE (Atrazine, metribuzin and oxyflorofan) with and without hoeing, post-
emergence herbicides, PoE (2, 4-D), and smother crops (two rows of cowpeas) simultaneously raised 
and mulched at 25 days after sowing (DAS) with weed- and weed-free checks. The study found that 
the maximum maize grain yield of 5837 kg/ha occurred on the weed-free plot which was at par with 
the yield obtained from the maize + cowpea (raised as smothering crop and mulched at 25 DAS) with 
a yield of 5287 kg/ha. Three treatments demonstrated increased grain yield (64.96% under PE, 40.01% 
under PE + PoE and 22.42% with PE + one hoeing treatment).  Furthermore, the treatments provided 
not only effective smothering-effects on weeds, but also significantly higher-yields in the succeeding 
wheat crop (5684 kg/ha) for the maize-wheat rotation. The highest benefit to cost (B:C) ratio was 2.69 
with system productivity 11,568 kg/ha when weed control in maize was achieved by smothering 
effects of cowpea and its mulching. Based on the results of this study, researchers concluded that 
cowpea, as a smothering crop raised in-between maize rows and its mulching at 25 days after sowing 
(DAS), offers a promising, cost-effective and efficient system for weed management in maize and this 
approach supports sustainable productivity in the maize-wheat cropping system. 

 

TS9-16 The Effect of Row Arrangement, Intercrops and Residue on the Productivity of 
Maize under Rainfed Conditions 
 
Hargilas* and G.S. Ameta 
Agriculture Research Station, Maharana Pratap University of Agriculture and Technology, Udaipur (MPUAT), 
Banswara, Rajasthan, India 
*Corresponding author; Email: hargilasm73@gmail.com 
 
Wide-row crops such as maize are suitable for intercropping. By changing crop configurations and 
incorporating an intercropping system, not only may improvements in productivity/unit area/unit 
time occur, but also increases in crop resilience to aberrant weather. However, to improve 
understanding about the interactive effect of row arrangement and residue levels on productivity of 
maize based intercropping systems under rainfed conditions a field experiment was implemented during 
the rainy seasons of 2012 and 2013. The experiment was comprised of a two-row arrangement (in equal 
rows at 67cm and paired rows at 50/84cm), intercropped with soybean or black gram with two residue 
levels including clean fields and 5 t/ha surface residue mulch. The study found that the paired-row 
system (50/84 cm), for different intercrops and residue levels, recorded significantly higher yield of 
maize and intercrop. Productivity was greater on the pair-rowed arrangement (6,625 (kg/ha) than the 
equal-row (67 cm) arrangement (6,196 kg/ha). Black gram intercropping improved the maize 
productivity by 13.89 percent. The overall system productivity increased 5.77 percent when maize was 
intercropped with soybean (6,591 kg/ha) compared to black gram (6,231 kg/ha). The application of 
residue at 5 t/ha had a significantly positive effect on maize and intercrop yields and increased the 
system productivity by 10.78 percent compared to the clean field (6,083 kg/ha). Three interventions: row 
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arrangement, intercrops and residue level, interacted significantly. The study found maximum system 
productivity (7,218 kg/ha) in the paired-row maize with soybean intercropping combined with 5 t/ha 
residue mulch. This treatment combination was superior to any other combination and, it generated 
28.64 percent higher productivity over equal maize rows with intercropping without any residue. The 
absence of residue on the surface resulted in the lowest system productivity of 5,611 kg/ha. Based on 
these findings, the study suggests that maize intercropped with soybean in paired-rows (50/84 cm) with a 
residue mulch of 5 t/ha is an effective practice for augmenting system productivity of maize based 
cropping system under rainfed conditions of Southern Rajasthan.  

 

TS9-17 The Medium-Term Effect in a Long-Term Study of Conservation Agriculture on 
Productivity and Profitability of Maize in Rice-Maize Cropping Systems of the Eastern 
Indo-Gangetic Plains of India 
 
Raj Kumar Jat1,2*, Ravi Gopal3, M.L. Jat2, Raj Gupta1,2 and M. Kumar4 
1Borlaug Institute for South Asia, NASC Complex, New Delhi, India 
2International Maize and Wheat Improvement Center (CIMMYT), NASC Complex, New Delhi, India 
3Bihar Agriculture University, Babour, Bhagalpur, Bihar, India 
4Rajendra Agricultural University, Pusa, Samastipur, Bihar, India 
*Corresponding author; Email: r.jat@cgiar.org 
 
Introduction of a single-cross hybrid technology, combined with favorable climatic conditions and 
improved agronomic management, results in higher productivity of winter maize grown in the 
eastern Indo-Gangetic Plains (IGP) of India. Winter maize is generally grown in a rotation 
following rice. However, resource-poor farmers of the region face challenges, such as scarcity of 
maize hybrid seed, increasing cost of irrigation and labor shortages. They would benefit from 
technologies that lower production costs and improve return-on-investment. To address 
these challenges, conservation agriculture- (CA) based crop management practices are being 
developed, adapted and promoted in the region. A long-term trial, initiated in 2008, evaluated four 
combinations of tillage, crop establishment and residue management for the rice-maize system. 
These consisted of: puddled transplanted rice followed by conventional tilled maize (PuTPR-
CTM); zero-till direct-seeded rice followed by zero-till maize (ZTM, zero-till direct-seeded rice – 
zero till maize [ZTDSR-ZTM]); direct-seeded rice on permanent beds followed by maize on 
permanent raised beds (PBDSR-PBM) without residue retention; and PBDSR-PBM with residue 
retention. The six-year, medium-term results revealed that the maximum maize productivity and 
profitability under the rice-maize rotation system was achieved through permanent raised beds with 
residue retention. The lowest maize productivity and profitability under the rice-maize system was 
with conventionally tilled maize planted after conventionally tilled rice. Permanent raised beds also 
recorded the highest net-return. The cost-of-production was lower with the permanent raised beds 
as a result of a lower irrigation requirement and savings in tillage costs. In the permanent raised 
beds with residues, the air porosity of the soil and infiltration rates improved, and this resulted in a 
more favorable soil environment for maize. However, in the conventionally tilled rice-maize 
rotation, where intensive wet-tillage (puddling) occurred in the rice crop, soil compaction of the 
root zone soil layer led to restricted root penetration of the succeeding maize crop, poor soil-
nutrient and moisture and poor crop-root interactions resulted in low productivity.  
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TS9-18 Nitrogen Management under Conservation Agriculture for Enhancing 
Resource-Use Efficiency in Intensified Maize Systems 
 
S.L. Jat*, C.M. Parihar, Aditya Kumar Singh, Ashok Kumar and Savita Sharma  

Directorate of Maize Research, Indian Agriculture Research Institute (IARI), New Delhi, India 
*Corresponding author; Email: sliari@gmail.com 
  
Proper nitrogen (N) management is crucial in conservation agriculture (CA), as most of top-
dressed N gets lost as a result of immobilization, volatilization and leaching when applied on top of 
residue. The study evaluated optimal N management for intensified cropping systems, and found 
significant tillage, residue and N application interactions. For the first time in India, the one-time 
application of N, coated by urea, under CA, proved useful in intensified systems such as maize-
wheat-mungbean (MWM) and maize-mustard-mungbean (MMM). Significantly higher system 
productivity (6.2 percent) was obtained with residue retention, compared to no residue retention. 
Productivity increased 22.8 percent in MWM over MMM. The one-time basal N application 
involving neem-coated urea (NCU) in MWM and sulphur- coated urea (SCU) in MMM produced 
the highest system yield while the lowest system yield occurred with the split-prilled urea (PU) 
application. Significant tillage x residue, system x N application, tillage x system, residue x system 
and residue x N application interactions were found. Nitrogen-use efficiency (NUE) increased 8.3 
percent with NCU over PU application. The highest NUE resulted from the SCU application with 
residue. However, under the no-residue application, a decrease in NUE occurred. Residue 
increased the system’s water productivity by 6 percent compared to water productivity with no 
residue. Potassium (K) and nitrate build-up in permanent beds with residue retention was found in 
the surface soil (0-15 cm). . The higher iron (Fe) amount was in the sub-soil layer (15-30 cm) as 
compared to the surface (0-15 cm). NCU was found to contribute 7.7 percent greater net return 
than the PU. As a result of the study, researchers concluded: i) residue retention enhances net 
returns by `b7,493 over no residue retention; ii) coated fertilizers are a resource-efficient and 
economically viable nutrient solution under CA; and iii) labor savings can be achieved in split 
applications for maize systems. 

 

TS9-19 Performance of Glyphosate in Weed-Control Efficiency and Yield in Herbicide-
Tolerant Transgenic, Stacked Corn Hybrids (Tc1507 X Nk603)  
 
Sivagamy Kannan1* and Chinnusamy Chinnagounder2 
1 Adhiparasakthi Agricultural College, Department of Agronomy, Kalavai. 
2Agricultural College and Research Institute Tamil Nadu Agricultural University, Madurai 
*Corresponding author; Email: ksivagamy@yahoo.com 
  
Advancement in biotechnological research enables genetic engineering to enhance production and 
minimize crop yield losses. Transgenic maize hybrids with gene stacking may enable crop 
protection against targeted pests and weed management. To evaluate gene stacking, a field 
experiment was implemented during the monsoon-generated, rainfed (kharif) season of 2011. The 
study methodology involved a randomized block design with three replications. The treatments 
consisted of two transgenic hybrids (30V92 and 30B11 HR) which were resistant to glyphosate (g 
a.e ha-1). These treatments were evaluated under two different doses of post-emergence application 
of glyphosate (at 900 and 1800 g a.e ha-1) and compared with a pre-emergence application of 
atrazine (at 0.5 kg ha -1) followed by hand weeding on the 40th day after sowing (DAS) in non-
transgenic, maize hybrids (30V92, 30B11, BIO9681 and COHM50). The study found that early, 
post-emergence, application of glyphosate (at 1800 g a.e ha-1) resulted in a lower-weed index, 
lower-weed dry weight and higher-weed control efficiency at all intervals studied, compared to the 
other treatments. The unweeded control accounted for lower-grain yield and higher-weed index 
(58.39 percent) which was attributed to heavy competition of weeds for nutrients, space and light. 
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The transgenic, stacked, maize hybrid (30V92HR), with the glyphosate application (at 1800 g a.e 
ha-1), demonstrated the highest grain yield, productivity and profitability. 

 

TS9-20 Study on Conservation Agriculture-Based Practices under Maize Systems in the 
Hills of Nepal 
 
T.B. Karki1*and N. Gadal2 

1Nepal Agricultural Research Council, Nepal 
2International Maize and Wheat Improvement Center, Nepal 
*Corresponding author; Email: tbkarki2003@gmail.com 
 
Poor maize yield for resource-poor maize producers in the Nepalese hills is an outcome of labor 
scarcity, increased cost of production and reduced soil fertility. To identify appropriate 
interventions to increase yields, a field trial compared three tillage practices: conservation tillage 
(which avoids tillage and preserves crop residues); conventional tillage (where tillage and residue 
removal occurs); and the traditional farmers’ practice (manual weeding and application of 
herbicides) in the maize-rapeseed cropping system. The study took place during 2012 and 2013. 
Three practices were evaluated at two locations (Palpa and Gulmi districts), using a randomized 
control block design (RCBD) with five replications. The study found that during the first year, 
tillage and residue levels were not significant in impacting maize yield and test weight and 
rapeseed yield. However, yields were significant in the second year. The effect of herbicide over 
the traditional farmer’s practice of manual weeding impacted the diameter and length of cob, test 
weight and grain yield of maize in both the years. During the second year, the benefit-cost ratio 
was higher in the no tillage with the residue preserved (2.5) practice than the conventional tillage 
with residue removed (1.7). 

 

TS9-21 The Potential of Maize Intercropping with Oil Palm Replants under Malaysian 
Weather Conditions 
 
Kek Hoe Then1*, Suhaidi Hamzah2 and Sharifah Shahrul Rabiah Syed Alwee3 
1Felda Global Ventures Research & Development Sdn. Bhd., and 2Felda Agricultural Services Sdn. Bhd, 7th 
Floor, Balai Felda, Jalan Gurney Satu, 54000 Kuala Lumpur, Malaysia  
3Felda Global Ventures Research & Development Sdn. Bhd., PT 23417, Lengkuk Technology, 71760 Bandar 
Enstek, Negeri Sembilan, Malaysia. 
*Corresponding author; E-mail: kh.then@feldaglobal.com 
 
Malaysia is dependent on imported maize for its livestock industry. About 3.2 million tons of 
maize is imported annually as the domestic maize production is insignificant. We evaluated the 
feasibility of maize production as an intercrop with oil palm replants. Four maize planting seasons 
were planned on the first two years of oil palm replants before the onset of palm canopy closure. 
The maize planting density as intercropping with oil palm in the first and second year of planting 
was 52,000 plants/ha/year and 65,000 plants/ha/year, respectively. The grain yield was recorded at 
2.73 t/ha and 3.98 t/ha after first year of conversion from monocropping, and after two 
intercroppings, respectively. The grain yield was lower as compared to the potential yield (13.4 
t/ha) of maize in the variety evaluation. Slow and un-uniform plant growth in waterlogging spots 
during rainy season, vigorous weed competition and rat attack were the major factors that caused 
lower grain yields. Maize intercropping with oil palm replants is still feasible, where some cultural 
practices are needed to be improved to increase the grain yield to ensure the profitability of 
domestic maize production.  

 

mailto:tbkarki2003@gmail.com
mailto:kh.then@feldaglobal.com


102 
 

TS9-22 Enhanced Productivity and Resource Use Efficiency through Maize-Based 
Cropping Systems in Peri-urban Areas  
 
Ashok Kumar1*, A.K. Singh, S. L. Jat1 and C.M. Parihar2 

1Directorate of Maize Research, Indian Agricultural Research Institute (IARI), New Delhi, India 
2Division of Genetics, IARI, New Delhi, India 
*Corresponding author; Email: ashok_agro@iari.res.in 
  
Cereal-based cropping systems contributed to India’s self-sufficiency in food grains. However, 
declining productivity, profitability and resource-use efficiency indicate a need to improve 
cropping systems not only to meet projected increases in food demand but to also foster gains in 
human potential through improved nutritional value in the grain produced. Three maize-based 
cropping systems for vegetables and baby corn were evaluated under different planting and nutrient 
management treatments with the aim to increase input use efficiency and farm profitability, 
particularly in peri-urban areas. The two-year experiment found that maize-baby corn-mung bean 
recorded the highest returns and greatest benefit cost ratio with increases of 9.8% to 19.00 % net 
return and 5.0% to 8.5 % benefit-cost ratio over either the maize-potato-mung bean or the maize-
wheat-mung bean cropping systems. Among the planting systems, bed planting proved superior 
with system productivity increases between 6.7% to 7.2% and water productivity increases 
between 57.0% to 66.2%. Application of recommended dose of 150 nitrogen (N), 26phosphorus 
(P) and 41.5 potash (K) kg/ha to different crops, when coupled with 5 t/ha farmyard manure 
resulted 18.07% to 24.0% more system productivity over the control. Water productivity was also 
higher with the application of the recommended dose of fertilizers. The changes in residual nutrient 
contents varied from -10.35% to 16.03% in N, -18.43% to18.52% in P and -2.15% to 13.18 % in K 
under various nutrient management treatments. The study indicated that maize-baby corn-mung 
bean is the most suitable cropping system planted in permanent beds and fertilized with 150 N, 26 
P and 41.5 K kg/ha. 

 

TS9-23 The Influence of the Method of Sowing on Growth and Yield of Spring Maize 
(Zea mays L.) Hybrids 
 
Mahesh Kumar*, Jawala Jindal, J.S. Chawla, M.S. Grewal and Sunita Sharma 

Punjab Agricultural University, Ludhiana, India 
*Corresponding author; Email: maheshkumarvats@yahoo.co.in 
 
The development of promising hybrid maize cultivars and improved planting methods are 
important for realizing the maximum potential of maize. To understand the effect of different 
planting methods on crop growth and yield of different maize cultivars, a study was conducted 
during the spring season. Three methods of sowing (ridge, trench and flat sowing) formed the main 
plots and four genotypes (PMH1, PMH2, Parkash and JH3956) were planted in sub-plots using a 
split-plot design. The study found that plant height was significantly higher with ridge sowing than 
with trench or flat sowing. The number of days to 50 percent silking under ridge sowing was 
significantly less than with either the trench or the flat sown crops. The grain yield was on par in 
both the ridge and the trench sowing methods but yield was significantly less in the flat sowing. 
The ridge and the trench methods gave 10.2 percent and 8.0 percent greater grain yield compared 
to the flat sowing method. The higher yields in the ridge and the trench planted crops may be 
attributed to the roots improved access to nutrients and water resulting in good plant growth. The 
plant and ear height and days to 50 percent silking was significantly higher in the PMH1 genotype 
as compared to other hybrids. Similarly, the PMH1 hybrid produced higher mean-grain yield 
(6,810 kg/ha) but was at par with JH3956 (6,712 kg/ha). However, both of these recorded 
significantly higher mean-grain yield than Parkash and PMH2. The higher grain yield of JH3956 in 
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ridge sowing, PMH1 in flat sowing and PMH2 in trench sowing, might be due to the genetic 
potential of the variety to adapt in different conditions. 

 

TS9-24 Response of Rabi Popcorn (Zea mays var everta) Hybrid to Varied Plant 
Densities and Nitrogen Levels  
 
Y. Siva Lakshmi*, D. Sreelatha and T. Pradeep 

Acharya N.G. Ranga Agricultural University (ANGRAU), Rajendranagar, Hyderabad, India *Corresponding 
author; Email: siva_yettapu@rediffmail.com 
 
To determine if popcorn could be a potential winter crop in India, the crop was planted in various 
plant densities and nitrogen levels during two rabi (winter) seasons: 2011-2012 and 2012-2013 at 
the maize research center. The study evaluated the influence of varying plant densities and nitrogen 
levels on growth parameters, yield and yield attributes and the economics of the first popcorn 
hybrid (BPCH-6) released by ANGRAU at the national level. The experiment involved a 
randomized block design (RBD) with three plant density factors including: P1-111111 ha-1 (60 cm  
x 15 cm); P2-111111 ha-1 (45 cm x 20 cm); and P3-83333 ha-1 (60 cm x 20 cm); and four nitrogen 
(N) levels (N1 -80 kg/ha , N2-120 kg/ha, N3-160 kg/ha and N4-200 kg/ha) in three replications. The 
study showed that significantly better higher results could be achieved with the high-plant density 
(111,111 ha-1). This outcome was greater than the dry matter production (g plant-1) with results 
totaling 83,333 ha-1. However, yield attributes like cob length, cob girth, number of rows per cob, 
number of seeds per row and 100-seed weight, were significantly superior in the low-plant density 
trials (83,333 ha-1). Additionally, cob grain and fodder yields were higher with a plant density of 
111,111 ha-1 and grossed greater returns on investment (Indian rupees [INR] 171,550 ha-1) and net 
returns (INR 128,718 ha-1) and benefit-cost ratio (3.01) than the plant density of 111,111 ha-1 

versus the normal plant density of 83,333 ha-1 (INR 131,850 ha-1, INR 91,018 ha-1 and 2.23, 
respectively). Application of 200 kg N ha-1 gave significantly higher growth parameters, yield 
attributes and yield, but was at par with 160 kg N ha-1; both were significantly superior to 120 and 
80 kg N ha-1. Application of 160 kg N ha-1 recorded higher gross (INR 1,68,350 ha-1), net returns 
(INR 1,25,694 ha-1) and benefit-cost ratio (2.95) compared to 200 kg N ha-1 (INR 1,65,450 ha-1 and 
INR 1,21,812 ha-1 and 2.79, respectively). 

 

TS9-25 The Bio-efficacy of the New Herbicide Topramezone (33.6% SC) on Maize for 
Food Security in Andhra Pradesh, India         
 
M. Madhavi*, T. Ramprakash, A. Srinivas and K. Nataraja 

Department of Agronomy, College of Agriculture, Acharya NG Ranga Agriculture University 
(ANGRAU), Hyderabad, India 
*Corresponding author; Email: molluru_m@yahoo.com 
 
In order to evaluate the bio-efficacy of Topramezone for weed management in maize and also to 
compare the tank-mix efficacy of Topramezone and Atrazine on maize, a field experiment was 
conducted during the kharif (monsoon) season and the rabi (winter) season, during 2011 and 2012 
using a randomized block design with three replications. The “new generation” herbicide 
Topramezone (33.6% SC) at 16.8, 21.0 and 25.2 g/ha was tank-mixed with Atrazine (50% WP at 
250 g/ha) and tested with and without a metholated seed oil (MSO) adjuvant. Topramezone was 
applied at 25.2 g/ha and Atrazine at 1,000 g/ha, and compared with hand-weeding and the 
unweeded control. Herbicides were applied 20 days after sowing, using a knapsack sprayer. The 
weed flora, observed in the experimental field, included Cyperus rotundus (sedges), Digitaria spp, 
Dactyloctenium aegyptium, Dinebra arabica, Cynodon dactylon and Eleusine indica (grasses); 
Parthenium hysterophorus, Melilotus alba, Trianthema portulacastrum, Euphorbea geniculata, 
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Commelina spp, Tridax procumbens and Amaranthus viridis. Topramezone (at 1.0 g/ha and 25.2 
g/ha) was tank-mixed with Atrazine (at 250 g/ha) and the MSO adjuvant, to effectively control 
annual grassy and broad leaved weeds. The study found that tank-mixing Topramezone + Atrazine 
with an adjuvant, resulted in higher weed-control efficiency, lower weed index, and performed as 
well as hand-weeding. Higher maize grain yield was recorded with hand weeding (5,880 kg/ha) 
followed by Topramezone at 21.0 g/ha or 25.2 g/ha tank mixed with Atrazine at 250 g/ha (5,710 
kg/ha and 5,585 kg/ha). The tank mix of Topramezone + Atrazine with the MSO adjuvant at the 
doses tested did not injure maize up to 1-28 DAA. Topramezone (33.6% SC at 21.0g/ha) tank-
mixed with Atrazine (at 250g/ha) with the MSO adjuvant is recommended for broad- spectrum 
weed control in maize without any crop injury or residual effect on succeeding greengram. 

 
TS9-26 Tillage Options and Nutrient Management in Hybrid Maize (Zea mays L.) 
 
Mahendra Singh Pal* and Amit Bhatnagar 
Department of Agronomy, Collage of Agriculture, GB Pant University of Agriculture & Technology (GBPUAT), 
Pantnagar-263145, India 
*Corresponding author; Email: drmspal1@gmail.com\ 
 
The study was conducted at GBPUAT, Pantnagar, during Kharif (monsoon season) 2012 and 2013 
to evaluate the performance of hybrid maize under zero tillage (ZT), conventional tillage (CT) and 
permanent bed systems (PB) with 50% recommended dose of fertilizers (RDF) (60:30:20), site 
specific nutrient management (SSNM) (120:10:37) and 100% RDF (1120:60:40) N, P and K kg/ha 
in a split plot design with three replications. The grain yield of maize was significantly higher 
under PB, and remained equal to CT in 2012; but in 2013, CT gave significantly higher yield. 
However, on the basis of two years average data, CT had higher maize yield that was 23% and 
7.8% higher than that of ZT and PB, respectively. The net returns did not differ among the tillage 
options during both years; however, the average net returns was recorded highest under CT which 
had 8.8% and 3.5% higher values than ZT and PB, respectively. Among the nutrient levels, 100% 
RDF produced the highest grain yield which was 3.5% and 31.7% higher than SSNM and 50% 
RDF, respectively, while SSNM had higher average net returns and B:C. Therefore, the study 
indicated that maize may be planted under CT with SSNM for higher productivity and net profit in 
the Tarai region of Indo-Gangetic belt of India. 

 
TS9-27 Examining the Results of a Long-Term Field Experiment to Support Climate-
Smart Maize Production Practices 
 
János Nagy1*, Orsolya Jánosi1 and Adrienn Széles  
1University of Debrecen, Böszörményi, Hungary 
*Corresponding author; Email: nagyjanos@agr.unideb.hu 
 
The slow development of maize production in Hungary resulted in low yields that rarely exceeded 
2 to 3 tonnes per hectare (t/ha) during the period between 1900 and 1950. However, since then, 
maize yields tripled (6-8 t/ha) due to genetic developments, general use of hybrid sowing seeds, 
increased fertilizer use, field water management, high production technology standards and 
expertise. A long-term field experiment established in 1984, at the Látókép experiment site, 
monitored more than 240 hybrids annually, for cultivation methodology, fertilization, plant number 
and irrigation as well as stress resistance capacity under different weather conditions. The main 
plot (10,000 m2) was under minimum-, reduced- and mid-deep tillage methods. Five nitrogen, 
phosphorous and potassium (NPK) fertilizer treatments and a non-fertilized control treatment were 
used on the main plots with four replications. Hybrids of various maturities were evaluated under 
different plant densities. Lastly, an irrigation system enabled analysis of irrigation efficiency.  
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TS9-28 Irrigation Water Requirement of Hybrid Maize in Reddish Brown Earth Soil of 
Sri Lanka  
 
M.S. Nijamudeen1* and R.A.C.J. Perera2 

Field Crops Research and Development Institute, Department of Agriculture, Mahailuppallama, Sri Lanka 
Corresponding author; Email: msnija66@yahoo.com 
 
Maize is the second-most important cereal crop (following rice) in Sri Lanka.  It can be grown 
successfully in many parts of the country under both rainfed and irrigated conditions. Hybrid maize 
varieties are more popular than open-pollinated varieties. However, hybrid maize lacks irrigation 
recommendations suitable for the condititions in Sri Lanka. Therefore, in 2010 to 2013, field 
experiments were conducted to study the effects of different irrigation water levels applied at 
different growth stages on maize seed yield in Reddish Brown Earth (RBE) Soils of Sri Lanka. The 
five different irrigation water (IW)/cumulative pan evaporation (CPE) ratios, 0.7, 0.85, 1, 1.15 and 
1.3 were selected. These irrigation ratios were applied at different stages (1st, 2nd and 3rd month 
growth stages) using hybrid maize (var. Sampath in year 2010 and 2011 and var. Pacific 999 super 
in 2013). Altogether, 13 treatment combinations were tested with three replications. The result 
revealed that the highest seed yield (9.3 tonnes per hectare [t/ha] occurred with the variety Pacific 
999 super) with the treatment combination of 0.85, 1.15, 1.15 ratios in three different stages, 
respectively. The findings were not significantly different than for the ratios of IW/CPE 0.7, 1.15 
and 1.15. This combination consumed 460 mm of water. There was a significant yield reduction 
when the IW/CPE ratio was below 1.15 at 2nd stage. Hence, the IW/CPE ratio of 0.7, 1.15, 1.15 in 
the three stages, respectively could be recommended for hybrid maize in RBE soil. 

 
TS9-29 Evaluation of the Bio-efficacy of Topramazone for Weed Management in Maize 
(Zea mays L.) 
 
V.K. Paradkar*and D.K. Tiwari 
The Indian Council on Agriculture Research “All India Coordinated Research Projects” (AICRP), on maize, 
Zonal Agricultural Research Station, Jawaharlal Nehru Krishi Vishwa Vidyalaya Jabalpur, Chhindwara, Madhya 
Pradesh, India 
*Corresponding author Email: paradkarvkp@yahoo.co.in 
 
Although pre-emergence herbicides are widely used to control weeds, a new post-emergence 
herbicide, Topramazone, needs to be evaluated to determine its efficacy in the maize cropping 
system. A field experiment was conducted under rainfed conditions during the kharif (monsoon) 
seasons, 2009 and 2010. A set of 10 treatments included: post-emergence application of four 
different rates of Topramazone (13.4, 20.1, 25.2 and 33.6 a.i g/ha; and four of the same rates with 
the adjuvant Atrazine, at a dose level of 50 percent wettable powder [WP] 1000 g/ha; and the 
weedy-check. The experiment was done in a randomized block design with three replications. The 
study evaluated the responses of weed flora, including grasses Echinochloa spp,. Digetaria 
adsendence, Dinebra arabica, Elusine indica garetn; broad-leaf weeds:   Ageratum conyzoides 
(L.), Commelina spp., Euphorbia spp., Aclypha indica, Amarenthus viridis, Corcorus spp. and 
Phylenthus niruri; and sedges: Cyperus rotundus L. and Cynodon dectylon. The dry weight of 
weeds was significantly improved across all of the Topramazone treatments compared to the 
weedy-check for both years. The treatments with Topramazone were significantly superior to 
Atrazine treatments. Each of the weed control measures resulted in significantly higher grain-yield 
than the weedy-check. The post-emergence herbicide Topramazone, at dosage levels of 20.1 g 
ai/ha and 25.2 g ai/ha, produced higher yields than the lowest dose level of 13.4 g ai/ha. 
Topramazone treatments produced significantly higher yield than the pre-emergence treatment of 
Atrazine. 
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TS9-30 Medium-Term Effects of Conservation Agriculture on Systems, Water and 
Nutrient Productivity of Maize Based Cropping Sequences  
 
C. M. Parihar1*

, Aditya Kumar Singh1, Ashok Kumar1
, S.L. Jat1, Vandana Choudhary2 and 

M.L. Jat3 

1Directorate of Maize Research (DMR), Indian Agriculture Research Institute (IARI), New Delhi, India 
2Indian Council for Agriculture Research/International Maize and Wheat Improvement Center (ICAR-CIMMYT 
Collaborate Project), DMR, New Delhi, India 
3CIMMYT, New Delhi, India 
*Corresponding author; Email: pariharcm@gmail.com 
 
Conservation agriculture (CA) based tillage and crop establishment practices play a vital role in 
achieving sustainable soil fertility, crop productivity and environmental quality. CA is being 
promoted worldwide, to minimize mechanical soil disturbance and also to enhance the soil organic 
matter and soil health through reduced tillage. The CA-based practices protect the soil from 
degradation, conserve moisture and nutrients, promote soil biological activity and cropping system 
resilience, and reduce soil compaction caused by the traffic of heavy farm machinery. Adoption of 
CA practices helps in the timely seeding of maize, wheat, mustard, chickpea and mungbean. 
However, the farmers in the Western Indo-Gangetic Plains (WIGP) of India have not adopted these 
CA practices for crop establishment, residue retention or management or to minimize soil 
disturbance. To evaluate the benefits of CA to farmers, a long-term study initiated at the DMR 
farm, during the rainy or kharif season 2008, evaluated the impact of tillage and crop establishment 
practices on the performance of four cropping systems in the WIGP: maize-wheat-mungbean 
(MWM), maize-chickpea-sesbania (MCS), maize-maize-sesbania (MMS) and maize-mustard-
mungbean (MMM). After five years of experimentation, the study found that the system water 
productivity (WP) increased 11.75% with zero till (ZT) and 9.76% with permanent beds (PB) over 
conventional tillage (CT) systems. Among the cropping systems, WP increased with MCS 
(18.85%), MWM (18.60%) and MMM over to MMS (3.92%). Similarly the system productivity 
among the four maize cropping systems was highest in the MMM system under ZT, closely 
followed by the maize equivalent yield (MEY) from the MWM system with productivity in these 
cropping systems significantly higher than in either the MMS or the MCS systems. 

 

TS9-31 Precision Nutrient Management through Nutrient Expert® a Precision Decision 
Support Tool for Improving Maize Productivity in Odisha, India 
 
S. K. Pattanayak1*, T. Satyanarayana2, M. Mandal1 and K. Majumdar2 
1Orissa University of Agriculture and Technology (OUAT), Bhubaneswar, India 
2International Plant Nutrient Institute (IPNI) South Asia (Western India, Southern India and Sri Lanka, and 
Northeast India and Bangladesh) 
*Corresponding author; Email: sushanta_1959@yahoo.com 
 
On-farm experiments were conducted in two major maize growing districts (Nabarangapur and 
Kalahandi) of Odisha in eastern India, with contrasting farming practices. . In Nabarangapur 
district, maize has been grown continuously for the past 40 years. However, in Kalahandi district, 
maize was rotated with cotton. In both districts, 10 on-farm locations were selected with the 
attainable yield targets ranging from 5 t/ha to 7 t/ha based on varying socio-economic conditions of 
the farmers. Nutrient Expert® based precision nutrient management practice (NE) was compared 
with farmers’ fertilization practice (FFP) and state recommended dose (SRD) in hybrid maize. . 
Nutrient Expert® recommendations in Nabarangapur resulted in grain yield increases which varied 
from 4.9 to 6.9 t/ha, with an average of 5.7 t/ha, ranging from 17 percent and 28 percent higher 
yields than FFP and SRD, respectively. Similarly, Nutrient Expert® recommendations in 
Kalahandi, resulted in grain yield increases which varied from 4.4 to 6.8 t/ha with an average of 6.0 
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t/ha, representing a 20 percent and 35 percent higher yield than SRD and FFP, respectively. 
Nutrient Expert® recommendations also resulted in low stover to grain ratio, higher harvest index 
and led to better economic returns than either SRD or FFP. The study revealed that there is great 
potential for smallholder farmers in Odisha to improve productivity of maize using the Nutrient 
Expert®-based precision nutrient management practice. 

 

TS9-32 Nutrient Expert® as a Fertilizer Management Solution under Different Tillage 
and Crop Residue Management in Maize (Zea mays L.) in South India 
 
K.M. Prasanth1, T.H. Ranjit1, Shantagouda G. Patil2, Prakash H. Kuchanur1, Yogeshkumar 
Singh2, M.L. Jat2 and T. Satyanarayan3 

1University of Agricultural Sciences (UAT), Raichur Karnataka, India  
2International Maize and Wheat Improvement Center (CIMMYT), New Delhi, India 
3International Plant Nutrition Institute (IPNI), Hyderabad, India  
*Corresponding author; Email: patilshantug@gmail.com 
  
In southern India, maize is replacing the traditional kharif (monsoon season) crops such as 
sorghum, sunflower and pearl millet. However, maize yields have yet to achieve the potential 
because the input management practices need to change along with the change in the crop system. 
Experiments conducted at the Agricultural College Farm, Bheemarayanagudi and Karnataka, 
during two kharif hybrid maize cropping seasons (2010-2011 and 2011-2012), identified, 
developed and validated site-specific nutrient management practices (SSNM) for maize. Three 
tillage systems were included in the study: conventional (CT); aero-tillage (ZT); and zero tillage 
with mulch (ZTM). Additionally, eight nutrient combinations were evaluated: Treatment one (T1) 
represented the target yield for 8 t/ha; T2 represented the state recommendation dose of fertilizer 
(SRD); T3 represented farmers’ practices (FP); T4 represented the control; T5 represented the 
targeted yield for 10 t/ha; T6 represented the omission of nitrogen (N); T7 represented the omission 
of phosphorus (P); and, T8 represented the omission of potassium (K). The experiment was 
conducted in a split-plot design. The study found that the Nutrient Expert®-based SSNM in T5 
significantly increased yield from 5 t/ha to 11.3 t/ha compared to T2 and T3. Furthermore, this yield 
was higher than the target yield of 10 t/ha and this validated that the SSNM-based application 
recommended by Nutrient Expert® could support yield improvements. Tillage methods 
significantly improved both crop growth and yield and complemented SSNM in attaining a highest 
crop yield in ZT compared to CT and ZTM. However, both ZTM and CT remained on par as the 
benefits of ZTM are generally not perceived in the initial years of the practice. The study also 
found that the Nutrient Expert® application T5 attained the highest net-additional farm-gate return 
(US$ 1,372.40) followed by T8 (US$1,329.90), suggesting the presence of K in soils.  

 

TS9-33 Influence of Conservation Agriculture and Nutrient Management on Crop 
Productivity and Soil – The Physical and Biological Properties in the Maize-Mustard 
Cropping System 
 
Vijay Pooniya1*, C.M. Parihar2, S.L. Jat2, A.K. Singh2 and Anil K. Choudhary1 
1Indian Agricultural Research Institute (IARI), New Delhi, India 
2Directorate of Maize Research (DMR), New Delhi, India  
*Corresponding author; Email: vpooniya@gmail.com 
 
Changing climate and dwindling resource base, besides acute energy crisis, in the agrarian sector 
urge for a strategic resource management embedded with low–input intensive sustainable crop 
management practices.  Conservation agriculture (CA) is one of the most promising farm 
technologiesfor agriculture systems in South Asia’s Indo-Gangetic Plains (IGP). The maize-
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mustard cropping system (MMCS) restores soil fertility and enhances farm profitability without 
negative effects on the environment. However, CA practices are not yet standardized and nutrient 
management technologies for MMCS are needed to fully benefit from this approach.  The study 
evaluated MMCS productivity based upon maize equivalent yield (MEY) under zero-till-flat-bed 
(ZT-FB) plots (10.9 t/ha). This resulted in about 3.8 percent and 18 percent higher yields over 
permanent-narrow-bed (PNB) plots (10.5 t/ha) and conventionally tilled (CT) plots (9.24 t/ha), 
respectively. Among the nutrient management practices studied, both the site-specific nutrient 
management (SSNM), and the 100 percent recommended dose of fertilizer (RDF) practices 
registered the highest MEY (viz. 11.1 t/ha) followed by 50 percent RDF + crop residue retention 
(CRR) at 2.5 t/ha. Similarly, plots under ZT-FB registered significantly higher soil microbial 
biomass carbon (SMB-C) and soil bulk-density than PNB and CT plots. CRR + 50 percent RDF 
also led to significant increases in SMB-C which was 13.3 percent and 4.6 percent higher over the 
control and 100 percent of the RDF, respectively. However, the lowest bulk density was observed 
in CRR + 50 percent RDF followed by SSNM, and 100 percent RDF at both soil depths (0-15, 15-
30 cm). PNB led to the highest dehydrogenase activity (DHA) which was 8.0 percent and 1.8 
percent higher than CT and ZT-FB, respectively, and it remained at par with ZT-FB. Contrastingly, 
CRR + 50 percent RDF exhibited higher DHA which was closely followed by SSNM, and 100 
percent RDF. However, CT demonstrated the highest infiltration rate followed by PNB, and ZT-
FB. The leading infiltration rate occurred in CRR + 50 percent RDF, followed by SSNM, 100 
percent RDF and the control, respectively. The study found that ZT-FB and PNB in conjunction 
with CRR + 50 percent RDF led to the significant enhancement of the physical and microbial 
properties of soil and MMCS system productivity; therefore the study validates the hypothesis that 
CA stimulates beneficial nutrient dynamics in the soil-plant-continuum for promoting long-term 
soil productivity.   

 

TS9-34 Water Use Efficiency and the Productivity of Rainfed Maize + Soybean 
Intercropping System as Influenced by Moisture and Nutrient Management Practices 
 
K.S. Rana*, Adarsh Kumar and R.S. Bana 

Division of Agronomy, Indian Agriculture Research Institute (IARI), New Delhi, India 
*Corresponding author; Email: ksrana04@yahoo.com 
 
The mono-cropping of maize under rainfed conditions is not viable in South Asia, due to the delay 
of the monsoon-generated rain and prolonged intermittent dry spells. However, soybean is an ideal 
crop for intercropping with maize because it tolerates shade and drought, has efficient light 
utilization characteristics and is less competitive for soil moisture. To evaluate moisture and 
nutrient management practices on crop and water productivity for maize, a field experiment was 
conducted in a sandy loam soil in 2012. Two cropping systems (including maize only and maize 
paired with soybean) and two moisture management practices (control and Kaolin 6% + organic 
mulch) comprised the main plots and four nutrient levels (control, 50% recommended dose of 
fertilizer [RDF] + 50% RDN through farm yard manure [FYM], 50% RDF+ 50% recommended 
dose of nitrogen [RDN] through vermin-compost and 100% RDF) comprised the sub-plots with the 
experiment replicated three times in a split-plot design. The two varieties used in the experiment 
were the maize hybrid ‘PEHM2’ and the soybean variety ‘PS1347.’ The study revealed that the 
paired row (maize + soybean) had greater grain yield and water-use efficiency than maize only. 
Kaolin 6 % + organic mulch registered higher maize equivalent yield, consumptive use of water 
and water-use efficiency than the control. Among the fertility levels, the highest maize equivalent 
yield, consumptive use of water and water-use efficiency occurred with100% RDF, closely 
followed by 50% RDF + 50% RDN (through vermin-compost) and 50% RDF + 50% RDN 
(through FYM). 
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TS9-35 Yield, Indigenous Nutrient Supply and Nutrient-Use Efficiency of Hybrid 
Maize in the Lower Indo-Gangetic Plains 
 
Krishnendu Ray1*, Hirak Banerjee1 and Sudarshan Kumar Dutta2 

1 Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India 
2 International Plant Nutrition Institute, South-Asia Program, India 
*Corresponding author; Email: krishnenduray.bckv@gmail.com 
 
A field experiment was conducted during the winter season of 2012-13 in a strip-plot design with 
three hybrid maize cultivars (V1: P-3522, V2: P-3396 and V3: Rajkumar) sown in vertical strips 
under nine different fertilizer doses (F1: 50% recommended dosage of fertilizer [RDF]; F2: 75% 
RDF; F3: 100% RDF [200:60:60 kg N: P2O5: K2O/ha]; F4: 125% RDF; F5: 150% RDF; F6: 100% of 
P2O5 and K2O; F7: 100% of N and K2O; F8: 100% of N and P2O5; F9: Absolute control) in the 
horizontal strips with three replications. The experiment found that the application of 100% RDF 
showed better productivity for P-3522 and Rajkumar whereas P-3396 exhibited better response 
under 125% RDF. Yield reduction (from 100% RDF) due to N, P and K omissions were 47.76%, 
52.54% and 42.95% for P-3522; 19.84%, 20.86% and 5.64% for P-3396 and 16.33%, 9.84% and 
8.68% for Rajkumar. The average indigenous supply of N, P and K were 75.29%, 34.63% and 
153.11% for P-3522; 158.82%, 43.30% and 122.14% for P-3396 and 94.02%, 35.07% and 
105.73% for Rajkumar. The agronomic efficiency of N, P and K was highest in cultivar P-3522, 
followed by P-3396 and Rajkumar, respectively. The hybrid maize cultivar P 3522 that received 
100% NPK, outperformed the other two cultivars accounting for 23.14% and 28.41% greater-than-
average yield than P-3396 and Rajkumar, respectively.  

 

TS9-36 Opportunity for Maize Yield Improvement through the Nutrient Expert® Tool 
in Bihar, India 
 
Vishal B. Shahi1*, Anshuman Kohli2 and Sudarshan Dutta1 
1International Plant Nutrition Institute (IPNI) - South Asia Program, Haryana, India 
2Bihar Agricultural University (BAU), Sabour, Bihar, India 
*Corresponding author Email: vshahi88@gmail.com 
 
The Nutrient Expert® is a computer-based fertilizer decision support tool that helps crop advisers 
formulate fertilizer guidelines based on site-specific nutrient management principles. To validate 
the efficacy and appropriateness of the Nutrient Expert® for the maize cropping system in the state 
of Bihar, an experiment was conducted in five districts which compared three treatments: the 
Nutrient Expert®-based fertilizer recommendation; the state recommendation doses (SRD); and the 
farmers’ fertilization practice (FFP) during 2011 to 2013. The findings from 17 on-farm sites 
showed significant (p ≤ 0.01) yield improvement as a result of the Nutrient Expert®-based fertilizer 
recommendation, compared to SRD and FFP. The average winter maize yield was 8.0 t/ha (SE ± 
0.23) in the Nutrient Expert® treatment areas while SRD and FFP achieved 7.3 t/ha (SE ± 0.18) and 
6.9 t/ha (SE ± 0.32), respectively. The mean nitrogen use was 163 kilograms per hectare (kg/ha) 
(SE ± 0.18) in the Nutrient Expert® treatment compared to 120 kg/ha (SE ± 0.00) and 144 kg/ha 
(SE ± 0.59) in SRD and FFP, respectively. The Nutrient Expert®-based recommendation 
significantly reduced (p ≤ 0.05) phosphorus application compared to SRD and FFP treatments, 
while potassium application was significantly (p ≤ 0.05) increased. The study showed significantly 
(p ≤ 0.05) higher economic return could occur through the Nutrient Expert®-based 
recommendation compared to the other two practices and this validates that the technology 
provides significant opportunity to sustainably increase maize yields in Bihar. 
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on Productivity, Economics and Soil Properties under Quality Protein Maize-Wheat 
Cropping System 
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Approximately 80 percent of the area of maize in southern Rajasthan, a leading state for maize-
wheat cultivation, is rainfed. Uncertainty and uneven distribution of monsoon and poor fertility 
status results in for low productivity of quality protein maize (QPM). QPM is gaining popularity, 
but it requires a high dose of nitrogen (N) to sustain productivity. Subsistence farm families would 
most benefit from the consumption of QPM, but they often cannot afford expensive fertilizers. 
Residue incorporation and pulse intercropping offers an alternative approach for securing nutrient 
content of soil and improving the productivity of QPM. Although maize and pulse intercropping 
could provide significant benefits, this requires an appropriate planting pattern which 
unfortunately, counters traditional practices. To generate evidence to influence adoption of QPM, 
the study assessed the impact of residue incorporation and intercropping under two planting 
patterns, and evaluated productivity and soil properties. One planting pattern involved equal rows 
at 67 cm and one with a paired row at 50:84 cm. The study compared two intercrops (black gram 
and soybean) and two residue management practices (clean field and 5 tonnes of residue per 
hectare) and evaluated these patterns for two years (2012 to 2014) at a fixed site, using a QPM-
wheat cropping sequence. The study found that the inter-crop treatment, specifically with soybean, 
significantly increased maize equivalent yields and profitability. Residue incorporation 
significantly increased maize yield equivalents, residual wheat yields and profitability. However, 
paired-row planting did not influence maize and residual wheat yields. At the end of two cropping 
sequence, maize + black gram inter-cropping and residue incorporation increased both the nutrients 
(N, P2O5, K2O) in the soil and the organic carbon (OC) status in the plough layer. Based on these 
findings, the study recommends that farmers could adopt paired row planting for QPM + black 
gram intercropping and residue incorporation in order to strengthen productivity, soil health and 
economic benefit from this cropping system. 

 

TS9-38 Conservation Tillage and In Situ Residue Incorporation for Sustaining 
Productivity, Economics and Soil Health under Maize-Wheat Cropping Sequence 
 
Dilip Singh1*, M.L. Jat2, P.H. Zaidi2 and S.D. Sharma3 

1Maharana Pratap University of Agriculture and Technology (MPAUT), Udaipur, Rajasthan, India 
2International Maize and Wheat Improvement Center (CIMMYT), New Delhi 

3CIMMYT, Hyderabad, India   
*Corresponding author; Email: dilipagron@gmail.com 
 
Approximately 80 percent of the maize cropping area in India is rainfed with uncertain and uneven 
distribution of monsoon-generated rainfall, inadequate land preparation and poor soil fertility and 
health. Generally, to improve productivity, solutions such as conservation tillage and in situ 
incorporation of residue, as well as reduced compaction of soil from farm machinery improve soil 
tilth. Customized recommendations to improve soil fertility require information, a scant resource in 
Southern Rajasthan, a leading state for maize-wheat cultivation. To address this gap, the study 
evaluated the productivity, soil properties and economics of six maize-wheat cropping sequences, 
from 2008 to 2014, and the impact of tillage practices: zero till, bed planting and conventional 
tillage (ZT, BP and CT) with and without in situ residue (33% part of stover/straw of both crops) 
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incorporation.  During the later three crop sequences, remarkable changes were recorded in 
productivity, soil health and economics. The pooled data of last three sequence revealed that 
adoption of zero tillage along with in situ residue incorporation in soil recorded significantly 
highest maize, wheat yields, system productivity, nutrient (N, P and K) content and uptake by grain 
and stover over rest of the treatments. Beside this, with marginal lower BD, significant build up in 
soil N, P2O5, K2O, OC status in plough layer and WHC of soil was also recorded under this 
combination. With highest net returns and benefit cost ratio, the combination proved economically 
beneficial over rest of the combinations. The investigation clearly suggests that adoption of zero 
tillage along with in situ residue incorporation (33%) in both crops sustain productivity, soil health 
and proved economically beneficial compared to conventional practices. .  

 

TS9-39 Maize as Potential Crop for Diversification and Sustainable Intensification in 
Indian Agriculture 
 
Rajbir Singh*, B. Mohan Kumar and Alok K. Sikka 

Natural Resource Management Division, Indian Council for Agriculture Research (ICAR), New Delhi, India  
*Corresponding author; Email: rajbirsingh.nrm@gmail.com 
  
Maize possesses wide adaptability under diverse agro-climatic conditions and this flexibility makes 
it an attractive crop for cultivation in sequence, or with different crops under the various seasons 
and agro-ecologies of India. During the past decade, the maize cultivation area expanded 1.54 
million hectares; however, the wheat-maize system is threatened by rising temperatures, 
particularly during the grain-filling period of wheat when terminal and mid-season heat stress is 
likely in the central and eastern Indian states (Bihar, Gujarat, Madhya Pradesh, Rajasthan, 
Jharkhand and Chhattisgarh). To reduce heat stress, an opportunity exists to change the maize 
planting season and locations and systems in which maize is grown. For example, in peri-urban 
areas, baby corn and sweet corn offer high-value intercropping systems with vegetables, flowers 
and spices. Alternatively, spring maize cultivation (after the potato and sugarcane harvest) in the 
Punjab, Haryana, western Uttar Pradesh and the lower valleys of Uttrakhand, could replace rice, 
which is normally planted in the summer. Additionally, maize could replace less remunerative 
winter (rabi) crops such as sorghum or rice in the states of Odisha, West Bengal, Karnataka, 
Andhra Pradesh and Tamil Nadu, where declining groundwater resources threaten crop production. 
Rice with zero-till maize is a potential system that offers high-yield and lower cost-of-production 
and reduced environmental impact. Studies carried out under the All India Coordinated Research 
Project on Cropping Systems revealed that compared to the existing rice-wheat and rice-rice 
systems, the maize-based cropping system offers a 100 percent to a 200 percent increase in water-
use efficiency. 

 

TS9-40 Site-Specific Nutrient Management in Maize-Wheat-Mungbean Cropping 
System under Different Tillage Systems based on the Nutrient Expert® – Decision 
Support System 
 
Aditya Kumar Singh*, C. M. Parihar, S. L. Jat and Savita Sharma 

Directorate of Maize Research, Indian Agriculture Research Institute (IARI), New Delhi India 
*Corresponding author; Email: adityajadon1409@gmail.com 
 
Many countries in Asia have replaced existing blanket fertilizer recommendations with more site-
specific guidelines. Maize is rapidly emerging as an alternative crop to rice and wheat in India, 
but it also extracts sizable amounts of mineral nutrients from soils that can quickly lead to soil 
degradation. Because farmers lack experience and precise nutrient recommendations to 
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efficiently achieve maize potential, experiments on site-specific nutrient management (SSNM) 
were undertaken in 2012. The findings from the experiments demonstrated that with improved 
management practices of permanent bed (PB) and SSNM-based Nutrient Expert® – Decision 
Support System, yields increased 13 percent over the recommended dose of fertilizers (RDF) or 
conventional tillage (CT) practices. The highest net-return (Indian Rupees [INR] 44,978) was 
observed by SSNM in PB which totalled INR 23,931 more than the RDF in CT system. An 
enhancement of 500 kilograms yield occurred with SSNM plus PB, over RDF practices. 
Additionally, the benefit- cost ratio increased from 0.94 in CT with RDF, to 1.91 in SSNM 
integrated with PB. Furthermore, under PB, potassium, iron and zinc concentrations increased in 
the soil layer at 0-15 centimeters. A significant interaction was found between maize hybrids and 
nutrient management practices using the SSNM system. Based on data from 17 pan-India 
locations, the Nutrient Expert®-based SSNM resulted in 200 kg/ha to 2,060 kg/ha higher maize 
yield than existing fertilization practices. This study indicates that SSNM combined with good 
management conditions proved significantly superior over RDF in CT. 

 

TS9-41 Residue Mulching and Precision Water Management Residue Mulching and 
Precision Water Management 
 
Parvinder Singh1*, H.S. Sidhu2, Pankaj Singh2, Yadvinder Singh1, M.L. Jat1 and A. McDonald1 

1International Maize and Wheat Improvement Center (CIMMYT), New Delhi, India 
2Borlaug Institute for South Asia (BISA)-CIMMYT, Ludhiana, India 
*Corresponding author; Email: write2parvinder@gmail.com 
 
The major constraints of spring maize cultivation (which is sown in February and harvested in 
June) in northwest India are high evaporative demand and the farmers’ lack of knowledge about 
irrigation water management. An althernative approach for moisture management involves 
mulching with crop residues and using drip irrigation to help reduce evaporation and increase 
water productivity (WP). To evaluate this conceptual approach, a two-year field experiment was 
conducted during the spring 2013 and 2014 seasons, at the Borlaug Institute for South Asia 
(BISA). The treatments for maize grown on 67.5 cm wide raised beds included: i) two levels of 
mulch (no mulch and 5 Mg ha-1 straw mulch) as main plot treatments; ii) irrigation including 
surface drip, flood irrigation of each furrow and flood irrigation in alternate furrows applied at 45 
and 60 kPa Soil Matric Potential (SMP); and iii) traditional farmer practices (FP) as sub-plot 
treatments. The mulching treatment caused a significant increase in spring maize yield compared to 
the no-mulch treatment, irrespective of irrigation treatments, with the exception of the FP. Drip 
irrigation saved up to 66 percent of water compared to the FP and drip irrigation at 45 kPa SMP 
along with the residue mulch, yielded similar sums compared to flood irrigation. This treatment 
resulted in a water savings of 4,232 m3 ha-1 and therefore, increased irrigation WP by 175 percent. 

 
TS9-42 Effect of Crop Establishment Techniques and Residue Management Options on 
Responses to Potassium (K) Application under the Rice-Maize System  
 
V.K. Singh1*, S.K. Singh1, B.S. Dwivedi2, M.L. Jat3, Meenu Rani1 and K. Majumdar4 

1Project Directorate for Farming Systems Research, Modipuram, Meerut, India 
2Division of Soil Science and Agricultural Chemistry, Indian Agriculture Research Institute (IARI), New Delhi, 
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3International Maize and Wheat Improvement Center (CIMMYT), New Delhi, India 
4International Plant Nutrition Institute (IPNI), South Asia Program, Gurgaon, Haryana, India  
*Corresponding author; Email: vkumarsingh_01@yahoo.com 
 
Field experiments were conducted in rice-maize cropping system at Modipuram (29°4′ N, 77°46′ 
E), India during 2007-12 to understand the K response under different crop establishment and 
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residue-management situations. The crop establishment methods were: transplanted puddled rice 
followed by conventionally tilled maize, (TPR-CTM); conventionally tilled direct seeded rice 
followed by CTM, (CTDSR-CTM); and zero-tilled DSR followed by zero-tilled maize (ZTDSR-
ZTM). Two application rates of K (0 or 62 kg K ha–1) and two residue levels, the residues of both 
crops being either fully removed or partially retained with 5 t residue ha–1 of each crop on the 
surface, were imposed on the crop establishment methods. Mean rice and maize yield response to 
K was highest with TPR-CTM (0.62 and 0.74 t ha-1, respectively) as compared to responses under 
CTDSR-CTM and ZTDSR-ZTDSM. Rice and maize response to K was higher when crop residue 
was removed as compared to partial residue retention. Residue retention had pronounced effect on 
improving soil physico-chemical properties such as bulk density, aggregate %, penetration 
resistance, infiltration rate, C accumulation and exchangeable K content in 0-30 cm profile depth. 
However, there was a reasonable K response under all crop establishment scenarios indicating that 
K released from soil and addition of K through residue was not enough to meet crop demand. A 
significant saving in cost, energy and water under ZTDSR-ZTM strategy suggest that large scale 
adoption of no-till systems to conserve natural resources in intensively cultivated areas of Indo-
Gangetic Plains.  

 

TS9-43 Phosphorus Savings and Zinc Requirements in Andhra Pradesh -- Accumulated 
Soil for Maize Crop 
 
D.Sreelatha*, Y. Sivalakshmi, P.Surendrababu and M.Chandinipatnaik 

Acharya N.G. Ranga Agricultural University (ANGRAU), Rajendranagar, Hyderabad, India  
*Corresponding author; Email: lathadogga@gmail.com 
 
Increased occurrence of high-phosphorous (P) fertile soils in the Indian state of Andhra Pradesh 
necessitated studying the possibility of reducing the current recommended dose of P fertilizer to 
maize crop along with the requirement of zinc (Zn), if any, in this type of soil. The study was 
conducted during two cropping seasons (rabi-2012 and kharif-2013) in clay loam high-P soils (63 
kg P2O5 /ha), using a split-plot design for determining the direct and the residual effect of varying 
levels of P (50, 75, 100 and 125 percent of the recommended dosage of phosphorus [RDP]) and Zn 
(using both soil and foliar applications). The study found that the application of 100 percent of 
RDP (80 kg P2O5) during the rabi (winter) season followed by either a fresh dose of 80 kg P2O5 
again in succeeding kharif (monsoon) season or without any additional P application, resulted in 
similar total maize seed yields of 17.14 t/ha and 17.16 t/ha from the two seasons, respectively. 
Similarly, P applied at 125 percent RDP in rabi followed by no application of P in the succeeding 
kharif season resulted in higher yield of 17.51 t/ha in this high P soil. Application to the crop of 50 
kg zinc sulphate/ha during the rabi season, in this high-P soil, helped realize higher yields (18.41 
t/ha) through direct and residual effects, in spite of the excessive available Zn (greater than 0.70 
mg /kg). The study found that by having highly available P, maize producers could reduce the cost 
of inputs without sacrificing yields.  Additionally, Zn application to soils contributed to increased 
maize yields.  
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TS9-44 Integrated Nutrient Management for Increasing Productivity and 
Sustainability of Hybrid Maize in Rainfed Ecologies of Southern Rajasthan, India. 
 
J.P. Tetarwal, B. Ram, P. Singh and P.K.Gupta 

Agricultural Research Station, Agriculture University, Kota, Rajasthan, India 
*Corresponding author; Email: jptetarwal@gmail.com 
 
Maize is an important monsoon-season crop for food, feed and fodder. It is also a key livelihood-
support enterprise in the predominantly tribal communities of southern Rajasthan. However, maize 
productivity is very low (1,100 kg/ha) due to the use of low-yielding cultivars, inappropriate plant 
nutrition and water management practices as farmers respond inappropriately to perceived risks of 
moisture stress under uncertain monsoon-generated rainfall patterns. An alternative approach for 
improving the productivity of maize and to bolster soil fertility involves the use of on-farm organic 
sources and off-farm organic and inorganic sources applied to an integrated nutrient management 
(INM) system. To evaluate the suitability of this approach for the conditions in Rajastan, a two-
year field experiment (2008 and 2009), was conducted at the Agricultural Research Sub Station in 
Aklera (240 42’ N, 760 57’ E), where the average annual rainfall is 875 mm. The experiment was 
comprised of eight treatments including a control, a recommended dose of fertilizer ([RDF] 40 kg 
N+15 kg P2O5/ha), an RDF + zinc (Zn) (40-15-5 N-P2O5-Zn kg/ha), an RDF + Azotobacter + PSB, 
an RDF + farm yard manure ([FYM] totalling 10 t/ha, a treatment of FYM 10 t/ha, a treatment of 
150 percent of the RDF and lastly, the farmers’ fertilizer practice (30-15 kg N-P2O5/ha). These 
treatments were implemented using a randomized block design with four replications. The soil of 
the experimental field was clay loam in texture, almost neutral in reaction (pH 7.5), medium in 
organic carbon (0.66%) and available N (12.0 kg/ha), low in available P (9.4 kg/ha) and Zn (0.41 
mg/kg) and rich in available K (253 kg/ha). The maize hybrid ‘PEHM2’ was sown during the first 
two weeks of July, on a flat bed, at the spacing of 60cm x 25cm, using the seed rate of 20 kg/ha. 
The results of the experiment revealed that an application of 150 percent RDF produced 
significantly higher grain yield (3.22 t/ha), biological yield (8.23t/ha) and nutrient (NPZn) uptake 
compared to the control, but this result was on par with RDF + FYM 10 t/ha. The RDF + FYM 10 
t/ha treatment demonstrated significantly higher organic carbon (0.74%), available N (316 kg/ha) 
and available P (10.8 kg/ha). A positive N balance was observed under all the treatments with the 
maximum amount of N (20.1 kg/ha) resulting from the RDF treatment. Additionally, the FYM 10 
t/ha treatment showed the maximum P balance (3.3 kg/ha). The experiment demonstrated that the 
integrated use of inorganic (RDF) + organic (FYM 10 t/ha) sources of nutrients not only led to 
increased hybrid maize grain and stover productivity but also improved soil fertility and therefore 
is a viable nutrient management strategy. 

 

TS9-45 Effect of Nanoscale ZnO on Germination, Growth and Productivity of Maize 
(Zea mays L.) 
 
Naga Venkata Krishna Vara Prasad Tollamadugu*, Venkata Subbaiah Layam and Giridhara 
Krishna Thimmavajjula  
Institute of Frontier Technology, Regional Agricultural Research Station, Acharya N.G. Ranga Agricultural 
University, Tirupati, Andrha Pradesh, India 
*Corresponding author; Email: tnvkvprasad@gmail.com 
 
To improve human health through the enrichment of cereal grains consumed, the mineral zinc (Zn) 
should be incorporated into grains either through genetic or agronomic manipulation. To evaluate 
the potential for zinc enrichment, nano ZnO particles (with a mean size 25 nanometer or nm) were 
prepared using the modified oxalate decomposition method and this zinc supplement was applied 
on the maize crop through a foliar application. A series of concentrations (50, 100, 200, 400, 600, 
800, 1000, 1500 and 2000 ppm) of nano ZnO particles were applied on maize along with the bulk 
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zinc sulphate (ZnSO4) and compared with the control. The highest germination percentage (80 
percent) and seedling vigor index (1,923.20) were observed at 1500 ppm of nano ZnO particles 
whereas at the field experiment site, the physiological parameters such as plant height, leaf area, 
number of leaves and dry weight were significantly influenced by 400 ppm of nano ZnO particles. 
The yield (42 percent higher than the control and 15 percent higher than the ZnSO4@2000 ppm) 
and yield attributes like cob length, number of rows per cob, number of grains per row and test 
weight were highly influenced and elevated by the foliar application of nano ZnO particles (at 400 
ppm). Inductively coupled plasma–mass spectrophotometer (ICP-MS) analysis revealed the highest 
accumulation of zinc occurred in the grains with the application of 100 ppm followed by 400 ppm 
of nano ZnO particles. These results indicated that the nano ZnO particles have significant effects 
on the growth, yield and zinc content of grains of maize. 

 

TS9-46 Effect of Sub-soil Tillage Timing on Soil Hydro-Thermal Properties, Seedling 
Growth and Maize (Zea mays L.) Yield   
  
Xinbing Wang, Yang Yue, Haipeng Hou, Baoyuan Zhou, Wei Ma and Ming Zhao* 
Institute of Crop Science, Chinese Academy of Agricultural Sciences (CAAS), Beijing, China  
*Corresponding author; Email: zhaomingcau@163.net 
 
Soil compaction is one of the main limitations inhibiting the productivity of spring and summer 
maize seedling growth and yield in China. Although farmers have increased adoption of sub-soil 
tillage to improve soil health, optimum time to till the soil to reduce soil compaction and improve 
hydro-thermal properties for seedling growth and grain yield of maize is unknown. Therefore, the 
study, conducted in the Huang-Huai-Hai area of the country, evaluated two soil-tillage 
management practices: no tillage (NT) management; and sub-soil-tillage (SS) management. For 
each of the two soil management practices, eight soil-tillage times were evaluated at 15-day 
intervals from March 25 to July 20 (I: March 25, II: April 10, III: April 25, IV: May 10, V: May 
25, VI: June 10, VII: July 5and VIII: July 20). The effect of soil-tillage time on the soil-bulk 
density, porosity, moisture and temperature, the maize seedling growth and grain yield was 
analyzed. The study found that SS significantly decreased soil-bulk density (0-30 cm ) by about 
0.13 g/cm3 during early-tillage intervals (one through five, March-May) and about 0.08 g/cm3 at 
the later-tillage intervals (six through eight, June-July) compared to NT, respectively. Soil porosity 
was about 3.88 percent at early-tillage intervals and about 2.27 percent at later-tillage intervals. SS 
significantly increased soil moisture content by about 1.60 percent at 10-30 cm soil depth, but soil 
moisture content significantly decreased by about 0.87 percent at soil depths of 0-10 cm during the 
later-tillage intervals. Compared with NT, SS significantly increased (by about 0.58℃) at 0-20 cm 
soil depth, the lowest soil temperature during the early-tillage intervals and reduced the highest soil 
temperature (1.06℃ at 0-10 cm soil depth) during later-tillage intervals. In comparison to NT, SS 
produced greater seedling-dry matter coupled with high-yield improvements. SS increased shoot-
dry matter by 18.77 percent, root dry matter by 14.54 percent and maize yield by 7.57 percent at 
the early-tillage intervals, while SS improvements of shoot-dry matter, root-dry matter and maize 
yield were about 5.39 percent, 10.50 percent and 4.46 percent at the later-tillage intervals. Thus, SS 
tillage was effective in improving the physical and hydro-thermal properties of soil and also in 
increasing maize seedling growth and grain-yield, especially if SS occurred during early (March 
through May) intervals. SS tillage decreased soil-bulk density and increased soil porosity and 
moisture storage. Therefore, SS could alleviate the soil compaction and reduce temperature stress 
for spring maize and alleviate high-compaction stress for summer maize especially if early-tillage 
time coincides with low precipitation and temperatures. 
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TS9-47 Growth and Yield of Maize as Influenced by Recycling of Urban and Municipal 
Wastes as Nutrient Sources  
 
S.B. Yogananda*, Ramakrishna Parama and M.K. Shruthi 
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To study the effect of urban and municipal waste recycling as fertilizer on growth and yield of 
maize, a field trial was conducted in red, sandy- loam soil during the kharif (monsoon) season in 
2013. The experiment was done in a randomized complete block design consisting of seven 
treatments. The treatments included the combined application of FYM, fertilizers and urban 
compost at different rates, to supply the recommended nutrients to the crop. Urban compost was 
prepared from the degradable wastes collected from the city and was applied at the rate of 25%, 
50%, 75% and 100% on a nitrogen (N) equivalent basis. The urban compost had a pH of 8.43, EC 
(2.39dsm-1), OC (43.10%), N (1.49%), P (0.81 %), K (1.78%), Ca (4.52%), Mg (2.11%), S 
(0.18%), Zn (0.395 ppm), Cu (0.176 ppm), Fe (25.79 ppm) and Mn (1.894 ppm). The results 
revealed that the application of the recommended dose of fertilizer (RDF) + farm yard manure 
(FYM) recorded significantly higher grain and stover yield (6,373.02 kg/ha and 7,341.27 kg/ha, 
respectively) followed by application of 25% N as fertilizer + 75% N as urban compost + 100% 
binary fertilizers PK (4,238.89 and 5,436.51 kg/ha, respectively) over the absolute control 
(1,348.41 and 2,142.86 kg/ha, respectively). There was no significant effects on cob length, 
number of rows per cob and grains per row; however, the increase in yield was attributed to 
increased plant height (225.40 cm), number of leaves (13.87) and 100-seed weight (32.67 g) 
compared to the control (179.60 cm, 11.87 and 31.33g. respectively). The study suggested that 
FYM and urban compost along with fertilizers could enhance the growth and yield of maize due to 
availability of higher nutrients to the crop. 

 

TS9-48 The Effect of Nitrogen Application on the Maize Roots and Growth 
Characteristics 
 
Zhang Yu1,2, Qin Hua-Dong1,3, Wu Long-mei1, Zhang Jing1, Li Zhong1, Huang Min1, Jiang Li-
Gen1* 
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China  
2Maize Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530227, China 
3Guangxi University Library, Nanning 530005, China 
*Corresponding author; Email: jiang@gxu.edu.cn 
 
This study was aimed at analyzing the effects of nitrogen (N) application on growth 
characteristics of the maize roots. Root box experiments were conducted to collect root 
distribution data. Effects of different N fertilizer treatments on plant type and root growth were 
analyzed using WinRhizo software. The results showed that the maize roots composed of roots 
with diameter less than 1 mm, between 1 and 2 mm and more than 2 mm. Different N 
fertilization treatments had different effects on maize roots. Base fertilizer had impact on maize 
root number and root total length and increased the number of roots (0-20 cm level) and total 
biomass, and increased all the geometric parameters of the roots (diameter <1.00 mm). It was 
beneficial to improve the water and fertilizer uptake efficiency. Conversely, increase in base 
fertilizer affected all the geometric parameters and total biomass of the roots (diameter >2.00 
mm), and was beneficial for promotion of the downward growth of the roots and increased the 
root robustness. 
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TS9-49 Responses of Soil and Plant to Tillage and Crop Residue Management in 
Wheat-Maize Cropping Systems   
 
Ya Li Zhao1*, Xin Yuan Mu2 and Chao Hai Li3  
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2Collaborative Innovation Center of Henan Grain Crops, Zhengzhou, China  
3National Key Laboratory of Wheat and Maize Crop Science, Zhengzhou, China   
*Corresponding author; Email: Lichaohai2005@yahoo.com.cn 
   
Crop residue removal and subsoil compaction are limiting factors for yield improvement in central 
China. A study was conducted to determine the effects of tillage practice and crop residue 
management on soil properties, root properties and yield outcomes in the wheat-maize cropping 
system. The three tillage practices studied were  the moldboard plough (MP) to a depth of 15 cm; 
the deep moldboard plough (DMP); and the chisel plough (CP) to a depth of 30 cm. The two crop 
residue management practices were: crop residue retained (CRT); and crop residue removed 
(CRM). The results indicated that yields were not significantly different between CP and DMP. For 
example, CP increased wheat yield by 12.6% and maize yield by 10.2%, and DMP increased wheat 
yield by 14.7% and maize yield by 12.5%. On average, CRT increased wheat yield by 7.2% and 
maize yield by 6.2% and this increased maize yield was attributed to improved soil physical and 
root properties. Compared to MP, DMP decreased soil penetration resistance by 24.2% in the 
wheat crops and by 27.4% in the maize crop. CP decreased soil penetration resistance by 17.9% in 
wheat crop and by 21.1% in maize crop. On average, CRT decreased soil penetration resistance by 
10.5% in wheat crop and by 8.6% in maize crop. The RMD was 32.6% and 26.1% higher than 
wheat in DMP and CMP 28.9% and 21.6%, respectively. Compared to CRM, CRT increased RMD 
by 13.0% in wheat and by 12.6% in maize. Thus, the studyindicated that CRT and DMP improved 
soil physical properties, root development and crop yield. 

 
TS9-50 Leaf Area Duration Dynamic Model for Dry Matter Accumulation Forecasting 
in Maize  
 
Tao Zhi-qiang, Li Cong-feng, Hou Hai-peng, Hou Yu-hong, Fu Xue-li, Zhou Bao-yuan, Sun 
Xue-fang and Zhao Ming* 
Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Physiology and 
Ecology, Ministry of Agriculture, Beijing, China  
*Corresponding author; Email: zhaomingcau@163.net         
 
Crop growth and production simulation models are widely accepted approaches for assessing the 
formation process of dry matter accumulation (DMA) to predict high yield and efficiency. The 
empirical crop model tracks time and cumulative heat levels in order to anticipate the formation 
process and simulate the DMA and the leaf area duration (LAD). Compared with the mechanistic 
crop model, the empirical crop model has the advantage of fewer parameters. In order to evaluate 
the LAD model for DMA forecasting, a simulation model was developed based on field 
experiments in both spring and summer maize in Hebei Province during 2005- 2008. The 
relationship between the formation process of DMA and dynamic changes of LAD were 
systematically studied using a process that evaluated different varieties, planting modes and 
planting densities. The experiment validated the model using independent maize growth data which 
showed that LAD and DMA of maize were simulated satisfactorily. The DMA of spring maize 
varieties (R2, RMSE and RE) were simulated and observed for the length of the growing period 
during the spring (0.908, 16.957 kg ha-1), 6.16%; 0.925, 46.801 kg ha-1, 2.62%; 0.985, 49.065 kg 
ha-1, 0.72%; 0.970, 116.090 kg ha-1, 1.03%; 0.870, 273.022 kg ha-1, 1.58%; 0.874, 360.318 kg ha-1, 
1.63%; 0.728, 282.881 kg ha-1, 1.16%) and summer maize growing period with (R2, RMSE and 
RE) varieties (0.867, 25.859 kg ha-1, 9.70%; 0.996, 40.029 kg ha-1, 0.98%; 0.995, 55.873kg ha-1, 
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0.80; 0.996, 75.965kg ha-1, 0.88%; 0.855, 445.749kg ha-1, 3.58%; 0.769, 333.550 kg ha-1, 2.18%; 
0.859, 350.495kg ha-1, 2.17%). The model found that R2, RMSE and RE performed between the 
predicted and the measured above-ground DMA in spring maize based on the 1:1 line 
(y=0.0180x0.9085, 0.999, 267.220 kg ha-1 and 2.23%); the model also found, R2, RMSE and RE, 
in summer maize, were y=0.2768x0.7360, 0.998, 251.838 kg ha-1 and 2.76%, respectively, which 
indicated that the model could predict the dynamic DMA in both spring and summer maize under 
diverse conditions of varieties, planting modes and planting densities. We conclude that this model 
provides a tool to assess quantitative high-yield cultivation of maize in the north and northeastern 
plains of China in response to LAD. Key areas for further model improvement include DMA 
prediction at high plant density, especially during reproductive growth. The model has not been 
evaluated under conditions of water and/or nutrient stress, but efforts are currently underway to 
develop and validate water and nitrogen balance components for this empirical model. 
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under Conservation Agriculture  
 
Pragati Meti1, A.G. Sreenivas1*, Prakash Kuchanur1, Prabhuraj A1, Venkateshalu2, Yogesh 
Kumar3, M.L. Jat3 and Amaresh.Y.S.1 
 

1University of Agricultural Sciences, Raichur, 584102, Karnataka, India 
2Universities of Horticultural Sciences, Bagalkot, Karnataka, India 
3International Maize and Wheat Improvement Centre (CIMMYT), New Delhi, India. 
*Corresponding author; Email: agsreenivas@gmail.com 
 
A study was undertaken on the dynamics of arthropod fauna in maize under conservation 
agriculture system during kharif (monsoon season), 2011-12 at the College of Agriculture, 
Bheemarayanagudi Farm, University of Agricultural Sciences, Raichur, India. Population of micro-
arthropods viz., earthworms, soil mites, collembolans, percent organic carbon and microbial 
activity of bacteria, fungi and actinomycetes were recorded to be maximum under zero tillage with 
mulch, followed by zero tillage without mulch, and the lowest under the farmers’ practice. 
Similarly, the macro-arthropod population were recorded to be higher under zero tillage with 
mulch, followed by zero tillage without mulch and farmers’ practice. Total phenol content of maize 
plants recorded was more at 30-day old crop under zero tillage with mulch, which had significant, 
highly negative correlation with shoot fly and stem borer incidence, followed by zero tillage 
without mulch. Incidence of shoot fly started from the second fortnight of August in all the 
conservation agriculture practice treatments. The stem borer incidence was found to be higher 
under zero tillage with mulch compared to zero tillage without mulch and conventional (farmer’s) 
practice. Under field conditions, emergence of Chilo partellus Swinhoe adults started during 
August 10 and continued up to September 20th; however Sesamia inferens Walker emerged only in 
the August month. Under laboratory conditions, C. partellus moths emerged from March 30th to 
April 15th, while S. inferens emerged during December and January months.  
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TS10: Enhancing nutritional quality of maize 

 
TS10-1 Analyses of the Genetic Variability for Kernel-Iron and Kernel-Zinc in Maize 
Genotypes 
 
Rajat Goswami1, Jitesh Kumar1, Firoz Hossain1, Nepolean Thirunavukkarasu1, Kanchikeri M. 
Manjaiah1, Pawan K. Agrawal2, Sallaram S. Reddy3, Satish K. Guleria4 and Hari S. Gupta1* 
1Indian Agriculture Research Institute (IARI), New Delhi, India 
2Vivekananda Parvatiya Krishi Anusandhan Sansthan (VPKAS), Almora, India 
3Acharya NG Ranga Agriculture University (ANGRAU), Hyderabad, India 
4Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya (CSK-HPKV), Bajaura, India 
 *Corresponding author; Email: hsgupta.53@gmail.com 
  
Micronutrient malnutrition is one of the major public health challenges. Among the micro-nutrients 
that are essential for human health, iron (Fe) and zinc (Zn) play a vital role in human growth and 
development. Deficiency of these micronutrients can have significant socio-economic impacts. 
Because maize is a staple food consumed at scale, it is a promising platform for delivering Fe and 
Zn micronutrients efficiently to reduce global malnutrition. To evaluate the genetic variability for 
kernel Fe and Zn, a set of 70 maize genotypes (including single-cross maize hybrids and their 
parental inbreds) were evaluated at the IARI Experimental Farm in New Delhi, during July-to-
October rainy season, 2012. Kernel-Fe ranged from 12.1-37.8 mg/kg and 14.8-35.4 mg/kg 
among hybrids and inbreds, respectively. Kernel-Zn also showed similar variation in hybrids 
(10.6-19.2 mg/kg) and inbreds (11.4-21.3 mg/kg). No correlation among Fe and Zn was 
observed, thereby suggesting that kernel-Fe and Zn can be improved independent of each 
other. Further a set of 61 inbreds were also evaluated with kernel-Fe ranging from 14.9-35.4 
mg/kg, while the same for kernel-Zn was 13.0-25.1 mg/kg. Genotypes with higher kernel -Fe 
and -Zn are being utilized in the breeding programme to develop micronutrient rich maize 
cultivars.  

 

TS10-2 Assessment of Non-Allelic Interactions to Determine Potential for Enhancing 
Oil Content in Maize (Zea mays L.) 
 
J.P. Shahi, Dhairyashil M. Langade and K. Srivastava 
Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Banaras Hindu University (BHU), 
Varanasi, Uttar Pradesh, India 
 *Corresponding author; Email: jpshahi1@gmail.com 
 
In order to assess the non-allelic interaction for oil content in maize, six crosses involving seven 
diverse inbred lines were selected and classified into three groups on the basis of oil content 
including high oil (HIGH OIL, DMHOC-09, DMHOC-15); intermediate oil (HUZQPM-01, 
HUZQPM-05); and low oil (HUZM-53, HUZM-265). The experiment evaluated P1, P2, F1, F1, F2, 
B1 and B2 of all six crosses: HIGH OIL × HUZM-53; HIGH OIL × HUZM-265; HIGH OIL × 
HUZQPM-01; HIGH OIL × HUZQPM-05; HIGH OIL × DMHOC-09; and HIGH OIL × 
DMHOC-15 using a complete randomized block design (CRBD) with three replications, during 
2011 and 2012. Individual plant data was recorded for oil content using near-infrared resonance 
spectroscopy (NIRS). Generation-mean-analysis was done using the method determined by 
Hayman (1958) and Jinks and Jones (1958). All the gene effects studied (additive, dominance, 
additive x additive, additive x dominance and dominance x dominance) were significant for all of 
the selected crosses except one (HIGH OIL × DMHOC-15 due to the absence of the dominance x 
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dominance component). The highest magnitude of the additive component was found in the cross 
HIGH OIL × HUZM-478. The highest magnitude of the dominance component was found in the 
cross HIGH OIL x HUZQPM-01. Three crosses exhibited duplicate epistasis HIGH OIL × HUZM-
478; HIG H OIL × HUZQPM-05; and HIGH OIL × DMHOC-15, while , other crosses exhibited 
complementary epistasis. The results showed that recurrent selection and early-generation selection 
could be effective for increasing oil content in maize. 

 
TS10-3 Generation Mean Analysis for Carotenoids in Sweet Corn 
 

Bhalang Suriharn*, Anjana Junpatiw and Kamol Lertrat 
Plant Breeding Research Center for Sustainable Agriculture, Khon Kaen University, Khon Kaen, Thailand 
*Corresponding author; Email: bsuriharn@gmail.com 
 
Yellow sweet corn (maize) is an important source of dietary carotenoids, such as lutein, 
zeaxanthin, β-cryptoxanthin, α-carotene and β-carotine. However, specific genetic information 
related to sweet corn is required to enable the increase of available carotenoids in maize. Two 
inbred lines were selected for the study: CPS (which contains high-levels of carotenoids); and 
101L (which contains low levels of carotenoids). These were used as parents to create six 
populations (P1, P2, F1, F2, BC11 and BC12) that were grown in a randomized complete block design 
(RCBD) with three replications. Generation-mean analysis found that the F1 hybrid was lower than 
the level of a mid-parent for all studied carotenoid traits (lutein, zeaxanthin, β-cryptoxanthin, α-
carotene, and total carotenoids). Additive- gene effect played an important role in carotenoids 
including: i) broad-sense heritability (estimates ranged from 0.61 to 0.91); and ii) narrow-sense 
heritability (estimates ranged from 0.19 to 0.78). The study suggests that selection for carotenoids 
could be effective in early generations. This information is important for choosing an appropriate 
breeding strategy for high-carotenoid enhancement in maize. 

  

TS10-4 Development of Quality Protein Maize (QPM) Hybrids for Rainfed Ecologies 
 
Jyoti Kaul* and D.P. Chaudhary1 

Directorate of Maize Research, Indian Agriculture Research Institute, New Delhi, India  
*Corresponding author; Email: kauljyoti1@yahoo.co.in 
 
“Nutri-farming” promotes nutritionally enriched hybrids for maize, specifically, quality protein 
maize (QPM). In order to expand QPM hybrids for cultivation in India, new combinations with 
high-yield potential, tolerance to various stresses and superior protein quality are needed for 
rainfed ecologies. For example, in the monsoon-generated rainfed-kharif season, the crop generally 
experiences erratic monsoon which adversely affects growth, production and productivity. 
Developing short-duration QPM hybrids with high-grain yield would contribute not only to 
increased production but would also address the problem of malnutrition among the poor masses. 
To develop high-yielding, early-to-medium maturing hybrids with superior protein quality suitable 
for the kharif (monsoon) season, we selected a set of 210 experimental hybrids and evaluated these 
hybrids during 2012 and 2013 for yield, yield-related traits and biochemical parameters (viz. 
tryptophan, lysine and protein). Vivek QPM 9, an early maturing QPM hybrid, was used as check 
in the study. The study led to identification of 35 crosses as early-to-medium maturing, based on 
days to maturity (80 to 90 days). Of these, 10 crosses displayed >15 percent superiority over the 
check; four of these ( DMR QPM -03-104 X CML 161, HKI 164-1-4 X DMR QPM 102, HKI 164-
4(1-3) X DMR QPM 103, DMR QPM103 X DMR QPM 102) exhibited yield of  >6.0 and <6.6 
t/ha, with the percentage of tryptophan in protein >0.65 <0.75, percentage of lysine >2.58 <2.71, 
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and the percentage of protein >8.34 < 11.57 in mature endosperm kernels. The promising 
combinations are being multiplied for testing in the coordinated program. 

 
TS10-5 The Relationship between Gamma-zein and Kernel Vitreousness in Quality 
Protein Maize 
 
Nirupma Singh* and R. Ambika Rajendran 

Directorate of Maize Research, Indian Agriculture Research Institute (IARI), New Delhi, India 
*Corresponding author; Email: nirupmasingh@rediffmail.com 
 
Nutrient-rich quality protein maize (QPM) contains double the amount of essential amino acids 
(tryptophan and lysine) than normal maize varieties. The study selected 9 QPM hybrids released in 
India (HQPM1, HQPM4, HQPM5, HQPM7, Shaktiman1, Shaktiman2, Shaktiman3, Shaktiman4, 
and VivekQPM9) and non-QPM hybrid (DHM117) to evaluate the mechanism involved in grain 
vitreousness in QPM. Maize endosperm was fractionated into albumins; globulins; and zein 
fractions (alpha-, beta- and gamma-zein) based on their solubility properties using the Wallace 
method with modifications. The electrophoretic profile revealed an abundance of 27 kDa gamma-
zein in QPM compared to normal maize. In QPM, the non-zein protein levels were enhanced and 
the 22 kDa, alpha-zein, sub-unit protein levels were reduced. Microscopy determined the 
arrangement of starch granules and protein bodies in the endosperm. Regarding the different grain 
textures, the hybrids showed differences of mean-area-values (μm2) for starch granules. The non-
QPM hybrid (DHM-117) had the largest granular area (24.05.μm2) compared to QPM hybrids 
(4.31 μm2 to 12.78 μm2). However, in QPM, a two-to-three-fold increase of 27 kDa gamma-zein 
resulted in an increased number of small protein bodies. As gamma-zeins are located in the 
periphery of protein bodies and are rich in sulphurous amino acids, a larger number of disulfide 
bonds lead to higher integrity of the protein, thus allowing for better filling of inter-granular spaces 
in vitreous-kernel characteristics of QPM. 
 

TS10-6 Study of Genotype by Environmental Interactions (GEI) for Quality Traits in 
Maize  
 
Bhupender Kumar1*, Dharam Paul Chaudhary1, C.M Parihar1, S. L. Jat1, Sapna1, T. Pradeep2, 
Puttaramanaik3,Vinod Kumar1, Eldho Varghese4, Alok Abhishek1, Abhijit Kumar Das1, 
Ganapati Mukri1, Ramesh Kumar1, Vishal Singh1, Yathish K.R.1, S.B Singh1, J.C. Sekhar1, 
Jyoti Kaul1 and O.P. Yadav1 
1Directorate of Maize Research, Indian Agriculture Research Institute (IARI) New Delhi, India 
2Acharya N G Ranga Agricultural University (ANGRAU), Hyderabad, Andhra Pradesh ANGRAU, Hyderabad, 
India  
3Zonal Agricultural Research Station (ZARS), V.C. Farm, Mandya, India 
4India Agricultural Statistics Research Institute (IASRI), New Delhi, India 
*Corresponding author; Email: bhupender.iari@gmail.com 
 
As biochemical screening of genotypes is resource consuming, study of the effects of environments 
(E), genotypes (G) and genotype × environment interactions (GEI) for quality traits may help 
identify traits that demonstrate minimal or no significant GEI. Seeds from selfed cobs of 11 QPM 
hybrids evaluated at three locations were used for analysis of protein, lysine, tryptophan, iron, zinc, 
beta-carotene and total carotenoids content. Stability analysis was done using AMMI-R software 
and Eberhart and Russell (ER) model. The analysis found significant effects of the environment on 
iron (Fe), zinc (Zn) and carotenoid contents, and genotype effects for the traits studied. GEI was 
found significant at p≤0.01 for Fe, Zn, total carotenoid content and p≤0.05 for protein and beta-
carotenoid contents. No significant GEI was found for the amino acids, lysine and tryptophan; 
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hence, number of locations for biochemical analysis of such traits can be minimised. Based on the 
regression coefficient (bi) and mean square deviation from linear regression (s’di

2), the ER model 
was used to identify three stable genotypes for protein, as well as two for Fe, three for Zn, two for 
total carotenoids, and four for beta-carotenoid content. Bi-plot analysis identified genotypes (four 
genotypes for Zn, six for Fe, and two for their total-carotenoid-content) with specific adaptation for 
the selected environment. Two of these genotypes were found to be stable for more than one trait. 
The ER model was effective in identifying stable genotypes, but could not reliably identify the 
high-yielding hybrids with specific adaptation.The AMMI bi-plot model reliably and graphically 
displayed the genotypes with specific adaptation as well as with high yield and stable performance. 

 

TS10-7 Influence of the Environment on the Productivity of Sweet Corn  
 
Y. Siva Lakshmi*, T. Pradeep, A. Siva Sankar, D. Sreelatha and K. Sumalini  
Department of Agronomy, College of Agriculture, Acharya N.G. Ranga Agricultural University (ANGRAU), 
Rajendranagar, Hyderabad, India 
 *Corresponding author; Email: siva_yettapu@rediffmail.com 
 
Sweet corn hybrids may be grown during three seasons in south and central India. However, in 
order to realize higher yield, an assessment of the optimal sweet corn growing conditions is 
needed. A three-year study (2009 to 2012) on the sweet corn hybrid Sugar 75 identified the effect 
of sowing dates on green-cob yield and yield-contributing characteristics in the context of diverse 
weather parameters. This hybrid was sown throughout the year (12 months from June until May) 
using a simple, randomized block design (RBD). The study found that the summer season (April to 
June), monsoon-rainfed kharif season (July to October) and winter rabi season (November to 
March) showed positive and significant phenotypic and genotypic correlations. Plant height 
showed significant correlation with dry-matter content. Seasonal and environmental correlations 
were non-significant for the majority of the traits. Kharif maximum temperatures had a positive 
significant correlation with all of the traits except plant height, 100-seed weight and seed weight 
per cob. However, during the kharif season, rainfall had a significantly negative correlation for all 
of the sweet corn traits. The relative humidity of the winter rabi season had positive and significant 
correlation with dry matter, cob length, cob girth, kernels per row, cob weight with husk, green cob 
and fodder yields. During the summer season, minimum temperature had a positive and significant 
correlation to plant height, dry matter, cob length, cob girth, kernel rows, kernels per row, fodder 
yield and LAI. Weather parameters such as maximum temperature in kharif, relative humidity in 
rabi and minimum temperatures during the summer season had profound effect on yields of sweet 
corn.  

 

TS10-8 Exploring Philippine Native Corn Varieties for the Next Generation of 
Healthier Corn Products 
 
Tonette P. Laude*, Kriselle Z. Pentecostes, Villamor A. Ladia Jr., Cecilia B. Pascual and 
Artemio M. Salazar  
Institute of Plant Breeding, Crop Science Cluster, College of Agriculture, University of the Philippines, Los 
Baños College, Laguna, Philippines 
*Corresponding author; Email: t_laude@yahoo.com 
 
In the Philippines, native maize varieties represent are genetically diverse and mostly grown where 
maize is used as a staple. Eating quality has been the primary basis for their selection and 
improvement. However, the native varieties are mostly grown in marginal areas, wherein natural 
selection allowed these varieties to be adapted to local conditions. Phytochemicals such as 
antioxidants are developed in response to stress. Antioxidants are known for their anti-cancer 
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properties. The objectives of the study were to determine the nutritional composition of the 
Philippine native corn varieties, and to devise strategies to improve these varieties as healthier corn 
products. Forty-nine Philippine native corn varieties were collected during the 2013 cropping 
season. Seed samples were used to determine their proximate composition and total antioxidant 
contents. Twenty crosses from 10 native varieties were made to have an initial assessment on 
combining ability for yield. Single location trial conducted last 2013-2014 dry season suggests 
Bulldog to be a good parental variety based on its general combining ability for yield. This variety 
also showed adequate level of resistance to downy mildew. Analyses of proximate composition 
and total antioxidants are still ongoing. Varietal selection for population improvement needs to 
consider also the nutritional composition. Information on combining ability is also necessary to 
devise appropriate breeding strategy for population improvement. The use of native maize varieties 
is expected to provide adequate genetic variability to explore favorable genes as competitive 
sources for the next generation of healthier maize products.  



APAARI
The Asia-Pacific Association of Agricultural Research Institutions (APAARI) aims 
to strengthen the research capabilities of national agricultural research systems 
in the region and promote experience sharing among them in order to alleviate 
poverty, increase agricultural productivity and resource use, protect/conserve the 
environment and improve sustainability. The primary focus of APAARI objective 
is to enhance exchange of scientific and technical knowhow and information in 
agricultural research for development; assist in strengthening research capability 
of member institutions and promote cross linkages among national, regional and 
international research organizations. For details, please visit: www.apaari.org.

CIMMYT
Headquartered in Mexico, the International Maize and Wheat Improvement Center 
(known by its Spanish acronym, CIMMYT) is a not-for-profit agriculture research and 
training organization. The Center works to improve food security and livelihoods 
by sustainably increasing the productivity of maize and wheat in the developing 
world. CIMMYT maintains the world’s largest maize and wheat seed bank and is 
best known for initiating the Green Revolution, which saved millions of lives across 
Asia and for which CIMMYT’s Dr. Norman Borlaug was awarded the Nobel Peace 
Prize. CIMMYT is a member of the CGIAR Consortium and receives support from 
national governments, foundations, development banks and other public and private 
agencies. For more information, visit: www.cimmyt.org.

FAO
The Food and Agriculture Organization (FAO) of the United Nations is an 
intergovernmental organization located in Rome, has 191 member nations and is 
present in over 130 countries. FAO comprises four main areas, namely, i) putting 
information within reach, ii) sharing policy expertise, iii) providing a meeting place 
for nations, and iv) bringing knowledge to the field. The FAO serves as a knowledge 
network and utilizes the expertise of agronomists, foresters, fisheries and livestock 
specialists, nutritionists, social scientists, economists, statisticians and other 
professionals to collect, analyse and disseminate data that aid development. The 
FAO publishes hundreds of newsletters, reports and books, distributes several 
magazines, creates numerous CD-ROMS and hosts dozens of electronic fora. FAO 
lends its years of experience to member countries in devising agricultural policy, 
supporting planning, drafting effective legislation and creating national strategies 
to achieve rural development and hunger alleviation goals. FAO mobilizes and 
manages millions of dollars provided by industrialized countries, development 
banks and other sources to make sure the projects achieve their goals. As FAO is 
primarily a knowledge based organization, investing in human resources is a top 
priority. Capacity building including a leadership programme, employee rotation and 
a new junior professional programme has been established. Individual performance 
management, an ethics officer and an independent office of evaluation are designed 
to improve performance through learning and strengthened oversight. For details, 
please visit: www.fao.org.

Department of Agriculture – Thailand
The Department of Agriculture (DoA) was established since October 1, 1972 under 
the Revolutionary Decree No. 216 dated September 29, 1972 by merging the 
former Department of Agriculture and the Rice Department. The union was aimed to 
facilitate coordination among the Departments and officers as well as to streamline 
its function to enable a more efficient implementation of is mandates. Since its 
establishment the Department of Agriculture had undergone reform as to ensure 
the effective implementation of program to be more responsive to the trends of 
agricultural developments in the national and international community. DoA conducts 
research and development studies on various agricultural disciplines concerning 
crops and farm mechanization, and transfer of agricultural technology to concerned 
government officials, farmers and the private sector. It also provides services on the 
analysis, inspection, quality certification and advises on soil, water, fertilizer, crops, 
agricultural inputs production and products quality export promotion and other areas 
of concerns. For details, please visit: www.doa.go.th/en/.
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