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Introduction 
Nowadays food security and water scarcity are the two major problems around the 
globe. The impact of water scarcity strongly affects agriculture production, mostly 
in context to climate change [1]. This has largely shown its influence on 
hydrological cycles, most strikingly increasing the occurrence of extreme water 
stress and water logging conditions throughout the world. Out of the total 
cultivated area, approximately 80% area is rainfed and rest 20% is irrigated. It has 
been estimated that about 29% of the total arable land affected by water shortage 
conditions which resulted in nearly 15% yield penalties of irrigated potential 
globally, accounting 120 million tonnes of food grain productions [2]. 
Maize (Zea mays L.) is one of the three important cereals, cultivated worldwide 
with the highest production potential among the cereals [3]. It provides food to 
60% of the global food energy intake having a wide range of agro-climatic 
adaptability, including tropical, subtropical and temperate climates [4]. Its 
production has increased by 3.4% in the last ten years to 967 million tonnes in 
2013-14 worldwide. In India, it has been increased by 5.5% in the last ten years 
from 14 million tonnes in 2004-05 to 23 million tonnes in 2013-14 [5]. In India, 
about 57% of the net cultivated area is rainfed contributing 44% of the total food 
grain production, where water is the most important constraint to production [6]. 
Current trends in maize productions are highly affected predominantly due to 
drought under rainfed areas of cultivation causing reduction in average 
productivity up to 1.60 t ha-1 (Gujarat) and 2.56 t ha-1 (India), as about 1/3 and 1/2 
of the global average productivity of 5.46 t ha-1[5]. 
Maize is sensitive crop to moisture deficit conditions and affected at any stage of

 
development leading to reduced grain yield [7]. Among the different stages of crop 
growth and development, flowering stage is the most sensitive stage for moisture 
stress [8]. Maximum yield loss is caused when stress occurs fortnight either side 
of flowering which severely affect delayed silking [9]; increases Anthesis-Silking 
Interval (ASI) resulted in non-synchronization of flowering which affects grain 
setting in cobs [10]. 
The crop requires 500-800 mm of water during its life cycle of 80 to 110 days [11]. 
The water requirement of maize increases under dry windy conditions. This 
situation can be handled either by giving additional irrigation to the standing crop 
under stress conditions or by evolving tolerant genotypes. The provision of 
supplementary irrigation is not feasible in some areas due to water shortage. 
Under such circumstances, evolution of stress resilient, high yielding genotype is 
reliable option to cope with the menace of water shortage and to close the gap 
between rainfed and well-watered yields [12]. The diallel analysis [13, 14] of the 
genetic traits could be an important breeding tool for improved hybrids and 
synthetics under stress conditions. The general combining ability (GCA) and 
specific combining ability (SCA) effects give information to determine the efficacy 
of breeding strategies for trait improvement and to identify parents in a breeding 
work. For example, some researchers [15] reported that non-additive gene action 
is important for inheritance of grain yield under drought, whereas others [16] 
showed additive genetic action for the same trait under drought stress. Therefore, 
it is essential to find out which type of gene action is important for inheritance of 
important traits under stress. 
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Abstract- Significant yield reduction in maize (Zea mays L.) is expected under rainfed areas in India due to climate change. The study aimed to identify genotypes with 
immense yield potential with good quality under moisture stress. Ten yellow kernel inbreds having a differential response to stress were used to generate forty five F1s 
with diallel mating design and evaluated under stress as well as irrigated condition at flowering at two locations, Anand and  Derol. Soil moisture content reduced 
drastically up to 44% signifying enough stress, to carry out study. Genotypic mean exhibited 47.30% yield penalty under stress. This might be due to reduced rates of 
photosynthetic activity and unbalanced associations between plant hormones and biological processes under stress. Whereas, the grain quality attributes, protein, oil, 
starch and β-carotene content increased by 5.38%, 3.63%, 1.82% and 2.44% in F1s under stress in hybrids, respectively. ANOVA revealed preponderance of non-
additive gene actions for days to 50% tasseling and silking, anthesis-silking interval, leaf rolling, grain yield, number of ears per plant, seed index, shelling percentage, 
protein, oil, starch and β-carotene content in seed.  Hybrids with a good level of stress tolerance with less yield penalty invo lved at least one tolerant or moderately 
tolerant parent, although the hybrids with both the susceptible parents didn’t perform well for grain yield under stress. The  overall study concluded that crosses, CM140 
× IL111, IL101 × IL111 and IL103 × IL109 found promising for grain yield and β-carotene content under stress. Also, genotypes having shorter Anthesis-Silking Interval 
reported higher grain yield under stress. 
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Impact of Moisture Stress Regimes on Yield and Quality in Maize Single Crosses 
 
The genotypes which are bred for stress tolerance should also perform better 
under irrigated conditions and offer good yields by using the available resources 
under irrigated conditions as the occurrence of stress can’t be predicted in 
advance. So, stability analysis under moisture regimes at different locations will 
give you more information about the performance of genotypes over varying 
environments. The stability parameters provide information about the genotypic 
adaptability to specific or all environment and such genotypes could be advanced 
for further testing. Hence, an attempt was made to study heterosis, gene action 
and stability of the maize genotypes under moisture stress at flowering stage 
(here after stress) and well-watered at every stage of crop growth (irrigated) 
conditions to get the genotype/s with stable yields under varying conditions. 
 
Materials and methods 
Field experimentation and stress treatment 
Nineteen yellow kernel inbred lines maintained at All India Coordinated Maize 
Improvement Project, Main Maize Research Station, Anand Agricultural University, 
Godhra were used in the field trial for screening under stress and irrigated 
conditions with three replications in split plot design during dry season of 2013-14 
to avoid rain during experimentation at B. A. College of Agriculture Farm, Anand 

(22-35' N, 72-55' E, 45.10 m asl). For experimentation, the lines were grouped 
into different maturity groups from early to late maturing genotypes and stress 
application was given as it affects the flowering in each block. Based on study 
inbreds were grouped into tolerant, moderately tolerant and susceptible clusters 
according to [17]. Out of which ten inbred lines (IL101, IL103, IL104, IL105, IL109, 
IL111, IL112, IL113, HKI-193-1 and CM140) having a diverse genetic background 
and differential response to stress were selected to generate forty-five single 
crosses using diallel mating scheme during the rainy season of 2014-15. These 45 
single cross hybrids, ten inbreds and two standard checks viz., HIM129 and 
HQPM1 were evaluated using complete randomized block design with three 
replications each under stress and irrigated conditions at two different locations 
i.e., B. A. College of Agriculture Farm, Anand and Agricultural Research Station, 
Derol (22° 36’ N, 73° 27’ E, 83.14 m asl) during the dry season of 2014-15. The 
genotypes under irrigated conditions received recommended cultural practices 
with irrigation at an interval of 12-15 days to avoid stress. Same genotypes under 
the stress condition received recommended cultural practices but irrigation was 
stopped at flowering so they experienced stress. Lifesaving irrigation was given 10 
days after the grain filing stage. The irrigated and managed stress experiments 
were separated from each other by a five-meter buffer zone of maize crop and two 
meters of fallow land.  
 
Soil moisture data  
The soil moisture content at 60 cm depth [Fig-1] was recorded to confirm that 
plants under stress treatment get enough moisture stress. The soil moisture was 
recorded from time to time in both the blocks at both the locations. The initial soil 
moisture content before sowing was 25.51% and 28.66% at Anand and Derol, 
respectively. After the crop growth just before the stress implication soil moisture 
was analyzed at both locations and it was nearly 26% percent at all the four 
environments. Afterwards it was noted that even 20 days after irrigation; soil 
moisture reduced only 11.86% and 19.60% in irrigated blocks as compared to 
previous conditions at Anand and Derol, respectively. But, stress blocks depicted 
higher soil moisture loss up to 34.79% and 43.39%, 20 days after stress 
implications at Anand and Derol, respectively. Reduction of the soil moisture, 
increase the soil temperature around the root zone areas which may indirectly 
affect the yield loss [18]. Weather data depicted that there were no rains before 
and after four weeks of anthesis at both the locations so it didn’t affect stress 
evaluation.  
 
Data collection and statistical analysis  
The experiments were sown on 12th and 15th November, 2014 at Anand and 
Derol, respectively. Each genotype was grown at a spacing of 60 cm × 20 cm in a 
plot size of two rows of 4 m length. The traits viz., days to 50 per cent tasseling 
(DT), days to 50 per cent silking (DS), Anthesis-Silking Interval (ASI) and leaf 
rolling (LR) were recorded on plot basis. The other component traits viz., number 

of ears per plant (NEP), grain yield per plant (GY), seed index (SI), shelling 
percentage (SH), grain protein content (PC), oil content (OC), starch content (SC) 
and β-carotene content (BC) from seed were recorded on five randomly selected 
competitive plants per replication per entry. Each genotype was measured for 
above said biochemical characters as per the procedure mentioned by [19]. ASI 
was calculated as the difference between days to silking and tasseling. Leaf rolling 
was scored as per [20]. The stability analysis is done to identify the stable 
genotype for grain yield and other related characters over environments.  

 
Fig-1 Soil moisture content (%) before sowing, before irrigation or stress 
implication and 20 days after irrigation or stress at both the locations 
 
Analysis of variance (ANOVA) for individual traits was done as per [21] for 
completely randomized block design. ANOVA for diallel analysis was carried out 
based on model 1 and method 2 of [13, 14] for individual and pooled 
environments. Per se performance of 57 genotypes of four environments was 
subjected to stability analysis proposed by [22]. 
 
Results and discussion 
Per se performance 
The analysis of variance revealed that mean square values due to genotypes 
were significant for all the characters in each individual environment as well as 
pooled over the environments except for shelling percentage in E1, indicating the 
presence of sufficient amount of genetic variability in the material studied.  The 
results revealed that the lowest and the highest grain yield was 100.20 g (IL105 × 
CM140) and 149.65 g (IL101 × CM 140) with an overall hybrid mean yield of 
125.97 g under irrigated conditions at both locations [Table-3]. However, under 
stress conditions, IL113 × IL103 (30.62 g) and IL113 × IL111 (102.82 g) recorded 
minimum and maximum grain yield with an average hybrid yield of 66.83 g. The 
yield penalty of hybrids under stress ranged from 22.91% to 70.37% with an 
average of 47.30% as compared to irrigated mean. Similar results were obtained 
in tropical maize hybrids, varieties and landraces [10, 16]. This might be due to 
reduced rates of photosynthetic activity and unbalanced associations between 
plant hormones and biological processes in the crop plant under moisture stress 
[23]. Similarly, for β-carotene content, the lowest and the highest mean 
performance ranging from 4.02 ppm (IL112 × CM140) to 7.38 ppm (HKI-193-1 × 
IL105) with an average of 5.73 ppm under irrigated conditions, respectively. These 
results are confirmed by a group of scientists at the Directorate of Maize 
Research, New Delhi who reported β-carotene content in yellow maize varied from 
0.11 to 2.90 µg g-1 [24]. Overall hybrid means increased to 5.87 ppm with an 
increase of 2.44% under the stress as compared to irrigated block. Apart from β -
carotene, hybrid mean average of other biochemical attributes such as grain 
protein, oil and starch also found to be increased by 5.38%, 3.63% and 1.82% 
under stress conditions of their irrigated hybrid mean [Fig-2]. Hence, it is 
confirmed that the biochemical content of the hybrids increased under stress 
compared to irrigated block. Group of scientists [25] observed a significant 
increase in grain protein content under the low soil moisture conditions. Similarly, 
some scientists [26] observed that grain protein and starch percentage improved 
significantly under stress conditions; however, oil content showed non-significant 
difference under different soil moisture conditions. Under stress condition some 
genes induce as response to stress mechanisms expression of which produces 
the protein for mitigating the effect of stress and thereby might induce the protein 
level in the seed content under stress as compared to optimum irrigation.  
The impact of stress on the expression of some quantitative and qualitative traits 
in the 45 F1 hybrids [Fig-2] was done to identify superior hybrid under stress 
condition. The hybrid mean value for all the single crosses under stress and
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irrigated conditions differed significantly for ASI, LR, NEP, SI and GY. The 
average hybrid means of traits viz., DT, DS, ASI, LR, SC, PC, OC and BC 
increased under stress conditions, whereas, it was reduced for NEP, GY, SI and 
SH under stress showing the negative impact of stress on expression of these 
traits [Fig-2]. Similar results of the effects of moisture stress on flowering, yield and 
biochemical quality traits have been reported by [8]. Yield losses might occur due 
to a reduction in soil moisture content under stress conditions that leads to 
increase in air and soil temperature. Similar findings of the significant effect of soil 
moisture on maize yield have been reported by [27]. Also, the genotypes which 
depicted shorter ASI exhibited higher grain yield under stress due to synchronize 
maturity of male and female organs leading to higher rate of seed set [10]  
 
ANOVA and combining ability  
The genetic variation existing within the experimental material was partitioned into 
different sources viz., parents, hybrids, GCA × environments, SCA × 
environments, error GCA and SCA variance. Both of these variances were 
significant (p <0.05) for all the characters measured across individual stress and 
irrigated as well as pooled over environments [Table-1]. Estimates of genetic 
variance revealed the importance of both additive and non-additive gene actions. 
The ratio of GCA to SCA variance was less than one suggesting the prime role of 
non-additive genetic variance for the inheritance of all the qualitative and 
quantitative traits. Similar types of results were reported by [28] for days to pollen 
shed, ASI, GY and SH. The importance of additive gene actions was reported for 

ASI, number of ears per plant and grain yield [29], seed index [30]. Interaction 
variances resulted from SCA × environments were found significant for all the 
characters which revealed that σ2sca was influenced by environments. This 
confirms that F1s didn’t have a similar relative performance through environments 
which might be due to the higher sensitivity of single crosses to external macro 
environmental factors i.e., weather, soils and pests compared to double cross or 
three-way cross hybrids [31].  

 
Fig-2 Impact of stress on trait expression of hybrid progeny of inbred lines for 
different qualitative and quantitative traits (DT: days to 50% tasseling; DS: days to 
50% silking; ASI: Anthesiss Silking interval; LR: leaf rolling; NEP: number of ears 
per plant; GY: grain yield per plant; SI: seed index; SH: shelling percentage; PC: 
protein content; SC: starch content; OC: oil content; and BC: β-carotene content) 

 

Table-1 Mean squares and genetic variances from the ANOVA of diallel analysis of yellow maize evaluated in subtropical conditions, 20 14-15 
Source Environments Parents Hybrids GCA x 

Environment 
SCA x 

Environment 
Error 2gca (∑gi

2) 2sca (∑∑sij
2) 

df 3 9 45 27 135 432   

DT 3498.39** 20.71** 16.31** 3.43** 4.19** 1.08 0.40* 15.23* 

DS 4436.97** 34.04** 16.66** 5.82** 5.28** 1.29 1.58* 15.38* 

ASI 185.27** 3.52** 1.36** 1.31** 0.70** 0.27 0.20* 1.09* 

LR 107.66** 0.28** 0.11** 0.08** 0.078** 0.03 0.02* 0.08* 

NEP 2.40** 0.04** 0.04** 0.006** 0.007** 0.003 0.001* 0.04* 

GY 65718.84** 2327.30** 581.80** 129.56** 68.52** 21.80 158.68* 560.00* 

SI 1006.17** 34.91** 5.33** 4.74** 1.93** 1.25 2.69* 4.09* 

SH 331.08** 64.89** 26.44** 8.41** 7.09** 4.56 3.50* 21.88* 

PC 7.58** 1.21** 0.28** 0.31** 0.14** 0.02 0.08* 0.26* 

OC 0.81** 0.26** 0.17** 0.06** 0.02** 0.007 0.01* 0.17* 

SC 27.74** 10.57** 12.52** 14.38** 8.51** 2.26 0.18* 10.27* 

BC 1.65** 8.60** 2.23** 1.60** 0.24** 0.01 0.58* 2.22* 

*,** Significant at 0.05 and 0.01 levels of probability, respectively. (DT: days to 50% tasseling; DS: days to 50% silking; A SI: Anthesis silking interval; LR: leaf rolling; NEP: number of ears per 
plant; GY: grain yield per plant; SI: seed index; SH: shelling percentage; PC: protein content; SC: starch content; OC: oil c ontent; and BC: β-carotene content) 

 
Among the parents, CM140, IL111 and IL104 depicted significant and desirable 
GCA effects found to be a good general combiner for ASI, GY and other 
parameters [Table-2]. Nevertheless, the parents IL112, IL105, HKI-193-1 and 
IL111 recorded good GCA for grain protein, oil and β-carotene content. Only 24 
single crosses depicted positive and significant SCA effects for grain yield and β-
carotene content. The perusal of estimates of SCA effect revealed that crosses 
IL103 × IL109, IL101 × CM140, IL101 × IL111, IL103 × CM140 and IL113 × IL109 

were good specific combiners across individual and pooled over the environments 
for grain yield. For β-carotene content, crosses, CM140 × IL104, CM140 × IL111, 
IL103 × CM140, IL104 × IL109 and IL112 × IL109 registered significant SCA 
effects in the desired direction across stress and irrigated environments. Among 
the selected crosses, CM140 × IL111, IL103 × CM140, IL104 × IL109 and IL113× 
HKI-193-1 recorded desirable SCA effects for grain yield and β-carotene which 
can be used further for improvement of these traits. 

 

Table-2 GCA effects for grain yield, related and quality traits of yellow maize inbreds assessed in subtropical conditions  
Parents DT DS ASI LR NEP GY SI SH PC OC SC BC 

IL112 0.03 ns 0.2 ns 0.17 * 0.1 ns 0.06 ** -4.65 ** -1.43 ** -2.05 ** -0.04 ns 0.12 ** 0.56 * -0.01 ns 

IL113 0.16 ns 0.18 ns 0.01 ns 0.12 ns 0.02 * -10.13 ** -1.49 ** -1.47 ** -0.22 ** -0.14 ** -0.49 * -0.14 ** 

IL101 0.7 ** 0.9 ** 0.2 * -0.06 ns -0.06 ** -5.55 ** -0.25 ns 0.21 ns -0.16 ** 0.06 ** -0.37 ns 0.15 ** 

IL103 -0.55 ** -0.29 ns 0.26 ** 0.02 ns -0.03 ** 0.91 ns -0.55 ** 0.45 ns -0.21 ** 0.01 ns 0.4 ns 0.17 ** 

HKI-193-1 0.57 ** 1.04 ** 0.47 ** 0.13 ns -0.01 ns -4.89 ** 0.32 ns -0.6 ns 0.39 ** -0.08 ** 0.23 ns 1.09 ** 

IL105 0.26 ns 0.6 ** 0.34 ** 0.05 ns -0.05 ** -12.56 ** -1.06 ** -2.19 ** 0.24 ** -0.1 ** -0.2 ns -0.38 ** 

CM140 -2.08 ** -2.78 ** -0.7 ** -0.15 ns 0 ns 15.46 ** 1.71 ** 2.19 ** -0.17 ** 0.06 ** 1.09 ** 0.02 ns 

IL111 -0.37 * -0.72 ** -0.36 ** -0.1 ns 0.07 ** 10.78 ** 1.27 ** 1.59 ** -0.1 ** -0.1 ** -0.73 ** 0.6 ** 

IL104 1.1 ** 0.84 ** -0.25 ** -0.02 ns 0.01 ns 8.94 ** 0.99 ** 1.58 ** 0.15 ** 0.12 ** 0.35 ns -0.76 ** 

IL109 0.18 ns 0.03 ns -0.15 ns -0.11 ns -0.03 ** 1.69 * 0.51 ** 0.29 ns 0.12 ** 0.06 ** -0.85 ** -0.73 ** 

Min. -2.08  -2.78  -0.7  -0.15  -0.06  -12.56  -1.49  -2.19  -0.22  -0.14  -0.85  -0.76  

Max. 1.1  1.04  0.47  0.13  0.07  15.46  1.71  2.19  0.39  0.12  1.09  1.09  

S.E. 0.17  0.19  0.09  0.03  0.01  0.77  0.18  0.35  0.03  0.01  0.25  0.02  

SE gi-gj 0.26  0.28  0.13  0.04  0.01  1.15  0.28  0.53  0.04  0.02  0.37  0.03  

CD 0.5  0.55  0.25  0.08  0.02  2.26  0.54  1.03  0.08  0.04  0.73  0.05  

* Significance at 0.05 level of probability, ** Significance at 0.01 level of probability, ns = non-significant (DT: days to 50% tasseling; DS: days to 50% silking; ASI: Anthesis silking interval; LR: leaf 
rolling; NEP: number of ears per plant; GY: grain yield per plant; SI: seed index; SH: shelling percentage; PC: protein content; SC: starch content; OC: oil content; and BC: β-carotene content) 
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Impact of Moisture Stress Regimes on Yield and Quality in Maize Single Crosses 
 
Thus, the best specific combiners should be exploited to develop commercial high 
yielding genotype for yield and quality improvement under stress environment. In 
our study, we noticed that the hybrids, with a good level of stress tolerance 
involved at least one tolerant or moderately tolerant parent, although the hybrids 
with both the susceptible parents didn’t perform well for grain yield under stress 
[Table-3]. Similar results were also reported by [32] for water-logging stress 
tolerance in tropical maize. 
 
Stability analysis  
The stability analysis of all the genotypes was carried out to identify stable 
genotype under stress and irrigated conditions separately, as well as pooled. The 
mean squares for G × E interaction were significant for six traits viz., DT, DS, GY, 
PC, OC and BC. Only one cross IL113 × IL109 had higher genotypic mean than 
population mean, unit regression coefficients and non-significant deviations due to 
regression which proved to be stable across the environments. Whereas, crosses 
IL101 × IL111, IL103 × IL104, HKI-193-1 × CM140, IL105 × IL104 and CM140 × 
IL104 were high yielding, stable and found to be responsive to better environment, 
i.e., irrigated condition (genotype mean > average crosses mean; b i=1 significant 
and bi>1; S2di = 0 ns). Though the crosses, IL112 × IL109, IL103 × IL111 and 
IL103 × IL109 had above average stability, which found suitable for poor 
environments, i.e., Stress environment (genotype mean > average crosses mean; 
bi=1 significant and bi<1 and S2di =0 ns). 
Overall study concluded that moisture stress causes considerable grain yield loss 

in parents and single crosses as compared to normal irrigation. On other hand, the 
level of grain protein, starch, oil and β-carotene contents under stress increased 
as compared to irrigated condition. The parents, CM140, IL111,IL104 and crosses 
viz., CM140 × IL104, CM140 × IL111 and IL103 × CM140 found good combiners 
for most of the traits under stress and irrigated conditions. Overall study depicted 
the preponderance of non-additive gene action under stress and irrigated 
conditions. The crosses, IL103 × IL109, IL101 × CM140 and CM140 × IL111 
exhibited higher mean performance, standard heterosis along with high desirable 
SCA effects for days to 50 per cent tasselling and silking, grain yield, number of 
ears per plant, seed index, shelling percentage and quality traits under varying 
stress and irrigated environments. Only one cross IL113 × IL109 found stable 
under stress as well as irrigated systems plus at both the locations for grain yield. 
The progenies of these crosses might give the chances of selections for grain 
yield and important quality traits. All the crosses which performed well under 
irrigated or stress conditions possess at least one tolerant parent (CM140 and 
IL111). The crosses suitable for stress conditions involved more tolerant parents 
than susceptible parents. Hence, use of tolerant parent to generate hybrids help in 
minimizing the grain yield loss under stress conditions. From the above results it is 
concluded that the approach of hybrid breeding is advisable to mitigate the yield 
loss under stress conditions. Multiple crosses involving over two parents and bi-
parental mating might be prove an effective and alternative approaches by 
breaking the close linkages for improvement of the maize crop for important traits.

 
Table 3 Grain yield and β-carotene mean under irrigated and stress conditions with per cent yield penalty and increase under stress as  compared to irrigated with pooled 
SCA effect and of selected stable maize hybrids for grain yield  

Sr. 
No. 

Crosses Mean[Grain yield 
per plant (g)] 

%  yield 
penalty 
under 
stress 

SCA 
effect 

pooled 

Mean 
[β-carotene 

content (ppm)] 

%  increase 
under 
stress 

SCA 
effect 

pooled 

Stability parameters for grain yield per 
plant 

Irrigated Stress Irrigated Stress Mean bi S2di 

1 CM140 × IL104 147.71 81.32 44.95 3.39** 5.35 5.48 2.43 0.22** 114.51 1.14##+ -3.31ns 

2 CM140 × IL111 142.48 99.58 30.11 10.23** 6.23 6.38 2.41 0.06** 121.03 0.76## 36.9** 

3 IL101 × CM140 149.65 83.74 44.04 20.77** 4.99 5.10 2.20 -1.16** 116.69 1.05## 366.54** 

4 IL101 × IL111 142.05 74.08 47.85 13.96** 5.68 5.81 2.38 -0.82** 108.06 1.16##++ -14.77 ns 

5 IL103 × CM140 146.08 93.41 36.06 18.39** 6.85 7.03 2.55 1.34** 119.74 0.98## 282.97** 

6 IL103 × IL109 148.50 100.50 32.32 38.50** 4.89 5.00 2.25 -0.58** 124.50 0.81##++ -12.23 ns 

7 IL104 × IL109 139.32 84.16 39.59 13.46** 4.95 5.07 2.32 0.43** 111.74 1.01## 436.93** 

8 IL112 × CM140 140.21 91.61 34.66 18.83** 4.02 4.09 1.74 -2.32** 115.90 0.90## 307.39** 

9 IL112 × IL109 120.30 80.74 32.89 12.09** 6.01 6.16 2.58 1.12** 100.52 0.67##++ -16.16 ns 

10 IL113 × IL109 124.65 76.25 38.82 17.49** 4.84 4.95 2.17 -0.33** 100.45 0.84## 9.16 ns 

11 IL113 × IL111 133.38 102.82 22.91 31.92** 5.57 5.70 2.43 -0.68** 118.09 0.56##++ 45.27** 

 Min. 100.20 30.62 22.91 -26.38 4.02 4.09 1.74 -2.32 66.97 -- -- 

 Max. 149.65 102.82 70.37 38.50 7.38 7.56 5.19 1.66 124.50 -- -- 

 Mean 125.97 66.83 47.30 -- 5.73 5.87 2.52 -- 96.13 -- -- 

 CD @5% 14.47 8.91 -- -- 4.495 0.275 -- -- -- -- -- 

 CD (Sij-Sik) @5% -- -- -- 7.15 -- -- -- 0.16 -- -- -- 

 CD (Sij-Skl) @5% -- -- -- 6.78 -- -- -- 0.16 -- -- -- 

* Significance at 0.05 level of probability, ** Significance at 0.01 level of probability; ns- non-significant 
#,##  Significant at 0.05 and 0.01% level, respectively when H0: b=0; +, ++ Significant at 0.05 and 0.01% level, respectively when H0: b=1 

 
Conclusion  
From the above discussion it is concluded that preponderance of non-additive 
gene actions for days to 50% tasseling and silking, anthesis silking interval, leaf 
rolling, grain yield, number of ears per plant, seed index, shelling percentage, 
protein, oil, starch and β-carotene content in seed.  Further the hybrids, CM140 × 
IL111, IL101 × IL111 and IL103 × IL109 found promising for grain yield and β-
carotene content under stress which could be exploited through heterosis 
breeding programme in the future to breed high yielding stress tolerant hybrid in 
maize. 
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