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Abstract 
The assessment of heterotic F1 combinations is a basic requisite for hybrid seed development. A 
set of 30 F1 hybrids along with their parental inbred lines were evaluated under both normal and 
water deficit conditions for various physiological and agronomic traits. Highly significant mean 
squares due to general combining ability, specific combining ability and reciprocal effect were 
observed for all traits under both water regimes. Components of variation exhibited greater esti-
mates for GCA variance (б2g) than SCA variance (б2s) for majority of the traits under both normal 
and stress conditions depicting the predominant role of additive genetic component. Inbred lines 
NCIL-20-20, D-157 and OH-8 were found to be the best general combiner on the basis of perfor-
mance regarding grain yield per plant under water deficit condition. The F1 combinations namely, 
NCIL-20-20 × D-109, NCIL-20-20 × OH-8 and D-157 × NCIL-20-20 were out-performers based on 
yield and yield attributes under water deficit conditions. On the basis of our results, we recom-
mend these hybrids for further exploitation to assess their potential for commercial cultivation 
under water deficit condition. 
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1. Introduction 
Maize (Zea mays L.), is a versatile plant amongst cereal crops with a wide range of agro-climatic adaptability. It 
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is a multipurpose crop consumed as food for human, feed for poultry, fodder for animals and fuel for industry. 
In Pakistan, it is mostly cultivated in Punjab and KPK province in spring and autumn seasons [1]. A number of 
biotic and abiotic stresses affect standing crop in the field. Overall one major factor that constrains crop growth 
in the world is water availability [2] and it is anticipated that by 2025 about one third of human population will 
be affected by water deficit [3]. Due to water deficit conditions in maize about 24 million tons is being lost an-
nually and high yield potential genotypes under potential regions cannot compensate the projected increase in 
demand for the next decade [4]. Breeding cultivars tolerant to water deficit condition appear to be the only op-
tion for stress prone areas. Hybrids were found to be more tolerant to water deficit condition as compared to in-
bred lines [5]. Interpretation of various agro-physiological traits that provide tolerance against water deficit is 
essential for fruitful selection of genotypes under stress environments [6]. Existence of variability for drought 
tolerance in crop plant has already been reported [7]. Combining ability analysis based on progeny test is useful 
and reliable approach for screening inbred lines and F1 hybrids [8]. Among the available conventional tech-
niques, diallel cross analysis as developed by Hayman [9] [10] and Jinks [11] is an efficient tool furnishing in-
formation on genetic mechanism conditioning various plant traits in one generation. Therefore, combining abil-
ity estimates provide information on mechanism controlling quantitative characters and further help in selecting 
suitable parents for developing superior hybrids or varieties [12]. General and specific combining ability provide 
estimates for additive and non-additive components, respectively [13] [14]. In literature, additive [15]-[18] and 
non-additive [12] [19] genetic effects have been reported for grain yield and yield related traits under various 
environmental conditions. Therefore, information regarding genetic mechanism for water deficit tolerance is 
pre-requisite for development of maize hybrids and synthetics for sustainable agriculture. The present research 6 
× 6 diallel analysis was pursued to evaluate maize inbred lines and F1 hybrid for water deficit regimes using 
some agro-physiological traits. 

2. Materials and Methods 
The research work was conducted in the Department of Plant Breeding and Genetics, University of Agriculture 
Faisalabad during the years 2010-2011. Six inbred lines including M-14, OH-8, D-157, D-114, D-109 and 
NCIL-20-20 were selected out of fifty collected inbred lines at seedling stage using physio-agronomic parame-
ters under water deficit conditions. Selected inbred lines were crossed in all possible combinations in the field 
during spring 2011 in a complete diallel mating design. Both male and female inflorescences of maize plants 
were covered with kraft paper bag and butter paper bags at the time of inflorescence, respectively, to make con-
trolled crosses. Pollens collected in petri dish were applied on silks with the help of camel hair brush. Silks were 
pollinated twice on consecutive days to ensure required seed setting. After pollination, the inflorescences were 
again covered with their respective bags. The instruments were sterilized after each pollination. The F1 and their 
reciprocal crosses along with the parents were planted in the research field in autumn 2011 under normal and 
water deficit stress conditions using Randomized Complete Block Design (RCBD) with three replications. Each 
experimental unit comprised of two rows of 5.3 m each keeping row to row distances of 75 cm while plant to 
plant spacing was 23 cm. Two seeds were dibbled per hill to ensure good plant population. Thinning was done 
to keep one healthy plant per hill after 15 days of sowing. Six rows of non-experimental lines were planted on 
each side of experimental area to minimize border effect. Recommended insecticide was applied to counter for 
shoot fly and stem borer. Except for irrigation schedule, all recommended agronomic, cultural practices and 
plant protection measures were kept uniform. Normal experimental set received standard irrigation whereas 50% 
of normal irrigation was supplied to the water deficit set [20]. Ten equally competitive plants were ear-marked 
from each entry from both sets and data for pertaining to various physio-agronomic traits like cell membrane 
thermostability [21], Stomatal conductance (Steady state porometer, Model L-1 1600 SSP1674 Li cor. Ink, 
USA), plant height, number of days to 50% tasseling, number of days to 50% silking, anthesis-silking interval 
and grain yield per plant. Data relating to various agro-physiological traits were enumerated and compared using 
statistical analysis according to Steel et al. [22]. Combining ability studies were performed by using Method I 
Model I following Griffing’s approach [23]. Genetic variability in the material was divided into components of 
general combining ability (GCA), specific combining ability (SCA), reciprocal effects and error mean squares 
for the traits. Sum of squares for these components were calculated as under: 

SS due to GCA ( ) ( ) ( )2 2 21 2 . . 2n Yi Y j n Y= × + − ×∑  

SS due to SCA = ( ) ( ) ( ) ( ) ( )2 2 21 2 1 2 . . 1Yij Yij Yji n Y j Yi n Y× × + − × + + ×∑∑ ∑  
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SS due to reciprocals = ( ) ( )21 2 Yij Yji× +∑∑  
where, Y i. and Y. j = total of the ith and jth arrays in the mean table 

Y. = Grand total of the mean table 
Yij = mean value of the cross of ith parent with jth parent 
Yji = mean value of the cross of jth parent with ith parent (reciprocal cross)  
n = number of parents 
Sum of Square due to error 
Mean sum of squares due to error obtained in the Analysis of variance (ANOVA) were used after dividing by 

number of replications because mean values are used here. 
Thus, SS due to error = SS (error) in ANOVA/r 

where, r = number of replications. 
Keeping in view the probability of the mean squares for fixed model I, estimates of genetic components due 

to SCA, GCA and reciprocals are obtained as under: 
 
ANOVA for combining ability (Griffing method I model I) 

SOV df SS MS F-value Exp (MS) 

GCA 
SCA 

Reciprocal 
Error 

(p-1) 
p(p-1)/2 
p(p-1)/2 

(r-1)(p2-1) 

Sg 
Ss 
Sr 
Se 

Mg 
Ms 
Mr 
Me′ 

Mg/Ms 
Ms-M′e 

(Mr-M′e)/2 

( )22 22 1e n giσ + − ∑  

( )2 22 1e n s ij
n

σ + − ∑∑  

( )2 22 1e n r ij
n

σ + − ∑∑  

 
Estimation of components of variation was carried out as below:  

2 21 2
1

g gi Mg M e n
n

σ ′= = −
− ∑  

( )
2 22

1
s g ijs Ms M e

n n
σ ′= = −

− ∑∑  

( ) ( )2 22 2
1

r r Mr M e
n n

ijσ ′= = −
− ∑∑  

2Me eσ′ =   
where, 2 gσ , 2sσ , 2rσ  and 2eσ  are the estimates of variance due to general combining ability (GCA), 
specific combining ability (SCA), reciprocal effects and environment, respectively.  

General combining ability (GCA) effects were calculated using the expression:  

( ) 2

1 1. . ...
2

gi Yi Y i Y
n n

= + −  

Specific combining ability effects (SCA) were calculated using the expression:  

( ) ( ) 2

1 1 1. . . ...
2

Sij Yij Yji Yi Y i Yj Y
Y n n

= + − + + +  

Reciprocal effects were calculated following: 

( )1
2

rij Yij Yji= −  

Variances were calculated as under:  

( ) ( ) 2 2Var 1 2gi n n eσ= −  

( ) ( )2 2 2Var 1sij n n eσ= −  
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( ) 21Var
2

rg eσ=  

Standard errors were calculated by taking the square root of the respective variance as under: 

( ) ( )S aE v r. gigi =   

( ) ( )S. rE vasij sij=  

( ) ( )S rE va. rg rg=  

Critical difference between two parents = S.E × T tab at 0.05 probability.  
OR = (σ2) 0.5 × T tab at 0.05 probability 

 
Morpho-physiological characteristics of selected maize inbred lines 

SR. NO. Inbred lines Plant height Maturity Leaf Pith Tasselling CL CMT RLWC Grain yield 

1 NCIL-20-20 Tall Early Erect broad and  
large size leaves White Scattered 

tassel 6.20 % cell injury 
(68.5) 

RLWC 
(0.82) High yielder 

2 D-157 Tall Early Semi droopy  
medium size leaves White Tassel long 

and compact 9.20 % cell injury 
(70.0) 

RLWC 
(0.83) High yielder 

3 OH-8 Tall Early Erect, broad and 
vigorous leaves White Tassel  

compact 7.70 % cell injury 
(71.5), 

RLWC 
(0.79) High yielder 

4 D-114 Tall Medium Droopy leaves White Thin scattered 
tassel 8.10 % cell injury 

(70.65) 
RLWC 
(0.85) High yielder 

5 M-14 Tall Medium Semi droopy  
medium size leaves White Tassel  

compact 8.10 % cell injury 
(72.5) 

RLWC 
(0.86) 

 
High yielder 

6 D-109 Tall Medium Erect broad and 
medium size leaves White Thin and 

compact tassel 7.05 % cell injury 
(69.5) 

RLWC 
(0.82) High yielder 

CL = Coleoptiles length. CMT= Cell membrane thermostability. RLWC = Relative leaf weight content. 

3. Results and Discussion 
3.1. Cell Membrane Thermostability  
Estimation of combining ability revealed highly significant estimates for general and specific combining ability 
revealing the significance of both additive and non-additive gene action for the expression of trait under normal 
and water deficit conditions (Table 1). General combining ability (GCA) variance (б2g) was found higher than  
 
Table 1. Mean squares due to general combining ability (GCA), specific combining ability (SCA) and reciprocal effects under 
normal (N) & moisture stress (S) condition.                                                                     

Traits GCA(df = 15) SCA(df = 15) Reciprocal effects (df = 15) Error (df = 70) 

Physiological traits N S N S N S N S 

Cell membrane thermo-stability 317.5** 339.55** 3.10** 5.87** 0.35** 2.88** 0.704 1.075 

Stomatal conductance 8.50** 0.0046** 1.50** 4.30** 7.39** 2.55** 3.52 3.48 

Agronomic traits 

Plant height 1107.82** 1265.45** 0.61** 9.10** 0.79** 5.69** 4.12 2.21 

Days to tasseling 11.54** 34.54** 0.16** 0.96** 0.22** 2.22** 0.54 0.50 

Days to silking 15.25** 13.86** 0.11** 7.43** 0.05** 0.77** 0.76 0.52 

Anthesis-silking interval 0.85** 6.86** 0.14** 0.36** 0.29** 0.35** 0.19 0.62 

Grain yield/plant 2139.39** 1521.42** 55.48** 18.11** 1.71** 2.79** 2.52 1.39 
** = Highly Significant. 
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specific combining ability (SCA) variance (б2s) indicated additive gene action under both normal and water 
deficit conditions (Table 2). Higher additive genetic variance for a trait suggested early selection with signifi-
cant genetic gain. Half of the parents showed positive GCA estimates while half parents displayed negative 
GCA estimates. Inbred line NCIL-20-20 showed maximum general combining ability effect (5.438) whereas in-
bred D-109 (-6.589) exhibited lowest GCA effects under normal condition (Table 3(a)). NCIL-20-20 proved to 
be the best general combiner on the basis of GCA effects. Among the crosses, most useful combination was 
OH-8 × D-114 (2.270) with maximum specific combining ability (SCA) effects whereas combination M-14 × 
D-114 showed maximum negative effects (−2.12). Regarding reciprocal crosses, 6 were observed with positive 
while 9 crosses displayed negative effects. Maximum positive effects (0.673) were produced by cross D-114 × 
D-157 while maximum negative value (−1.11) recorded for cross NCIL-20-20 × D-157 under normal condition 
for cell membrane thermo-stability. 

Inbred NCIL-20-20 proved to be the best general combiner under both conditions while inbred D-109 re-
flected poor combiner among the parents. Cross D-109 × NCIL-20-20 exhibited maximum SCA (2.04) effects 
under stress condition. Among the reciprocal crosses, cross D-157 × OH-8 displayed maximum positive (0.15) 
effects while combination D-109 × OH-8 showed maximum negative effects (−0.39) under water deficit condi-
tion. Chohan et al. [17] reported additive type of gene action, whereas and Akbar [24] reported non-additive 
gene action for this trait. In both environment, inbred NCIL-20-20 showed maximum value and may be used as 
donor parent for developing drought tolerant genotypes. 

3.2. Stomatal Conductance 
General combining ability (GCA) effects were observed more under normal condition than specific combining 
ability (SCA) effects revealing the role of predominant additive genetic effect (Table 1). Variance due to gener-
al combining ability (GCA) (б2g) was more than specific combining ability (SCA) variance (б2s) indicated addi-
tive genetic effects (Table 2). Under normal conditions, half parental lines showed positive and rest showed 
negative effects (Table 3(B)). Parent NCIL-20-20 exhibited maximum GCA effect (0.011) while parent D-109 
displayed minimum (−0.011) GCA effects under both regimes. Cross D-157 × NCIL-20-20 produced maximum 
SCA value (0.003) while cross M-14 × NCIL-20-20 gave minimum SCA effects (−0.005). Eleven reciprocal 
crosses exhibited positive effect while other six produced negative effects. Under water stress condition, 4 in-
bred lines showed positive while two displayed negative GCA effect (Table 3(B)). Cross combination M-14 × 
OH-8 and OH-8 × NCIL-20-20 exhibited maximum SCA effects (0.007) while cross OH-8 × D-157 showed 
minimum SCA effect under stress condition. The results are comparable with Rebetzke [25] and Rahman [26] 
who reported both additive and non-additive gene action for the control of the trait while Akbar [24] reported 
additive type of gene action. 
 
Table 2. General combining ability (GCA) variance (б2g), Specific combining ability (SCA) variance (б2s) and reciprocal ef-
fects (б2r) in 6 × 6 diallel crosses in maize under normal (N) and water stress condition (S).                              

Traits  б2g   б2s   б2r   б2A   б2D 

Physiological traits N  S N  S N  S N  S N  S 

Cell membrane thermo-stability 26.20 27.81 1.39 2.78 −0.17 −0.52 52.41 55.64 1.39  2.78 

Stomatal conductance 6.96 3.78 6.67 2.29 1.93 −4.63 1.39 7.57 6.67  2.29 

Morphological traits 

Plant height 92.25 104.7 −2.03 3.99 −1.66 −1.08 184.5 209.4 −2.03 3.99 

Days to tesseling 0.94 2.79 −0.21 0.26 −0.16 −0.24 1.89 5.59 −0.22 0.26 

Days to silking 1.26 0.55 −0.37 4.01 −0.35 −0.26 2.51 1.11 −0.37 4.01 

Anthesis-silking interval 5.83 0.54 −2.49 −0.15 5.21 −0.14 0.12 1.08 −2.49 −0.15 

Grain yield per plant 173.80 118.3 30.75 9.71 −0.40 0.70 347.60 804.69 30.75 9.71 
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Table 3. Estimates of GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below diagonal) under normal and 
stress (S) conditions. (a) Cell membrane thermo-stability; (b) Stomatal conductance; (c) Plant height; (d) Plant height; (e) Days 
to silking; (f) Anthesis-silking interval; (g) Grain yield per plant.                                                    

(a) 

Inbred lines  M-14  OH-8  D-157  D-114  D-109 NCIL-20-20 

 N  S N  S N  S N  S N  S N S 

M-14 −4.916 −2.477 −0.271 3.957 0.881 0.554 −2.116 0.534 −0.351 −2.623 0.149 0.363 

OH-8 0.222 0.072 −1.831 −1.767 −2.120 −0.806 2.270 1.097 0.330 −1.249 0.669 −1.878 

D-157 −0.092 0.093 −0.015 0.150 4.504 4.151 0.074 0.152 1.619 −0.466 −0.566 0.822 

D-114 0.353 −0.080 −0.002 −0.053 0.673 −0.003 3.393 3.065 −1.297 0.079 0.810 −0.370 

D-109 −0.403 0.020 0.000 −0.397 −0.007 −0.028 0.020 −0.050 −6.589 −8.599 −0.383 2.042 

NCIL-20-20 −0.113 0.002 −0.012 0.010 −1.108 −0.085 0.410 −0.047 0.628 −0.022 5.438 5.627 

(b) 

Inbred lines M-14 OH-8 D-157 D-114 D-109 NCIL-20-20 

 N S N S N S N S N S N S 

M-14 −0.007 −0.012 0.001 0.007 0.002 −0.001 0.002 −0.001 −0.001 −0.004 −0.005 −0.001 

OH-8 −0.001 −0.001 −0.003 −0.002 −0.002 −0.008 −0.003 −0.006 0.004 −0.005 −0.000 0.007 

D-157 0.000 −0.000 −0.000 0.002 0.008 0.012 0.001 0.001 −0.003 0.006 0.003 −0.001 

D-114 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.012 −0.003 0.003 0.000 0.003 

D-109 0.000 −0.002 −0.000 0.001 0.000 0.000 0.000 0.000 −0.011 −0.032 0.003 −0.003 

NCIL-20-20 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.002 −0.007 −0.000 0.011 0.022 

(c) 

Inbred lines M-14 OH-8 D-157 D-114 D-109 NCIL-20-20 

 N  S N  S N  S N  S N  S N  S 

M-14 −5.696 −5.544 0.782 2.772 0.496 4.200 −0.226 −2.311 −0.393 −1.903 0.116 1.747 

OH−8 −0.217 −0.050 −1.571 −1.572 −0.729 0.761 0.449 0.200 0.249  −2.408 −0.859 −1.075 

D-157 1.467 −0.150 0.033 0.083 6.531 7.767 0.230 −0.389 0.113  −0.747 0.088 −1.831 

D-114 0.333 −0.017 0.333 0.167 0.150 0.017 1.020 −0.756 −1.009 1.758 0.299 −0.075 

D-109 −0.033 0.217 0.167 −0.183 0.033 −0.083 −1.567 −0.400 −13.980 −14.664 0.282 0.933 

NCIL-20-20 0.383 0.000 −0.267 0.083 −0.383 0.000 0.817 0.033 −0.100 −0.333 13.695 14.769 

(d) 

Inbred lines M-14 OH-8 D-157 D-114 D-109 NCIL-20-20 

 N S N S N S N S N S N S 

M-14 −0.843 2.361 0.120 −0.472 0.065 0.472 −0.630 −1.417 0.065 0.417 −0.241 0.861 

OH-8 0.000 0.000 −0.676 0.306 −0.102 −0.472 −0.130 0.306 0.065 0.306 0.093 −0.250 

D-157 0.167 0.000 −0.167 0.000 −1.120 −1.972 0.315 0.417 −0.491 −0.417 0.037 −0.472 

D-114 −1.167 0.000 −0.167 0.000 0.167 0.167 0.907 −1.750 0.315 −0.639 0.009 0.972 

D-109 0.000 0.000 −0.167 0.167 0.167 −0.167 0.000 −0.167 1.046 −0.250 −0.130 −0.694 

NCIL-20-20 −0.333 0.000 −0.167 −0.167 0.000 0.000 0.000 0.000 0.000 0.167 0.685 1.306 
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(e) 

 N  S N  S N  S N  S N  S N S 

M-14 −1.019 1.546 −0.009 −1.04 −0.231 −0.02 −0.454 −0.49 0.269 −0.296 0.046 0.26 

OH-8 −0.167 1.833 −0.463 −0.98 0.213 0.34 −0.009 0.53 −0.454 −0.10 −0.009 0.29 

D-157 0.000 −0.83 −0.333 0.33 −1.407 −2.01 0.102 −0.60 −0.176 0.92 −0.065 −1.68 

D-114 0.167 −0.50 −0.167 0.33 0.000 −0.50 0.648 0.13 0.102 0.28 −0.120 −0.15 

D-109 0.000 −0.16 −0.167 0.16 −0.167 0.16 0.167 0.33 1.426 0.27 0.102 0.03 

NCIL-20-20 −0.167 0.50 0.000 0.33 0.333 0.00 0.000 0.66 0.000 0.000 0.815 1.04 

(f) 

Inbred lines M-14 OH-8 D-157 D-114 D-109 NCIL-20-20 

 N S N S N S N S N S N S 

M-14 −0.333 −0.167 −0.00 −0.667 −0.194 0.028 0.14 −0.083 0.167 0.250 0.11 0.028 

OH-8 −0.167 0.333 0.278 −1.389 0.194 −0.750 0.03 0.806 −0.11 0.139 −0.00 0.583 

D-157 −0.167 0.333 −0.167 0.000 −0.194 0.250 −0.00 −0.000 0.194 0.333 −0.03 0.111 

D-114 1.167 0.167 0.00 −0.167 −0.167 0.000 −0.194 0.528 −0.306 −0.278 −0.03 −0.167 

D-109 0.000 0.000 0.167 1.333 −0.333 0.500 0.167 0.500 0.444 0.028 0.167 −0.500 

NCIL-20-20 0.167 −0.167 0.167 0.167 0.333 0.000 0.000 0.000 0.167 0.167 0.000 0.750 

(g) 

Inbred lines  M-14  OH-8  D-157  D-114  D-109 NCIL-20-20 

 N  S N  S N  S N  S N  S N S 

M-14 −7.75  −18.52 4.338 2.494 −1.843 −2.211 1.374 2.906 −0.248 0.436 1.191 −2.328 

OH-8 0.183 3.567 −0.62 −0.347 −2.476 −2.553 −2.476 −1.519 −2.748 3.628 3.474 −0.703 

D-157 −0.367 −0.150 0.100 0.517 10.31 14.342 5.010 −2.108 7.688 1.572 −2.473 1.958 

D-114 0.133 −0.150 0.083 −0.167 0.133 0.267 0.390 6.092 −0.662 −4.494 −7.106 5.975 

D-109 −0.067 −0.150 0.100 −2.783 0.233 −0.017 −0.033 −0.033 −20.155 −27.54 9.188 0.189 

NCIL-20-20 0.000 0.167 0.350 −0.067 −0.367 0.050 0.150 −0.117 −3.500 0.000 17.84 25.97 

3.3. Plant Height 
Highly significant mean squares for general combining ability (GCA) and specific combining ability (SCA) un-
der both regimes indicated both additive and non-additive type of gene action (Table 1). Higher GCA (б2g) than 
SCA (б2s) variance (Table 2) shows additive gene action for the control of the trait inheritance under both envi-
ronmental conditions. The result are in agreement with the findings of Saeed et al. [27], Saleem et al. [28],Yuan 
et al. [29], Prakash and Ganguli [30], Rezaei et al. [31], Muraya et al. [32], Hussain [33], Chohan et al. [17] and 
Iqbal et al., [18]. Inbred line NCIL-20 showed high estimates (13.7) for general combining ability and proved to 
be the good combiner while inbred line D-109 showed lowest value for general combing ability and thus a poor 
general combiner for plant height. Cross M-14 × OH-8 exhibited maximum value (0.78) followed by M-14 × 
D-157 (0.49) (Table 3(C)). The maximum value regarding reciprocal effects was given by D-157 × M-14 (1.46) 
followed by NCIL-20-20 × D-114 (0.817) while highest negative effects (−1.56) were recorded for cross D-109 
× D-114. Under water stress condition, (Table 3(C)) highest GCA effects (7.76) were observed for D-157. 
Lowest GCA effects for the trait were observed for inbred D-109 (−14.66). Six single crosses displayed positive 
SCA with maximum effects by M-14 × D-157 (4.2) followed by M-14 × OH-8 (2.77) and OH-8 × D-114 (0.2). 
Crosses OH-8 × D-109 (−2.41) showed maximum negative specific combining ability effects followed by M-14 
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× D-114 (−2.31) and M-14 × D-109 (−1.9). Highest positive reciprocal effects were observed for D-109 × M-14 
(0.217) followed by D-114 × OH-8 (0.167) and D-157 × OH-8 (0.083) indicating the effect of cytoplasmic ge-
netic constituents. The lowest reciprocal effects (−0.05) were recorded for OH-8 × M-14. 

3.4. Days to Tasseling 
Mean squares for general combining ability (GCA) and specific combining ability (SCA) indicated the presence 
of both additive and non-additive gene action for the trait (Table 1). High estimates of GCA than SCA under 
both conditions indicated the role of additive gene action for inheritance of trait. Greater estimates of GCA va-
riance (б2g) (Table 2) than SCA variance (б2s) indicated additive genetic effects. Prakash and Ganguli [30], 
Bello and Olaoye [15], Chohan et al. [17] and Iqbal et al., [18] reported additive gene action while Akbar et al. 
[24] reported non-additive gene action for this trait. Half of the parents displayed positive value while the rest 
showed negative GCA effects (Table 3(D)). Parent D-109 (1.04) showed maximum GCA effects and was the 
best combiner followed by parent D-114 (0.91) and NCIL-20-20 (0.685). Regarding single crosses cross D-157 
× D-114 and D-114 × D-109 showed maximum positive SCA effects (0.315) while minimum was displayed by 
cross D-114 × NCIL-20-20 (0.01). In case of reciprocal crosses, cross D-157 × M-14, D-114 × D-157 and D-109 
× D-157 showed maximum effects (0.167). Parental line M-14 (2.36) showed the maximum GCA effects fol-
lowed by NCIL-20-20 (1.31) and OH-8 (0.306), indicating good general combiner, respectively under water 
stress condition. In case of specific combining ability effects, seven crosses showed positive SCA effects while 
other eight displayed negative SCA effects. Cross D-114 × NCIL-20-20 showed the maximum SCA (0.97) ef-
fects while negative SCA effects were shown by OH-8 × NCIL-20-20 (−0.25). Cross D-109 × OH-8, D-114 × 
D-157 and NCIL-20-20 × D-109 displayed the maximum reciprocal effects whereas high negative effects were 
shown by NCIL-20-20 × OH-8, D-109 × D-157 and D-109 × D-114. 

3.5. Days to Silking 
Variance for general combining ability (б2g) was observed greater than specific combining ability effects (б2s) 
(Table 2) indicated the presence of additive genetic effects. The results are compatible with those of Reddy et 
al. [34], Olaoye [35], Gichuru et al. [16], Chohan et al. [17], and Iqbal et al. [18] who reported additive gene ef-
fects for days to silking under both conditions. Half inbred lines depicted positive while the rest showed nega-
tive GCA effects under normal water condition (Table 3(E)). The best general combiner was D-109 (1.43) and 
lowest general combiner was OH-8 (−0.463). Cross M-14 × D-109 (0.269) showed the maximum positive value 
while M-14 × OH-8 (−0.009) displayed the maximum negative value for specific combining ability (SCA). Nine 
of the reciprocal crosses displayed positive value while the six showed negative reciprocal effects. Cross com-
bination D-114 × M-14 and D-109 × D-114 showed maximum positive (0.167) value whereas D-114 × OH-8 
(−0.333) displayed maximum negative reciprocal effects. Four genotypes showed positive and two showed neg-
ative general combining effects (Table 3(E)). Genotypes M-14 (1.54) showed the maximum GCA positive val-
ue followed by NCIL-20-20 (1.04) and D-109 (0.27). Combination D-157 × D-109 showed the maximum posi-
tive value (0.92) whereas cross D-157 × NCIL-20-20 showed the minimum negative value (−1.68) under water 
deficit condition. In case of reciprocal crosses, ten of the crosses showed positive value while rest of the five ex-
hibited negative value. 

3.6. Anthesis-Silking Interval 
Analysis of variance for anthesis-silking interval (ASI) revealed significant mean squares due to general com-
bining ability (GCA) and specific combining ability (SCA) effects (Table 1). GCA variance (б2g) was observed 
more than SCA variance (б2s) under both conditions which indicated the significance of additive genetic effects 
for the inheritance of the trait (Table 2). Similar findings have been reported by Ahmad [36], Bello and Olaoye 
[16], Chohan et al. [17] and Iqbal et al., [18] who reported additive gene action for this trait. Half inbred lines 
showed positive GCA value while other three parents displayed negative GCA value under normal water condi-
tion (Table 3(F)). Inbred line D-109 (0.44) showed maximum value and proved to be the best general combiner 
while inbred line M-14 (−0.33) indicated minimum value depicting poor combiner for the trait. Cross OH-8 × 
D-157 showed maximum SCA value (0.19) while M-14 × D-157 showed minimum (−0.19) SCA effects. Max-
imum reciprocal effect was observed for D-114 × M-14 (1.16) whereas minimum value was shown by cross 
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D-109 × D-157 (−0.33). General combining ability estimates showed four positive and two negative GCA esti-
mates for parental inbred lines under water deficit condition (Table 3(F)). Inbred line NCIL-20-20 (0.75) exhi-
bited maximum GCA effects proving to be the best general combiner followed by D-114 (0.53) and D-157 
(0.25) whereas inbred line M-14 and OH-8 showed negative GCA estimates of −0.167 and −1.39, respectively. 
Eight of the single crosses showed positive SCA effects while seven displayed negative estimates regarding an-
thesis-silking interval (ASI) under water deficit condition. The best combination was (Table 3(F)) OH-8 × 
D-114 (0.81) while poorest results were obtained for cross OH-8 × D-157 (−0.75). In case of reciprocal crosses, 
the maximum reciprocal effects was observed for D-109 × OH-8 (1.33) whereas minimum reciprocal effects 
was noted for cross D-114 × OH-8 and NCIL-20-20 × M-14 which was −0.167. 

3.7. Grain Yield per Plant 
Under both conditions, analysis of variance gave highly significant estimates for general (GCA) and specific 
combining ability (SCA) revealing the significance of both additive and non-additive genetic effects (Table 1). 
GCA variance (б2g) was higher than SCA variance (б2s) indicating the predominant role of additive gene action 
for the expression of trait (Table 2). Betran et al. [19], Makumbi et al. [37], Rezaei et al. [31], Santos et al. [38], 
Derera et al. [39], Bello and Olaoye, [15], Chohan et al. [17] and Iqbal et al. [18] concluded that additive gene 
action was more important than non-additive gene action for grain yield. On the other hand, non-additive effects 
for grain yield was reported by Akbar et al. [24], Shiri et al. [40] and Gichuru et al. [16] reported grain yield 
under the control of both additive and non-additive gene action. Estimates of general combining ability (Table 
3(J)) showed that half of the parents possessed positive value while remaining half displayed negative GCA ef-
fects. Parent NCIL-20-20 showed maximum general combining ability effects (17.84) proving to be best com-
biner under normal condition, whereas parent D-109 displayed maximum negative GCA effects (−20.15) which 
indicated as poor combiner for grain yield per plant. Specific combining ability effects (SCA) indicated that 
seven crosses displayed positive SCA effects whereas eight crosses showed negative SCA effects. D-109 × 
NCIL-20-20 exhibited maximum SCA effects (9.18) followed by D-157 × D-109 (7.68) and D-157 × D-114 
(5.01) whereas cross D-114 ×NCIL-20-20 displayed maximum negative estimate (−7.11). Highest positive value 
(0.35) for reciprocal effects was displayed by cross NCIL-20-20 × OH-8 while maximum negative value 
(−3.500) was exhibited by cross NCIL-20-20 × D-109 under normal water application condition. While under 
water stress conditions, Parent NCIL-20-20 (25.975) showed maximum GCA effects followed by D-157 
(14.342) and D-114 (6.092). Inbred line NCIL-20-20 was best combiner on the basis of GCA effects while in-
bred line D-109 displayed poor performance under water deficit condition. Eight of the crosses showed positive 
specific combining ability effects (SCA) whereas seven displayed negative SCA effects (Table 3(J)). Combina-
tion D-114 × NCIL-20-20 showed maximum estimates (5.97) while cross OH-8 × D-157 exhibited maximum 
negative SCA effect. Cross D-157 × OH-8 showed maximum reciprocal effect (0.517) while cross D-109 × 
OH-8 displayed maximum negative (−2.78) effect under water deficit condition. 

4. Conclusion 
Highly significant mean square estimates due to specific combining ability (SCA), general combining ability 
(GCA) and reciprocal effects for the traits under both conditions suggested significant contribution of genetic 
components of variation attributable to general combining ability, specific combining ability and reciprocal ef-
fects. Components of variation exhibited greater estimates for GCA variance (б2g) than SCA variance (б2s) for 
majority of the traits under both conditions depicting the predominant role of additive genetic component except 
for days to silking under water deficit condition which displayed more SCA variance (б2s) than GCA variance 
(б2g). Inbred lines NCIL-20-20, D-157 and OH-8 were recorded as the best general combiner on the basis of 
performance regarding grain yield per plant under both conditions i.e. normal and water deficit condition. These 
inbred lines can be exploited and utilized in future breeding program. On the basis of mean grain yield per plant 
the best combination was NCIL-20-20 × D-109 followed by NCIL-20-20 × OH-8 and D-157 × NCIL-20-20, re-
spectively under normal and water stress condition. These well performing combinations can be utilized for de-
veloping new hybrids for drought affected areas. Prediction of additive gene action would be expected to be 
more reliable as compared to the traits which were controlled by non-additive type of gene action.  
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