
Abstract
A study was conducted to evaluate the potential and limitations of using component of variance and combining ability for establishing 
heterotic patterns in rice (Oryza sativa L.) under the sodic soil. The results revealed highly significant variations within parents and hybrids 
(F1s) indicating a wide genetic variability for 18 quantitative and qualitative characteristics and the possibility of genetic improvement 
of rice. Estimates of specific combining ability (SCA) variance were higher than the corresponding estimates of general combining 
ability (GCA) variance for majority of the traits. Parents such as NDRK 5062, NDRK 5037, Sarjoo 52, Narendra 2064, NDRK 5081, NDRK 
5004, NDRK 5039, CSR 10, NDRK 5059 and FL 478 showed significant and positive GCA effects for grain yield per plant, and some of the 
yield-contributing traits to emerge as useful donor for hybridization programmes. Twenty three crosses emerged with positive and 
significant SCA effects for grain yield per plant from 63 F1s. A wide range of variation in the estimates of heterobeltiosis and standard 
heterosis in positive and negative direction was observed for grain yield per plant and other related traits. Top five F1s that showed good 
heterotic potential for grain yield and yield contributing traits over Jaya (SV1) as well as CSR 43 (SV2) were NDRK 5037 x Narendra Usar 
Dhan 3, NDRK 5062 x IR 28, NDRK 5062 x CSR 23, NDRK 5037 x CSR 23 and NDRK 5040 x Narendra Usar Dhan 3. The findings will help 
promote rice improvements in context to establishment of heterotic patterns as a requirement for a sustainable long-term success of 
hybrid rice breeding.
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Introduction 
Rice (Oryza sativa L.) is the most important staple food crop 
of the world, particularly the developing world where it 
forms the staple diet of about half of the population. More 
than 90% of the world’s rice is grown and consumed in Asia, 
known as rice bowl where 60% of the earth’s people and two 
third of world’s poor live (Khush and Virk 2000). About 75% 
of the world’s supply is consumed by the people in Asian 
countries and thus, rice is of immense importance to food 
security of Asia. The demand for rice is expected to increase 
with continuous increase in global population. Salt-affected 
soils can have a major impact on the global food production 
(Dang et al. 2013; Xin et al. 2014). The current scenario 
indicates an approximately 10% of the world’s total land 
area (950 Mha), 20% of the world’s arable land (300 Mha), 
and 50% of the total irrigated land (230 Mha) are afected 
by soil salinization. Further, it is expected to influence 50% 
of total cultivated land in 2050 at a dis-quieting rate (Munns 
and Tester 2008; Ruan et al. 2010). Every year almost 12 billion 
US $ are globally lost due to salt stress that significantly 
affects the agricultural production (Qadir et al. 2008; 

Flowers et al. 2010; Kashyap et al. 2020). It has been 
reported in several crops that percent germination, shoot 
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and root length, and dry weight was reduced due to high 
accumulation of Na+ making nutrient uptake difficult 
(Qadir et al.2001; Singh et al. 2016; Joshi et al. 2022). Thus, 
development of improved high yielding pure line and hybrid 
rice varieties suitable for adverse conditions (salt affected 
soil) would be an important strategy to meet this challenge. 
The successful breeding program for developing sodicity 
tolerant and high yielding rice genotypes requires great 
breeding efforts to screen the available materials to identify 
suitable sources of sodicity tolerance. In this context, Singh 
et al. (2016) evaluated breeding lines of rice under a range 
of sodic environment and selected an early maturing line 
CSR89IR 8 which later released as CSR 43. Amendments 
to saline-sodic soils have shown long-term effects on 
improving plant growth and yield of rice (Oryza sativa L.) 
(zhao et al.2020). The understanding the components 
of genetic variance, inheritance nature and heritability 
of important agronomic traits under salt affected stress 
conditions assist rice breeders to apply suitable breeding 
strategies. Rosielle and Hamblin (1981) and Fernandez 
(1992)have suggested the selection methodology for yield 
in stress and non-stress environments. The diallel mating 
design is a powerful biometric approach to assess general 
combining ability (GCA) and specific combining ability (SCA) 
effects and determine the gene action involved in various 
characteristics (Fasahat et al. 2016; Salem et al. 2020). These 
models are efficacious tools to identify the best parents and 
their cross combinations for generating superior progenies 
in breeding for stress tolerance. Therefore, the present study 
was carried out to find out the components of genetic 
variance and combining ability for better exploitation of 
heterotic potential among rice genotypes and their hybrids 
for salt affected conditions. 

Materials and methods

Experimental site and development of materials
The experiment was conducted at the main experimental 
station of Acharya Narendra Deva University of Agriculture 
& Technology, Narendra Nagar (Kumarganj), Ayodhya, 
Uttar Pradesh, India. The experimental material was based 
on a line x tester set of 63 hybrids (F1s) and segregating 
population (F2s) developed by crossing 21diverse lines 
(females), namely, NDRK 5004, NDRK 5093, NDRK 5040, 
NDRK 5062, NDRK 5037, NDRK5025, NDRK 50059, NDRK 5081, 
NDRK 50047, NDRK 5039, IR 66946-3R-178-1-1 (FL 478), Sushk 
Samrat, IR 85897, Pant 10, CSR 10, Sarjoo 52, Narendra 2064, 
Narendra Usar Dhan 2, Deepak, Sundri and Pusa Basamati 1 
with 3 testers (males) viz., Narendra Usar Dhan 3, CSR 23 and 
IR 28. A toal of 63 cross combinations were made to generate 
F1s and F2s during kharif 2016 and 2017. Thus a total set of 
89 genotypes comprising 63 F1s along with their parents 
including two checks, Jaya and CSR 43 as standard varieties 
(SV1 and SV2, respectively) were evaluated to work out the 

gene action, component of genetic variance, combining 
ability and heterotic response in rice under the sodic soil in 
randomized complete block design with three replications 
during kharif 2018. The sodic soils are generally defined 
as the soil condition with high ESP that results in poor soil 
physical condition and low concentration of soluble salts 
present but a high exchangeable Na+ percentage (Qadir 
et al. 2001). Generally, the sodic soil is characterized with 
EC<4dS/m, with pH >8.5 and ESP >15 (Joshi et al. 2021). 
Geographically experimental site is located between 
24o47Ao and 26o56AoN latitude; 82o12Ao and 83o98AoE 
longitude and at an altitude of 113 m amsl. The soil on which 
the experiment was conducted holds pH, EC and ESP as 9.5, 
3.2dSm-1 and 45%, respectively. Such soils are poor or very 
poor in gypsum and exchangeable sodium affecting uptake 
of P, Fe, Mn and Zn, which inhibits root growth and other 
morphological and physiological traits.

Observations recorded
Data on morho-physiological and quality traits were 
recorded on 18 characters, namely, days to 50% flowering, 
chlorophyll content, leaf nitrogen, leaf temperature, flag 
leaf area (cm2), plant height (cm), panicle bearing tillers/
plant, panicle length (cm), no. of spikelets/panicle, no. of 
grains/panicle, spikelet fertility (%), biological yield/plant 
(g), harvest index (%),L/B ratio, thousand grains weight 
(g), amylose content, protein content (%) and grain yield/
plant (g). 

Statistical analysis
Analysis of variance for Randomized Block Design was done 
as per the procedure of Panse and Sukhatme (1967). Line 
x Tester analysis which was given by Kempthorne (1957) 
and further elaborated by Arunachalam (1974) to estimate 
general combining ability (GCA) and specific combining 
ability (SCA) variances and their effects using the observa-
tions taken on F1 hybrids gerenrated through line x tester 
sets of crosses. In Line x Tester mating system, a random 
sample of ‘l’ lines is taken and each line is mated to each of 
‘t’ testers (Singh and Chaudhary 1977). The heterosis was 
estimated as per cent increase or decrease of the mean 
values of crosses (F1’s) over better parent (heterobeltiosis) 
and standard variety (standard/economic heterosis) by 
Fonseca and Patterson (1968) and Meredith and Bridge 
(1972), respectively. Critical difference was used to test the 
significance of difference mean value of F1 over better parent 
and check variety which signified with respective heterosis.

Results 
Analysis of variance (ANOVA) was carried out with respect to 
all of the 18 characters. The mean squares due to treatments 
were highly significant for all the characters which showed 
significant differences, indicating presence of sufficient 
variability in the material. The analysis of variance for 87 
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Table 1. Components of genetic variance, average degree of dominance, predictability ratio, heritability in narrow sense and genetic advance 
in per cent of mean for 18 characters in rice under sodic soil

Characters GCA variance 
(σ2g)

SCA variance 
(σ2s)

Average degree of 
dominance gs/2óó 22

Predictability ratio s)ógg/2ó2ó 222 + σ2A σ2D

Days to 50% flowering 0.1710 0.9657 1.6804 0.2615 0.3420 0.9657

Chlorophyll content 0.0971 1.0219 2.2939 0.1597 0.1942 1.0219

Leaf nitrogen 0.0001 0.0021 2.9593 0.1025 0.0002 0.0021

Leaf temperature 0.0221 1.4091 5.6473 0.0304 0.0442 1.4091

 Flag leaf area (cm2) 1.4171 0.1169 0.2031 0.9604 2.8343 0.1169

Plant height (cm) 3.2575 7.3796 1.0643 0.4689 6.5149 7.3796

Panicle bearing tillers/plant 0.1080 0.0382 0.4202 0.8499 0.2161 0.0382

Panicle length (cm) 0.1648 0.1086 0.5741 0.7521 0.3296 0.1086

Spikelets/panicle 40.0569 37.7572 0.6865 0.6797 80.1138 37.7572

Grains/panicle 34.0755 52.9589 0.8815 0.5627 68.1510 52.9589

Spikelet fertility (%) 0.6432 21.2613 4.0656 0.0570 1.2863 21.2613

Biological yield/plant (g) 0.5838 6.1788 2.3004 0.1589 1.1676 6.1788

Harvest index (%) 0.1566 5.4384 4.1666 0.0545 0.3133 5.4384

L/B ratio 0.0045 0.0396 2.0960 0.1854 0.0090 0.0396

1000-grain weight (g) 0.2203 0.0099 0.1496 0.9781 0.4406 0.0099

Amylose content 1.9206 0.0051 0.0365 0.9987 3.8413 0.0051

Protein content (%) 0.0049 0.0015 0.3903 0.8678 0.0098 0.0015

Grain yield/plant (g) 0.1403 2.9517 3.2431 0.0868 0.2806 2.9517

genotypes of line × tester set comprising of 63 crosses 
and 24 parents were revealed that the mean squares due 
to treatments, parents, crosses and parents (lines) were 
highly significant for all the characters. It further revealed 
that mean squares due to parents (tester) were highly 
significant for all the characters except for days to 50% 
flowering, leaf nitrogen and leaf temperature. The variance 
due to parents vs. crosses was highly significant for all the 
characters except for flag leaf area. Mean squares due to lines 
effect were found highly significant for all the characters. 
Mean squares due to line × tester interaction effects were 
highly significant for all the characters except for 1000-grain 
weight and amylose content. The variances due to testers 
effect were non-significant for all the ten characters except 
highly significant variances for no. of grains per panicle, 
spikelet fertility, biological yield per plant, harvest index, 
L:B ratio, grain yield per plant and significant variances for 
chlorophyll content and plant height. The mean squares 
due to lines x tester interactions, representing importance 
of specific combining ability and non-additive gene effects, 
was also found to be highly significant for all the characters 
under study. 

Estimates of component variance
The estimates of GCA and SCA variances, average degree 
of dominance, predictability ratio, additive and dominance 
variances are presented in Table 1. Estimates of SCA variance 

were found higher than the corresponding estimates of 
GCA variance for all the eleven traits except flag leaf area, 
no. of panicle bearing tillers per plant, panicle length, no. of 
spikelets per panicle, 1000-grain weight, amylose content 
and protein content in F1s. The more than unity (>1) values 
of an average degree of dominance were found for ten 
characters viz., leaf temperature, harvest index, spikelet 
fertility, grain yield per plant, leaf nitrogen, biological 
yield per plant, chlorophyll content, L:B ratio, days to 50% 
flowering and plant heigh. The predictability ratio was lesser 
than one for all the characters studied.

For illustrating genetic worth of parents for hybridization 
programme, the general combining ability effects of 24 
parents (21 lines and 3 testers) for the 18 characters under 
sodic soil alongwith the parents exhibiting significant GCA 
effects for different characters are presented in Table 2 and 
depicted in Fig. 1. The ten lines, namely, NDRK 5062 (3.607), 
NDRK 5037(3.531), Sarjoo 52 (2.765), Narendra 2064 (2.589), 
NDRK 5081 (1.757), NDRK 5004 (1.492), NDRK 5039 (1.142), 
CSR 10 (0.787), NDRK 5059 (0.588) and FL 478 (0.409) showed 
significant and positive GCA effects for grain yield per plant. 
Among the testers, Narendra Usar Dhan 3 (1.227) recorded 
significant and positive GCA effects, whereas IR 28 (-1.282) 
exhibited significant and negative GCA effect forgrain yield 
per plant.The lines, Pant 10 (1.541), Sarjoo 52 (0.439), NDRK 
5037 (0.426) and NDRK 5047 (0.148) possessed significant 
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A-  Graphical representation of GCA

Fig. 1. Graphical representation and Heatmap of GCA&SCA for yield and its attributing traits

B- Heatmap of SCA

D- Heatmap of SCAC- Graphical representation of SCA

and positive GCA effects for protein content.
For illustrating genetic worth of parents for hybridization 

programme, the general combining ability effects of 24 
parents (21 lines and 3 testers) for the 18 characters under 
sodic soil alongwith the parents exhibiting significant GCA 
effects for different characters are presented in Table 2 and 
depicted in Fig. 1. Among the ten lines, highest (3.607) and 
the lowest (0.409) GCA effect for grain yield per plant was 
observed with NDRK 5062 and FL 478, respectively. Similarly, 
the tester had GCA effect ranging from 1.227 (N U Dhan) to 
-1.282 (IR28). The GCA effects for protein content also found 
to vary from 1.541 to 0.148. 

The SCA effects, which are supposed to be manifestation 
of non-additive components of genetic variance, are highly 
valuable for discrimination of crosses for their genetic worth 
as breeding materials. The estimates of SCA effects for 63 
crosses of line×tester set for 18 characters are presented 
in Supplementary Table S1 and Fig. 1. The ten outstanding 
crosses, namely, Sushk Samrat x CSR 23 (3.56), NDRK 5025 
x IR 28 (2.67), NDRK 5059 x IR 28 (2.40), NDRK 5062 x IR 28 
(2.22), NDRK 5039 x Narendra Usar Dhan 3 (2.01), NDRK 5047 
x CSR 23 (1.98), NDRK 5040 x Narendra Usar Dhan 3 (1.96), 
Deepak x CSR 23 (1.80), Pant 10 x Narendra Usar Dhan 3 
(1.71), and Sundri x Narendra Usar Dhan 3 (1.46) had positive 
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Table 3. Most promising cross combinations for different characters along with their mean performance, SCA effects and GCA effects of 
parents in F1s

S.No. Characters Crosses with significant effects SCA effects Mean performance 
of crosses

GCA effects of 
parents

1  Days to 50% flowering 1- Pusa basamati 1 x IR 28 -3.31 91.67 LxA

2-NDRK 5081 x IR 28 -2.75 78.33 HxA

2 Chlorophyll content 1-NDRK 5004 x Narendra Usar Dhan 3 3.13 15.24 LxH

2-FL 478 x Narendra Usar Dhan 3 2.48 14.59 LxH

3 -Sarjoo 52 x Narendra Usar Dhan 3 1.33 16.63 HxH

4- NDRK 5062 x IR 28 1.16 15.57 HxL

5- NDRK 5062x CSR 23 1.05 15.59 HxL

3 Leaf nitrogen 1- Narendra Usar Dhan 2 x CSR 23 0.15 0.70 LxH

2- Sundri x IR 28 0.05 0.55 LxL

3- NDRK 5047 x CSR 23 0.05 0.75 HxH

4 -NDRK 5062 x Narendra Usar Dhan 3 0.05 0.66 HxA

5- Sarjoo 52 x Narendra Usar Dhan 3 0.05 0.66 HxA

4 Leaf temperature 1- Sushk Samrat x CSR 23 2.35 36.85 LxA

2- FL 478 x CSR 23 2.27 38.64 HxA

3- Pant 10 x IR 28 2.25 37.94 AxA

4 -NDRK 5004 x CSR 23 1.96 38.71 HxA

5 -NDRK 5039 x IR 28 1.30 36.74 LxA

5  Flag leaf area (cm2) 1 -NDRK 5004 x CSR 23 0.77 40.22 HxA

2 -NDRK 5037 x IR 28 0.70 45.62 HxA

3 -NDRK 5025 x Narendra Usar Dhan 3 0.67 27.88 LxL

4 -NDRK 5039 x CSR 23 0.57 32.61 LxA

6 Plant height (cm) 1 -Pant 10 x Narendra Usar Dhan 3 -4.42 123.40 LxA

2 -Pant 10 x CSR 23 -3.75 121.80 LxA

3 -CSR 10 x IR 28 -3.46 99.47 HxA

4 -NDRK 5039 x IR 28 -3.33 121.63 LxA

5 -NDRK 5004 x IR 28 -2.73 160.00 HxA

7 Panicle bearing tillers/plant 1- NDRK 5037 x IR 28 0.40 12.60 HxA

2- NDRK 5062 x Narendra Usar Dhan 3 0.39 13.63 HxA

3 -NDRK 5037 x Narendra Usar Dhan 3 0.37 12.60 HxA

4- CSR 10 x Narendra Usar Dhan 3 0.36 12.73 HxA

8 Panicle length (cm) 1- Pusa Basamati 1 x IR 28 1.02 22.93 LxA

9 Spikelets/panicle 1- Sarjoo 52 x CSR 23 10.65 238.00 HxH

2 -Sarjoo 52 x IR 28 10.34 234.67 HxL

3- NDRK 5093 x IR 28 9.79 133.67 LxL

4 -Narendra 2064 x IR 28 7.12 223.33 HxL

5 -Narendra 5059 x Narendra Usar Dhan 3 6.57 181.00 HxH

10 Grains/panicle 1 -NDRK 5039 x Narendra Usar Dhan 3 13.72 157.00 AxH

2 -Sarjoo 52 x IR 28 13.68 202.00 HxL

3 -NDRK 5062 x Narendra Usar Dhan 3 12.28 152.00 LxH

4- NDRK 5039 x CSR 23 7.04 147.67 AxH

5 -NDRK 5004 x Narendra Usar Dhan 3 6.95 135.00 LxH
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and significant SCA effects for grain yield per plant. While, 
two crosses viz.,Sarjoo 52 x CSR 23 (0.19) and NDRK 5062 x 
Narendra Usar Dhan 3 (0.09) had positive and significant SCA 
effects for protein content.The most promising specific cross 
combinations for different characters along with their mean 
performance and GCA effects of parents are listed in Table 3.

Estimates of Heterosis over better-parentand 
standard variety 
The presence of high heterosis for economically important 
characters is not only useful for developing hybrids, 
synthetic or composites through exploitation of heterosis, 
but also helps in obtaining transgressive segregants for 
development of superior homozygous lines. Heterosis was 

estimated as per cent increase or decrease of F1 value over 
better-parent (BP) and standard variety (SV), namely, Jaya 
(SV1) and CSR 43 (SV2). The estimates of heterobeltiosis and 
standard heterosis for eighteen characters of sixty three 
crosses are presented in Supplementary Figs. 1 and 2.

For grain yield per plant, the heterosis over better-parent 
varied from -12.86 (Shusk Samrat x Narendra Usar Dhan 
3) to 40.40 per cent (NDRK 5081 x CSR 23). The 56 crosses 
showed positive and significant heterosis over BP and the 
best five among them were NDRK 5081 x CSR 23 (40.40%), 
NDRK 5081 x IR 28 (39.66%), NDRK 5037 x Narendra Usar 
Dhan 3(39.02%), NDRK 5062 x IR 28 (38.80%) and NDRK 5039 
x Narendra Usar Dhan 3 (37.71%). The standard heterosis for 

11 Spikelet fertility (%) 1- NDRK 5039 x Narendra Usar Dhan 3 7.31 92.17 LxH

2 -NDRK 5004 x Narendra Usar Dhan 3 6.49 90.01 LxH

3 -NDRK 5093 x CSR 23 5.66 84.87 LxH

4- NDRK 5047 x CSR 23 5.47 97.04 HxH

5 -NDRK 5093 x Narendra Usar Dhan 3 5.00 85.92 LxH

12 Biological yield/plant (g) 1 -Sushk Samrat x CSR 23 7.03 42.67 LxA

2 -Pusa Basamati 1 x CSR 23 4.69 41.33 LxA

3 -NDRK 5059 x IR 28 3.60 46.67 HxL

4- Sundri x Narendra Usar Dhan 3 3.49 42.00 LxH

13 Harvest index (%) 1 -NDRK 5025 x IR 28 4.34 40.76 LxL

2 -Pusa Basamati 1 x Narendra Usar Dhan 
3 3.67 38.95 LxH

3 -Narendra Usar Dhan 2 x IR 28 3.57 39.85 LxL

4 -Deepak x CSR 23 3.31 40.92 LxA

5 -Pant 10 x Narendra Usar Dhan 3 3.18 42.40 LxH

14 L/B ratio 1 -Sushk Samrat x IR 28 0.35 3.75 HxH

2 -Deepak x Narendra Usar Dhan 3 0.26 3.10 AxL

3 -NDRK 5059 x IR 28 0.25 2.88 LxH

4- NDRK 5037 x IR 28 0.24 3.90 HxH

5- NDRK 5025 x CSR 23 0.23 2.61 LxA

15 1000-grain weight (g) 1 -CSR 10 x IR 28 1.06 27.11 HxA

16 Amylose content 1 -FL 478 x IR 28 0.14 13.47 LxA

2 -Narendra Usar Dhan 2 x IR 28 0.11 24.35 HxA

3 -Narendra 2064 x CSR 23 0.11 29.50 HxA

4- NDRK 5025 x Narendra Usar Dhan 3 0.11 16.58 LxA

17 Protein content (%) 1- Sarjoo 52 x CSR 23 0.19 6.89 HxA

2 -NDRK 5062 x Narendra Usar Dhan 3 0.09 6.35 AxA

18 Grain yield/plant (g) 1 -Sushk Samrat x CSR 23 3.56 18.52 LxA

2- NDRK 5025 x IR 28 2.67 18.60 AxL

3 -NDRK 5059 x IR 28 2.40 18.82 HxL

4- NDRK 5062 x IR 28 2.22 21.65 HxL

5 -NDRK 5039 x Narendra Usar Dhan 3 2.01 21.48 HxH
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grain yield per plant ranged from -35.92 (Pusa Basamati 1 x 
IR 28) to 59.73% (NDRK 5037 x Narendra Usar Dhan 3) over 
SV1; and from -39.99 (Pusa Basamati 1 x IR 28) to 49.60% 
(NDRK 5037 x Narendra Usar Dhan 3) over SV2. The 55 F1s 
showed positive and significant heterosis over SV1 and the 
top five among them were NDRK 5037 x Narendra Usar 
Dhan 3 (59.73%), NDRK 5062 x IR 28 (59.49%), NDRK 5062 
x CSR 23(52.88%), NDRK 5037 x CSR 23 (51.93%) and NDRK 
5040 x Narendra Usar Dhan 3 (50.14%). However, 47 crosses 
showed positive and significant heterosis over SV2 and the 
most promising five crosses were NDRK 5037 x Narendra 
Usar Dhan 3 (49.60%), NDRK 5062 x IR 28 (49.37%), NDRK 

5062 x CSR 23(43.18%), NDRK 5037 x CSR 23 (42.29%) and 
NDRK 5040 x Narendra Usar Dhan 3 (40.61%).

For protein content, the heterosis over better-parent 
varied from -4.73 (NDRK 5004 x Narendra Usar Dhan 3) to 
6.24 per cent (Sarjoo 52 x CSR 23). The 23 crosses showed 
positive and significant heterosis over BP and the best five 
among them were Sarjoo 52 x CSR 23 (6.24%), IR 85897 x 
CSR 23(2.10%), NDRK 5037 x CSR 23 (2.03%), IR 85897 x IR 
28 (2.00%) and NDRK 5037 x Narendra Usar Dhan 3 (1.94%). 
The standard heterosis for protein content ranged from -7.49 
(Shusk Samrat x Narendra Usar Dhan 3) to 30.20% (Pant 10 
x IR 28) over SV1; and from -12.39 (Shusk Samrat x Narendra 

A- Graphical representation of SV1 B- Heatmap of SV1

C- Graphical representation of SV2 D- Heatmap of SV2

Fig. 2. Graphical representation and Heatmap of Standard heterosis(SV1&SV2) for yield and its attributing traits
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Usar Dhan 3) to 23.30% (Pant 10 x IR 28) over SV2. The fourty 
eight crosses showed positive and significant heterosis 
over SV1 and the best five among them were Pant 10 x IR 28 
(30.20%), Pant 10 x Narendra Usar Dhan 3 (30.19%), Pant 10 x 
CSR 23 (30.17%), Sarjoo 52 x CSR 23(15.05%) and NDRK 5037 
x CSR 23 (11.64%). On the other hand, 11 crosses showed 
positive and significant heterosis over SV2 and the most 
promising five crosses were Pant 10 x IR 28 (23.30%), Pant 10 
x Narendra Usar Dhan 3 (23.29%), Pant 10 x CSR 23 (23.27%), 
Sarjoo 52 x CSR 23(8.96%) and NDRK 5037 x CSR 23 (5.73%).

Discussion
The signif icant interaction between genotype and 
environment (locations and sowing dates) indicates that 
genotype ranking was not stable across environments. 
Highly significant variation has been detected for measured 
agronomic traits and adequate genetic variability among 
parents and their hybrids. The exposed genetic variations 
are useful for developing salt tolerant and climate-resilient 
cultivars. In this context, high genetic variability for different 
agronomic traits has been earlier elucidated for different 
crops under different environments (Rashid et al. 2007; 
Saleem et al. 2010; Patial et al. 2016; Gramaje et al. 2020; 
Azad et al. 2022; Gharib et al. 2021; ElShamey et al. 2022). 
Highly significant variance for parents vs. crosses for all the 
characters except flage leaf area indicated that the crosses 
that were made, had highly significant heterosis for all the 
character except flage leaf area. The similar findings have 
also been reported by Bassuony and Zsembeli (2021) but 
Abd El-Aty et al. (2022) reported contrasting results on 
flag leaf area. Highly significant variance amoung parental 
lines for majority of the traits showed parental diversity 
forthe characters studied. Significant parental diversity for 
different characters has also been reported earlier by several 
researchers working on rice (Geleta et al. 2004; Bagheri and 
Jelodar 2010; Shanthi et al. 2011). 

The use of combining ability in assessment of gene action 
was suggested by Sprague and Tatum (1942). Higher SCA 
variance than GCA variance for majority of the characters, 
showed the predominance of non additive gene action in 
the inheritance of such characters in rice. It was suggested 
that the exploitation of heterosis for improvement of theses 
characters would be fruitful. The more than one average 
degree of dominance and for most of the character and the 
lesser than one value of predictability ratio also indicated the 
predominance of non-additive gene action and importance 
of heterosis breeding in rice. The importance of additive as 
well as non-additive gene effects with predominance of 
non-additive gene effects in inheritance of grain yield and 
yield components of rice has also been elucidated earlier in 
different types of rice (Pradhan et al. 2006; Rashid et al. 2007; 
Saleem et al. 2010; Sanghera and Hussain 2013; Kargbo et al. 
2019; Sari et al. 2020; Gramaje et al. 2020; Azad et al. 2022).

In the present investigation, the significant GCA effects 

for grain yield and its contributing characters were found. 
NDRK 5062 (3.607), NDRK 5037 (3.531), Sarjoo 52 (2.765), 
Narendra 2064 (2.589), NDRK 5081 (1.757) were top 5 parents 
that showed significant and desirable GCA effects for grain 
yield and some other characters.These parents may be 
recommended for exploitation for yield and heterosis in 
hybridization programme as donor parent. The significant 
SCA effects for grain yield and its contributing characters 
were found. Sushk Samrat x CSR 23 (3.56), NDRK 5025 x 
IR 28 (2.67), NDRK 5059 x IR 28 (2.40), NDRK 5062 x IR 28 
(2.22), NDRK 5039 x Narendra Usar Dhan 3 (2.01) were top 5 
crosses that showed significant and desirable SCA effects for 
grain yield and some other characters. Rashid et al.(2007); 
Saravanan and Sabesan (2010) and Bagheri et al. (2010) have 
also repoted significant GCA and SCA effects for grain yield 
and its contributing characters in rice. The crosses exhibiting 
high order significant and desirable SCA effects for different 
characters involved parents having all types of combinations 
of GCA effects such as high × high (H × H), high × average (H 
× A), high × low (H × L), average × average (A × A), average × 
low (A × L) and low × low (L × L) general combiner parents 
in rice. The findings of Bano and Singh (2019) and Zewdu 
(2020) also indicated that there was no particular relationship 
between positive and significant SCA effects of crosses with 
GCA effects of their parents for the characters under study.

The ten most promising crosses based on mean 
performance, heterobeltiosis and standard heterosis (SV1 
and SV2), SCA effect, GCA effect of parent for grain yield 
and some other yield contributing characterswere NDRK 
5037 x Narendra Usar Dhan 3, NDRK 5062 x IR 28, Sarjoo 52 
x Narendra Usar Dhan 3, Narendra 2064 x Narendra Usar 
Dhan 3, NDRK 5062 x CSR 23, NDRK 5004 x Narendra Usar 
Dhan 3, NDRK 5037 x CSR 23, NDRK 5040 x Narendra Usar 
Dhan 3, NDRK 5093 x Narendra Usar Dhan 3 and Narendra 
2064 x CSR 23. The existence of wide spectrum heterosis in 
either direction with expression of high degree of desirable 
heterosis by some crosses for all the characters was observed 
in present study. Several researchers working on different 
crops have also reported high magnitude of heterosis 
along with high SCA and GCA effects (Singh et al. 2007; 
Roy et al., 2009; Murthy and Pradeep 2022). High better 
parent heterosis combined with high sca effects for certain 
traits and yield in the desired direction demonstrated the 
presence of reasonable genetic diversity among the parents. 
Also the expression of heterobeltiosis and sca effects in the 
desired direction for some traits, stable performance under 
sodic soil environment, the present study reiterated that 
the hybrids displayed heterosis over the standard parents 
in low-yielding environments. Hence, the use of selected 
hybrids in breeding under stress environments is suggested.

Supplementary material
Supplementary Table S1 and  Supplementary Figs. 1 and 2 
are provided online at www.isgpb.org.



428 Shiv P. Shrivastav et al. [Vol. 82, No. 4

Authors’ Contributions 
Conceptualization of research (SPS, OPV); Designing of the 
experiments (OPV); Contribution of experimental materials 
(OPV); Execution of field/lab experiments and data collection 
(SPS, OPV); Analysis of data and interpretation (SPS, OPV, 
KL); Preparation of the manuscript (SPS, OPV, DSJ, VS, KL). 

References
Abd El-Aty M.S., Abo-Youssef M.I., Galal A.A., Salama A.M., Salama 

A.A., El-Shehawi A.M., Elseehy M.M., El-Saadony M.T. and 
El-Tahan A.M. 2022. Genetic behavior of earliness and yield 
traits of some rice (Oryza sativa L.) genotypes. Saudi J. Biol. 
Sci., 29(4): 2691-2697.

Arunachalam V. 1974. The fallacy behind the use of modified line 
x tester design. Indian J. Genet., 34(2): 200-207.

Azad A.K., Sarker U., Ercisli S., Assouguem A., Ullah R., Almeer R., 
Sayed A.A. and Peluso I.  2022. Evaluation of Combining 
Ability and Heterosis of Popular Restorer and Male 
Sterile Lines for the Development of Superior Rice 
Hybrids. Agronomy, 12(4): 965.

Bano D.A. and Singh S.P. 2019. Combining ability studies for yield 
and quality traits in aromatic genotypes of rice (Oryza sativa 
L.). Electronic J. Plant Breed., 10(2): 341-352.

Bassuony N.N. and Zsembeli J. 2021. Inheritance of some flag leaf 
and yield characteristics by half-diallel analysis in rice crops 
(Oryza sativa L.). Cereal Res. Commun.,49(3): 503-510.

Caldo R.A., Sebastian L.S. and Hernandez J.E. 1996.Morphology-
based genetic diversity analysis of ancestral lines of 
Philippine rice cultivars. Philippine J. Crop Sci., 21(3): 86-92.

Dang Z.H., Zheng L.L., Wang J., Gao Z., Wu S.B., Qi Z. and Wang 
Y.C. 2013. Transcriptomic profling of the salt-stress response 
in the wild recretohalophyte Reaumuria trigyna. BMC 
Genomics, 14(1): 1-18.

ElShamey EA, Sakran RM, ElSayed MA, Aloufi S, Alharthi B, Alqurashi 
M, Mansour E and Abd El-Moneim D (2022). Heterosis and 
combining ability for floral and yield characters in rice using 
cytoplasmic male sterility system. Saudi J. Biol. Sci., 29(5): 
3727-3738.

Fasahat P., Rajabi A., Rad J. and Derera J. 2016. Principles and 
utilization of combining ability in plant breeding. Biom. 
Biostat. Int. J., 4: 1–24. 

Fernandez G.C. 1992. Effective selection criteria for assessing 
plant stress tolerance. In Proceedings of the International 
Symposium on Adaptation of Vegetables and other Food 
Crops in Temperature and Water Stress, Shanhua, Taiwan, 
13–16 August 1992; pp. 257–270.

Flowers T J, Gaur PM, Gowda CL, Krishnamurthy L, Samineni S, 
Siddique KH, Turner NC, Vadez V, Varshney RK and Colmer 
TD (2010). Salt Sensitivity in Chickpea. Plant Cell Env., 33(4): 
490-509.

Fonseca S and Patterson, FL(1968).Hybrid Vigor in a Seven‐Parent 
Diallel Cross in Common Winter Wheat (Triticum aestivum 
L.). Crop Sci., 8(1): 85-88.

Geleta LF, Labuschagne MT and Viljoen CD (2004). Relationship 
between heterosis and genetic distance based on 
morphological traits and AFLP markers in pepper.  Plant 
Breed., 123(5): 467-473.

Gharib M.A.A.H., Qabil N., Salem A.H., Ali M.M.A., Awaad H.A. and 
Mansour E. 2021. Characterization of wheat landraces and 
commercial cultivars based on morpho-phenological and 
agronomic traits. Cereal Res. Commun., 49: 149–159.

Gramaje LV, Caguiat JD, Enriquez JOS, Millas RA, Carampatana JE 
and Tabanao DAA (2020).Heterosis and combining ability 
analysis in CMS hybrid rice. Euphytica, 216(1): 1-22.

Joshi R., Ramawat N., Jha J., Durgesh K., Singh M., Talukdar A., Tomar 
S.M.S. and Singh D.2021. Salt stress in pulses: A learning from 
global research on salinity in crop plants. Indian J. Genet. 
Plant Breed., 81(2): 159-185 (2021) DOI: 10.31742/IJGPB.81.2.1 

Joshi R., Ramawat N., Sah R.P., Gogia A., Talukdar A., Sharma 
S, Kumar A., Raje R.S., Patil A.N. and Durgesh K. 2022. 
Assessment of salt tolerance potential at the germination 
and seedling stage in pigeonpea (Cajanus cajan L.). Indian 
J. Genet. Plant Breed., 82(3): 311-323.

Jensen N.P. 1970. A diallel selective mating system for cereal 
breeding.Crop Sci., 10: 620-625.

Kargbo S.S., Showemimo F., Akintokun P. and Porbeni J. 2019. 
Combining ability analysis and gene action for yield and yield 
related traits in rice (Oryza sativa L.) under saline conditions. J. 
Plant Breed. Genet., 7(2): 63-74.

Kashyap S.P., Prasanna H.C., Kumari N., Mishra P. and Singh B. 
2020. Understanding salt tolerance mechanism using 
transcriptome profling and de novo assembly of wild tomato 
Solanumchilense. Scientific Rep., 10(1): 1-20.

Kempthorne O. 1957. An introduction to genetic statistics.John 
Willey and Sons, Inc. New York, pp. 468-471.

Khush G.S. and Virk P.S. 2000. Rice breeding achievements and 
future strategies. Crop Improvement, 27(2): 115-144.

Meredith Jr W.R. and Bridge R.R. 1972. Heterosis and gene action 
in cotton, Gossypium hirsutum L. Crop Sci., 12(3): 304-310.

Munns R. and Tester M. 2008. Mechanisms of salinity tolerance. 
Annu. Rev. Plant Biol., 59: 651-681.

Murthy K. G. K. and Pradeep T. 2022. Influence of G x E interaction 
on heterobeltiosis, combining ability and stability of crosses 
derived from multiple cross derivatives of cotton (Gossypium 
hirsutum L.) and amenable for HDPS. Indian J. Genet. Plant 
Breed., 82(3): 359-360.

Panse V.G. and Sukhatme P.V. 1967. Statistical Methods for Agric. 
Workers.IInd Edn pp. 152-157.

Patial M., Pal D. and Kumar J. 2016. Combining ability and gene 
action studies for grain yield and its component traits in 
barley (Hordeum vulgare L.). SABRAO J. Breed. Genet., 48(1).

Pradhan S.K., Bose L.K. and Meher J. 2006. Studies on gene action 
and combining ability analysis in Basmati rice. J. Central 
European Agri., 7(2): 267-272.

Qadir M., Schubert S., Ghafoor A. and Murtaza G. 2001.Amelioration 
strategies for sodic soils: A review. Land Degrad. Dev., 12(4): 
357-458. https://doi.org./10.1002/ldr.458.

Qadir M., Tubeileh A., Akhtar J., Larbi A., Minhas P.S. and Khan 
M.A. 2008. Productivity enhancement of salt-afected 
environments through crop diversifcation. Land Degrad. 
Dev., 19(4): 429-453.

Rashid M., Cheema A.A. and Ashraf M. 2007. Line x tester analysis 
in basmati rice. Pakistan J. Bot., 39(6): 2035-2042.

Rosielle A. and Hamblin J. 1981. Theoretical aspects of selection 
for yield in stress and non-stress environment 1. Crop Sci., 
21: 943–946. 

Roy S.S., Senapati B.K., Sinhamahapatra S.P. and Sarkar K.K. 2009.
Heterosis for yield and quality in rice. Oryza, 46(2): 87-93.

Ruan C.J., da Silva J.A.T., Mopper S., Qin P. and Lutts S. 2010. 
Halophyte improvement for a salinized world. Crit. Rev. Plant 
Sci., 29: 329-359.

Salem T., Rabie H., Mowafy S., Eissa A. and Mansour E. 2020. 



November, 2022] Combining ability and heterotic response in rice 429

Combining ability and genetic components of Egyptian 
cotton for earliness, yield, and fiber quality traits. SABRAO 
J. Breed. Genet., 52: 369–389. 

Saleem M.Y., Mirza J.I. and Haq M.A. 2010. Combining ability 
analysis for yield and related traits in basmati rice (Oryza 
sativa L.). Pak. J. Bot., 42(1): 627-637.

Sanghera G.S. and Hussain W. 2013. Gene action and combining 
ability studies using CMS system for developments of hybrid 
rice under temperate conditions, American J. Agril. Sci. Tech., 
1: 27-44.

Saravanan K. and Sabesan T. 2010. Combining ability for yield 
& yield contributing characters in rice (Oryza sativa 
L.). Electronic J. Plant Breed., 1(5): 1290-1293.

Sari W.K., Nualsri C., Junsawang N. and Soonsuwon W. 2020.
Combining ability and heritability for yield and its related 
traits in Thai upland rice (Oryza sativa L.). Agriculture and 
Natural Resources, 54(3): 229-236.

Shanthi P., Jebaraj S. and Geetha S. 2011. Study on gene action 
for sodic tolerance traits in rice (Oryza sativa L.). Electronic J. 
Plant Breed., 2(1): .24-30.

Singh N.K. and Kumar A. 2004. Combining ability analysis to 
identify suitable parents for heterotic rice hybrid breeding. 
Int. Rice Res. Notes, 29(1): 21-22.

Singh N.K., Singh A.K., Sharma C.L., Singh P.K. and Singh O.N. 2007.
Study of heterosis in rice using line x tester mating system. 

Oryza, 44(3): 260-263.
Singh R.K. and Chaudhary B.D. 1977. Biometrical Methods in 

Quantitative Genetic Analysis. Kalyani Publ., New Delhi, India.
Singh Y.P., Mishra V.K., Singh S., Sharmsa D.K., Singh D., Singh U.S., 

Singh R.K., Haefele S.M. and Ismail A.M. 2016. Productivity of 
sodic soils can be enhanced through the use of salt tolerant 
rice varieties and proper agronomic practices. Fiel Crop Res., 
190: 82-90.

Sprague G.G. and Tatum L.A. 1942. General vs specific combining 
ability in single crosses of corn. Agron. J., 34: 923-932.

Xin S., Yu G., Sun L., Qiang X., Xu N. and Cheng X. 2014. Expression 
of tomato SlTIP2; 2 enhances the tolerance to salt stress in 
the transgenic Arabidopsis and interacts with target proteins. 
J. Plant Res., 127(6): 695-708.

Zewdu Z. 2020. Combining ability analysis of yield and 
yield components in selected rice (Oryza sativa L .) 
genotypes. Cogent Food & Agriculture, 6(1): 1811594.

Zhang H., Han B., Wang T., Chen S., Li H., Zhang Y. and Dai S. 2011. 
Mechanisms of plant salt response: insights from proteomics. 
J. Proteome Res., 11(1): 49-67.

Zhang Q., Maroof M.A., Lu T.Y. and Shen B.Z. 1992. Genetic diversity 
and differentiation of indica and japonica rice detected by 
RFLP analysis. Theor. Appl. Genet., 83(4): 495-499.

Zhao D., Wang Z., Yang F., Zhu W., An F., Ma H., Tóth T., Liao X., 
Yang H. and Zhang L. 2020. Amendments to saline-sodic 
soils showed long-term effects on improving growth and 



430 Shiv P. Shrivastav et al. [Vol. 82, No. 4

A
- 

G
ra

ph
ic

al
 re

pr
es

en
ta

tio
n

Su
pp

le
m

en
ta

ry
 F

ig
. S

1.
 G

ra
ph

ic
al

 re
pr

es
en

ta
tio

n 
an

d 
H

ea
tm

ap
 o

f h
et

er
ob

el
tio

si
s 

fo
r y

ie
ld

 a
nd

 it
s 

at
tr

ib
ut

in
g 

tr
ai

ts
B-

 H
ea

tm
ap

(i)



November, 2022] Combining ability and heterotic response in rice 431
Su

pp
le

m
en

ta
ry

 Ta
bl

e S
1.

 Es
tim

at
es

 o
f s

pe
cifi

c c
om

bi
ni

ng
 ab

ilit
y (

SC
A)

 eff
ec

ts 
of

 cr
os

se
s (

F 1s) 
fo

r 1
8 c

ha
ra

ct
er

s i
n 

ric
e u

nd
er

 so
di

c s
oi

l

S.N
.

Cr
os

se
s

Da
ys

 
to

 50
%

 
flo

we
rin

g

Ch
lo

ro
ph

yll
 

co
nt

en
t

Le
af

 
ni

tro
ge

n
Le

af
 

te
m

pe
ra

tu
re

Fla
g 

lea
f 

ar
ea

 
(cm

2 )

Pl
an

t 
he

ig
ht

 
(cm

)

Pa
ni

cle
 

be
ar

in
g 

til
ler

s/
pl

an
t

Pa
ni

cle
 

len
gt

h 
(cm

)

Sp
ike

let
s/

pa
ni

cle
Gr

ain
s/

pa
ni

cle

Sp
ike

let
 

fe
rti

lit
y 

(%
)

Bi
ol

og
ica

l 
yie

ld
/p

lan
t 

(g
)

Ha
rv

es
t 

in
de

x 
(%

)

L/
B 

ra
tio

10
00

- 
gr

ain
 

we
ig

ht
 

(g
)

Am
ylo

se
 

co
nt

en
t

Pr
ot

ein
 

co
nt

en
t 

(%
)

Gr
ain

 
yie

ld
/

pl
an

t 
(g

)

1
ND

RK
 

50
04

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
-1

.39
3.1

3*
*

-0
.01

0.0
9

-0
.24

-1
.77

*
0.0

0
0.0

0
-3

.21
*

6.9
5*

*
6.4

9*
*

-0
.18

1.7
7*

0.2
2*

*
0.0

3
0.0

2
-0

.02
0.8

1*
*

2
ND

RK
 50

04
*C

SR
 23

-0
.75

-1
.72

**
-0

.02
1.9

6*
*

0.7
7*

*
4.5

0*
*

0.0
7

0.1
0

-2
.24

-4
.40

**
-1

.84
-0

.20
-4

.51
**

0.0
1

0.1
1

-0
.02

0.0
1

-2
.02

**

3
ND

RK
 50

04
*IR

 28
2.1

4
-1

.41
**

0.0
3*

-2
.05

**
-0

.52
*

-2
.73

**
-0

.07
-0

.10
5.4

6*
*

-2
.54

-4
.65

**
0.3

8
2.7

4*
*

-0
.23

**
-0

.14
0.0

0
0.0

1
1.2

0*
*

4
FL

47
8*

 N
ar

en
dr

a 
Us

ar
Dh

an
 3

-1
.05

2.4
8*

*
-0

.01
-0

.84
**

-0
.16

6.6
7*

*
0.0

0
0.0

2
-5

.88
**

-5
.39

**
0.7

6
0.9

3
1.0

4
0.0

7
0.1

9
-0

.04
*

0.0
0

0.8
8*

*

5
FL

 47
8*

CS
R 

23
1.9

2
-1

.83
**

0.0
1

2.2
7*

*
-0

.27
-1

.72
*

0.0
0

0.1
6

6.0
9*

*
0.2

6
-4

.20
**

-1
.08

0.4
8

0.0
8

-0
.19

-0
.10

**
-0

.01
-0

.26

6
FL

 47
8*

IR
 28

-0
.86

-0
.66

*
0.0

1
-1

.43
**

0.4
4

-4
.95

**
0.0

0
-0

.18
-0

.21
5.1

2*
*

3.4
5*

*
0.1

5
-1

.53
-0

.15
*

0.0
0

0.1
4*

*
0.0

1
-0

.62
**

7
ND

RK
 

50
93

*N
ar

en
dr

a U
 

sa
r D

ha
n 

3
-0

.61
0.3

4
-0

.04
**

0.2
8

0.2
4

-1
.01

0.0
9

0.7
2

-5
.88

**
0.9

5
5.0

0*
*

3.0
4*

*
0.3

7
0.0

7
0.1

7
0.0

1
0.0

0
1.4

6*
*

8
ND

RK
 50

93
*C

SR
 23

-0
.97

-0
.40

0.0
0

-0
.65

**
0.1

1
-1

.87
*

0.0
2

-0
.20

-3
.91

**
4.2

6*
*

5.6
6*

*
-1

.97
*

-1
.66

0.0
9

-0
.16

0.0
0

0.0
0

-1
.46

**

9
ND

RK
 50

93
*IR

 28
1.5

8
0.0

5
0.0

4*
*

0.3
7

-0
.36

2.8
7*

*
-0

.11
-0

.52
9.7

9*
*

-5
.21

**
-1

0.6
6*

*
-1

.07
1.3

0
-0

.17
**

0.0
0

-0
.01

0.0
0

-0
.01

10
Su

sh
k 

Sa
m

ra
t*

Na
re

nd
ra

 
Us

ar
 D

ha
n 

3
1.2

8
0.1

6
0.0

0
0.3

8
0.2

2
0.0

5
-0

.17
-0

.15
5.7

9*
*

2.5
0

-1
.17

-4
.29

**
-1

.65
-0

.15
**

-0
.49

0.0
2

0.0
0

-2
.53

**

11
Su

sh
k S

am
ra

t*
CS

R 
23

-1
.42

0.1
4

-0
.03

2.3
5*

*
-0

.55
*

-2
.25

**
0.1

3
-0

.47
3.4

2*
5.1

5*
*

1.7
4

7.0
3*

*
1.4

1
-0

.20
**

0.3
5

-0
.02

-0
.01

3.5
6*

*

12
Su

sh
k S

am
ra

t*
IR

 28
0.1

4
-0

.30
0.0

2
-2

.73
**

0.3
3

2.2
0*

*
0.0

3
0.6

2
-9

.21
**

-7
.66

**
-0

.58
-2

.74
**

0.2
5

0.3
5*

*
0.1

4
0.0

0
0.0

1
-1

.03
**

13
IR

 85
89

7*
Na

re
nd

ra
 

Us
ar

 D
ha

n 
3

-0
.50

0.1
1

0.0
4*

*
1.0

6*
*

0.1
7

-1
.05

-0
.06

0.1
6

4.7
9*

*
0.9

5
-2

.05
-2

.07
*

0.0
9

-0
.06

-0
.07

0.0
2

0.0
0

-0
.88

**

14
IR

 85
89

7*
CS

R 
23

-0
.86

-0
.10

-0
.01

0.0
6

-0
.24

0.8
9

-0
.02

-0
.29

0.7
6

-1
.07

-1
.27

0.2
5

2.7
3*

*
0.2

2*
*

0.1
5

-0
.02

-0
.01

1.2
0*

*

15
IR

 85
89

7*
IR

 28
1.3

6
-0

.01
-0

.02
-1

.11
**

0.0
7

0.1
6

0.0
8

0.1
3

-5
.54

**
0.1

2
3.3

2*
*

1.8
2*

-2
.83

**
-0

.16
**

-0
.08

0.0
0

0.0
0

-0
.32

16
Pa

nt
 10

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
0.5

0
-0

.67
*

0.0
3*

-1
.11

**
-0

.33
-4

.42
**

-0
.06

0.0
4

0.6
8

-3
.28

*
-2

.39
*

0.9
3

3.1
8*

*
-0

.13
*

0.1
6

-0
.02

0.0
0

1.7
1*

*

17
Pa

nt
 10

*C
SR

 23
-0

.20
0.3

4
-0

.03
*

-1
.14

**
0.3

7
-3

.75
**

-0
.09

0.4
2

1.6
5

2.7
1

0.8
2

-0
.42

-2
.11

*
0.0

1
-0

.17
0.0

4*
-0

.01
-1

.06
**

18
Pa

nt
 10

*IR
 28

-0
.31

0.3
2

0.0
0

2.2
5*

*
-0

.04
8.1

6*
*

0.1
4

-0
.46

-2
.32

0.5
7

1.5
7

-0
.51

-1
.07

0.1
2*

0.0
2

-0
.01

0.0
1

-0
.66

**

19
CS

R 
10

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
0.6

1
-0

.37
-0

.01
-0

.30
-0

.19
5.9

2*
*

0.3
6*

-0
.17

5.9
0*

*
6.1

7*
*

-0
.16

1.7
1*

-0
.63

-0
.07

-0
.77

*
-0

.02
0.0

0
0.4

7*
*

20
CS

R 
10

*C
SR

 23
-0

.75
0.6

2*
-0

.01
0.7

7*
*

0.1
4

-2
.46

**
0.1

2
-0

.12
-7

.47
**

-0
.85

2.8
3*

-2
.31

**
-1

.02
-0

.12
*

-0
.28

-0
.07

**
0.0

0
-1

.32
**

21
CS

R 
10

*IR
 28

0.1
4

-0
.25

0.0
3*

-0
.46

*
0.0

5
-3

.46
**

-0
.48

**
0.3

0
1.5

7
-5

.32
**

-2
.68

*
0.6

0
1.6

6
0.1

9*
*

1.0
6*

*
0.0

9*
*

0.0
0

0.8
5*

*

22
ND

RK
 

50
40

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
1.0

6
0.7

5*
*

-0
.04

**
-0

.58
**

0.0
0

-0
.62

-0
.04

-0
.17

3.0
1*

-0
.16

-1
.73

1.7
1*

2.8
0*

-0
.13

*
-0

.40
0.0

5*
*

0.0
2

1.9
6*

*

(ii)



432 Shiv P. Shrivastav et al. [Vol. 82, No. 4
23

ND
RK

 50
40

*C
SR

 23
-1

.97
-0

.11
0.0

2
-0

.10
0.3

8
0.7

2
0.0

2
0.4

8
-0

.02
-1

.51
-1

.05
-1

.31
-0

.30
0.1

2*
0.1

5
0.0

1
0.0

1
-0

.67
**

24
ND

RK
 50

40
*IR

 28
0.9

2
-0

.64
*

0.0
2

0.6
8*

*
-0

.38
-0

.10
0.0

2
-0

.30
-2

.99
*

1.6
8

2.7
7*

-0
.40

-2
.51

**
0.0

1
0.2

4
-0

.06
**

-0
.03

-1
.29

**

25
Sa

rjo
o 

52
*N

ar
en

dr
a 

Us
ar

 D
ha

n 
3

-0
.72

1.3
3*

*
0.0

5*
*

-0
.30

0.3
1

-0
.88

-0
.09

0.3
1

-2
0.9

9*
*

-1
2.1

6*
*

2.1
5

1.0
4

-0
.37

0.0
6

-0
.19

-0
.03

*
-0

.10
**

0.4
2*

26
Sa

rjo
o 

52
*C

SR
 23

-0
.75

-0
.01

-0
.06

**
-0

.18
0.1

5
0.3

9
0.0

8
-0

.31
10

.65
**

-1
.51

-4
.95

**
-0

.97
0.0

0
-0

.01
0.1

2
0.0

3
0.1

9*
*

-0
.39

*

27
Sa

rjo
o 

52
*IR

 28
1.4

7
-1

.31
**

0.0
1

0.4
8

-0
.45

*
0.5

0
0.0

1
0.0

1
10

.34
**

13
.68

**
2.8

1*
-0

.07
0.3

7
-0

.05
0.0

7
0.0

1
-0

.09
**

-0
.04

28
ND

RK
 

50
62

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
-1

.72
-2

.21
**

0.0
5*

*
-0

.36
0.0

7
-0

.26
0.3

9*
-0

.49
5.1

2*
*

12
.28

**
4.5

5*
*

-2
.29

**
-2

.88
**

-0
.19

**
-0

.01
-0

.07
**

0.0
9*

*
-2

.21
**

29
ND

RK
 50

62
*C

SR
 23

2.2
5*

1.0
5*

*
-0

.02
-0

.12
-0

.07
1.4

8
-0

.64
**

0.0
9

-4
.91

**
-1

8.0
7*

*
-8

.30
**

-0
.31

0.1
6

0.1
4*

-0
.22

0.0
5*

*
-0

.06
**

-0
.01

30
ND

RK
 50

62
*IR

 28
-0

.53
1.1

6*
*

-0
.03

0.4
8*

0.0
0

-1
.21

0.2
5

0.4
1

-0
.21

5.7
9*

*
3.7

6*
*

2.6
0*

*
2.7

2*
*

0.0
6

0.2
3

0.0
2

-0
.03

2.2
2*

*

31
Na

re
nd

ra
 

20
64

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
0.6

1
-0

.58
*

-0
.01

0.7
5*

*
0.0

8
-0

.27
-0

.06
-0

.54
-3

.54
*

-4
.83

**
-1

.62
-0

.62
-0

.03
-0

.12
*

0.2
7

-0
.11

**
0.0

0
-0

.11

32
Na

re
nd

ra
 20

64
*C

SR
 

23
-0

.42
0.1

5
0.0

1
-0

.19
-0

.02
0.7

3
0.0

5
0.3

9
-3

.58
**

2.1
5

2.0
1

-1
.31

0.8
8

-0
.01

-0
.42

0.1
1*

*
-0

.01
-0

.03

33
Na

re
nd

ra
 20

64
*IR

 
28

-0
.20

0.4
3

0.0
0

-0
.56

**
-0

.06
-0

.46
0.0

1
0.1

4
7.1

2*
*

2.6
8

-0
.39

1.9
3*

-0
.85

0.1
3*

0.1
5

0.0
0

0.0
1

0.1
4

34
ND

RK
 

50
37

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
0.1

7
-0

.83
**

0.0
1

0.3
5

-0
.22

-0
.87

0.3
7*

0.5
1

2.3
4

-4
.16

**
-3

.30
**

-0
.74

-0
.16

-0
.28

**
-0

.17
0.0

5*
*

0.0
0

-0
.18

35
ND

RK
 50

37
*C

SR
 23

0.4
7

-0
.15

0.0
3*

-0
.14

-0
.48

*
0.7

3
-0

.77
**

0.3
2

0.6
5

2.4
9

0.4
7

-0
.08

-0
.13

0.0
4

0.6
0

0.0
7*

*
0.0

0
-0

.06

36
ND

RK
 50

37
*IR

 28
-0

.64
0.9

8*
*

-0
.04

**
-0

.21
0.7

0*
*

0.1
4

0.4
0*

-0
.83

*
-2

.99
*

1.6
8

2.8
3*

0.8
2

0.3
0

0.2
4*

*
-0

.44
-0

.11
**

0.0
0

0.2
4

37
ND

RK
 

50
25

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
0.1

7
-0

.28
0.0

0
-0

.19
0.6

7*
*

-0
.85

0.1
7

-0
.25

-2
.21

-4
.94

**
-1

.99
0.8

2
-3

.03
**

0.0
4

-0
.12

0.1
1*

*
-0

.01
-1

.05
**

38
ND

RK
 50

25
*C

SR
 23

-0
.86

0.0
3

-0
.03

*
0.4

6*
-0

.72
**

1.4
9

0.3
1

0.1
3

2.7
6*

0.7
1

-0
.98

-2
.86

**
-1

.31
0.2

3*
*

0.0
7

0.0
2

0.0
0

-1
.62

**

39
ND

RK
 50

25
*IR

 28
0.6

9
0.2

6
0.0

3*
-0

.27
0.0

5
-0

.64
-0

.49
**

0.1
2

-0
.54

4.2
3*

*
2.9

7*
2.0

4*
4.3

4*
*

-0
.27

**
0.0

4
-0

.13
**

0.0
0

2.6
7*

*

40
ND

RK
 

50
59

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
1.0

6
-0

.22
0.0

2
0.6

0*
*

0.1
0

0.2
9

-0
.06

0.3
5

6.5
7*

*
3.0

6*
-1

.86
-1

.96
*

-1
.40

-0
.03

0.2
7

0.0
5*

*
0.0

0
-1

.36
**

41
ND

RK
 50

59
*C

SR
 23

-1
.64

0.4
9

-0
.02

-0
.25

-0
.31

-0
.20

0.0
8

0.0
3

0.2
0

-3
.96

**
-2

.58
*

-1
.64

-1
.00

-0
.22

**
-0

.11
-0

.04
**

-0
.01

-1
.05

**

42
ND

RK
 50

59
*IR

 28
0.5

8
-0

.27
-0

.01
-0

.35
0.2

0
-0

.09
-0

.02
-0

.38
-6

.77
**

0.9
0

4.4
3*

*
3.6

0*
*

2.3
9*

*
0.2

5*
*

-0
.16

-0
.01

0.0
1

2.4
0*

*

43
ND

RK
 

50
81

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
1.0

6
-0

.82
**

0.0
0

-0
.20

-0
.46

*
0.1

0
-0

.04
-0

.48
-0

.21
-1

.61
-0

.89
-2

.07
*

-1
.51

-0
.17

**
0.1

5
0.0

3
0.0

0
-1

.44
**

44
ND

RK
 50

81
*C

SR
 23

1.6
9

0.3
8

0.0
2

-0
.09

0.3
4

-0
.82

0.1
2

-0
.14

0.0
9

-1
.62

-1
.16

0.5
8

-0
.15

0.1
9*

*
-0

.04
0.0

9*
*

-0
.01

0.2
2

45
ND

RK
 50

81
*IR

 28
-2

.75
*

0.4
4

-0
.02

0.2
9

0.1
3

0.7
2

-0
.08

0.6
2

0.1
2

3.2
3*

2.0
5

1.4
9

1.6
6

-0
.02

-0
.11

-0
.12

**
0.0

1
1.2

2*
*

(iii)



November, 2022] Combining ability and heterotic response in rice 433

S.N
.

Cr
os

se
s

Da
ys

 
to

 50
%

 
flo

we
rin

g

Ch
lo

ro
ph

yll
 

co
nt

en
t

Le
af

 
ni

tro
ge

n
Le

af
 

te
m

pe
ra

tu
re

Fla
g 

lea
f 

ar
ea

 
(cm

2 )

Pl
an

t 
he

ig
ht

 
(cm

)

Pa
ni

cle
 

be
ar

in
g 

til
ler

s/
pl

an
t

Pa
ni

cle
 

len
gt

h 
(cm

)

Sp
ike

let
s/

pa
ni

cle
Gr

ain
s/

pa
ni

cle

Sp
ike

let
 

fe
rti

lit
y 

(%
)

Bi
ol

og
ica

l 
yie

ld
/p

lan
t 

(g
)

Ha
rv

es
t 

in
de

x 
(%

)

L/
B 

ra
tio

10
00

- 
gr

ain
 

we
ig

ht
 

(g
)

Am
ylo

se
 

co
nt

en
t

Pr
ot

ein
 

co
nt

en
t 

(%
)

Gr
ain

 
yie

ld
/

pl
an

t 
(g

)

1
ND

RK
 

50
04

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
-1

.39
3.1

3*
*

-0
.01

0.0
9

-0
.24

-1
.77

*
0.0

0
0.0

0
-3

.21
*

6.9
5*

*
6.4

9*
*

-0
.18

1.7
7*

0.2
2*

*
0.0

3
0.0

2
-0

.02
0.8

1*
*

2
ND

RK
 50

04
*C

SR
 23

-0
.75

-1
.72

**
-0

.02
1.9

6*
*

0.7
7*

*
4.5

0*
*

0.0
7

0.1
0

-2
.24

-4
.40

**
-1

.84
-0

.20
-4

.51
**

0.0
1

0.1
1

-0
.02

0.0
1

-2
.02

**

3
ND

RK
 50

04
*IR

 28
2.1

4
-1

.41
**

0.0
3*

-2
.05

**
-0

.52
*

-2
.73

**
-0

.07
-0

.10
5.4

6*
*

-2
.54

-4
.65

**
0.3

8
2.7

4*
*

-0
.23

**
-0

.14
0.0

0
0.0

1
1.2

0*
*

4
FL

47
8*

 N
ar

en
dr

a 
Us

ar
Dh

an
 3

-1
.05

2.4
8*

*
-0

.01
-0

.84
**

-0
.16

6.6
7*

*
0.0

0
0.0

2
-5

.88
**

-5
.39

**
0.7

6
0.9

3
1.0

4
0.0

7
0.1

9
-0

.04
*

0.0
0

0.8
8*

*

5
FL

 47
8*

CS
R 

23
1.9

2
-1

.83
**

0.0
1

2.2
7*

*
-0

.27
-1

.72
*

0.0
0

0.1
6

6.0
9*

*
0.2

6
-4

.20
**

-1
.08

0.4
8

0.0
8

-0
.19

-0
.10

**
-0

.01
-0

.26

6
FL

 47
8*

IR
 28

-0
.86

-0
.66

*
0.0

1
-1

.43
**

0.4
4

-4
.95

**
0.0

0
-0

.18
-0

.21
5.1

2*
*

3.4
5*

*
0.1

5
-1

.53
-0

.15
*

0.0
0

0.1
4*

*
0.0

1
-0

.62
**

7
ND

RK
 

50
93

*N
ar

en
dr

a U
 

sa
r D

ha
n 

3
-0

.61
0.3

4
-0

.04
**

0.2
8

0.2
4

-1
.01

0.0
9

0.7
2

-5
.88

**
0.9

5
5.0

0*
*

3.0
4*

*
0.3

7
0.0

7
0.1

7
0.0

1
0.0

0
1.4

6*
*

8
ND

RK
 50

93
*C

SR
 23

-0
.97

-0
.40

0.0
0

-0
.65

**
0.1

1
-1

.87
*

0.0
2

-0
.20

-3
.91

**
4.2

6*
*

5.6
6*

*
-1

.97
*

-1
.66

0.0
9

-0
.16

0.0
0

0.0
0

-1
.46

**

9
ND

RK
 50

93
*IR

 28
1.5

8
0.0

5
0.0

4*
*

0.3
7

-0
.36

2.8
7*

*
-0

.11
-0

.52
9.7

9*
*

-5
.21

**
-1

0.6
6*

*
-1

.07
1.3

0
-0

.17
**

0.0
0

-0
.01

0.0
0

-0
.01

10
Su

sh
k 

Sa
m

ra
t*

Na
re

nd
ra

 
Us

ar
 D

ha
n 

3
1.2

8
0.1

6
0.0

0
0.3

8
0.2

2
0.0

5
-0

.17
-0

.15
5.7

9*
*

2.5
0

-1
.17

-4
.29

**
-1

.65
-0

.15
**

-0
.49

0.0
2

0.0
0

-2
.53

**

11
Su

sh
k S

am
ra

t*
CS

R 
23

-1
.42

0.1
4

-0
.03

2.3
5*

*
-0

.55
*

-2
.25

**
0.1

3
-0

.47
3.4

2*
5.1

5*
*

1.7
4

7.0
3*

*
1.4

1
-0

.20
**

0.3
5

-0
.02

-0
.01

3.5
6*

*

12
Su

sh
k S

am
ra

t*
IR

 28
0.1

4
-0

.30
0.0

2
-2

.73
**

0.3
3

2.2
0*

*
0.0

3
0.6

2
-9

.21
**

-7
.66

**
-0

.58
-2

.74
**

0.2
5

0.3
5*

*
0.1

4
0.0

0
0.0

1
-1

.03
**

13
IR

 85
89

7*
Na

re
nd

ra
 

Us
ar

 D
ha

n 
3

-0
.50

0.1
1

0.0
4*

*
1.0

6*
*

0.1
7

-1
.05

-0
.06

0.1
6

4.7
9*

*
0.9

5
-2

.05
-2

.07
*

0.0
9

-0
.06

-0
.07

0.0
2

0.0
0

-0
.88

**

14
IR

 85
89

7*
CS

R 
23

-0
.86

-0
.10

-0
.01

0.0
6

-0
.24

0.8
9

-0
.02

-0
.29

0.7
6

-1
.07

-1
.27

0.2
5

2.7
3*

*
0.2

2*
*

0.1
5

-0
.02

-0
.01

1.2
0*

*

15
IR

 85
89

7*
IR

 28
1.3

6
-0

.01
-0

.02
-1

.11
**

0.0
7

0.1
6

0.0
8

0.1
3

-5
.54

**
0.1

2
3.3

2*
*

1.8
2*

-2
.83

**
-0

.16
**

-0
.08

0.0
0

0.0
0

-0
.32

16
Pa

nt
 10

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
0.5

0
-0

.67
*

0.0
3*

-1
.11

**
-0

.33
-4

.42
**

-0
.06

0.0
4

0.6
8

-3
.28

*
-2

.39
*

0.9
3

3.1
8*

*
-0

.13
*

0.1
6

-0
.02

0.0
0

1.7
1*

*

17
Pa

nt
 10

*C
SR

 23
-0

.20
0.3

4
-0

.03
*

-1
.14

**
0.3

7
-3

.75
**

-0
.09

0.4
2

1.6
5

2.7
1

0.8
2

-0
.42

-2
.11

*
0.0

1
-0

.17
0.0

4*
-0

.01
-1

.06
**

18
Pa

nt
 10

*IR
 28

-0
.31

0.3
2

0.0
0

2.2
5*

*
-0

.04
8.1

6*
*

0.1
4

-0
.46

-2
.32

0.5
7

1.5
7

-0
.51

-1
.07

0.1
2*

0.0
2

-0
.01

0.0
1

-0
.66

**

19
CS

R 
10

*N
ar

en
dr

a 
Us

ar
 D

ha
n 

3
0.6

1
-0

.37
-0

.01
-0

.30
-0

.19
5.9

2*
*

0.3
6*

-0
.17

5.9
0*

*
6.1

7*
*

-0
.16

1.7
1*

-0
.63

-0
.07

-0
.77

*
-0

.02
0.0

0
0.4

7*
*

20
CS

R 
10

*C
SR

 23
-0

.75
0.6

2*
-0

.01
0.7

7*
*

0.1
4

-2
.46

**
0.1

2
-0

.12
-7

.47
**

-0
.85

2.8
3*

-2
.31

**
-1

.02
-0

.12
*

-0
.28

-0
.07

**
0.0

0
-1

.32
**

(iv)


