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A 10-by-10 diallel design with 45 crosses - all but reciprocals - was carried out to estimate the
stability of the wheat. Ten parents, forty-five crosses and two checks made up the total of fifty-seven
genotypes that were examined in three replications at three distinct locations during Rabi 202021
using a randomised block design. Bartlett's test revealed homogeneity for all 11 characters, and a
pooled analysis of variance across three environments revealed that the genotypic variance was
significant when tested against G X E. The G X E interaction partitioning showed that G x E (L) was
highly significant for all traits, while Environment (Linear) interaction effects were non-significant
for all eleven characters. The parent, MP 1203, demonstrated its suitability in favourable
environments for the majority of the characters; parent HD 3086 demonstrated its suitability in
unfavourable environments for the majority of the traits. Consequently, breeding programmes that
aim to stabilise traits that contribute to yield can be used by both of the aforementioned parents. The
crosses HD 3086 x Raj 4079, MP 3288 x WR 544, and MP 3288 x DBW 187 showed that they
could be grown in unfavourable environments, while the crosses HD 3086 % Raj 4037, HD 3086 x
WR 544, MP 1203 x HI 1544, and Raj 4037 x WR 544 demonstrated that they could be grown in
favourable environments for the majority of the traits. As a result, these crosses can be used in
upcoming breeding initiatives to stabilise traits that contribute to yield.

Introduction

In India, it plays a critical role in ensuring food and
nutritional security for a large segment of the population

Wheat (Triticum aestivum L. em. Thell) is a major staple ~ (Kumari et al., 2025). Wheat serves as a primary source
food crop cultivated extensively across temperate and  of dietary carbohydrates and plant-based protein (Shewry
subtropical regions of the world (Shewry and Hey, 2015).  and Hey, 2015) and contributes significantly to the rural
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economy through income generation and employment.
The crop’s adaptability to a range of climatic conditions
has enabled its cultivation in diverse agro-ecological
zones of India (Verma and Suman, 2018). As per recent
data, wheat is cultivated over 31.76 million hectares in
the country, producing 109.52 million tonnes with an
average productivity of 3464 kg/ha (ITW& BR, 2022).

Despite these figures, regional disparities in productivity
persist due to climatic variability, resource limitations,
and differential adoption of improved technologies,
highlighting the need for region-specific genetic
improvement strategies and stability-focused breeding
programs.

Wheat yield is a complex polygenic trait influenced by
multiple genetic and environmental factors. The
inconsistency in productivity across different regions of
the country highlights the potential for targeted genetic
improvement.

Among the major factors affecting yield performance are
genotype and its interaction with the environment.
Genotype X environment interaction (GEI) significantly
impacts the expression of quantitative traits and poses a
challenge to plant breeders in selecting stable and high-
performing genotypes across diverse environments.

The primary objective of any wheat breeding program is
to enhance yield stability and adaptability. A genotype is
considered stable when it consistently performs across
varying environmental conditions. To address GEI, two
strategies are generally employed: (i) the development of
genotypes specifically adapted to a particular
environment, and (ii) the identification of genotypes with
broad adaptability across multiple environments (Kaya et
al., 2006). Stability analysis is, therefore, a crucial tool
for understanding GEI and guiding selection decisions.

Several statistical models have been developed for this
purpose, with the Eberhart and Russell (1966) model
being among the most widely used due to its
effectiveness in resolving genotypic stability.

The present study was undertaken to assess the stability
of bread wheat genotypes using a diallel mating design
across three distinct locations representing diverse agro-
climatic conditions. The aim was to quantify GEI and
identify stable genotypes with consistent performance,
which could be utilized in future breeding programs to
enhance wheat productivity.
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Materials and Methods

The experimental materials consisted of two check
varieties, Sonalika and HD 2967, and ten parents and
their forty-five F: crosses. Forty-five F: offspring
(without reciprocal crosses) were produced by half-
diallel crossing ten parental genotypes. Throughout Rabi
2020-21, three replications of a randomised complete
block design were used to grow all 57 genotypes (10
parents, 45 crosses, and 2 checks) in three distinct
environments: the Rajasthan College of Agriculture,
Udaipur (E:), the Instructional Farm, CTAE, Udaipur
(E2), and Krishi Vigyan Kendra, Badgaon, Udaipur (Es).
In a single, three-metre-long row plot, each genotype was
accommodated. The spacing from plant to plant and from
row to row was 22.5 cm and 10 cm, respectively. The
experiment was carried out in an irrigated environment.
The successful crop was raised by adhering to the
advised crop production and protection practices.

Ten competitive plants were randomly chosen from each
genotype in each replication, and observations were
made on each plant for fifteen traits viz., days to 50%
flowering, days to 75% maturity, plant height, number of
effective tillers per plant, spike length, number of
spikelets per plant, length of awns, number of grains per
spike, flag leaf area, 1000-grain weight, biological yield
per plant, grain yield per plant, harvest index, total
protein content in grain and total chlorophyll content in
each of the three environmental conditions.

The phenotypic stability of genotypes for different
characters having homogeneous error variance in
different environments, and the number of environments
more than two, was estimated according to the model
proposed by Eberhart and Russell (1966). Three
parameters of stability, viz., mean (W), regression
coefficient (bi) and mean squares due to deviation from
linear regression (S%d;), were calculated.

Linear regression 1is regarded as a measure of
responsiveness, and deviation from regression is a
measure of the stability of a particular genotype. The
genotypes with higher per se performance and non-
significant S*d; were classified based on the regression
coefficient (bi). The genotypes with bi<l (significantly
less than 1) were identified for adverse environmental
conditions, bi>1 (significantly greater than 1) for
favourable environmental conditions, and b=1 for
average or unpredictable environmental conditions. A
genotype is considered to be stable in performance if it
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has high mean performance, unit regression coefficient
(bi=1) and least deviation from regression (Sdi=0).

Results and Discussion

The pooled analysis of variance for stability exhibited
that genotypes were found to be highly significant for all
eleven characters (homogenous according to Bartlett’s
test) studied when tested against pooled error as well as
pooled deviation, indicating significant differences
among them.

The mean squares due to genotypes, E + (G x E) and G x
E (L), were significant for all eleven traits studied,
indicating that the environments were quite variable for
all the characters under study and the differential
response of genotypes to all the environmental conditions
(Table 1). Kaya et al, (2006); Gowda et al., (2010);
Mohammadi et al, (2012); Singh et al, (2013);
Mohtasham et al., (2014); Ferede (2016); Khuroo et al.,
(2019); Thakur et al., (2019); Balcha (2020) and Kshatri
et al., (2021) reported the similar findings. The estimates
of stability parameters (biological yield per plant and
grain yield per plant) are presented in Table 2.

Analysis of stability parameters of parents for various
characters expressed that among parents, HD 3086, Raj

4238, Raj 3077, Raj 4037, HI 1544, MP 3288, WR 544
and DBW 187 for earliness, MP 3288 for number of
effective tillers per plant and length of awns, Raj 4037
and Raj 4079 for spike length, HD 3086, Raj 4037, MP
1203 and MP 3288 for number of spikelets per plant, Raj
4238 and MP 3288 for number of grains per spike, HI
1544 and WR 544 for flag leaf area, HD 3086, HI 1544
and DBW 187 for 1000-grain weight, Raj 3077 for grain
yield per plant, Raj 3077 and Raj 4037 for harvest index,
HD 3086, MP 3288 and DBW 187 for total protein
content in grains and Raj 3077, Raj 4037 and WR 544 for

total  chlorophyll content expressed regression
coefficients less than one.
Thus, all these parents would be suitable for

unfavourable environmental conditions (Table 3). On the
other hand, Raj 4037, MP 1203 and Raj 4079 for plant
height, DBW 187 for early flowering, Raj 3077 and MP
1203 for spike length, HI 1544 for number of spikelets
per plant and biological yield per plant, HD 3086 for
number of grains per spike, Raj 4037, MP 1203 and
DBW 187 for flag leaf area, MP 3288 for 1000-grain
weight, HD 3086, HI 1544 and WR 544 for grain yield
per plant and harvest index and Raj 4037 and MP 1203
for total protein content in grains were suitable for
favourable conditions with regression coefficients value
more than unity.

Table.1 Pooled analysis of variance for stability parameters of eleven agronomic and quality traits of wheat
genotypes evaluated across three environments during Rabi 2020-21 (Eberhart and Russell, 1966).

S. Characters Genotype
No.
[56]
1. Days to 50% flowering 36.12%*
P Plant height 67.96%*
3. Spike length 2.35%*
4, No. of spikelets per plant 303.60**
5. Length of awns 271155
6. No. of grains per spike 52.35%*
7. Flag leaf area 17.09%*
8. 1000- Grain weight 9.88**
9. Biological yield per plant 96.51**
10. Grain yield per plant 14.97**
11. Total protein content in grains 0.73**

*, #* Significant at 5% and 1% level of significance, respectively.
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E+(Gx | E(L) GxE(L) Pool Pool
E) deviation @ Error
[114] [1] [56] [57] [336]
5.33%* 0.07 9.65** 1.18 2.01
13.20** 0.10 21.69** 5.08 5.83
0.30%* 0.00 0.45%* 0.15 0.12
37.09** 0.31 42.66** 32.27** 19.73
0.58** 0.01 0.84** 0.34%** 0.12
9.83** 0.21 15.62%* 4.30%* 2.76
4.31** 0.09 7.11%* 1.63 1.27
2.69%* 0.04 4.02%* 1.43 1.05
357 0.06 5.60** 1.64 1.27
2.26%* 0.06 4.28%* 0.31 0.28
0.16** 0.00 0.19** 0.13** 0.07
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Genotype

HD 3086
Raj 4238
Raj 3077
Raj 4037
MP 1203
HI 1544
Raj 4079
MP 3288
WR 544
DBW 187
HD 3086 x Raj 4238
HD 3086 x Raj 3077
HD 3086 x Raj 4037
HD 3086 x MP 1203
HD 3086 x HI 1544
HD 3086 x Raj 4079
HD 3086 x MP 3288
HD 3086 x WR 544
HD 3086 x DBW 187
Raj 4238 x Raj 3077
Raj 4238 x Raj 4037
Raj 4238 x MP 1203
Raj 4238 x HI 1544
Raj 4238 x Raj 4079
Raj 4238 x MP 3288
Raj 4238 x WR 544
Raj 4238 x DBW 187
Raj 3077 x Raj 4037
Raj 3077 x MP 1203
Raj 3077 x HI 1544
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i
40.01
38.46
35.57
34.94
33.99
37.54
37.15
31.42
33.21
35.54
36.74
42.89
29.53
31.29
35.77
47.50
31.89
29.99
32.34
33.74
42.17
35.87
31.43
36.29
35.05
36.51
35.78
41.85
34.24
39.14

Biological yield per plant

b; S*d;
1.00 -1.195
091 -0.356

0.63*+ -1.271
1.55* -1.251
0.66 0.010
1.25 -1.198
1.81 0.711
1.06 -1.010
0.90 -1.034
2.38%* -1.167
0.74 -1.001
1.23 -1.183
0.71 -1.249
1.20 -1.022
0.84* -1.259
1.03 -0.522
0.55 -0.664
1.79 0.339
1.39 -0.539
1.09 -1.127
1.35 -1.143
2.07 7.950%**
1.20 -0.723

0.72*%+ -1.271
0.54 -1.174
0.88* -1.269
1.61 -0.339
1.21 -1.192
0.63 -1.256
0.97 -1.228
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i
16.83
11.67
15.22
13.28
12.29
15.09
13.21
13.35
13.60
11.35
13.08
12.07
9.34
12.33
12.32
16.33
10.15
17.02
9.40
16.65
13.70
13.57
10.93
16.30
12.63
16.70
14.62
11.16
13.43
12.76

Table.2 Stability parameters of biological yield and grain yield per plant in bread wheat [ Triticum aestivum (L.) em. Thell].

Grain yield per plant

b;
1.50
0.59
0.42
0.84
1.31
2.13
1.59%*
1.94
2.38*
1.28
1.89*
1.33
1.06
1.22*
0.70
1.09
0.79
1.08
0.81
0.90*
1.47
1.81
0.52
1.15%
0.89
1.36
0.69*+
0.96*
0.72*
0.53

S*d;
0.533
-0.224
-0.267
0.075
-0.206
0.114
-0.254
-0.133
-0.219
-0.238
-0.210
-0.201
-0.240
-0.259

3.603**
-0.083
-0.259
0.595
-0.190
-0.266
1.128*
0.329
-0.269
-0.275
-0.225
0.135
-0.275
-0.269
-0.273
-0.110



31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
1.
52.
53.
54.
55.
56.
57.

Raj 3077 x Raj 4079
Raj 3077 x MP 3288
Raj 3077 x WR 544
Raj 3077 x DBW 187
Raj 4037 x MP 1203
Raj 4037 x HI 1544
Raj 4037 x Raj 4079
Raj 4037 x MP 3288
Raj 4037 x WR 544
Raj 4037 x DBW 187
MP 1203 x HI 1544
MP 1203 x Raj 4079
MP 1203 x MP 3288
MP 1203 x WR 544
MP 1203 x DBW 187
HI 1544 x Raj 4079
HI 1544 x MP 3288
HI 1544 x WR 544
HI 1544 x DBW 187
Raj 4079 x MP 3288
Raj 4079 x WR 544
Raj 4079 x DBW 187
MP 3288 x WR 544
MP 3288 x DBW 187
WR 544 x DBW 187
Sonalika
HD2967
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29.14
45.20
46.12
39.72
29.80
41.75
43.13
27.97
43.11
45.62
37.46
29.11
41.51
47.16
39.71
43.50
40.72
48.24
27.75
42.31
44.38
28.26
39.39
28.42
42.20
33.46
32.45

1.13

2.32%%+

1.02
0.12
1.92
0.03
1.93
0.69
-0.44
2.02
0.40
1.34
2.42
1.16
2.93
1.08
1.56*
0.59
1.04
1.56

-0.78+

-0.93
-0.13
0.14
-0.19
0.82
-0.65

*, ** and +, ++ significantly deviating from 0 and 1 at 5% and 1%, respectively
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-0.951
-1.268
-1.147
-1.248
-1.096
-0.321
1.276
-1.126
0.356
0.009
0.022
-1.048
0.055
-1.211
5.488*
0.423
-1.231
0.567
0.140

37.754%**

-1.208
-0.270
0.498
-0.979
7.324%%*
-1.239
-0.865

9.45

9.25

13.51
11.96
9.43

12.13
14.64
10.08
14.72
10.92
13.56
9.80

11.23
12.38
16.00
16.15
13.28
15.69
10.15
13.87
12.36
10.23
14.97
9.40

11.59
14.32
13.06

0.75
1.12
0.37
0.88*
0.91*
0.78*
0.55
0.56*+
0.28+
0.38
0.95*
0.62
0.93
0.72
1.01
2.24
0.75
0.97
0.78
1.34
1.04
0.93*
0.53
0.98
0.56
0.40
0.70

-0.199
-0.117
0.144
-0.273
-0.264
-0.273
0.204
-0.274
-0.266
-0.189
-0.258
-0.098
-0.239
0.149
-0.057
0.560
3.028%*
-0.183
-0.241
0.549
0.072
-0.272
-0.012
-0.238
-0.242
-0.204
-0.263



Int.J.Curr.Microbiol. App.Sci (2025) 14(07): 56-67

Table.3 List of parents and crosses suitable for favourable, unfavourable and average environmental conditions in bread wheat [ Triticum aestivum

Characters

Days to
50%
flowering

Days to
75%
maturity

Plant
height

Number of
effective
tillers per
plant

Spike

Parents

< ~ >
(Unfavourable)  (Variable) (Favourable)
Raj 3077, DBW 187
HI 1544, MP
3288
HD 3086, Raj
4238, Raj 4037,
WR 544, DBW
187
Raj 4037,
MP 1203,
Raj 4079
MP 3288
Raj 4037, Raj Raj 3077,

(L.) em. Thell].

< (Unfavourable)

HD 3086 x HI 1544, HD 3086 x Raj
4079, Raj 4238 x Raj 4037, Raj 4238
x MP 1203, Raj 3077 x Raj 4037,
Raj 3077 x Raj 4079, Raj 3077 x WR
544, MP 1203 x WR 544, HI 1544 x
Raj 4079, Raj 4079 x DBW 187

HD 3086 x Raj 4238, HD 3086 x MP
1203, HD 3086 x Raj 4079, HD 3086
x MP 3288, HD 3086 x WR 544, Raj
4238 x WR 544, Raj 3077 x WR
544, Raj 3077 x DBW 187, Raj 4037
x MP 1203, Raj 4037 x MP 3288,
Raj 4037 x WR 544, MP 1203 x WR
544, HI 1544 x WR 544, Raj 4079 x
WR 544, Raj 4079 x DBW 187, WR
544 x DBW 187
Raj 4238 x Raj 3077, Raj 4238 x Raj
4037, Raj 4238 x MP 1203, Raj 3077
x MP 1203, Raj 4037 x MP 3288,
MP 1203 x DBW 187, HI 1544 x Raj
4079, HI 1544 x WR 544, MP 3288
x DBW 187, WR 544 x DBW 187
Raj 4079 x WR 544

HD 3086 x Raj 4037, HD 3086 x MP

61

Crosses
~(Variable)

Raj 4037 x Raj 4079

Raj 4079 x WR 544

> (Favourable)

HD 3086 x Raj 3077, HD 3086 x Raj
4037, HD 3086 x MP 3288, HD 3086 x
WR 544, HD 3086 x DBW 187, Raj
4238 x Raj 3077, Raj 4238 x Raj 4079,
Raj 4238 x MP 3288, Raj 4238 xWR
544, Raj 4238 x DBW 187, HI 1544 x
Raj 4037, MP 1203 x DBW 187
HD 3086 x HI 1544, HD 3086 x DBW
187, Raj 4238 x DBW 187, Raj 3077 x
Raj 4079, MP 1203 x DBW 187, HI
1544 x Raj 4079, HI 1544 x MP 3288,
MP 3288 xWR 544

HD 3086 x Raj 4238, HD 3086 x Raj
4037, Raj 4238 x HI 1544, Raj 4238 x
MP 3288, MP 1203 x HI 1544, HI
1544 x Raj 4079, Raj 4079 x MP 3288

HD 3086 x MP 1203, Raj 4238 x MP
1203, Raj 4238 x HI 1544, Raj 3077 x
Raj 4079, Raj 4238 x MP 3288, Raj
3077 x Raj 4079, Raj 3077 x MP 3288,
Raj 4037 x WR 544, HI 1544 x WR
544, WR 544 x DBW 187
HD 3086 x Raj 3077, HD 3086 x WR



length 4079
Number of HD 3086, Raj
spikelets 4037, MP 1203,
per plant MP 3288
Length of MP 3288
awns
Number of Raj 4238,
grains per MP 3288
spike
Flag leaf HI 1544,
area WR 544
1000-grain HD 3086,

HI 1544,
WR 544

HD 3086

MP 1203
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MP 1203

HI 1544

HD 3086

Raj 4037,
MP 1203,
DBW 187

MP 3288

3288, HD 3086 x DBW 187, Raj
4037 x MP 1203, Raj 4037 x Raj
4079, MP 1203 x Raj 4079

HD 3086 x HI 1544, HD 3086 x MP
3288, HD 3086 x WR 544, Raj 4238
x Raj 4037, Raj 3077 x Raj 4037, Raj
3077 x DBW 187, Raj 3077 x MP
1203, Raj 4037 x WR 544, Raj 4079
x MP 3288, MP 3288 x DBW 187
Raj 4238 x Raj 4037, Raj 4238 x Raj
4079, Raj 4238 x DBW 187, Raj
3077 x Raj 4037, Raj 4037 x Raj
4079, Raj 4037 x MP 3288, HI 1544
x Raj 4079, HI 1544 x MP 3288, HI
1544 x DBW 187, Raj 4079 x WR
544, WR 544 x DBW 187
HD 3086 x Raj 4238, HD 3086 x Raj
4079, HD 3086 x MP 3288, Raj 4238
x HI 1544, Raj 3077 x MP 1203, Raj
3077 x HI 1544, Raj 3077 x MP
3288, Raj 4037 x HI 1544, HI 1544 x
MP 3288, HI 1544 x DBW 187, MP
3288 x WR 544 s

HD 3086 x HI 1544, Raj 4238 x Raj
4079, Raj 3077 x Raj 4079, Raj 3077
x DBW 187, Raj 4037 x MP 3288,
MP 1203 x HI 1544, MP 1203 x WR
544, HI 1544 x WR 544, Raj 4079 x
WR 544, MP 3288 x DBW 187
HD 3086 x Raj 4037, HD 3086 x MP
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Raj 4238 x WR 544,
HD 3086 x MP
3288, Raj 3077 x
MP 1203, Raj 4037
x HI 1544, MP 1203
x DBW 187, HI
1544 x WR 544
HD 3086 x MP
1203, HD 3086 x
DBW 187, Raj 4238
x MP 3288, Raj
3077 x MP 3288,
Raj 4037 x Raj
4079, Raj 4037 x
DBW 187, MP 1203
x MP 3288
HD 3086 x MP
3288, Raj 3077 x
MP 3288, Raj 4079
x MP 3288

Raj 4037 x MP

544, Raj 4238 x Raj 3077, Raj 4238 x
Raj 4037, Raj 4238 x Raj 4079, Raj
3077 x MP 1203, Raj 3077 x Raj 4079,
Raj 3077 x WR 544, Raj 3077 x DBW
187, Raj 4037 x HI 1544, Raj 4037 x
MP 3288, Raj 4037 x WR 544, MP
1203 x WR 544
HD 3086 x Raj 3077, HD 3086 x Raj
4037, Raj 3077 x HI 1544, Raj 4037 x
Raj 4079, Raj 4037 x DBW 187, MP
1203 x HI 1544, MP 1203 x Raj 4079,
Raj 4079 x WR 544, MP 3288 x WR
544, WR 544 x DBW 187
HD 3086 x WR 544

HD 3086 x Raj 3077, HD 3086 x HI
1544, Raj 4238 x Raj 4079, Raj 4238 x
WR 544, Raj 4037 x WR 544, MP
1203 x HI 1544, MP 1203 x WR 544,
WR 544 x DBW 187

HD 3086 x MP 1203, Raj 4238 x Raj

3077, Raj 4238 x Raj 4037, Raj 4238 x

MP 3288, Raj 4037 x HI 1544, Raj
4037 x Raj 4079, Raj 4037 x WR 544,

Raj 4079 x DBW 187, WR 544 x DBW

187
HD 3086 x WR 544, Raj 3077 x Raj



weight

Biological
yield per
plant

Grain yield
per plant

Harvest
index

Total
protein
content in
grains

Total
chlorophyll
content

HI 1544,

DBW 187

Raj 3077

Raj 3077,
Raj 4037

HD 3086,
MP 3288,
DBW 187

Raj 3077,
Raj 4037,
WR 544

HD 3086,
Raj 4238

Raj 3077
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HI 1544

HD 3086,
HI 1544,
WR 544

HD 3086,
HI 1544,
MP 3288,
WR 544

Raj 4037,
MP 1203

1203, HD 3086 x Raj 4079, Raj 4238
x Raj 4037, Raj 4238 x WR 544, Raj
4238 x DBW 187, Raj 4037 x HI
1544, Raj 4037 x DBW 187, Raj
4079 x DBW 187, MP 3288 x DBW
187
Raj 3077 x DBW 187, Raj 4037 x HI
1544, Raj 4037 x WR 544, HI 1544 x
WR 544, Raj 4079 x WR 544, MP
3288 x WR 544

Raj 4238 x DBW 187, Raj 3077 x
MP 1203, Raj 3077 x HI 1544, Raj
3077 x WR 544, Raj 4037 x Raj
4079, Raj 4037 x WR 544, MP 3288
x WR 544

HD 3086 x Raj 4079, Raj 4238 x Raj
3077, Raj 4238 x HI 1544, Raj 4238
x DBW 187, MP 1203 x DBW 187,
HI 1544 x DBW 187, MP 3288 x
WR 544, MP 3288 x DBW 187

HD 3086 x MP 1203, Raj 4238 x HI
1544, Raj 4238 x MP 3288, Raj 3077
x Raj 4079, Raj 3077 x DBW 187,
MP 1203 x Raj 4079, HI 1544 x Raj
4079, Raj 4079 x MP 3288, Raj 4079
x DBW 187, MP 3288 x WR 544
HD 3086 x Raj 4238, Raj 4238 x
DBW 187, Raj 3077 x Raj 4079, Raj
4037 x MP 1203
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1203, MP 1203 x
WR 544

HD 3086 x Raj
4079, Raj 3077 x HI
1544, Raj 3077 x
WR 544, HI 1544 x
Raj 4079

HD 3086 x Raj
4079, HD 3086 x
WR 544, Raj 4238 x
Raj 3077, MP 1203
x HI 1544, MP 1203
x DBW 187, HI
1544 x WR 544

HD 3086 x Raj
4079, Raj 4238 x
Raj 3077, Raj 4037
x HI 1544

Raj 4238 x HI 1544

4037, Raj 3077 x WR 544, MP 1203 x
Raj 4079, MP 1203 x MP 3288, Raj
4079 x WR 544

HD 3086 x Raj 3077, Raj 4238 x Raj
4037, Raj 3077 x Raj 4037, Raj 3077 x
MP 3288, Raj 4037 x Raj 4079, Raj
4037 x DBW 187, MP 1203 x MP
3288, MP 1203 x WR 544, HI 1544 x
MP 3288
HD 3086 x Raj 4238, Raj 4238 x MP
1203, Raj 4238 x Raj 4079, Raj 4238 x
WR 544, HI 1544 x Raj 4079, Raj
4079 x MP 3288

HD 3086 x Raj 4238, HD 3086 x MP
1203, Raj 4238 x MP 1203, Raj 4238 x
Raj 4079, Raj 4238 x MP 3288, Raj
4238 x WR 544, Raj 3077 x MP 1203,
MP 1203 x HI 1544, HI 1544 x Raj
4079, Raj 4079 x DBW 187
HD 3086 x Raj 4037, HD 3086 x WR
544, Raj 4238 x MP 1203, Raj 4238 x
WR 544, Raj 4238 x DBW 187, Raj
4037 x MP 3288, MP 1203 x WR 544

Raj 4037 x WR 544, Raj 4037 x DBW
187, HI 1544 x MP 3288
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Besides this, some crosses viz., HI 1544 and WR 544 for
number of grains per spike, HD 3086 for flag leaf area,
MP 1203 for 1000-grain weight, HD 3086 and Raj 4238
for biological yield per plant and Raj 3077 for total
protein content in grains were observed having
regression coefficient around unity so these parents may
be utilised in variable environmental conditions.

Thus, it was observed that HD 3086 exhibited its
suitability under unfavourable environments for most of
the traits, while MP 1203 exhibited its suitability under
favourable environments for most of the traits.
Therefore, the above-stated parents can be used in the
breeding programmes aimed at the stability of yield-
contributing traits.

Likewise, analysis of stability parameters for crosses
revealed that for days to 50% flowering, 10 crosses, for
days to 75% maturity 16 crosses, for plant height 10
crosses, for the number of effective tillers per plant, 01
cross, for spike length, 06 crosses, for number of
spikelets per plant, 10 crosses, for length of awns, 11
crosses, for number of grains per spike, 11 crosses, for
flag leaf area, 10 crosses, for 1000-grain weight, 10
crosses, for biological yield per plant, 06 crosses, for
grain yield per plant, 07 crosses, for harvest index, 08
crosses, for total protein content in grains, 10 crosses
and for total chlorophyll content, 04 crosses expressed
significant regression coefficient with less than unity,
therefore would be suitable for unfavourable
environmental conditions (Table 3).

For favourable environmental conditions, 12 crosses for
flowering-related traits, 08 crosses for maturity, 07
crosses for plant height, 10 crosses for the number of
effective tillers per plant, 13 crosses for spike length, 10
crosses for the number of spikelets per plant, 01 for the
length of awns, 08 crosses for number of grains per
spike, 09 crosses for flag leaf area, 06 crosses for 1000-
grain weight, 09 crosses for biological yield per plant, 06
crosses for grain yield per plant, 10 crosses for harvest
index, 07 crosses for total protein content in grains and
03 crosses for total chlorophyll content exhibited
significant regression coefficients with desirable mean
values and regression coefficient value higher than unity
(Table 3).

While crosses, viz., Raj 4037 x Raj 4079 for days to
50% flowering, Raj 4079 x WR 544 for plant height, Raj
4238 x WR 544, HD 3086 x MP 3288, Raj 3077 x MP
1203, Raj 4037 x HI 1544, MP 1203 x DBW 187 and HI
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1544 x WR 544 for length of awns, HD 3086 x MP
1203, HD 3086 x DBW 187, Raj 4238 x MP 3288, Raj
3077 x MP 3288, Raj 4037 x Raj 4079, Raj 4037 x
DBW 187 and MP 1203 x MP 3288 for number of
grains per spike, HD 3086 x MP 3288, Raj 3077 x MP
3288 and Raj 4079 x MP 3288 for flag leaf area, Raj
4037 x MP 1203 and MP 1203 x WR 544 for 1000-grain
weight, HD 3086 x Raj 4079, Raj 3077 x HI 1544, Raj
3077 x WR 544 and HI 1544 x Raj 4079 for biological
yield per plant, HD 3086 x Raj 4079, HD 3086 x WR
544, Raj 4238 x Raj 3077, MP 1203 x HI 1544, MP
1203 x DBW 187 and HI 1544 x WR 544 for grain yield
per plant, HD 3086 x Raj 4079, Raj 4238 x Raj 3077 and
Raj 4037 x HI 1544 for total protein content in grains
and Raj 4238 x HI 1544 for total chlorophyll content
were recorded having regression coefficient equal to
unity, indicating their suitability for variable
environmental conditions.

However, the cross combinations viz., HD 3086 x Raj
4079, MP 3288 x WR 544 and MP 3288 x DBW 187
exhibited their suitability to be grown under
unfavourable environments while crosses HD 3086 x
Raj 4037, HD 3086 x WR 544, MP 1203 x HI 1544 and
Raj 4037 x WR 544 expressed suitability for most of the
characters under favourable environmental conditions.
Thus, these crosses can be utilised for future breeding
programmes for the stability of yield-contributing
characters. The chances for the selection of stable
crosses could be strengthened by selection in favour of
stability in an individual environment. Similar trends of
adaptability of genotypes were also observed by Arya et
al., (2004); Banerjee et al., (2006); Ameen (2012); Patel
et al., (2014); Jhinjer et al., (2017); Siddhi et al., (2018);
Thakur et al., (2019); Kabir et al., (2009); Dhiwar et al.,
(2020) and Kshatri et al., (2021).

The parent HD 3086 exhibited its suitability under
unfavourable environments for most of the traits, while
MP 1203 exhibited its suitability under favourable
environments for most of the traits. Therefore, both of
the above-stated parents can be used in breeding
programmes aimed at the stability of yield-contributing
traits.

Among crosses, the cross combinations viz., HD 3086 x
Raj 4079, MP 3288 x WR 544 and MP 3288 x DBW
187 exhibited their suitability to be grown under
unfavourable environments, while the crosses HD 3086
x Raj 4037, HD 3086 x WR 544, MP 1203 x HI 1544
and Raj 4037 x WR 544 expressed suitability for most of
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the traits under favourable environmental conditions.
Thus, these crosses can be utilised for future breeding
programmes focused on the stability of yield-
contributing characters.
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