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ABSTRACT

Article History

Experiments were conducted during the 2022-23 and 2023-24 Rabi seasons at three locations,
Line x Tester mating design was used to assess the stability of 67 wheat genotypes for yield
and related traits. In Phase | (first stage of the experiment) was carried out to generate forty-
five F1 hybrids by crossing fifteen lines with three testers. In Phase Il (second stage of the
experiment) was conducted by multilocational trial which involved three locations (one in India
and two in Nigeria) using Randomized Complete Block Design (RCBD) with three replications.
Standard agronomic practices were followed and data obtained were analyzed using the
Eberhart and Russell statistical procedures. The results observed that, there was no stable
genotype for all traits. However, some genotypes like DH-3086X PBW-343 and DBW-222X
PBW ZNT1 revealed high yield with moderate stability for grain yield/plant and other yield-
related traits. DBW-173 and PBW ZN1 showed the highest stability with moderate yield. For
chlorophyll content, the stable genotypes were HD-3721 X PBW-343, PBW-550X PBW-343,
and CSW-18. Regarding protein content, DBW-187 and BORLAUG-100 were the most stable
and high-performing. Therefore, selection of stable and high-yielding genotypes is reliable
and beneficial for genotypes like DBW-173; PBW ZN1 (for grain yield); HD-3721 X PBW-343;
PBW-550X PBW-343; CSW-18 (for chlorophyll content); DBW-187 and BORLAUG-100 (for
protein content) for wheat improvement across the locations.
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Mechanisms of Stability in Wheat

Wheat (Triticum aestivum L), as a member of the
Poaceae family, is an allohexaploid species with 21
chromosome pairs arranged into three subgenomes: A, B,
and D, with a genome composition of BBAADD and 2n =
6x = 42 (bread wheat) (Chaudhary et al., 2023; Divya et al,
2024). It originated through natural hybridization between
Emmer wheat (AABB) (Triticum dicoccon), known as “farro,”
and Goat grass (DD) (Aegilops tauschii), referred to as hard
grass (Kiranakumara et al., 2024).

Wheat is a self-pollinated species with a spike-type
inflorescence. It contains three anthers attached to the
base by thin filaments and enclosed by bract-like
structures called lemma and palea, which surround the
fruit known as the caryopsis (Tayebeh et al., 2022). The
optimal temperatures for wheat growth are 20-25°C for
germination, 16-20°C for tillering, and 20-23°C for grain
formation (Tayebeh et al., 2022).

Some genetic and physiological mechanisms in wheat
aids its stability and adaptability to many environmental
stresses like some specific genes that were activated under
stress conditions (encoding proteins) (Siddhi et al., 2018).
Heat shock proteins (HSPs) also help in the protection of
cellular proteins from denaturation under heat stress
(Sadhu et al., 2024). Antioxidant genes are responsible for
the synthesis of antioxidant enzymes like superoxide
dismutase (SOD), catalase, and peroxidases that help in
scavenging reactive oxygen species (ROS) produced under
stress (Tanin et al., 2022).

Physiological mechanisms (homeostasis) for stability
and adaptability involves osmotic adjustment such as
accumulation of compatible solutes like proline, sugars,
and polyols in response to drought or salt stress (Ghafoor
et al,, 2024).
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Yield and Stability

The concept of yield and yield components in wheat
genotypes, as cited by Verma et al. (2021), emphasizes that
the primary goal of most breeding programs is to identify
genetically superior genotypes and if this superiority is
genetic, the genotype will consistently reproduce its value
across different environments. However, if the value is
solely environmental, the genotype will not maintain its
performance (Osman et al,, 2022).

Yield per hectare is a key factor in determining the
commercial acceptability of wheat varieties in developing
countries (Kumar et al., 2018; Reckling et al., 2021). The
relationship between yield and vyield-related traits is
important, as it enables more efficient selection for the
simultaneous improvement of one or more yield-
influencing component (Omrani et al,, 2022a; Fellahi et al,
2013). Understanding this relationship aids in selecting
suitable parents and crosses for the commercial success of
conventional breeding programs, as crop yield is the result
of all individual yield components working together, each
contributing small cumulative effects on the overall yield
(Kumar et al., 2022; Lee et al., 2023).

Stability analysis is utilized to assess the level of
genetic determination (DGD) for sustainable crop
improvement and environmentally friendly breeding
programs (Bouchareb & Guendouz, 2022). Evaluation of
potential genotypes under various environmental
conditions (stability analysis) is a crucial and final step in
most applied plant breeding programs (Siddhi et al., 2018;
Ghafoor et al., 2024).

Current Challenges and Potential Solutions

Despite the rapid and consistent population growth in
India and Nigeria and efforts to produce commercial
hybrid seeds have been attempted several to many times
using various sterility induction techniques which include
genetic male sterility, cytoplasmic genetic male sterility,
and chemical hybridizing agents for wheat improvement
(Mohamed et al., 2024). However, these efforts have had
limited practical relevance due to polyploidy nature and
the technical complexities involved in large-scale hybrid
seed production in wheat (Ahmed et al., 2023).

Wheat production faces several challenges that affect
its yield and quality, such as salinity, heat stress,
diseases/pests and insufficient breeding information,
including stability analysis; genetic variability and
adaptability (Popovic et al., 2020; Sujitha et al., 2024).

Most existing and previous studies on stability were
carried out in either India or Nigeria, but not both, leaving
a significant gap between these two distinct agro-
ecological zones. The present investigation is potential to
mitigate some challenges faces by wheat farmers often
used unsuitable genotypes in inappropriate environments
as reported by Enyew et al. (2021) and Mullualem et al.
(2024) stability analysis is an eco-friendly, non-transgenic
breeding approach that offers vital information for the
inheritance patterns of yield-related traits.

Research was designed to assess the stability of 67
wheat genotypes for yield and related traits to improve
wheat production, ensure resilience against environmental
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stresses and contribute to sustainable agricultural practices
that can meet the demands of growing population.

MATERIALS & METHODS

Experimental Material and Site

The experimental materials consisted of 67 wheat
genotypes, including fifteen lines, three testers, four
checks, and forty-five F1 hybrids derived from crossing of
fifteen lines with three testers. Some materials includes;

breeder's kit was used; SPAD (Soil Plant Analysis
Development) handheld meter, meter rule, electric
weighing balance (Compax-Cx-600), seed counting
machine, digestion apparatus, sodium hydroxide,

hydrochloric acid and others.

Table 1 summarized the sources and status of
genotypes used in the experiment; while Table 2 provides
comparative weather report for the 2023-2024 Rabi season
across three locations Borno State (Nigeria), Kebbi State
(Nigeria) and Phagwara (Punjab State, India) showing
variations in temperature (high and low), rainfall (in mm),
and relative humidity (RH in %) for each month.

Geographical information of three locations used for
the experiment presented as; location one (Fig. 1) was
teaching and research farm, Department of Genetics and
Plant Breeding, Lovely Professional University, Phagwara
Punjab India, located between latitude 31.2245° N and
longitude 75.7711° E on an altitude of about 243m above
the sea level with annual rainfall of 527.1mm (MAFW,
2023).

Location two (Fig. 2) was teaching and research farm
of Kebbi State University of Science and Technology Aliero,
Kebbi State (KSUSTA), Nigeria, located in the Sudan
Savanna agro-ecological zone of Nigeria between latitude
13°08 N and longitude 5° 15 E on an altitude of about 250
m above sea level with annual rainfall ranges from 1500-
1700mm. While third location (Fig. 3) Lake Chad research
Institute, Borno State Nigeria, located between latitude
11.8467°N and longitude 13.1571°E, on an altitude of
about 325m above sea level with annual rainfall ranges
from 900-1500mm (FMARD, 2023).

Methods

In phase | (2022-23 Rabi season), Augmented Design
was used to generate forty-five (45) Fys hybrids by
crossing 15 lines with three testers. In phase Il, the
experimental materials were evaluated at three locations
using Randomized Complete Block Design with three
replications during the Rabi 2023-24 season. Each plot
consisted of three rows, each 3m in length, with an inter-
row spacing of 22.5cm. Standard agronomic practices
were followed as per the recommended guidelines.

Experiment was conducted at three locations; first
location was the teaching and research farm, Department
of Genetics and Plant Breeding, Lovely Professional
University, Phagwara, Punjab, India; the second at the
teaching and research farm of Kebbi State University of
Science and Technology, Aliero, Kebbi State, Nigeria and
the third at the Lake Chad Wheat Research Institute, Borno
State, Nigeria.
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Table 1: List of parents and four checks (Sources and Status)
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Sr. No. Genotype Source of genotypes Status (released variety/advanced line etc.)
1 BHU 25 Banaras Hindu University (BHU) Released Variety
2 WB-02 Private Sector (West Bengal) Released Variety
3 BHU 31 Banaras Hindu University (BHU) Released Variety
4 HD 3721 ICAR-IIWBR Released Variety
5 PBW 725 Punjab Agricultural University (PAU) Released Variety
6 CRD GEHNU1 ICAR-1IWBR/Collaborator Institute Released Variety
7 PBW 550 Punjab Agricultural University (PAU) Released Variety
8 PBW 677 Punjab Agricultural University (PAU) Released Variety
9 PBW 822 Punjab Agricultural University (PAU) Released Variety
10 HD 3117 ICAR-IIWBR Released Variety
11 DBW 173 ICAR-IIWBR Released Variety
12 HD 3086 ICAR-IIWBR Released Variety
13 DBW 222 ICAR-IIWBR Released Variety
14 CSW 18 ICAR-IIWBR Released Variety
15 PBW 757 Punjab Agricultural University (PAU) Released Variety
16 PBW ZN1 (tester1) Punjab Agricultural University (PAU) Released Variety
17 PBW 343 (tester2) Punjab Agricultural University (PAU) Released Variety
18 HD 3326(tester3) ICAR-1IWBR Released Variety
19 HD 2967 (check1) ICAR-1IWBR Released Variety
20 DBW 187 (check?) ICAR-1IWBR Released Variety
21 Norman (check3) CIMMYT/ICAR Collaborations Released Variety
22 Borlaug-100(check4) CIMMYT/ICAR Collaborations Released Variety

Table 2: Weather report 2023-2024 seasons across three locations

Month High Temp (°C) Low Temp (°C) Rainfall (mm) R. H. (%) High Temp (°C) Low Temp (°C) Rainfall (mm) R.H. (%) High Temp (°C) Low Temp (°C)
October 36 23 15 45 374 25.5 36.3 58 32 20
November 34 18 0 25 371 224 0 29 27 15
December 31 15 0 20 344 18.1 0 20 21 10
Rabi season 2024

January 31 14 0 15 347 171 0 20 19 8
February 34 17 0.2 14 37.8 19.8 0.53 18 23 10
March 38 20 1 17 40.8 233 4.9 24 29 15
April 41 24 3 21 423 27 24.2 36 36 21
May 40 27 13.5 35 413 29.8 75.5 49 40 26
June 37 26 63 50 38.8 28.8 94.9 58 41 29
July 33 24 115 65 354 26.3 170.2 70 36 28
August 31 23 198 75 32.8 244 179.1 79 34 26
September 33 24 80 68 34.7 24.9 151.1 76 34 24

Source: Nigerian Meteorological Agency (Nimet) report for the two State Source: Punjab Agricultural University of Agriculture
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Fig. 1: The experimental
site  in Lovely Kebbi
Professional University,
Phagwara  (LPU), India
Technology Aliero
(KSUSTA).



P

Gulumbes*
.". 'agﬁ’

The collected data on quantitative and qualitative traits
were subjected to statistical analysis using Eberhart and
Russell's (1966) method, using three stability parameters
namely; mean performance; regression coefficient and
deviation from regression (mean, bi and S2di).

Statistical Analysis
Eberhart and Russell (1966) described the following
procedure for stability analysis:
(i). test of mean yield of genotypes using 't' test.
(ui —w)
t= SE(x)

' Pooled deviation MS
SE (x)=

,J Number of environments — 1

Mi = mean yield over all environment
M = general mean
(i) Regression on environmental index ‘F’ test.

F= M

(iii) bi (deviation) 't test.
t = (bi—1) and S.E. (b) at v (n-2) d. f.
Where,

Pooled deviation MES
n N
Ejzlm

S.E. (b) =

shua
. L
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Fig. 2: The experimental
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site Lake Chad Research
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RESULTS & DISCUSSION

Quantitative Parameters

Stability analysis of quantitative traits in wheat focuses
on identifying varieties that perform consistently across
different environments. It helps breeders select wheat lines
that are not only high-yielding but also stable in yield and
quality under varying conditions (Pour-Aboughadareh et
al, 2022). Ismail et al. (2023) reported that, evaluation of
traits like number of productive tillers, harvest index,
biological yield, grains yield per plant, 1000 grain yield etc
breeder can assess adaptability and stability analysis of
wheat varieties that can withstand environmental
fluctuations such as drought, heat, and soil variability,
contributing to more reliable and sustainable wheat
production.

Eberhart and Russell (1966) reported three parameters
that helps to measure stability among population, namely;
average yield performance, regression coefficient (bi) and
deviation from the regression (S2di). The model also
described, bi value around 1 indicates average stability, bi
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Table 3: Analysis of Variance (ANOVA) and estimates of components of variance for pooled data over three locations for 16 traits of 67 wheat genotypes

TRAIT Location (L) variance Replication (R) variance LXR variance Genotype (E) variance GXL variance Error variance
df. 2 2 4 66 132 124
DH 0.64 16.71** 27.81%* 468.83** 10.73 0.65
DM 12.79* 32.47% 15.81 204.92** 19.24* 12.79**
FLA 0.54 42.41%* 22.56 219.53 9.68 0.54
GFP 1.85 18.04** 41.96** 11213 68.08** 1.85
PH 3.00 16.37** 5.68 259.54** 7.15 3.01
NPT 0.64 6.768** 2.85 11.15 2.27 0.65
CLC 4.07 1.07 3.56 22897 5.52 4.08
NS/S 137 3.96 7.47 40.5 17.91 137

SL 0.44 5.78 1.16 9.79 134 0.45
NG/S 29.86** 11.97** 37.96 162.36%* 3.61 29.87**
GW/S 0.38 11.66** 1.71 0.43 0.04 0.38
1000GWT 21.74%* 3.87 33.12%* 211.72 6.98 21.74*
BY 3.22 24.55 15.94 142.59** 17.70* 3.22
HNDX 35.34%* 1.21 9.54 393.23** 8.9 35,34
PRCT 0.73 5.66 3.06 132 0.14 0.74
GY/P 53.08** 5.69* 19.23* 147 42** 9.27 53.08**

“*" and "**" for 5% and 1% Level of Significance and Days to 50% heading (DH), Plant height (PH) (cm), Days to maturity (DM), Grain filling period (GFP), Spike
length (SL) (cm), Flag leaf area (FLA) (cm?), Chlorophyll content (CLC), Protein content (PC) (%), Number of spikelet/spike (NS/S) (cm), Number of productive
tiller (NPT), Number of grain per spike (NGS), Grain weight/spike (GW/S) (g), 1000-grain weight (g) (TGW), Biomass yield (BY) (g), Harvest index (HI %) and

Grain yield/plant (GY/P) ().

<1 indicates stability (under both the favorable and
unfavorable environmental conditions) and bi >1 indicates
stability (under favorable environmental conditions only)
and deviation from the regression (S2di), lower S?di values
indicates higher stability (very little variation across
different locations).

Number of productive tillers (Table 4) are controlled
by specific genes that influence tiller initiation and
development (Askander et al., 2021). Results on number of
productive tillers indicated that, high stability observed in
genotypes NORMAN (-0.03) and BHU-31 X PBW-343 (0.13)
while low stability recorded in genotypes DBW-187 and
DH-3086X HD-3326 (bi 2.61 and 2.61, respectively). Similar
results reported by Kshatri et al. (2021), Tayebeh et al.
(2022) and Ghafoor et al. (2024) that the environmental
differences significantly affect performance for yield
related traits such as number of productive tiller, plant
height and 1000 grain yield in wheat (Table 3).

Biological yield (g) (Table 4), we observed high
biological yield and stability in genotypes DBW-173X HD-
3326 (Mean 65.61, bi 1.36, S°di 1.68) and lowest stability
and yield recorded in DBW-173 (32.63) and CSW-18 (bi
8.85), PBW-550X PBW ZN1 bi 8.60. The finding was in
conformity with research results conducted by Pour-
Aboughadareh et al. (2022) showed that environments (E),
hybrids (H) and their interaction (HEI) for most of traits
recorded significant difference except number of
productive tillers and grain yield per plant, this may be as a
result of genetic and environmental variation.

Harvest index (%) (Table 4), considered as ratio
between grain yield and total biological yield (Enyew et al.,
2021; Mullualem et al, 2024). Results observed that,
genotypes DH-3086X PBW-343 (S2di -1.29) and PBW-822X
PBW ZN1 (S%di -1.33) showed good stability and can be
best candidates in diverse environments (additive gene
effects). While HD-3721 X HD-3326 (S2di 39.02) and PWB-
725 X PBW ZN1 (S?di 42.57) revealed high variability (not
stable). The results also agreed with researches
independently conducted by Siddhi et al. (2018) and
Omrani et al. (2022b) observed significant differences in
stability analysis using 11 traits among twelve genotypes,

Ratan and CG 1029
genotypes.

Gain yield per plant (g) (Table 4) revealed that,
genotypes HD-3326 (S%di 0.93), DBW-173 (S3di 1.05), BHU-
25 (Sdi 1.45) and BHU-25X HD-3326 (S*di 1.81) scored the
highest stability across the three environments, while the
least stability was recorded in BHU-25 X HD-3326 (S*di
20.80). Similar results were obtained by Gowda et al. (2010)
and Maeng (2019). They reported that some wheat
genotypes were highly stable with moderate mean
performance, this results in high yield and stable
performance in the advance generation. High stable grain
weight per spike (g) (Fig. 4) were observed in genotypes
PBW-550, PBW-550 X PBW-343, WB-02, CSW-18 X PBW
ZN1, DH-3086 X PBW ZN1 and NORMAN and least for
stability were observed in BHU-31 X PBW-343 and HD-
3721. This is in conformity with research conducted by
Darwish et al. (2024), the analyses showed that G6 was
high-yielding and adaptive and stable. Spike length (cm)
(Fig. 5 revealed that, genotypes BHU-25 X PBW ZN1, DBW-
222 X DH-3326 and NORMAN were highly stabled across
all locations while lowest stability observed in genotypes
PBW ZN1 and HD-3721. The findings were commemorated
by researches conducted independently by Najafi-Mirak et
al. (2021) recorded genotypes NEST-17-04 and NEST-17-
37 were found to be promising for optimum yield over
varying environments for number of spikelets per spike
and spike length. Al-Sayaydeh et al. (2023) and Darwish et
al. (2024) observed that AMMI analysis of stability for
yield-related traits showed significant variation due to the
genotype effect for KA, KL, KC, and KL, KW, whereas the
variation in KW was mainly attributed to environmental
factors.

Number of grain per spike (Fig. 6) indicated high
stability in genotypes CSW-18XHD-3326, BHU-31 X PBW-
343, DBW-222X HD-3326, BHU-25 X HD-3326, HD-2967
and NORMAN (hierarchically). However, least stability
recorded PBW-822 and CRD GEHNUT. Similar results
reported by Sujitha et al. (2024) recorded the two
genotypes for good adaptability and stability 53
genotypes evaluated. 1000 Grain weight (g) (Fig. 7)

recorded as the most stable
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Table 4: Stability analysis on number of productive tillers, biological yield, harvest index and Grain yield per plant from three locations using 67 wheat
genotypes during 2022-2023 and 2023-2024 Rabi seasons (Nov.-April)

SN Genotype No. of productive tiller Biological yield (g) Harvest index (%) Grain yield per plant (g)
* * * * * * * *

SN Genotypes Mean bi Sdi Mean  Bi Sadi Mean  bi S2di Mean bi Sadi

1 HD-2967 4.49 1.12 0.83 51.08 015 2314 4753 147 3274 3467 -2.03 0.84
2 DBW-187 5.03 2.02 0.36 52.45 0.55 3150 4887 062 -0.15 3738 7.08 4.99
3 NORMAN 4.98 -0.24 -0.03 52.13 0.68 19.04 4610 144 1035 33.96 -2.38 -0.40
4 BORLAUG-100 6.59 0.84 0.38 56.06 055 3.71 4899 1.04 1761 39.65 7.75 3.38
5 BHU-25 4.16 0.59 0.36 51.07 086 2366 47.00 156 132 33.31 0.90 1.59
6 HD-3117 4.62 0.77 0.28 49.96 118 2338 4458 078 3184 3488 4.92 16.58
7 BHU-25 X PBW ZN1 8.27 1.64 0.84 61.24 156 2029 5274 -0.77 542 42.83 -1.94 341
8 BHU-25 X PBW-343 7.96 1.26 -0.02 63.10 1.09 1972 5587 -025 2353 4414 -3.06 7.10
9 BHU-25 X HD-3326 7.86 1.03 0.85 6338 010 084 5633 113 559 4413 -4.52 20.80
10 DBW-173 428 0.56 0.41 52.71 120 231 46.74 139 454 32.63 0.24 1.81
1 DBW-173X PBW ZN1 7.59 1.60 0.23 62.71 113 1.21 5762 007 444 43.28 -0.93 -0.71
12 DBW-173X PBW-343 9.06 1.07 0.62 63.62 126 6.29 5765 054 1098 48.70 8.80 16.24
13 DBW-173X HD-3326 8.15 1.07 0.18 65.61 136 1.68 5884 035 0.90 49.85 4.71 7.85
14 DH-3086 5.01 2.34 -0.10 54.16 1.09 8.08 4679 147 728 35.86 7.02 11.11
15 DH-3086X PBW ZN1 7.09 2.08 1.59 64.66 126 2.09 5634 161  4.60 49.38 5.54 9.80
16 DH-3086X PBW-343 7.59 -0.20 3.63 64.14 1.05 336 5878 112  -129 5132 1.07 1.04
17 DH-3086X HD-3326 7.74 1.57 0.16 63.55 061 777 5438 094 1426 4413 -2.69 4.59
18 DBW-222 5.70 1.16 1.01 60.42 222 2164 48.51 1.81 7.59 41.42 5.84 26.55
19 DBW-222X PBW ZN1 9.48 0.97 -0.08 65.43 112 -126 5755 005 875 50.04 0.99 1.69
20 DBW-222X PBW-343 8.56 0.66 0.84 64.15 207 1852 5752 0.80 -0.61 47.82 0.08 1.19
21 DBW-222X HD-3326 7.22 1.20 -0.06 64.72 1.07 234 5383 -0.88 7.52 43.73 -2.86 15.12
22 CSW-18 5.28 1.86 0.34 55.33 144 141 44.23 1.59 1.67 35.70 8.85 2.82
23 CSW-18XPBW ZN1 8.10 0.89 0.35 62.81 042 2110 5945 076 -1.52 4699 -0.61 -0.51
24 CSW-18XPBW-343 8.32 1.26 2.05 6427 084 031 59.03 053 0.16 48.95 3.05 38.74
25 CSW-18XHD-3326 7.88 1.42 1.47 64.77 0.65 16.34 56.52 1.05 9.67 44.05 -4.84 8.93
26 PBW-757 5.17 -0.200 0.33 52.30 1.07 578 4838 171 3.02 35.93 0.24 1.81
27 PBW-757X PBW ZN1 843 0.72 1.58 64.41 106 1397 5714 159 379 49.17 3.09 19.83
28 PBW-757X PBW-343 7.67 -0.26 1.24 62.88 112 142 58.02 1.07 3.79 48.81 1.35 28.84
29 PBW-757X HD-3326 7.66 0.56 0.07 60.85 045 2567 5897 0.84 -032 4435 1.33 8.56
30 BHU-31 X PBW ZN1 6.79 1.48 0.04 57.47 159 524 50.87 1.98 2.39 41.80 -3.77 13.93
31 BHU-31 X PBW-343 6.35 0.95 0.13 59.33 013 -1.60 5343 062 556 39.58 -3.72 12.72
32 BHU-31 X HD-3326 6.65 1.76 0.10 63.14 130 -055 5351 153 2712 4166 -0.19 -0.24
33 WB-02 5.58 -0.36 -0.05 55.35 080 -0.75 46,68 125 1698 34.21 0.24 1.81
34 WB-02 X PBW ZN1 7.83 0.62 113 65.56 1.03  1.56 5481 157 1993 4521 -0.23 0.19
35 WB-02 X PBW-343 7.40 2.01 0.60 60.18 111 4893 5475 077 2698 4216 0.22 20.99
36 WB-02 X HD-3326 6.71 2.61 1.52 63.55 013 1112 5117 -0.12 3.60 40.58 5.12 17.63
37 BHU-31 5.20 -0.01 0.51 5338 092 19.07 4855 139 450 35.27 0.24 1.81
38 BHU-31 X PBW ZN1 742 0.76 0.10 59.33 073 2395 5550 0.82 11.06 4332 0.04 0.76
39 BHU-31 X PBW-343 7.39 2.06 0.26 5838 0.89 1832 5583 229 425 41.55 -1.12 -1.42
40 BHU-31 X HD-3326 7.54 2.69 -0.06 58.91 0.83 9603 5599 058 945 44.84 448 16.34
M1 HD-3721 4.49 0.49 -0.12 53.63 0.01 3339 4699 181 806 33.38 0.24 1.81
42 HD-3721 X PBW ZNT1 7.95 244 -0.06 6466 072 744 5556 239 7.28 44.85 441 -0.19
43 HD-3721 X PBW-343 6.84 1.60 0.01 62.54 116 -185 5423 002 025 42.24 -0.85 -0.57
44 HD-3721 X HD-3326 8.63 0.93 0.28 63.92 123 1.81 5405 146  39.02 47.11 -0.64 -0.54
45 PWB-725 4.44 0.13 -0.02 53.20 091 24.26 4740 0.93 6.70 34.24 1.41 1.41
46 PWB-725 X PBW ZN1 7.54 1.86 0.06 62.04 134 3489 5520 038 4257 43.69 4.86 21.91
47 PWB-725 X PBW-343 7.62 2.04 0.42 6424 013 2383 5389 103 923 42.37 -3.27 8.76
48 PWB-725 X HD-3326 833 1.01 -0.09 61.70 115 2371 5758 148 -153 4595 -2.27 1.81
49 CRD GEHNU1 5.54 -0.12 0.19 5729 249 9312 4679 156 19.03 4098 8.46 20.84
50 CRDGEHNU1 X PBWZN1 8.42 2.00 0.81 65.15 0.60 0.07 5566 072 149 44.76 -2.79 5.22
51 CRDGEHNU1 X PBW343 8.19 1.27 0.01 61.45 097 2001 5654 085 6.72 44.88 -0.37 -0.37
52 CRDGEHNU1 X HD-3326 7.37 0.73 0.21 60.67 026 4522 5531 143 2722 4193 -3.70 12.56
53 PBW-550 4.76 -0.69 0.20 5649  0.80 0.5 4996 1.69 428 36.36 0.24 1.81
54 PBW-550X PBW ZN1 7.93 -0.55 -0.03 61.85 099 3208 5749 143 170 46.52 8.60 2.24
55 PBW-550X PBW-343 8.48 0.69 1.06 64.36 139 040 5505 094 252 46.23 -0.53 -0.40
56 PBW-550X HD-3326 8.37 0.73 0.86 64.01 120 2731 5629 104 162 46.80 0.50 2.87
57 PBW-677 5.07 0.10 0.36 55.09 0.89 4287 4678 152 195 34.53 0.24 1.81
58 PBW-677XPBW ZN1 7.99 1.48 0.88 59.81 0.68 37.80 5675 043 825 40.76 -3.20 16.24
59 PBW-677XPBW-343 8.35 0.83 0.19 60.41 020 3234 5893 119 -0.37 48.07 417 -0.72
60 PBW-677XPBW-343 8.07 2.28 0.87 61.78 151 124 5528 056  13.10 4292 -2.34 2.70
61 PBW-822 4.62 043 1.04 5038 0.86 4159 4475 096 434 35.17 4.81 19.94
62 PBW-822X PBW ZN1 9.07 0.38 1.1 65.25 154 243 5943 094 -133 53.00 3.05 30.78
63 PBW-822X PBW-343 8.31 0.74 0.39 6424 061 6.28 5579 018 1649 4553 -3.15 242
64 PBW-822X HD-3326 8.32 1.15 -0.15 64.24 131 6.83 5777 -035 174 46.47 0.38 241
65 PBW ZN1 4.89 0.57 0.09 53.74 192 2054 4555 181 948 35.58 0.24 1.81
66 PBW-343 5.56 0.25 0.44 55.79 163 9481 4564 049 1161 3569 -0.14 0.45
67 HD-3326 6.07 0.03 0.31 54.80 171 5.07 4879 174 714 38.95 0.24 1.81

Grand Mean: 6.24 56.78 49.17 40.24
SE+ 0.06 117 0.48 0.32

C.D.1%: 1.08 2.97 1.25 0.83
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Fig. 4: Shows Grain weight per spike (g) using mean yield (blue), regression (red) and deviation from regression (green). bi value around 1 indicates average
stability, bi < 1 indicates stability (under both the favorable and unfavorable conditions) and bi > 1 indicates stability (under favorable conditions only) and

lower deviation from the regression (S?di) indicates higher stability.
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Fig. 5: Shows Spike length (cm) using mean yield (blue), regression (red) and deviation from regression (green). bi value around 1 indicates average stability,
bi <1 indicates stability (under both the favorable and unfavorable conditions) and bi > 1 indicates stability (under favorable conditions only) and lower

deviation from the regression (S%di) indicates higher stability.

observed that, high stability recorded in genotype BUH-31,
CRDGEHNU1, PBW-725 and HD-3086 X PBWZN1 with least
regression (bi), deviation from the regression (S*di) and
high mean yield and lowest stability observed in HD-3721
AND PBWZN1 with highest regression (bi), deviation from
the regression (S%di) and high mean yield. The results have
been supported by an experiment conducted by
Jayalakshmi et al. (2024) found that among three locations,
Gulbarga was the most favorable environment for the
expression of 1000 grain weight and grain yield per plant.

Qualitative Parameters
Chlorophyll content (Table 5) the genes controlling
chlorophyll content influenced by leaf senescence and

affects the plant's photosynthetic capacity and overall
yield (Patel et al, 2014). Results revealed that genotype
PBW-757X PBW-343) recorded high stability with mean
yield of (53.67) bi (2.01 (highly stable to less favorable
conditions) and S2di (-2.15. While genotype DBW-173
(Mean 41.46), bi 0.59 (average stability), indicating the
preponderance of additive gene action. The results were
supported by researches conducted independently by
Saleem et al. (2015) and Kumar et al. (2020) stated that
selection of genotypes for quality parameters is reliable,
stable and suitable for quality improvement across
different environments as stable genotypes are ideal for
maximizing productivity. Protein content (%) (Table 5) is
not directly linked to grain yield Jat et al. (2017) (Table 2).
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Fig. 7: Shows 1000 grain weight (g) using mean yield (blue), regression (red) and deviation from regression (green). bi value around 1 indicates average
stability, bi < 1 indicates stability (under both the favorable and unfavorable conditions) and bi > 1 indicates stability (under favorable conditions only) and

lower deviation from the regression (S?di) indicates higher stability.

Results revealed that Genotype HD-3117 X PBW-343
(mean protein content (11.87%) indicating low variability,
bi (-2.61) showing below-average responsiveness to
environmental changes, S2di (-0.04) indicating stability.
Genotype DBW-173X HD-3326 (mean protein content
(12.53%, bi (12.25) showing high responsiveness to
environmental changes and S2di  (0.60) indicating
instability, similar results was reported by Sadhu et al.
(2024).

Conclusion

Experiment concluded that, for grain yield per plant
and other yield contributing traits genotypes DH-3086X
PBW-343 and DBW-222X PBW ZN1 recorded high yield

with moderate stability. However, highest stability with
moderate yielding ability recorded in genotypes DBW-173
and PBW ZN1. Therefore, present investigation suggest
DH-3086 X PBW-343 could be cross with DBW-173, same
being DBW-222X PBW ZN1 could be cross with PBW ZN1
for further improvement to develop ideal wheat genotype
(high yielding and high stability). The findings could be
used to develop commercial wheat varieties that could
meet the demands of the farmers and consumers for
sustainable agriculture.

Funding: The research was funded by the Deanship of
Graduate Studies and Scientific Research at Qassim
University, Buraidah, Saudi Arabia (QU-APC-9/1).
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Table 5: Stability analysis on Chlorophyll content, Protein content, Grain filling period and Number of spikelet per spike from three locations using 67 wheat
genotypes during 2022-2023 and 2023-2024 Rabi seasons (Nov.-April)

S/N Genotypes Chlorophyll content Protein content (%) Grain filling period No. of spikelet per spike
* * * * * * * *

Genotypes Mean  bi S2di Mean Bi S2di Mean  bi S2di Mean bi S2di
1 HD-2967 4807 -0.16 036 1167 -406 007 4316 038 651 23.65 0.86 0.14
2 DBW-187 4869 091 10.53 11.81 -3.61 -0.07 4350 0.12 1.19 23.17 335 0.46
3 NORMAN 43.11 0.18 2.35 12.02 038 -0.07 3629 083 5221 2323 3.00 -0.09
4 BORLAUG-100 46.61 0.21 1.58 1162  -429 010 4216 037 1.52 23.50 3.23 0.04
5 BHU-25 4232 054 22.25 1193  -866 -0.03 3441 209 -1.08 2257 3.70 -0.12
6 HD-3117 3970 -024 -254 1344 637 2.16 3825 230 1745 2222 4.83 -0.25
7 BHU-25 X PBW ZN1 51.10  0.53 -1.74 1239 832 0.04 3808 -1.02 -237 2517 137 -0.23
8 BHU-25 X PBW-343 5490  0.65 3.48 11.87  -2.61 -0.04 3950 -046 1870 2441 0.24 -0.28
9 BHU-25 X HD-3326 5437 246 15.93 1238 9.06 0.45 40.87  1.65 1311 24.28 -0.69 0.00
10 DBW-173 4145  0.59 26.03 1235 2501  -0.05 3400 023 097 23.93 1.61 0.12
1 DBW-173X PBW ZN1 51.70 223 1.82 1194 -265 -0.05 3566 213 -1.95  25.26 042 -0.30
12 DBW-173X PBW-343 53.13 291 22.53 12.08 240 -0.07 3516 203 -209  24.60 -2.84 -0.24
13 DBW-173X HD-3326 5386 1.26 -1.96 12.53 1225 060 4333 170 1317 2475 0.95 -0.17
14 DH-3086 4118  2.05 36.77 1239 -136  0.02 3679  0.61 3838 23.86 177 0.10
15 DH-3086X PBW ZN1 54.57 1.08 29.52 12.46 13.82 0.99 38.25 132 -1.95 24.75 -1.77 -0.06
16 DH-3086X PBW-343 57.14 087 -0.29 1193  -183 -0.03 3825 125 2129 2516 -0.56 -0.30
17 DH-3086X HD-3326 5420 112 9.73 1203  4.08 -0.02 3879 076 113 2539 0.00 -0.09
18 DBW-222 5129 082 239 12.61 -3.09 -0.01 4029 184 16.61  23.49 242 -0.19
19 DBW-222X PBW ZN1 5804 0.12 -1.07 11.78 219 0.02 3487 067 019 25.53 1.16 -0.21
20 DBW-222X PBW-343 53.93 -0.18  1.25 12.09 8.23 0.51 40.08 -0.28 85.04 2593 0.94 -0.19
21 DBW-222X HD-3326 5444  -0.09 3.51 12.01 1.02 0.28 3762 -105 185 24.96 -0.25 0.02
22 CSW-18 46.32 0.31 -3.27 13.72 12.52 043 44.25 1.49 1.50 22.72 445 0.50
23 CSW-18XPBW ZN1 54.51 1.76 1.24 1178  -3.02 -0.05 3879 087 473 24.59 -1.69 -0.10
24 CSW-18XPBW-343 57.15 0.89 5.26 11.98 2.88 0.01 37.87 -0.85 27.80 2492 0.24 -0.27
25 CSW-18XHD-3326 56.13 0.64  0.66 1190 190 -0.05 3941 154  -146 2557 0.91 -0.02
26 PBW-757 4859  0.22 -3.19 13.65 1497  0.60 3550 081 40.58  22.01 3.28 0.09
27 PBW-757X PBW ZN1 56.40 0.82 26.39 11.99 -3.61 -0.00 38.20 -0.79 1929  25.82 1.72 -0.19
28 PBW-757X PBW-343 53.67 201 -2.15 11.71 0.75 0.01 3770  1.03 -1.60 2534 0.16 -0.20
29 PBW-757X HD-3326 51.67 1.49 249 12.11 2.60 0.06 38.62 0.10 2.71 2543 0.71 -0.25
30 BHU-31 X PBW ZN1 51.21 0.37 12.72 1218 251 -0.07 4579 094 024 24.84 1.38 -0.27
31 BHU-31 X PBW-343 4930 1.00 046 1192 -030 0.05 4179  -032 4848 2482 1.49 -0.29
32 BHU-31 X HD-3326 5024 137 -1.55 11.84  -237  -0.05 4441 1.33 -1.69 2454 0.53 -0.15
33 WB-02 44.21 0.48 6.13 12.21 -5.77 033 36,50 147 055 22.23 3.64 -0.00
34 WB-02 X PBW ZN1 5298 149 -3.21 12.05 1.52 -0.06 4091 183 7.7 24.65 -0.62 0.08
35 WB-02 X PBW-343 54.90 139 -1.24 12.55 14.41 0.88 40.08 1.64 20.16  24.83 -0.12 -0.26
36 WB-02 X HD-3326 49.86  0.92 2.57 1186  -2.21 -0.03 4583 1.00 -1.03 2440 -0.46 -0.20
37 BHU-31 4823 044  8.19 1348 1544 207 3791 223 1711 22.89 2.87 -0.15
38 BHU-31 X PBW ZN1 50.80 242 -0.85 11.81 -2.08 -0.04  42.08 2.09 0.28 24.97 -1.02 -0.11
39 BHU-31 X PBW-343 5184 270 4.03 12.52 1391 095 40.16  1.83 -1.76 2436 -0.26 0.25
40 BHU-31 X HD-3326 5544  1.50 -0.86 12.01 1.91 -0.06 3825 143 5185 23.96 -0.77 -0.17
M1 HD-3721 4086  0.71 33.77 11.88  -475 -0.06 3783 233 1473 2242 473 -0.20
42 HD-3721 X PBW ZN1 53.11 1.78 23.66 13.01 2.16 3.03 45.66 0.95 232 25.27 1.95 -0.20
43 HD-3721 X PBW-343 53.53 157 -3.31 1215 840 0.19 42.08 -0.07 8388 24.26 -1.41 -0.27
44 HD-3721 X HD-3326 5393 137 26.92 1183 -299 -0.05 41.08 1.87 4.00 24.73 0.65 -0.23
45 PWB-725 45.62 0.44 1291 11.50 -1.73 0.20 35.00 1.90 -1.63 23.00 218 0.12
46 PWB-725 X PBW ZN1 5240 130 22.63 1200 091 -0.03 4333 030 361 24.07 -1.21 -0.28
47 PWB-725 X PBW-343 5392 -028 -1.12 13.23 1840  0.10 43.08 0.21 -0.88  25.02 0.83 -0.28
48 PWB-725 X HD-3326 53.18 271 13.30 11.82 -276  -0.05 4291 1.63 1.82 24.23 0.58 0.1
49 CRD GEHNU1 4983  1.79 -2.39 1257  -5.21 2.03 4116  -0.51 4157 2357 0.95 0.07
50 CRDGEHNU1 X PBWZN1 5719  -0.10 18.58 1193 -1.91 -0.03 3870 -047 1891 24.60 -0.82 -0.20
51 CRDGEHNU1 X PBW343 57.70  0.16 58.26 1212 048 -0.03 3433 158 11.86  24.67 0.85 -0.20
52 CRDGEHNU1 X HD-3326 5490 113 14.73 12.54 556 0.20 41.08 098 4286 2449 -1.08 -0.26
53 PBW-550 4450  0.67 34.49 11.82 -258 -0.04 3758 238 1492 23.63 1.50 -0.12
54 PBW-550X PBW ZN1 5572 1.28 -0579 1198  -136  -003 3891 160 2323 2499 -0.21 -0.29
55 PBW-550X PBW-343 5438 072 488 12.08  1.85 -0.07 3841 -094 -067 2446 -0.61 -0.21
56 PBW-550X HD-3326 5735 0.56 -3.29 1188  -1.13  0.01 4066  0.79 1.05 25.08 1.54 -0.02
57 PBW-677 4746 039 0.61 12.19 1.62 -0.06 3833 122 6768 23.14 2.92 0.34
58 PBW-677XPBW ZN1 51.41 2.91 14.07 1189  -3.91 -0.06 3454 163 037 2434 -1.69 -0.28
59 PBW-677XPBW-343 54.91 0.21 -0.04 11.84  -489  0.01 30.91 127 847 25.91 0.54 0.35
60 PBW-677XPBW-343 54.02 178 29.94 1270 1236 1.03 3879 129 4293 2477 -1.60 0.22
61 PBW-822 4024  -003 -1.66 1232 139 -0.04 4175 158 1136 2275 0.55 4.73
62 PBW-822X PBW ZN1 5773  1.51 22.67 1218 184 -0.06 4083 169 2083 25.08 117 0.27
63 PBW-822X PBW-343 5747 060 23.47 1216  -1.75 -0.04 3583 020 4.00 24.74 0.23 -0.18
64 PBW-822X HD-3326 54.61 1.14 19.68 1227 278 -0.07 3933 113 -0.66  25.58 1.55 179
65 PBW ZN1 46.83  0.54 23.56 13.01 1440 064 3625 272 19.61 2270 2.54 -0.12
66 PBW-343 52.00 0.06 14.23 12.28  6.50 0.92 4366 016 250 2291 3.45 0.35
67 HD-3326 4449 172 76.49 1298 269 3.87 3891 223 2016 2266 6.63 -0.12

Grand Mean: 45.98 11.81 40.52 24.19

SE+ 0.79 0.06 0.95 0.08

C.D.1%: 2.06 0.18 2.46 0.21
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