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Abstract | Stability of performance is one of the most important characteristics of any variety. To evaluate
stability of 40 bread wheat lines (30 introduced lines and 5 check cultivars), a multi-environment experiment
was conducted at three locations for two years; The University of Agriculture, Peshawar; Agriculture Research
Station, Baffa, Mansehra; Agriculture Research Station, Buner; and at one location for one year; Agriculture
Research Station , Kohat, during 2016-17 and 2017-18. Data were recorded on tillers m™, grains spike™ and
kernel weight. Analysis of variance indicated that the main environmental effects, genotypic effects as well
as interaction effects were significant for all the traits studied, indicating that the performance of most of the
genotypes was not the same across the environments. Various stability parameters; Eberhart and Russell, Per-
kin and Jinks and Finlay and Wilkinsons models were used to determine stability. Considering the Eberhart
and Russell’s approach G.27, G.34, G.11, G.17, Siran and G.35 for tillers m™? and G.22, G.23, G.31 for ker-
nel weight had the b, (regression coefficient) values near to unity and had higher (coefficient of determination)
R’.Based on the stability measure of Freeman and Perkin’s genotypes G.20, G.6 and G.29 for tillers m~, G.11,
G.10, G.34 for grains spike™ and G.11, G.24, G.29, G.32 and G.21 for kernel weight, were having b, values
almost equal to one while the R value were higher . Based on Finlay and Wilkinson’s model for tillers m™ G .4,
G.33 and G.5, for grains spike G.30, G.24, G.2 and G.15, while for the weight of kernel G.19, G.21, G.28,
G.25,G.11,G.29,G.32 and G.10 had b, value close to one. Near to unity b, value and higher R *indicate that

most of these genotypes performance is consistent for the mentioned traits under the tested environments.
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Introduction cluding Pakistan largely relies on wheat; it is the most

produced edible grain, which fulfills a major part of

In Pakistan, bread wheat is the most consumed
cereal crop. It is an essential diet component and
constitutes around 60% of the daily diet intake. On
average 135 kg of wheat is consumed per person
per year in Pakistan. According to FAQO’s estimates,
majority (38%) of the world’s food shortage and
mal-nourished people are living in South Asia (FAO

et al., 2015). Food security in numerous countries in-

human nutritional requirements, and in some cases,
it provides around one half of the human’s food calo-
ries. To ensure the highly increasing agricultural/food
demands of the growing population, an increase in
agriculture production can be achieved by increasing
yield per unit area from the limited available land.

Pakistan produced 24.35 million tons of wheat from
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8.68 million hectares during 2019 (FAOSTAT, 2019).
Average wheat yield during 2019 was 2086 kg ha™!
in Pakistan whereas average wheat yield of the world
was 3247 kg ha™'. In Pakistan the yield of most of the
agricultural crops including bread wheat is compara-
tively low to the rest of the world; therefore, there is
big scope to increase the yield and production of most
of crops. One of the reasons of low wheat yield in Pa-
kistan is the diverse agro ecosystems, where climate,
soil texture and other environmental conditions vary
significantly. The use of non-specific wheat varieties
in these diverse agro zones make the situation even
worse. Another reason is the inadequacy of improved
wheat cultivars or the use of non-registered seeds.

Breeding and testing of genotypes is a complex pro-
cedure and it becomes more complicated when the
environmental conditions of the target region are di-
verse (Bondari, 1999). Considerable changes occur in
the performance of a genotype when it is grown un-
der different environmental conditions. These chang-
es are usually the result of the varying environmental
conditions at any specific site or season and is known
as genotype x environment interactions (GEI) (Bassi
and Garcia, 2017; Baye ez a/., 2011). This GEI affect
the selection of genotypes and decreases the pro-
gress from selection (Sohail ez al., 2016). Therefore,
in plant breeding programs, genotypes are tested in
different environments (Ahmadi ez a/., 2012; Casan-
oves et al., 2005). This study was designed to test the
exotic genotypes in different environments, to see the
effect of environmental changes and the response of
the genotypes towards those changes. The genotypes
that perform uniformly to some extent regardless of
the environmental variations are desirable and these
genotypes are considered as stable genotypes. Several
different procedures are used to determine stability
of genotypes. The simplest and most common among
those are the procedures based on regression method
(Dia, 2017). The main objective of the present study is
to evaluate stability of wheat lines across different en-
vironments using three different stability parameters.

Materials and Methods

This study was conducted to evaluate the stability of
40 bread lines including five check cultivars (Atta
Habib, CSA, Ghanimat, Morocco and Siran). The
study was conducted at four different locations during
2016-17 wheat growing season and at three locations
during 2017-18 wheat growing season. The experi-

mental locations were Research Farm, The University
of Agriculture, Peshawar, Agriculture Research Sta-
tion Baffa, Mansehra, Agriculture Research Station,
Amnawar, Buner for two seasons and Barani Agricul-
ture Research Station, Jarma, Kohat for one growing
season. RCB design with three replications was used
for all the experimental trials.

Each plot had four rows of two-meter length, dis-
tance between the rows was kept 0.3 m (total plot
area was 2.4 m?) and the seed rate was 28g per plot
(120kg/ha). Data on tillers m™, grains spike™ and ker-
nel weight were recorded on randomly selected plants
from each experimental unit.

Data collected from separate trials was analyzed as
combined over the environments using the following

ANOVA outline;

Source of variation DF Mean F. Test

Squares
Environments (E) e-1 EnMS  EnMS/ R(E)YMS
Replications (Envi- e(r-1) R(E)MS
ronments)
Genotypes (G) g-1 GMS GMS/GEMS
GxE (g-1)(e-1) GEMS GEMS/EMS
Pooled Error e(g-1)(r-1) EMS
Total (erg)-1

Upon significant GEI, the stability of the genotypes
was analyzed using stability models suggested by
Eberhart and Russell (1966), Freeman and Perkin’s
(1971) and Finlay and Wilkinson (1963).

Results and Discussion

Tillers m™

Significant difterences were revealed by pooled analy-
sis of variance for both the main effects, genotypes and
environments as well as for interaction effects (Table
1). This shows that the performances of genotypes
as well as the environments were different; the gen-
otypes also had differential response to the changes
in the environmental conditions. Similar results were
reported by Ajmal ez a/. (2009). Considering Eberhart
and Russell’s model of analysis no genotype had b, = 1,
however, G.27,G.34,G.11,G.17, Siran and (G.35 had
b, value near to one (0.963,0.971,1.013,1.023,1.035
and 1.039, respectively); showing that most of these
genotypes almost produced similar number of tillers
under all the environments. For Atta Habib high-
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er b, values were noted, G.5, G.33 and G.4, where-
as, lower b, values were detected for G.16, G.15 and
G.10. Lower values of b, indicate that these genotypes
show more resistance to unfavorable environments
(Yaghotipoor ez al.,2017). Based on the Freeman and
Perkin stability analysis approach; Morocco, G.20,
G.6 and G.29 showed regression coeflicient values
of 0.966, 1.009, 1.011 and 1.049, respectively; these
values are near unity and are coupled with higher val-
ues of coefficient of determination indicating good fit
of the model, which suggests that the genotypes are
stable and their tillering performance has not been
significantly altered with changes in the environment.
(Polat ez al., 2016). G.5 had the maximum value of b,
tollowed by Atta Habib and G.4, showing compar-
atively larger change in tillering densities across the
different environments, these can be recommended
for favorable environments (Bassi and Garcia 2017
Ali ef al., 2012). G.16 demonstrated minimum val-
ue of b,, which was followed by G.7, G.23 and G.15.
Based on the Finlay and Wilkinson’s approach the re-
gression coeflicients for tillers m™of most of the gen-
otypes was less than one, with only four genotypes
having b, values more than one. The highest b, value
was of Atta Habib had (1.192). Close to unity b, val-
ues were observed for Ghanimat (0.966), G.4 (1.064),
G.33 (1.072) and G.5 (1.087); these genotypes can
be considered phenotypically stable based on tillering
capacity across the different environments. The small-
est b, value was noted for G.16, followed by G.10,
G.15 and G.19 (Table 2). Yaghotipoor e al. (2017)
and Jhinjer ez al. (2017) suggested that varieties with
lower b, values can be recommended for environments
with poor growing conditions.

Grains spike™

Combined analysis of variance based on seven dif-
ferent environments showed highly significant differ-
ences (p<0.01) among genotypes and environments.
Similar results of significant differences among geno-
types and environments were also reported by Alemu
et al. (2018) and Haydar ez a/. (2018). The interactions
between the environments and genotypes likewise
were highly significant for grains spike™ (Table 1)
which is similar with the findings of Trakanovas and
Ruzagas (2006) and Temasgen ez a/. (2015). None of
the genotypes had b, =1 coupled with higher coef-
ficient of determination based on the Eberhart and
Russell's model. Only three genotypes G.24, G.23
and G.15 had b, values near to unity but they had

lower R? values which suggest that the model was

not a good fit. Morocco, G.9 and G.12 showed high-
er values of b, accompanied with higher R? values.
Ali et al. (2012) suggested that genotypes with b,
value more than unity are more responsive and rec-
ommended for better environments. Lowest value of
b, was noted for G.18, followed by G.2, Atta Habib
and G.3. These genotypes can be regarded as suitable
for unfavorable environmental conditions (Thakur ef
al., 2019; Jhinjer e al., 2017). Based on the Freeman
and Perkin’s model of stability, the b, value near to
one was observed for G.11,G.10,G.34 and G.14. R’
value for these genotypes was observed to be low to
medium (0.614, 0.253,0.468 and 0.744, respectively).
For Atta Habib Minimum value of b, was recorded,
which was followed by G.3 and G.2. The Maximum
value of b, was recorded for Morocco, G.9 and G.17.
Based on Finlay and Wilkinson approach of stability,
b. values of close to one was recorded for G.30, G.24,
G.23 and G.15. The maximum value of b, was noted
tor G.9, which was followed by Morocco and G.32
while the minimum b, value of was observed for G.18

followed, by G.2 and Atta Habib (Table 3).

Table 1: Mean squares of the studied traits as combined
over 7 environments planted in Khyber Pakhtunkhwa,
Pakistan in 2016-18 growing seasons.

SoV DF Tillers  Grains spike® Kernel weight
Environments 6 ~ 923147** 920** 1631***
Reps(Environ) 13 12546 93 205
Genotypes 39  6904* 334+ 433"

GxE 234 43437 78" 46

Expt'l Error 507 2169 52 38

Total 799 10122 81 74

Kernel weight

Highly significant differences were observed among
the environments and the genotypes, as well as the
interaction between them (Table 1) these results
are in agreement with Alemu at al. (2018) and Ali
et al. (2008). The three regression models; Finlay and
Wilkinson’s model, Eberhart and Russell’s model and
Freeman and Perkins model were used to analyze the
stability genotypes based on the values of b, and R?.
None of the genotypes had a perfect combination of b,
_1 and higher R’ values based on Eberhart and Rus-
sell’s approach of stability. Nevertheless, G.22, G.23,
G.31, G.21, G.25, Siran, G.17, G.32 and G.19 had
b. values close to one and the R? values were mod-
erate to high, therefore, these genotypes can be con-

sidered stable for kernel weight (Thakur at al., 2019;
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Table 2: Means and regression coefficients (with R?) as stability measures of productive tillers m? of wheat genotypes.

Genotype Mean Eberhart & Russell Freeman & Perkins Finlay & Wilkinson
Value RankD b, Rank A R? b, Rank A R? b, Rank A R?

G.1 254 8 0.839 10 0.9041 0.712 13 0.773 0.626 9 0.889
G.2 205 40 0.944 18 0.8924 0.811 19 0.812 0.685 16 0.905
G.3 209 39 0.887 14 0.9503 0.837 23 0.948 0.646 12 0.946
G4 276 2 1.374 37 0.8690 1.293 38 0.917 1.064 37 0.927
G.5 292 1 1.411 39 0.8129 1.446 40 0.912 1.087 39 0.877
G.6 245 13 1.045 27 0.8644 1.011 33 0.866 0.769 23 0.841
G.7 230 30 0.861 13 0.9285 0.464 2 0.558 0.647 13 0.889
G.8 223 33 1.045 26 0.9227 0.807 18 0.868 0.772 25 0.922
G.9 254 11 0.838 9 0.7148 0.749 15 0.650 0.629 10 0.733
G.10 224 32 0.669 3 0.7113 0.616 6 0.634 0.467 2 0.772
G.11 228 31 1.013 22 0.8694 0.849 25 0.739 0.731 21 0.905
G.12 241 18 0.828 8 0.9559 0.671 10 0.899 0.632 11 0.926
G.13 245 14 1.147 32 0.9428 0.830 22 0.891 0.856 29 0.910
G.14 231 29 0943 17 0.9222 0.682 11 0.821 0.704 17 0.889
G.15 215 38 0.668 2 0.6352 0582 4 0.541 0.469 3 0.583
G.16 232 26 0.538 1 0.8513 0357 1 0.601 039% 1 0.869
G.17 271 4 1.023 23 0.9172 0.954 30 0.879 0.802 27 0.899
G.18 220 36 0.924 15 0.9594 0.755 16 0.780 0.678 15 0.951
G.19 235 24 0.710 4 0.7633 0.616 7 0.911 0.538 4 0.826
G.20 232 28 1.141 31 0.8863 1.009 32 0.929 0.862 30 0.935
G.21 242 16 1.141 30 0.9620 0913 27 0.899 0.865 31 0.944
G.22 242 17 0.804 7 0.9475 0.661 9 0.830 0.600 7 0.927
G.23 233 25 0.767 6 0.8460 0.517 3 0.650 0.568 5 0.845
G.24 241 19 1.077 28 0.9689 0.948 29 0.916 0.817 28 0.943
G.25 240 20 0.853 11 0.6586 0.811 21 0.568 0.613 8 0.685
G.26 232 27 0.858 12 0.8951 0.609 5 0.745 0.649 14 0.841
G.27 240 21 0.963 20 0.9408 0.943 28 0.827 0.725 20 0.928
G.28 254 10 1.242 35 0.8264 1.182 35 0.815 0.950 35 0.725
G.29 236 23 1.219 33 0.9602 1.049 34 0.956 0.928 34 0.960
G.30 254 9 0932 16 0.8459 0.786 17 0.843 0.739 22 0.842
G.31 215 37 0.766 5 0.9465 0.640 8 0.929 0.588 6 0.912
G.32 222 35 0.950 19 0.9405 0.811 20 0.902 0.714 19 0.898
G.33 245 15 1.381 38 0.9228 1.257 36 0.978 1.072 38 0.936
G.34 222 34 0971 21 0.9386 0.840 24 0.815 0.710 18 0.920
G.35 247 12 1.039 25 0.9784 0.709 12 0.805 0.782 26 0.985
CSA 259 6 1.140 29 0.9419 0.904 26 0.881 0.871 32 0.913
Moroc 238 22 1.242 34 0.8983 0.966 31 0.763 0915 33 0.955
AttaH 272 3 1.505 40 0.8867 1.304 39 0.949 1.192 40 0.895
Ghani 256 7 1.267 36 0.9784 1.263 37 0.977 0.966 36 0.963
Siran 259 5 1.035 24 0.9118 0.734 14 0.760 0.770 24 0.944

bi = 1 is stable, Rank A ranking in ascending order, Rank D ranking in descending order
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Table 3: Means and regression coefficients (with R?) as stability measures of grains spike™ of wheat genotypes.

Genotype Mean Eberhart & Russell Freeman & Perkins Finlay & Wilkinson
Value RankD b, Rank A R? b, Rank A R? b, Rank A R?

G.1 52.1 10 0.318 8 0.015 -0.420 5 0.048 0321 8 0.017
G.2 45.6 37 -0.443 3 0.086 -0.492 4 0.141 -0.531 2 0.092
G.3 42.2 40 -0.316 4 0.041 -0.724 2 0.233 -0.349 4 0.040
G.4 51.9 12 1.469 32 0.516 1.195 33 0.483 1.387 27 0.490
G.5 51.4 15 1.236 24 0.772 0.861 26 0.887 1.222 23 0.747
G.6 46.6 33 1.347 27 0.192 0.040 9 0.000 1.751 35 0.271
G.7 56.9 3 -0.119 6 0.006 0.308 14 0.039 -0.135 6 0.009
G.8 46.0 35 1.56¢4 33 0.554 0.824 23 0.179 1.657 34 0.534
G.9 46.7 32 2.773 39 0.834 1.970 39 0.691 3.075 40 0.831
G.10 46.1 34 1.220 23 0.238 0.869 27 0.190 1.430 31 0.233
G.11 49.8 19 1.200 22 0.342 0.826 24 0.431 1.139 21 0.297
G.12 50.1 18 2.174 38 0.924 1.671 37 0.712 2.126 38 0.918
G.13 53.6 6 1.617 34 0.666 1.344 35 0.548 1.587 33 0.699
G.14 47.3 29 1.264 26 0.736 1.009 29 0.712 1.325 25 0.740
G.15 53.1 8 1.039 19 0.362 0.159 11 0.005 1.017 20 0.390
G.16 50.3 17 0362 9 0.145 1.397 36 0.543 0323 9 0.112
G.17 51.8 13 2.040 37 0.403 1.895 38 0.508 1.989 36 0.388
G.18 45.6 36 -0.454 2 0.092 -0.177 8 0.017 -0.516 3 0.093
G.19 47.5 28 1.163 21 0.197 0.855 25 0.164 1.344 26 0.217
G.20 54.0 4 1.406 30 0.590 039 17 0.052 1217 22 0.537
G.21 53.1 9 0192 7 0.015 -0.670 3 0.230 0.079 7 0.003
G.22 50.7 16 1.443 31 0.669 1.204 34 0.542 1.396 29 0.644
G.23 53.9 5 1.010 18 0.371 0.558 20 0.129 1.005 18 0.417
G.24 51.5 14 0912 16 0.539 0.234 13 0.203 0955 17 0.583
G.25 48.2 26 1.379 29 0.519 0.626 21 0.176 1.398 30 0.489
G.26 43.9 39 0.574 12 0.097 0392 16 0.174 0.641 15 0.085
G.27 49.1 21 0.530 10 0.154 0.358 15 0.107 0577 12 0.174
G.28 47.1 31 0.621 14 0.555 0.180 12 0.023 0.689 16 0.567
G.29 471 30 -0.280 5 0.084 -0.266 6 0.126 -0.311 5 0.093
G.30 44.3 38 0951 17 0.376 0.792 22 0.340 1.010 19 0.343
G.31 48.5 25 0.582 13 0.184 0491 19 0.234 0.588 13 0.158
G.32 48.6 24 2.005 36 0.549 1.107 31 0.381 2.103 37 0.515
G.33 47.6 27 1.347 28 0.392 1.007 28 0.372 1.391 28 0.363
G.34 48.8 23 1.667 35 0.619 1.022 30 0.436 1.549 32 0.588
G.35 53.3 7 0.561 11 0.589 0.427 18 0.251 0.520 11 0.558
CSA 63.8 1 0.642 15 0.079 -0.195 7 0.009 0.404 10 0.044
Moroc 57.0 2 3.457 40 0.822 1.978 40 0.431 2.926 39 0.778
AttaH 49.6 20 -0.755 1 0.104 -0.993 1 0.244 -0.698 1 0.092
Ghani 49.1 21 1.244 25 0.369 1.144 32 0.284 1.312 24 0.360
Siran 52.1 11 1.057 20 0.468 0.057 10 5.9 0612 14 0.001

bi = 1 is stable, Rank A ranking in ascending order, Rank D ranking in descending order
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Table 4: Means and regression coefficients (with R?) as stability measures of kernel weight (mg) of wheat genotypes.

Genotype  Mean § Eberhart & Russell Freeman & Perkins Finlay & Wilkinson
Value RankD b, Rank A R? b, Rank A R? b, Rank A R?

G.1 26.05 40 1.60 37 0.72 1.48 35 0.63 2.55 40 0.77
G.2 2715 39 1.13 27 0.58 0.89 24 0.29 1.87 39 0.65
G.3 46.96 4 -0.22 1 0.06 -0.02 2 0.00 -0.16 1 0.05
G.4 40.64 27 058 6 0.61 054 9 0.69 0.60 6 0.62
G5 41.07 23 066 9 0.56 0.18 3 0.10 063 9 0.55
G.6 42.67 18 0.63 8 0.08 0.60 13 0.05 063 8 0.10
G.7 40.89 24 040 4 0.38 -0.23 1 0.15 037 3 0.33
G.8 41.83 20 057 5 0.73 0.60 12 0.42 053 5 0.71
G.9 40.75 26 084 14 0.63 085 23 0.42 0.76 13 0.54
G.10 4397 11 125 29 0.57 1.34 32 0.88 1.09 27 0.52
G.11 4524 8 1.10 26 0.61 091 25 0.76 1.04 24 0.67
G.12 4631 5 086 15 0.85 047 7 0.39 073 11 0.83
G.13 4338 14 0.81 13 0.53 046 6 0.21 0.70 10 0.49
G.14 38.71 35 1.31 32 0.71 1.53 38 0.66 1.50 35 0.75
G.15 4417 10 1.35 33 0.79 1.52 37 0.55 1.16 31 0.75
G.16 4336 15 0.80 12 0.15 083 21 0.37 083 15 0.22
G.17 40.27 29 1.04 22 0.60 1.64 39 0.70 1.15 30 0.64
G.18 4361 13 1.37 34 0.72 028 4 0.03 122 32 0.71
G.19 4599 6 1.08 24 0.70 073 16 0.39 094 19 0.73
G.20 41.63 21 061 7 0.26 035 5 0.09 062 7 0.29
G.21 4312 16 097 19 0.69 1.15 29 0.62 095 20 0.69
G.22 40.82 25 0.91 16 0.62 048 8 0.05 0.83 16 0.56
G.23 39.41 32 092 17 0.54 0.80 20 0.58 092 18 0.56
G.24 4424 9 128 30 0.64 094 26 0.44 111 29 0.59
G.25 36.38 37 099 20 0.52 0.55 10 0.14 1.04 23 0.52
G.26 4820 1 038 3 0.16 062 14 0.41 032 2 0.16
G.27 40.00 30 1.71 38 0.90 142 33 0.56 1.65 36 0.89
G.28 47.67 2 1.20 28 0.58 0.78 18 0.24 097 21 0.59
G.29 4734 3 129 31 0.81 099 27 0.59 1.05 25 0.82
G.30 43.83 12 1.75 39 0.76 215 40 0.84 1.68 37 0.73
G.31 4541 7 094 18 0.79 085 22 0.35 082 14 0.80
G.32 39.08 34 1.07 23 0.63 1.02 28 0.60 1.06 26 0.61
G.33 39.74 31 1.83 40 0.95 1.49 36 0.51 1.86 38 0.97
G.34 41.52 22 1.40 35 0.88 1.45 34 0.55 1.36 34 0.88
G.35 39.19 33 035 2 0.05 059 11 0.24 050 4 0.09
CSA 37.61 36 1.09 25 0.56 078 17 0.38 1.10 28 0.53
Moroc 33.64 38 0.75 10 0.16 078 19 0.12 0.75 12 0.14
AttaH 4239 19 080 11 0.32 1.19 31 0.51 088 17 0.36
Ghani 42.68 17 1.55 36 0.78 1.17 30 0.52 1.35 33 0.74
Siran 40.61 28 1.02 21 0.79 070 15 0.45 1.04 22 0.78

bi = 1 is stable, Rank A ranking in ascending order, Rank D ranking in descending order
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Ozturk and Korkut, 2017). Lower values of b, were
observed for G.3, G.35 and G.26 while G.33, G.30
and G.27 had higher values of b. Genotypes with
higher b, values perform better in environments with
high inputs as they are more responsive (Haydar ez a/.,
2018; Bassi and Garcia, 2017). Freeman and Perkin’s
model for stability indicated that G.11, G.24, G.29,
G.32 and G.21 can be considered stable genotypes
as they had near to one b, value. G.30 had the maxi-
mum value of b, (2.15) while G.7 had the minimum
value of b, (-0.23). Genotypes having lower value of
b, perform fairly better in low yielding environments
(Jhinjer et al., 2017; Polat e al., 2016). According to
the stability model of Finlay and Wilkinson G.19,
G.21, G.28, Siran, G.25,G.11,G.29,G.32 and G.10
had consistent performance for the weight of kernel.
Minimum b, was noted for G.3, followed by G.26 and
G.7 while the maximum b, value was documented for

G.1, followed by G.2 and G.33 (Table 4).
Conclusions and Recommendations

Significant differences were found among the geno-
types and environments for all the studied traits. Gen-
otypes by environment interactions were also highly
significant for the studied traits showing that perfor-
mance of these genotypes varied in different environ-
ments. G.16 and G.2 were capable of producing more
productive tillers under low yielding environments
while G.5, Atta Habib, and G.33 performed better
under favorable environments in terms of the tiller-
ing capacity. G.21 had more grains spike™ under the
low yielding environments while CSA and Morocco
produced more grains spike” in the favorable envi-
ronments. G.3 produced bigger kernels compared to
the other genotypes in the low yielding environments
while under favorable environments G.29 and G.33
produced heavier kernels. The above mentioned gen-
otypes can be used as parents in a breeding program
to develop genotypes having higher wheat yield un-
der low yielding environments and also under favora-
ble environments.
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