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ADSTRACT

This study was aimed to evaluation the yield stability of twenty bread wheat genotypes that
cultivated at two locations (fields of the College of Agricultural Engineering Sciences of
Duhok and Zenawa district) during the 2019 - 2020 with two planting dates in each location
using randomized complete block design with three replications. The results of the combined
analysis of variance showed that the mean square for each of the environments, genotypes and
their interactions were highly significant for all studied traits, and the variations due to the
environments were greater than those of each of the genotypes and the interactions for most
of the studied traits. The values of broad sense heritability ranged between 44.44% for spike
length and 93.27% for grain weight per spike. The results of the stability parameters showed
that the genotype Apst-12-85578 was highly stable for grains weight per spike and final grain
yield followed by each of Adana, Bora, and Apst-6-85576 genotypes which showed high
stability for the grain yield.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the most
important cereal crop for many countries of
the world, including Iraqg, and it is also a major
component of the diet of these countries
through which food security is achieved (1, 19
and 20) which source of food for more than
35% of the world's population (22).
Environmental factors, including non-vital
(e.g. soil, fertility status, temperature, seeding
time, day of length, etc.) and vital (e.g. pests
and diseases) are unstable from one
agricultural season to another, as well as
across different locations, and thus affect the
stability performance of bread wheat
genotypes (4). Wheat grain vyield and its
components with other traits depend in terms
of their performance on the nature of the
genotype, environmental conditions and the
interaction of the genotype with the
environment (15). Stability of grain vyield
specifications and other traits of the genotypes
across a wide range of environmental changes
is a source of great interest by plant breeders
and agronomists. Also, Liu (18) stated that
forecasts indicate an increase in the negative
frequency of the extremely low yield due to
adverse weather conditions. Kahiluoto (16)
indicated that homogeneous European wheat
varieties lack flexibility in dealing with
climate instability, therefore, it is necessary to
build sustainable systems through which
varieties that are genetically stable can be
adopted for their performance under different
environmental conditions, thus ensuring food
security through stabilizing agricultural
production. An increase of diversity within
was reported by (14) through cultivating
ancient races or varieties by mixing or
hybridizing varieties, and by developing
populations of synthetic hybrids or open
pollination varieties. Where Reiss and
Drinkwater  (21) confirmed that the
indeterminate diversity gives the cultivated
crops the ability to adapt to environmental
changes and stabilize production. Accordingly,
studies of genotype with environment
interaction provide the basis for the selection
of genotypes that are suitable for general
agriculture in a wide range of environmental
changes and others for specific regions under
specific environments (17). Also, Yang, and
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Baker (25) illustrated that the resultant of
instability among genotypes from one
environment to another may arise as a result of
the method of expression of different groups
of genes in different environments or the
difference in the responses of the same group
of genes to different environments. The
consistency of the grain vyield between
genotypes can be expressed as a linear
response to the environmental benefit and a
deviation from that response (21). The ideal
genotype generally exhibits low variation of
environmental genetic interaction, above the
response rate to the environmental gain, and
less deviations from the expected response
within the target environment. The stability of
the yield and its components from other traits
can be described through the pooled variance
analysis using a regression coefficient
according to the method proposed by (11) for
barley genotypes; they suggest that the
genotype that has a high rate of the trait and a
regression coefficient close to one is of an
appropriate average stability and is described
as being widely adaptive and that its
performance is fixed and stable across all
environments. Accordingly, a genotype with a
regression coefficient of less than one is
considered specifically adaptive to severe
environmental conditions (unsuitable). While
that with a regression coefficient greater than
one genotype is considered has a specific
adaptation to the appropriate environments
(with  high production or performance).
Likewise, Eberhart, and Russell (9) used the
regression coefficient as a parameter of
stability and measured the regression of
average yield for each genotype over the
average yield of all genotypes for each
environment (the environmental index); their
method suggests that the genotype is stable or
adaptive to a wide range of environmental
changes if it has a high average yield, a
regression coefficient close to one, and the
lowest value of the deviation from the
regression (close to zero). Although many
other methods are used to analyze the stability
of the genotypes of different environments
(22), the above-mentioned methods are still
more popular for this purpose. Therefore,
stability studies (environmental genetic
interaction) are of great importance to identify
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the distinct genotypes that have good
performance across a wide range of
environmental changes and to reveal the extent
to which specific genotypes adapt to suitable
or inappropriate environments. The aim of the
current study is to evaluate the performance of
a group of introduced bread wheat genotypes
across different environments.
MATERIALS AND METHODS
Twenty genotypes of bread wheat (Triticum
aestivum L.) were adopted in the current study
(Table 1). The seeds of these genotypes were
planted under rainy conditions at two
locations, the first at the fields of the College
Table 1. Genotypes used

of Agricultural Engineering Sciences, Duhok,
and the second at the Zenawa region (located
85 km east of Duhok), and in two dates of
sowing in each location, the first date on
November, 25 and the second date on
December, 25 .Data in Table 2 shows the
amounts of rainfall (mm) and its distribution
through the growing season in the both
locations. The field soil was prepared by
plowing by mold board plow twice and in a
perpendicular  manner, then smoothing,
leveling and planning operations were carried
out for each location.

in the study and their sources

# Genotype Source Genotype Source
1 Italy Italia / not certified 11 Azady Kurdistan region / certified
2 Adana Kurdistan region / certified/ 12 IPA 99 Baghdad / certified
3 Criso Kurdistan region / certified 13 IPA 95 Baghdad / certified
4 Tamoz2 Baghdad / certified 14 Buhoth 4 Sulaymaniyah / certified
5 Bora Kurdistan region / certified 15 Apst-35-85574 Italy / not certified
6 Jehan 99 Kurdistan region / certified 16 Apst-33-85577 Italy / not certified
7 Hawlier Kurdistan region / certified 17 Apst-6-85576 Italy / not certified
8 Adana 99 Kurdistan region / certified 18 Apst-36-85575 Italy / not certified
9 TAWA-HI-3 ICARDA 19 Apst-12-85578 Italy / not certified
10 BABAGA-3 ICARDA 20 Apst-26-85579 Italy / not certified
Table 2. Amounts of rainfall (mm) during the growing season in the study locations
October November December January February March April May
Months 5019 2019 2019 2020 2020 2020 200 2020 'O
Duhok 43.34 19.3 137.8 110.7 101.7 282.0 68.5 16.2 779.54
Zenawa 8.0 5.0 155.0 148.0 116.0 216.0 43.0 9.0 700.0

The planting was in lines 0.30 m apart.
Compound fertilizer (NPK 20:20:20) was
added at a rate of 120 kg per hectare during
land preparation before planting, and urea
fertilizer (N% 46) at a rate of 160 kg per
hectare in two periods, the first in the tillering
stage and the second before flowering. In each
location, an experiment was carried out that
included 40 treatments of combination (which
is a combination of the twenty genotypes and
planting dates) using a randomized complete
block design with three replications. Each
experimental unit contained three lines of 3 m
length. Weed control was carried out with the
Topic pesticide for narrow leaved and Granstar
for broad-leaved at 2-3 leaf stage for both
types of weeds, with the scientifically
recommended dosages for each pesticide. Data
were recorded on plant height (cm), spike
length (cm), number of seeds per spike, seed
weight in spike (g), 1000 seed weight (g), leaf
area (cm?), grain yield per unit area (g/0.9 m)
and grain yield (kg Per hectare). A combined

analysis of variance for genotypes traits data
across location was performed according to the
method of experimental design used, as well as
an analysis of variance of genotypes across
environments (twenty genotypes and four
agricultural ~ environments,  where  the
combinations between planting dates and the
two locations were considered different
environments) was calculated. Differences
among the means of the genotypes and the
four environments were compared by
Duncan's Multiple Range Test method (3). The
phenotypic variance components and broad
sense heritability (Hgs) were estimated in the
manner indicated by Demir and Turgut (8)
from the equation:

Hes=@qg/@ph=@qg/ (@9 + gl /| +Bgd /d
+ @gld / Id + @e / 1dr) Where @g total genetic
variance, @ph phenotypic variation, @gl
variance of genotypes with locations
interaction, @gd variance of genotypes with
planting dates interaction, @gld variance of
genotypes with both locations and planting
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dates interaction, @e environmental variance,
() number of locations, (d) planting dates and
() number of replicates, as well as the
expected genetic advance in the next
generation as a percentage of the trait mean
was estimated. To test the genetic stability of
the twenty genotypes at different environments
adopted in the study, the linear regression
model proposed by Eberhart, and Russel (9)
was used, namely:

Yii = o+ bili + i + &,

where yj; refer to the mean genotype (i) in the
environment (j) and b; is the regression
coefficient of the genotype (i) at the specific
environmental index, which means the
response of the genotype to environmental
change, I; is the environmental index, which is
defined as the deviation of the mean of all
genotypes in a specific environment from the
general mean, g the deviation from the
regression for genotype (i) at environment (j)
and ej; the mean experimental error. Two
parameters of stability were estimated
according to the steps explained by Al-
Zubaidy and Al-Falahy, (2), first regression
coefficient (b;) using the equation: b; = Y y;j li /
YI7, noting that yjl; is the sum of product,
SI%, the sum of squares, and second the mean
deviation from the linear regression (S?d;)
which is e%ual to: [Zgijz / (s-2)] - Se? / r, where
YoijP=[Yyi” <Y — i )° /217 and Se? s
an estimate of the combined error. The
significance of the regression coefficient from
zero for each trait was tested by calculating the
standard error value of the regression
coefficient, as the linear regression coefficient
of the relationship between each trait of the
genotype in each environment and the yield
and performance of each trait of the
environment rate is a measure of the linear
response to environmental changes, and the

average variance of the deviation from the
regression ( S°d;) measures the consistency of
this response, or in other words, it is a measure
of heterogeneity. Likewise, the genotypes (for
the grain yield trait as the most important trait
and the final result of its components from
other traits) were distributed according to the
values of their regression coefficients and
means in the stability triangle in the manner
explained by Ellis (10), and in which: first, the
genotypes near the end of the head of the
triangle are very adaptive for all environments,
second, those located at the top corner of the
base are adapted to the preferred
environments, third, those located to the far
left of the stability line of the rate are weakly
adapted to all environments, while forth, those
located below the triangle and to the left are
considered adapted to the non-preferred
environments. The Microsoft office excel,
Statistical Analysis System (SAS) and Minitab
were used to implement the statistical
procedures.

RESULTS AND DISCUSSION

Table 3 shows the results of combined analysis
of variance of the data for the traits of bread
wheat genotypes planted in two different dates
and locations, and it is noticed that the mean
square of each of the locations, planting dates
and genotypes was significant at a 1%
probability level for all the traits under study
except for the leaf area in the case of locations
(where it doesn’t reach the significant limits).
Also, the mean square of the interactions of
genotypes with each of planting dates,
locations and both appeared highly significant
for all traits. The significance of all
interactions of genotypes for all traits indicates
the difference in the behavior of some of them
according to the different environmental
conditions in which they grow.

Table 3. Combined variance analysis of genotypes planted at two dates across two locations.

Traits

SOV df Plant height Spike No. seeds Tc’eeds 1000 seeds Leaf area Grain

(cm) length per spike weight per weight (gm) (cm?) yield

(cm) spike (ton/ha)
locations 1 9188.44** 22.44 ** 1288.1** 0.303 ** 342.15** 0.20 28.32**

Reps./ loc. 4 1.321 0.47 1.89 0.022 1.12 3.51 0.156
Dates 1 1776.7** 66.71 ** 160.07** 0.572** 23.90 ** 937.53** 5.66**
Genotypes 19 991.79** 11.24** 119.89** 1.373** 438.56** 360.97** 4.43**
Gen x Date 19 164.83** 3.73 ** 6.26** 0.037** 35.74 ** 108.01** 0.149**

Date x Loc. 1 3.038 53.89 ** 205.35** 0.115** 28.32** 436.40** 0.064
Gen.x Loc. 19 557.26 ** 6.91** 21.49** 0.043 ** 39.75** 237.49** 1.21%*
G.xDxL. 19 110.23 ** 3.489** 5.39** 0.024** 17.39 ** 146.66** 0.16 **

Error 156 4.603 0.104 0.789 0.0021 0.173 0.899 0.023

Where: (**) Significant at 1% probability, G; Genotypes, D; Dates, loc.; Locations
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Results in Table 4-a show the combined
analysis of variance of the data of the traits of
bread wheat genotypes across different
environments (four environments resulting
from the combinations of locations with
planting dates), and it is revealed that the mean
square of each of the environments, genotypes
and the interaction between them was highly
significant for all traits. The significant
genotypes x environment interaction for all
traits indicate the difference in the behavior of
some genotypes according to the different
environmental conditions in which they grow.
It is also showed that the environments,

genotypes and the interaction between them
differed from each other in their relative
importance towards the traits under study. It is
clear that the differences due to the
environments were much greater than those
related to both the genotypes and the
interaction for most of the traits, except for
seed weight per spike and 1000 grains weight,
as the differences related to the genotypes
were greater, while the differences caused by
the genotypes x environments interaction were
less than that in each of the genotypes and
environments for all traits.

Table 4. Analysis of variance results of genotypes in different environments help in studying
their stability for the studied traits

Traits
SOV df Pl_ant Spike No. seeds §eeds 1000_seeds Leaf area G_rain
height length . weight per weight 2 yield
(cm) (cm) per spike spike (gm) (cm’) (ton/ha)
a : Combining analysis according to the method of randomized complete block design
Env. 3 3656.1** 47.69** 551.16** 0.331** 131.46**  458.05**  11.35**
Reps./Env. 8 5.708 0.302 1.050 0.014 0.641 4.96 0.113
Genotypes 19 991.79** 11.24** 119.88** 1.373** 438.56**  360.97** 4.43**
Gen. x Env. 57 277 .44*%* 4,71 ** 11.04** 0.035** 30.96** 164.05**  0.505**
Error 152 4.458 0.103 0.804 0.0020 0.173 0.754 0.022
b : Analysis as a factorial experiment according to the method completely randomized design
Env. 3 3656.059 0.801 551.161 0.3298 131.458 458.045 11.347
Genotypes 19 991.785 47.684 119.887 1.3724 438.562 360.966 4.427
Gen. x Env. 57 277.439 11.239 11.038 0.0344 30.959 164.052 0.505
Error 160 4.552 0.113 0.817 0.0026 0.196 0.0.964 0.026
¢ : Analysis as a factorial experiment of traits means across replicates
Env. 3 330.595 3.746 39.962 0.4575 146.187 120.322 1.476
Genotypes 19 1218.687 15.895 183.720 0.1099 43.819 152.682 3.782
Gen. x Env. 57 92.479 1.570 3.679 0.0115 10.319 54.684 0.168

Where: (**) Significant at 1% probability, Env.; Environments

The results shown in Table 4- represent the
results of the statistical analysis of data
according to the analysis of complete
randomized design and the means of
genotypes across replicates respectively to be
used in completing the requirements of the
analysis of variance for the stability of
genotypes across different environments. In
Table 5 the components of variance and some
genetic parameters are evident, and from the
results, it is observed that the values of the
determination coefficient were high for all
traits (between 97.38% and 99.74%) indicating
that more than 97% of the variations in all
traits are explained by differences in genotypes
and environmental conditions, as well as It is
also noted that the highest value of the
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coefficient of variability was 4.171% for grain
yield, followed by spike length and grain
weight per spike (3.449% and 3.303%
respectively). This means that the random
environmental fluctuations caused greater
changes in these three traits, although Budak
(5) reported that the values of the coefficient
of variability are not constant in the different
studies, and the reason for this is due to the
difference in genotypes or environmental
conditions. In contrast it is indicated that broad
sense heritability was high for traits: number
of grains per spike, grains weight per spike,
1000 grains weight and grain yield, and
moderate for plant height, spike length and
leaf area (54.53%, 44.44% and 42.43%
respectively), and this means that these three
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traits are more sensitive to inappropriate
environmental conditions as compared with
other traits, indicating that there is tension
during the reproduction and maturity stages

causing a decrease in their inheritance, as well
as indicating that these traits are genetically
controlled and that the environmental effects
on them is greater.

Table 5. Variance components, heritability, and expected genetic advance of studied traits.

Traits
Genetic Plg nt Spike No. seeds §eeds 1000'seeds Leafarea  Grainyield

parameters height length . weight per weight 2

(cm) (cm) per spike spike (am) (cm?) (ton/ha)
d’g 82.265 0.928 9.925 0.114 36.532 30.006 0.367
dgl 92.109 1.134 3.449 0.007 6.595 39.431 0.197
$’gd 26.704 0.605 0.912 0.006 5.928 17.852 0.021
$’gdl 35.209 1.128 1.526 0.007 5.739 48.587 0.046
P 4.603 0.104 0.789 0.0021 0.173 0.899 0.023
$’ph 150.858 2.088 12.553 0.122 44.243 70.869 0.489
heritability 0.5453 0.4444 0.7906 0.9327 0.8257 0.4234 0.7499
R’ 0.9845 0.9748 0.9738 0.9888 0.9974 0.9921 0.9763
CVv 2.870 3.449 2.534 3.303 1.078 2.703 4171
GA 11.788 1.130 4.930 0.574 9.666 6.273 0.923
GA% 15.771 12.102 14.063 41.353 25.065 17.882 25.407
Mean 74.746 9.339 35.058 1.389 38.566 35.081 3.634

Finally, the expected genetic advance values
as percent of the mean of each trait in the next
generation was high for grain weight per spike
and moderate for other traits. The lowest value
was 12.102% for spike length, 14.063% for
number of grains per spike, and 15.771% for
plant height. The reflection of the analysis of
variance results is noted on the comparison
between the means of genotypes as an average
for different environments (Table 6) and the
means of environments as average of
genotypes (Table 7). It is evident that the
genotype Apst-26-85579 produced the highest
grain yield per hectare (4.793 tons), with an
increase over the general mean by a
percentage 31.893%, and over the two
genotype that follows it in importance (Jehan
99 and Apst-35-85574) by percentage of
1.525% and 2.022% respectively. The
superiority of this genotype was significant
over all other genotypes except Jehan 99 and
Apst-35-85574, while the Azadi genotype
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gave the lowest grain yield per hectare, which
is 2.579 tons, less than the surpassed genotype
by 85.847%. Among the environments, it is
noticed that the highest grain yield per hectare
was 4,147 tons at the field of Agriculture
College location and the early date of
cultivation, with a significant difference from
the means of the other three environments, and
with an increase of 14.117% over the general
mean and by 8.902% over the next
environment in production, which is the same
location and the late date of cultivation. It is
revealed that the two planting dates at the
College of Agriculture location gave a higher
yield of grains per hectare than those at the
Zenawa location, the reason for this may be
due to the quantities and quality of rain

distribution through the months of the
agricultural season at the College of
Agriculture location as compared to the

Zenawa location.
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Table 6. Means of genotypes for studied traits.

- Traits
pa?ggeettlgrs Plant height Spike length  No. seeds per ~ Seeds weight 1000 seeds Leafarea  Grain yield
(cm) (cm) spike per spike weight (gm) (cm?) (ton/ha)
Italy 69.833 hi 7.188 | 33.250 hi 1.156 i 34.793 27.084 | 3.509efg
Adana 78.167d 9.358 gh 31.833 k 0.993 k 30.333n 24.939m 3.504efg
Criso 71.750fg 7.592 k 32.833 ij 1.321 gh 38.784 f 40.599 b 3.231h
Tamoz-2 73.250 f 9.330gh 35.417d 1.457 de 39.678 e 29.783 k 3.227h
Bora 71.083gh 9.485 fg 40.750 ab 1.973 bc 48.251b 36.965 e 4617b
Jehan 99 83.667 b 10.025d 40.750 ab 1.963 ¢ 47.025 ¢ 38.080d 4.721 ab
Hawler 72.167fg 9.198 h 33.92 fgh 1.149 i 31.965 m 39.658 ¢ 3.557 ef
Adana 99 84.000 b 10.080cd 34.417 ef 1.348 fg 38.699 f 30.854 j 3.774 ¢
TAWA-HI-3 89.667 a 9.635 ef 33.33 ghi 1.472d 41.458 d 37.001e 3.468efg
BABAGA-3 89.667 a 9.117 h 34.167 f 1.365 f 38563 f 27.766 | 3.408¢g
Azadi 75.000 e 9.820 de 34.667 def 1.297 h 36.656 h 30.614 j 2579 ]
IPA 99 83.333 b 10.938 a 34.083 fg 1.155i 34.924 j 34.717gh 3.0111i
IPA 95 82.250 b 10.339 ¢ 32.250 jk 1.143 i 35.933i 34.413 h 3.404¢g
Buhoth-4 80.417 c 8.609 i 36.250 ¢ 1.422¢e 38.202 g 35.357fg 3.588 de
Apst-35-85574 67.000 j 10.098cd 40.333 b 2.002 b 50.333 a 38.159d 4.698 ab
Apst-33-85577 56.833 | 8.644 i 32417 jk 1.123ij 329181 40.173bc 3.198 h
Apst-6-85576 59.167 k 8.623 i 32.250 jk 1.158 i 36.101 i 35.631 f 3.4341g
Apst-36-85575 66.667 j 8.300 j 35.000 de 1.153 i 32.6241 32490 i 3.269 h
Apst-12-85578 68.833 i 9.731 ef 32.000 k 1.088 j 33.854 k 39.981bc 3.692 cd
Apst-26-85579 72.167fg 10.677 b 41.250 a 2.055a 50.222 a 47.353 a 4793 a
Mean 74.746 9.339 35.058 1.389 38.566 35.081 3.634

-The mean values followed by the same letter for each trait are not significantly different from each other

The Apst-26-85579 genotype was
distinguished (in addition to their superiority
in grain yield) by giving the highest means for
the number and weight of grains per spike,
1000 grains weight and leaf area (41.25 grains,
2.055 gm, 50.222 gm, and 47.353 cm?
respectively), and the highest mean for plant
height reached 89.667 cm in both TAWA-HI-3
and BABAGA-3 genotypes. In contrast, the
genotypes Apst-36-85575 was inferior for
plant height, Italy for spike length and Adana
for number and weight of seeds per spike,
1000 grains weight and leaf area traits.
Regarding the environments, the College of
Agriculture location in early cultivation was
distinguished (in addition to their superiority

by highest grain yield) by the highest plant
height and grain weight per spike, and the
same location in late planting was superior for
number of grains per spike (with an
insignificant difference from early sowing)
and the largest leaf area. While the Zenawa
location, at early planting date, significantly
recorded the highest mean for spike length
(10.035 cm), compared to the other three
environments, in the both planting dates with
the highest mean for 1000 grains weight. It is
concluded from the foregoing that the unequal
yield rates and their components of other traits
are due to the genetic differences among the
genotypes and the environmental fluctuations.

Table 7. Means of studied traits across different environments

Traits

locations Date Plant height ~ Spike length No.seeds  Seedsweight 1000 seeds Leafarea Grainyield
(cm) (cm) per spike per spike weight (gm) (cm?) (ton/ha)
Collegeof  25/11 83.767 a 9.698 b 37.267 a 1452 a 38.031b 31.727d 4147 a
Agri. 25/12 78.100 b 9.592 b 37.483 a 1.398 b 36.713 c 38.377 a 3.808 b
Zenawa 25/11 71.167 ¢ 10.035 a 34.483b 1.425 ab 39.732a 34482 ¢ 3.428¢
25/12 65.950 d 8.032 ¢ 31.000 ¢ 1.283¢ 39.788 a 35.738 b 3.153d

Mean 74.746 9.339 35.058 1.389 38.566 35.081 3.634

-The mean values followed by the same letter for each trait are not significantly different from each other

The results of combined analysis of variance
for stability according to the method of
Eberhart and Russell (9) for grain yield per
hectare and its components are show in Table
8, in which it is noticed that the mean square
of environments (linear) were significant at
1% probability level for all traits indicating
that the response to different environments is
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under genetic control ( 1 and 6), as well as the
mean square of the linear component of
genotypes X environments interaction when
tested against pooled deviation appear to be
significant at a 1% probability level for plant
height, number of grains per spike, 1000
grains weight, and grain yield per hectare, but
was not significant for the other traits Also, it



Iragi Journal of Agricultural Sciences —2021:52(6):1449-1460

Al-Falahi & et al.

is observed that the mean square of the pooled
deviation of all the traits were significant at the
probability level of 1%, and this indicates that
the main component of the differences in the
validity of the genotypes for these traits is due
to the deviation from the linear function and
that its predictability is possible. The mean
square of the linear component of the
genotypes x environments interaction for spike
length, grain weight per spike, and leaf area
were not significant, and this was due to the
signification of pooled deviation, and this
means that the deviation from the linear
function contributes to the deviation in the
validity of the genotypes for these three traits,
and that the deviation considered one of the
most important stability parameters (13). For
the other traits, both components were
significant, indicating that the differences in
the validity of genotypes are due to both linear
regression and deviation from the linear
function. Table 8 also shows that the mean
square was not significant for the following
genotypes: ltaly, for plant height and number
of seeds per spike. Adana, Bora, Apst-6-85576
and Apst-36-85575 for grain yield, Criso for
number and weight of grain per spike, Jehan
99 for plant height and number of grains per

spike, Hawler for plant height, Buhoth-4 for
number of grains per spike and leaf area, Apst
-35-85574 for plant height, number of grains
per spike and grain yield and Apst-12-85578
for grain weight per spike and grain yield,
while the mean square of other cases reached
the significant limit. Eberhart and Russell (9)
suggested that the both components, linear
(regression coefficient B;) and nonlinear
(deviation from regression S°d;) are important
in predicting the stability of genotypes. When
the regression coefficient is close to one and is
associated with a value of deviation from the
regression equal to zero, this indicates that the
genotype has good response and stable for a
wide range of environmental changes, and if
the regression coefficient is greater than one,
the genotype is described by the highest
sensitivity to environmental changes, and it

adapts in high-productivity (good)
environments, but when the regression
coefficient is less than one, this is an

indication that the genotype characterized by
high resistance to environmental changes
(higher than moderate stability) and this
increases the determination of adaptation to
low-yielding environments (7).

Table 8. Results of the combined analysis of variance for stability for studied traits.

Traits
SoVv df | Plant height Spike length No. seeds  Seeds weight 1000 seeds Leaf area Grain yield
(cm) (cm) per spike per spike weight (gm) (cm? (ton/ha)
Gen. 19 330.595 3.746 39.962 0.4575 146.187 120.322 1.476
E+(Gx E) 60 148.790 2.286 12.682 0.0164 11.995 59.584 0.349
E (Linear) 1 3656.06** 47.684** 551.16** 0.3298** 131.46** 458.05** 11.35**
GxE(Linear) 19 191.063** 1.893 6.794** 0.0023 18.667** 69.221 0.358**
Pooled Dev. 40 41.029** 1.338** 2.016** 0.0152** 5.838** 45.045** 0.070**
Italy 2 1.828 0.213** 0.054 0.0026* 4.252** 8.3911** 0.077**
Adana 2 19.116%* 0.197** 5.295** 0.0577** 17.159** 42.982** 0.015
Criso 2 17.297** 0.257** 0.229 0.0013 5.809** 122.92** 0.207**
Tamoz-2 2 45.746** 4.612** 1.487** 0.0144** 4.518** 7.001** 0.142**
Bora 2 10.373** 2.675** 1.4699** 0.0037** 1.189** 70.122** 0.003
Jehan 99 2 2.539 1.182** 0.406 0.0032* 5.347** 29.747** 0.028**
Hawler 2 2.153 0.777** 0.842* 0.0262** 13.152** 88.319** 0.093**
Adana 99 2 15.619** 2.006** 1.054* 0.0073** 2.003** 37.666** 0.031*
TAWA-HI-3 2 68.848** 0.463** 1.613** 0.0053** 2.674** 12.504** 0.021*
BABAGA-3 2 122.645** 1.524%** 1.920** 0.0458** 11.578** 85.735** 0.112**
Azadi 2 48.483** 2.844** 2.159** 0.0226** 5.798** 30.879** 0.116**
IPA 99 2 13.304** 1.933** 4.863** 0.0089** 2.002** 12.552** 0.029**
IPA 95 2 12.763** 0.652** 6.777** 0.0073** 0.328** 1.689** 0.155**
Buhoth-4 2 43.251** 0.445** 0.138 0.0678** 10.722** 0.214 0.045**
Apst-35-85574 2 3.912 2.543** 0.383 0.0119** 13.339** 111.11%* 0.013
Apst-33-85577 2 17.898** 0.159** 1.152* 0.0029* 3.859** 150.49** 0.264**
Apst-6-85576 2 164.463** 0.679** 2.609** 0.0034** 1.5617** 3.357** 0.004
Apst-36-85575 2 56.987** 0.425** 2.756** 0.0084** 1.525** 24.906** 0.015
Apst-12-85578 2 50.618** 3.179** 3.206** 0.00001 1.759 ** 29.849** 0.005
Apst-26-85579 2 102.735** 1.848** 1.912** 0.0041** 8.225** 30.464** 0.029*
Pooled error 16
0 1.486 0.0343 0.268 0.0007 0.058 0.251 0.007

(**) and (*) Significant at 1% and 5% probability respectively
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The linear regression of the average of any of
the seven traits of the single genotype over the
average of all genotypes in each environment
resulted in regression coefficients values

ranging between (-0.7729 and 3.1715) for
plant height, (-0.9304 and 2.5496) for spike
length, (0.1834 and 1.7657) for number of
grains per spike, (0.3748 and 1.6751) for grain
weight per spike, (-2.4533 and 3.3226) for
1000 grains weight, (-2.1617 and 3.8184) for
leaf area, and between (-1.0355 and 2.4337)
for grain vyield per hectare. These large
variations in the regression coefficients,
especially for plant height, spike length, 1000
grain weight, leaf area and grain yield per
hectare indicate the different response
genotypes to environmental changes (Table 9).
From the obtained results, it is revealed that
plant height trait that genotypes 1, 2, 4, 6, 7, 8,
11, 15, 16 and 19 had non-significant
regression coefficients from unity (B; = 1),
among which the genotypes 2, 6, 8 and 11
were distinguished by a good mean
performance for plant height, and the deviation
from the regression for the genotypes 1, 6, 7
and 15 are not significant, and this indicates
that they are characterized by high stability. As
for the remainder genotypes (those with an
insignificant regression coefficient from
unity), their stability in different environments
was moderate because the values of the
deviation from the regression are significant.
For the trait of the spike length, the regression
coefficient was not significant in most
genotypes excluding 5, 8, 12, 15 and 20, and
given that the deviation from the regression
was significant, their stability in different
environments was moderate, suggesting that
the genotypes 6, 13 and 15 had a good mean
performance for the spike length, and more
than the general mean of the trait. Genotypes
3, 4,10, 11, 13, 16, and 18 were distinguished
by a regression coefficient that was not
significant from unity for the number of grains
per spike, and the deviation from the
regression was also insignificant for genotype
3 (Criso), thus, it is considered highly stable
for this trait, and since the regression
coefficient is greater than one, for genotype 1
(Italy), it was found that it responded to good
environments, while both genotypes 6, 14 and
15 had a regression coefficient less than one,
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and therefore they grow well in inappropriate
environments. All genotypes were
characterized by an insignificant regression
coefficient for grains weight per spike, and in
contrast, the deviation from the regression was
insignificant in both 3 (Criso) and 19 (Apst-
12-85578) genotypes, and accordingly they
were surpassed by high stability for different
environmental conditions. While the other
genotypes considered moderate in their
stability for this trait. Regarding 1000 grains
weight trait, none of the genotypes showed
high stability for environmental changes, due
to the significant deviation from the regression
for all of them, while the genotypes 3, 12, 15,
16 and 20 showed moderate stability because
their regression coefficient was not significant
from unity, while the stability of the remainder
genotypes was difficult to predict because both
components of stability were significant.
Genotype 14 (Buhoth-4) showed high stability
for the different environmental conditions for
leaf area trait, due to the insignificance of both
the regression coefficient and the deviation
from the regression and at the same time its
mean performance for the trait was good and
higher in their value than the general mean,
while the genotypes 9, 16 and 18 were
moderate in their stability, because the
regression coefficient was not significant, and
the deviation from the regression was
significant. Finally, for the grain yield trait,
both components of stability (regression
coefficient and deviation from regression)
were not significant in genotypes 2, 5, 17 and
19, and thus they are considered to be highly
stable in different environments, and at the
same time the mean of grain yield in
genotypes 5 and 19 was high and higher than
the general mean, while genotypes 3, 4, 6, 7,
16 and 20 showed moderate stability because
the deviation from their regression was
significant versus the insignificance of the
regression  coefficient and because the
regression coefficient of genotype 17 (Apst-
36-85575) is greater than unity, and the
deviation from the regression is not
significant, then it responds to good
environments only, while genotype 14 (Apst-
35-85574) appeared to grow well in
inappropriate  environments, because the
regression coefficient smaller than unity and
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the deviation from the regression is not

significant.

Table 9. Stability parameters for the studied traits.

Genotypes Plant height (cm) 2 Spike length (cm) No. seeds per spike  Seeds weight per spike
P B, 7d, B; s, B; s, B; 7,

Italy 0.7781 -28.999 1.0217 -0.31** 1.3133 -1.173 0.6538 -0.001*
Adana 0.9449 -11.71** 1.2116 -0.33** 1.5601 4.07** 0.6330 0.054**
Criso -0.1291 -13.54** 0.8151 -0.27** 1.2392 -0.997 0.5642 -0.003
Tamoz-2 0.9927 14.92** 1.0513 4.09** 1.1879 0.261** 1.2606 0.011**
Bora 0.0987 -20.45** -0.6752 2.15** 0.3495 0.243** 0.7439 0.00001**
Jehan 99 0.9357 -28.288 0.4695 0.66** 0.2652 -0.821 0.7499 -0.001*
Hawler 1.3527 -28.674 1.2447 0.25** 0.6944 -0.384* 15116 0.022**
Adana 99 1.3865 -15.21** 2.5496 1.48** 1.3556 -0.173* 1.5205 0.003**
TAWA-HI-3 2.1593 38.02** 1.0145 -0.06** 1.4041 0.386**  1.3848 0.002**
BA BA GA-3 3.1715 91.82** 1.4555 1.001** 0.8854 0.694** 0.9715 0.042**
Azadi 1.0591 17.65** 1.5414 2.320** 1.2033 0.933**  0.9217 0.019**
IPA 99 2.1343 -17.52** 1.9172 1.409** 1.7657 3.636** 1.3703 0.005**
IPA 95 2.2217 -18.06** 0.9683 0.129** 0.9688 5.551**  0.8151 0.003**
Buhoth-4 2.3555 12.43** 0.9816 -0.08** 0.3128 -1.0882 1.0316 0.064**

Apst-35-85574 0.6732 -26.914 -0.9304 2.019** 0.3052 -0.843 1.3879 0.008**

Apst-33-85577 -0.7729 -12.93** 0.8903 -0.36** 0.8567 -0.075* 0.7049 -0.0009*

Apst-6-85576 -0.4011 133.64** 1.6627 0.156** 1.5705 1.383** 0.3748 -0.0004**

Apst-36-85575 0.0507 26.16** 1.6221 -0.09** 1.1223 1.529** 1.6751 0.005**

Apst-12-85578 0.7550 19.79** 1.5072 2.656** 1.4567 1.979**  0.9205 -0.004

Apst-26-85579 0.2336 71.91** -0.3187  1.325** 0.1834 0.685**  0.8043 0.0003**

SE(B; 0.474 0.749 0.271 0.961
Genotypes 1000 se(;c:s)welght Leaf area (cm?) Grain yield (ton/ha)
Bi S’d; B; S°d; B, S°d;

Italy 2.9053 0.812** -2.1239 -9.84** 1.4054 0.021**
Adana -1.6561 13.72 ** 0.0036 24.75%* 0.9625 -0.042
Criso 1.5150 2.369** 1.5880 104.9** 1.2858 0.150**
Tamoz-2 -0.1616 1.078** 0.0030 -11.23** 0.8548 0.085**
Bora 0.0718 -2.251** -0.2940 51.89** 0.7609 -0.053
Jehan 99 -0.1124 1.907** 2.2549 11.52** 0.947 -0.03**
Hawler -2.4533 9.713** 3.8184 70.09** 1.2059 0.037**
Adana 99 2.1479 -1.44 ** 3.0824 19.44** 2.4337 -0.025*
TAWA-HI-3 0.1553 -0.77** 0.8972 -5.72** 2.2102 -0.035*
BABAGA-3 2.9669 8.138 ** -0.7560 67.51** 1.7907 0.056**
Azadi 2.7409 2.358 ** -0.1349 12.65** -1.0355 0.059**
IPA 99 1.0326 -1.44 ** -0.8774 -5.68** -0.3641 -0.03**
IPA 95 0.0636 -3.11** 3.1707 -16.5%* 0.3826 0.099**
Buhoth-4 3.2344 7.282 ** 1.4570 -18.014 0.5580 -0.01**

Apst-35-85574 1.0688 9.899 ** 2.8399 92.88** 0.5077 -0.043

Apst-33-85577 0.6072 0.419** 1.7579 132.3** 1.3219 0.208**

Apst-6-85576 3.3226 -1.92 ** -2.1617 -14.9** 1.2107 -0.052

Apst-36-85575 -1.1535 -1.92** 1.0916 6.675** 1.6807 -0.041

Apst-12-85578 2.6259 -1.68** 2.4864 11.62** 1.0286 -0.052

Apst-26-85579 1.0788 4.785** 1.8968 12.24** 0.8534 -0.027*

SE(B; 0.942 1.402 0.352

(**) and (*) Significant at 1% and 5% probability respectively

According to the method of the stability
triangle for this trait (Figure 1), it is noticed
that genotypes 2 and 19 were close to the
regression line and the general mean line of
the trait to their left and its right, respectively,
confirming their high stability to different
environmental conditions, as well as the two
genotypes 1 and 7 which are located a little
further from the regression line to the left of
the general mean line and the genotype 5

1458

which falls to the right of the regression line
(indicating the high performance of the grain
yield) and slightly outside the stability
triangle, and according to this method also the
genotypes 2, 6 and 7 counted with high
stability for grain yield being very close to the
lines of the regression coefficient and the
general mean within the stability triangle.
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Figure (1): Distribution of genotvpes in the stability triangle for grain vield'ha

It is concluded from the foregoing that the
genotype Apst-12-85578 was highly stable for
grains weight per spike and final grain yield,
and moderate for plant height and spike length,
followed by the Criso genotype with high
stability for number and weight of grains per
spike and high response for spike length, 1000
grain weight and grain yield only in good
environments, then the three genotypes,
Adana, Bora and Apst-6-85576 which showed
high stability for grain yield. The genotype
Apst-33-85577 was characterized by moderate
stability for all traits, and these results allow
the possibility of making use of high and
moderate stability in future cross-breeding
programs to find new varieties that are
characterized by good productivity and quality
specifications and stable in a wide range of
environmental changes, in addition to the
possibility of expanding their cultivation over
a wide range of environmental conditions.
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