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ABSTRACT

Two field experiments were carried out during 1998/1999 and 1899/2000
seasons. This investigation aimed to evaluate twenty wheat genotypes under two
different locations i.e. El-Salhia which represents sandy loam soil and Hanout, Kafr
Sakr District which considered light clay soil. The components of genotype x
environment interaction and phenotypic stability were computed for number of days to
50% heading, flag leaf area, plant height, spike length, number of spike/m?, number of
grains/spike, 1000-grains weight and grain yield ardb/fad.

The results clearly indicated highly significant differences among wheat
genotypes, environments and their interaction. Wheat genotypes differed in their
response to changes in environments.

Genotypes No. 3 and 14 were stable and adapted under all environments for
grain yield ardb/fad. Moreover, the first genotype (No. 3) shown higher developmental
elasticity where gave higher yield and yield components under both favourable and
unfaourable environments. Genotype No. 13 was adapted for favoura
environments for spike length, number of grains/spike and grain yield ardb/fdd.
Meanwhile, genotype No. 7 was adapted for less favourable environment for fiag leaf
area, plant height and grain yield ardb/fad.

INTRODUCTION

Breeding for high yielding and stable varieties has always been
important objective of all plant breeding programs. But grain yield being
sensitive to environmental fluctuation posses a major challenge for
developing stable varieties, where genotype environments interactions are
often described as inconsistent differences among genotypes from one
environment to another. The inconsistency m ay arise for two reasons, one
being the difference in responses of the same set of genes to different
environments and the other being the expression of different sets of genes in
various environments (Cockerham, 1963). It the same set of genes is
expressed, then differences in responses may be regarded as heterogeneity
of genetic or error variances (or both) across environments. )

A significant GE-interaction can be partitioned into components using
regression analysis proposed by Finally and Wilkinson, 1963 and Eberhart
and Russell, 1966). S tability p arameters are e stimated from the r egression
analysis. One stability parameters is estimated as the linear regression
coefficient (bi) of a variety mean on the average of all varieties in the
particular environmental and another parameter is deviations from regression
(S7d) for each variety (Eberhart and Russell, 1966). However, the magnitude
of {bi) and mean of each variety can be an indication of environmental
adaptation (Bilbro and Ray, 1967).

Significant interaction between varieties x locations x years has been
described as a major important factor of linear component for wheat yield and
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contributing characters which revealed by (Duwayri and Nachit, 1989 and
Jalaluddin and Harrison, 1993). Also, highly significant genotype x location,
genotype x year and genotype x location x year interactions were reported for
yield and its attributes (Hindi et al., 1990; Abd EI-Moneim, 1999; Salem et al.,
2000; Awaad and Aly, 2002 and El-Marakby et al., 2002).

The present study aims to evaluate twenty different wheat genotypes
for grain yield and some of yield attributes and to determine the yield stability
of bread wheat genotypes tested under four e nvironments (2 | ocations x 2
years).

MATERIALS AND METHODS

Two field experiments were carried out during two winter successive
growing seasons i.e. 1998/1999 and 1999/2000. This investigation aimed to
evaluate twenty genetically diverse bread wheat genotypes for growth
characters as well as vyield under two different locations at Sharkia
governorate i.e. El-Salhia which represents sandy-loam soil and Hanout, Kafr
Sakr District which considered light clay soil. The combinations between two
experiments and two locations give four diverse environments.

The pedigree and origin of the studied wheat genotypes are
presented in Table (1), while Table (2) represents the mechanical and
chemical analysis of soil of two experiment sites. Wheat grains were sown in
plots containing 17 row, each row 3 m length and 20 cm width {plot area 10.2
mz) with a seeding rate of 10 g/row. Sowing dates in both of the two seasons
were on 26™ and 28" November, in El-Salhia and Hanout, respectively.
Randomized complete block design with four replications was used. The
normal cultural practices for wheat production was applied at the proper time
as recommended in the two locations. The samples from ten guarded plants
were used to estimate the following characters.

1- Days to 50% heading
2- Plant height (cm)

3- Flag leaf area

4. Spike length

5- Number of spikes/m®
6- Number of grains/spike
7- 1000-grains weight

8- Grains yield ardb/fad.

Statistical procedures
1- Genotype x environments interaction

The obtained data were subjected to the conventional analysis of
variance according to Steel and Torrie (1980). To provide information about
genotype x environments interaction effect and examining relative magnitude
of the different sources of variation, combined analyses of variance were
computed over years and locations to e stimate their e ffects on the studied
genotypes. Combined analysis was again carried out over all environments
{i.e. years and locations combination) with genotypes as a fixed variable and
environments as random variable using a microcomputer software MSTAT-c
(1986).
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2- Stability statistics

’ Lin et al. (1986) introduced a brief description for stability statistics as

follows:

1- The variance of a genotype across environments, can be a measure of
stability.

2- The regression coefficient (bi) for each genotype is taken as a stability
parameter.

3- The residual mean square (MS) of deviation from the regression defined
as stability measure. Moreover, Bilbro and Ray (1976) considered that
genotype with b= 1 was adapted for all environments, genotype with b < 1
was considered adapted for low yielding environments and genotype with
b>1 was considered better adapted for high yielding environments,
depending upon the genotype mean yield.

Table (2): Mechanical and chemical analysis of the soil of the

experimental field at 1* growing season 1998 / 1999 .

lSoil fractions El-Salhia Hanout
Coarse sand % 49.35 7.40
Fine sand % 26.70 18.25
Siit % 10.14 35.80
Clay % 13.81 40.55
Chemical analysis :
Krganic matter % 1.05 2.25
Available nitrogen {p.p.m) 32.50 75.15
Available phosphorus (p.p.m) 11.95 35.25
Available potassium {p.p.m) 115.15 395.50
EC {meliemosicm at 25¢) 0.75 1.15
H 745 8.00

RESULTS AND DISCUSSION

Genotype x environment interaction

The analysis of variance due to the effect of environmental conditions
(2 locations and 2 years) for yield and some vyield attributes of twenty wheat
genotypes are shown in (Table 3). Partitioning the environmental effects into
locations (L), years (Y) and their interactions (LY) items, revealed that they
were highly significant in all studied characters. The significant effects of
environments on yield and its related characters obtained herein are in
agreement with those detected by Duwayr and Nachi (1989), Krenzer et al.
(1992) and Jalaluddin and Harrison (1993).

Highly significant differences were obtained for genotypes (G)
respecting the studied characters overall environments.

With respect to first order interaction of genotypes with each of years
(Y) and locations (L), the obtained results indicated that they were highly
significant in all studied characters. Mean squares of (G x L} interaction were
higher in magnitude as compared with those of (G x Y) for vield and its
attributes, indicate that locations exerted more effect on relative genotypic
potential than years of these characters. Similar conclusion was reported by
Hindi et al. (1990), ismail (1995) and Hassan (1997) in wheat.
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Highly s ignificant second order (G x Y x L) interaction for grain yield
and its related characters implies different response of genotype over years-
locations combinations indicated that they were highly influenced by changes
in the environment, also providing evidence for necessity of testing studied
genotypes in muitiple environments. The significance of environment x
cultivars interaction, although indicative of the effect of environments on the
behaviour of all tested cuitivars, can not provide information on the response
of the individual cultivar and caused difficulty in identifying the stable an
superior cultivar. For that, the stability and adaptation parameters of each
cultivar were computed.

Stability analysis:

Stability analysis of variance (Table 4 and 5) revealed that the mean
square among the genotypes were highly significant for all studied
characters.

Table (4): Mean squares of variance for G x E interaction for heading
date (days), flag leaf area, plant height and spike length for
combined data

Lource of variation dt. Noc;fosfoizys Flag Ieag areal Plant height | Spike length
headin (cm?) (cm) (cm)
Genotype (G) 19 54.2861"* 25.8517** 83.6184** 8.6298**
nvironments (E) 3 61.6666"" 142.6640** | 530.4166*" 4.4964*"
enotype x Environment 57 2.7094** 4.7407** 7.2982*" 0.1716"**
E+ (GxE) 60 5.6573** 11.6370** 33.4552** 0.3879**
linear) 1 185.0595™ | 427.9858"* | 159.2734" | 13.4882'
x E (linear) 19 5.2174™ 7.6922* 9.3552"* 0.2476™*
Pooled deviation 40 1.3812** 3.1020™* 5.9573* 0.1270**
Genotypes
1 2 0.6173 1.7252* 4.8397* 0.0387
2 2 0.0103 0.8537 5.4430™ 0.4120**
3 2 7.1624* 2.6788* 3.4655** 0.0110
4 2 1.7449* 1.8212" 1.5624* 0.0493
5 2 0.3208 0.4339 6.4616** 0.1082*
6 2 0.8952 0.1185 9.9694** 0.2263**
7 2 0.8001 1.2016** 1.6155" 0.0618**
8 2 0.8753 3.0732 5.4919** 0.0930**
9 2 1.7700° 4.6046" 1.5160* 0.0631
10 2 0.2587 0.6777 2.3094** 0.0603
11 2 1.9599** 6.2982** 0.6893 0.2100**
12 2 0.4437 1.4999"* 1.4885* 0.2952"*
13 2 0.3544 2.2706™" 6.7233" 0.0308
14 2 0.3769 8.8275** 13.6281** 0.1823"*
15 2 5.7090** 0.7873 10.4648"" 0.3496**
16 2 0.4777 6.8768" 5.8229"* 0.0438
17 2 1.3280** 1.8619* 3.0946™ 0.1200"*
18 2 0.8078 15.4646"° 22.5877** 0.0974*
19 2 1.0543 0.8129 6.0251** 0.0032
20 2 0.6255 0.1509 1.9523"* 0.0838
Pooled error 228 0.4042 0.2939 0.4568 0.0291
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Genotypes x environments interaction as indicated by Env. + (G x Env.) were
highly significant for all studied characters suggesting that, wheat genotypes
are highly influenced by changes in the environments.

Table (5): Mean squares of variance for G x E interaction for number of
spikes/m?, number of grains/spike, 1000-grains weight and
grain yield ardb/fad. for combined data

No. of . N

s No. of : 1000-grain |Grain yield
Source of variation df 1 spikesim? 9;:;;:’ weight (g | ardb fad.
Genotype (G) 19 | 1084.4736** | 343.3257** | 18.8824** | 8.489""
Environments (E) 3 3043.5000°* | 194.1562"" | 134.0364** | 32.126**
Genotype x Environment| 57 28.5701™ 6.1310*" 1.2722* 0.132*
E+ (GxE) 60 179.3167** | 155323 | 7.9102** 1.732
E (linear) 1 9129.5352™ | 582.4495** | 401.9613** | 96.3821"
G x E (linear) 19 32.5710™ 12.6305* 1.7161* 0.206
Pooled deviation 40 25.2654™ 27377 1.0011* 0.090™
Genotypes
1 2 15.7043** 0.3913 0.7374* 0.0479
2 2 2.6175 4.6606"" 1.6009** 0.0236
3 2 5.2965" 5.2893** 1.5821"" 0.0856
4 2 1.7377 0.4264 0.2873 0.0328
5 2 3.2290 0.3650 0.6087~.. |..-0.Q0374
6 2 14.0707* 3.4258" 0.6349" 0.0077
7 2 12.1118* 7.0266* 0.0715 0.0008
8 2 38.4065™ 2.2336" 1.5302* | 0.3378"
9 2 24.4490™ 3.8422** 0.9189" 0.0624*
10 2 93.8919™ 5.3143" 0.4298* 0.0860"
11 2 1.7836 1.1946 2.6549* 0.2050**
12 2 2.7314 0.8989 0.1375 0.1110*
13 2 5.5615" 0.4115 1.0219" 0.0785*
14 2 197.6513 | 2.4157" 0.0114 0.1632*
15 2 7.4887* 0.5278-~1 1:1971** {- 0.0693"
16 2 1.5955 0.0412 0.2583 0.1450**
17 2 43.7718" 4.8123™ 1.7064* 0.1412*
18 2 11.4482* 4.3929* 1.3206** 0.0150 |
19 2 19.5126*" 6.4285" 2.1964*" 0.0089
20 2 3.8978 0.6564 1.1254* | 0.1544*
Pooled error 228 2.0866 0.9167 0.1596 0.0254

The variances due to environments (Linear) were highly significantly
different for all studied characters, revealing that the response to environment
was genetically controlled.

Genotype x environment interaction (linear) component of variation of
stability were also, highly significant for all studied character indicating the
differential response to environment of the genotypes to various agro-
climates. The resuits showed highly significant variations for pooled deviation
in concern to all characters, demonstrating that the major components
differences for stability were due to deviation for the linear function.
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The significant of genotype x environment interaction agree with the
finding of Ramadan (1994); Sharma et al. (1995); El-Ashry et al. (1996);
Swelam (1996) and Orabi (1998).

Data in Table (6) indicated that wheat genotypes No. 1, 7, 16, 19 and
20 gave the hnghest no. of days to 50% heading and higher (bl) value more
than unity and S°d which did not deviate significant from zero, giving
evidence that these wheat genotypes were stable but late flowering and could
be cultivated under favorable environments. Meanwhile, genotypes No. 3, 4
and 8 were lowest mean heading date and (bi) values were less than unity as
well as S%d non significant, indicating that these genotypes were suitable for
unfavorable environments through escaping from stresses. Genotypes No. 2,
11, 12 and 13 were shown bi = 1 and non significant S%d, so, these
genotypes stable and adapted for the most environments. These results are
in harmony with those of Guilan Yue et al. (1990) and Awaad (1997).

Concerning flag leaf area, wheat genotypes No. 3 and 17 had greater
flag leaf area as compared to the mean ( Xg = 26.27), bi > 1 and S% non
significant demonstrating that these genotypes were stable and could be
cultivated in Hanout location (favourable environment). While wheat
genoty 2pes No. 2, 4, 7 and 13 had higher flag leaf area and lower bi (bi < 1)
and S°d non significant from zero, emphasizing that they may be effectively
for growing under El-Salhia location (less favourable environment).

Fer-plant height, wheat genotypes No. 7, 10, 12 and 20 were the
tanestprants-and gave the lowest bi values (bi < 1) as well as S% non
significant from zero, these results showed that these genotypes were stable
and adapted for Iess favorable environments. However, the other genotypes
showed significant Sd indicating that these genotypes were unstable for all
environments. These results are in harmony with Awaad and Ali (2002).

It is note to that, wheat genotypes No. 2, 3, 13 and 14 were the
longest sp'ke length ( Xg = 9.94). At the same these genotypes had non
significant S% and bi values were more than unity (bi >1). These results
demonstrated that these genotypes were stable and adapted for favourable
environments. Genotypes No. 5 and 12 gave higher mean values for spike
length and bi values less than unity indicating that these genotypes were
stable for less favourable environment.

Data of mean performance over locations, biregression c oefficient
and S°d deviation from regression for 20 wheat genotypes under four
environments (2 seasons X 2 Iocatlons) for grain yield ardb/fad and yield
components number of spikes/m®, number of grains/spike and 1000-grain
weight are given in Table (7).

The number of splkes/m was unstable for all genotypes except
genotypes No. 3 and 16 which were stable (S°d non significant) and adapted
for unfavorable environments (bi < 1).

Regarding number of grains/spike, genotype No. 13, 15 and 16
seemed to be stable for favourable environments. Since bi values more than
unity and had the lowest S?d and higher mean performance than mean over
population.
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Although genotypes No. 2, 3 and 9 were higher mean values than general
mean and bi values were more than unity, but the S%d values were
significant. This may mention that these genotypes fluctuate under the
various environments . Meanwhile, genctype No. 12 gave higher meanivalue
than population mean, bi = 1 and lowest $%. these result indicated that this
genotype was stable and adapted for all studied environments. These results
are supported by Crossa et al. (1991); El-Ashry et al. (1996) and Awaad
1997).
( Comparing with mean values, bi values and 8%d for 1000-grains
weight, genotypes No. 5, 7, 10, 12 and 18 were higher mean values, bi > 1
and S%d non significant. These result indicated that these genotypes were
stable for this trait and could be cultivated under foavourable environments.
Moreover, genotypes No. 1 and 13 had higher 1000-grains weight and lower
bi (b < 1), indicating that these genotypes could be cuitivated under less
environments. These results are confirmed by Abd El-Moenim (1999) and
Awaad and Ali (2002).

Concerning of grain yield ardb/fad, it is noticed that genotypes No. 3
and 14 were stable and adapted for all the studied enwronments where
these genotypes gave the highest mean values, lowest $%d and bi =
Moreover, genotype No. 13 recorded higher grain yield ardb/fad than
population mean, bi> 1 and S %d non significant. This may be indicate that this
genotype is stable and can be cultivated under favorable environments.

Genotypes No. 2, 6 and 7 gave the highest mean values, lowest $%d
and bi value less than unity (bi < 1). So these genotypes can be cultivated
under unfavorable environments. These results are in agreement with those
of Ramadan {1994) and Awaad and Ali (2002).
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