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ABSTRACT

A great challenge for wheat breeding programs is increasing yield without
sacrificing its stability. This study presents the yields and stability parameters of 43 bread
wheat genotypes, tested in 10 diverse environments in Egypt during the two growing
seasons 2013/2014 and 2014/2015. These environments distributed along the Egypt map
from 215 m above sea level (asl) at Toshka in south Egypt to 22 m asl at EI-Nobaria in
the north. The separate field trials were arranged in randomized complete block design
with 3 replications then combined analysis of variance was performed for the obtained
data. The diversity of conditions included in the study was reflected by large variation of
a grain yields/plant of the 43 genotypes, which varied from 1.50 g/plant to 77.34 g/plant.
It was concluded that the most stable genotypes were G14 and G18 over all the
environments while genotype G30 was found to be the best performer under the poorer
conditions. Moreover, genotypes considered to be stable for grain yield were not stable
for other characters except genotype G14 which was stable for grain yield and spike
number per plant.
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INTRODUCTION

Wheat is one of the most important cereal crops in the world
specially in developing countries (said et al 2015). In Egypt, the area for
living and cultivation land did not exceed 5% from the total area. There is a
big gap between production and consumption of wheat (about 52%) (FAO
2013) as the majority of the people use wheat as common source of
carbohydrates in their daily diets. To fill this gap there is a bad need to grow
wheat in new environments in addition to the river Nile valley. But these
new environments suffer from some abiotic stresses such as drought, heat
and salinity. Information about phenotypic stability is useful for the
selection of crop varieties as well as for breeding programs and stress
tolerance of a plant genotype is a product of many physiological and
morphological characters for which effective selection criteria have not yet
been developed (Ludlow and Muchow 1990). Therefore, grain yield and its
components is the major selection criteria for enhancing the adaptation to
environmental stresses in breeding programs (Ozkan et al 1998). Grain
yield stability is one of the most important goals of breeding programs,
especially in the sub-tropical environments. The ideal wheat genotype is the
one which high yield under any environmental conditions, but most
genotypes do not give the same response in all environments (Carvalho et al
1983). When genotype and environment have interaction, the response of a
genotype is changed when the yield of this genotype is compared over
various types of environments. There are many statistical techniques, which



can identify the variation in individual genotypic responses and one of these

techniques is Eberhart and Russell (1966) model which has been widely

used in studies of stability and adaptability of genotypes. A genotypes is
considered as stable if it gave high mean yield, recorded a regression
coefficient (bi) value close to 1.0 and its deviation form mean regression

(S%;i) did not differ significantly from zero. The objective of this study was

to identify high yielding and stable genotypes that perform well under

different locations and water stress conditions.
MATERIALS AND METHODS
Plant Material and experiments
A panel of 43 bread wheat genotypes (Triticum aestivum L.) was

included in the current study (17 local cultivars, 6 imported cultivars, 12

promising inbred lines developed in Agronomy Department, Assiut

University and 8 landraces) as shown in Table 1. Ten experiments were

conducted during 2013/2014 and 2014/2015 growing seasons at ten

distinguished environments as follows;

1. Faculty of Agriculture Experimental Farm, Assiut University, Assiut
Province, Egypt in clay soil (lat 27° 02' N, long 31° 01" and alt 70 m asl)
at two planting dates as favorable conditions, i.e. Dec. 1, 2013 (E;) and
Dec. 3, 2014 (E2). In addition, there are two planting dates as a heat
stress conditions i.e. Feb.1, 2014 (Es) and Feb. 9, 2015 (E4) as plants
suffered from terminal high temperature during anthesis and grain-filling
stages.

2. Agricultural Production and Research Station, National Research Centre
(NRC), El -Nubaria Province, Egypt in sandy soil (Lat 30° 05' N, long
30° 08" and alt. 22 m asl) using to different levels of irrigation water
requirements added by sprinkler irrigation following Abdelraouf et al
2013. The first level was considered as drought stress conditions (50% of
irrigation requirements) sowing at Nov. 20, 2013 (E5) and Nov. 18, 2014
(E6). The second level was normal irrigation conditions (100% of
irrigation requirements) sowing at Nov. 20, 2013 (E7) and Nov. 18, 2014
(E8).

3. Toshka Research Station, The Egyptian Desert Research Center, Aswan,
Toshka Province, Egypt in sandy soil (Lat 22° 28" N, long 31° 32" and alt.
215 m asl) using drip irrigation system sowing at Dec. 1, 2014 (E9)

4. Faculty of Agriculture Experimental Farm, Assiut University, New
Vally, El-Kharga Province, Egypt in sandy soil (lat 25° 31" N, long 30°
36' and alt. 33 m asl) using surface irrigation Dec. 3, 2014 (E10).

Maximum and minimum temperatures during the growing the two

seasons 2013/2014 and 2014/2015 for all locations are presented in Table 2.
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Table 1. List of the 43 genotypes and its origin.

. Genotype
Origin Name Code
Gemmeiza 07 G01
Gemmeiza 09 G02
Gemmeiza 10 G03
Giza 160 G04
. Giza 164 GO05
§ Giza 165 G06
= Giza 168 GO07
3 Misr 01 G08
'S Sahel 01 G09
3 Sakha 08 G10
s Sakha 69 G11
§ Sakha 92 G12
Sakha 93 G13
Seds 01 Gl14
Seds 04 G15
Seds 12 G16
Shandaweel 1 G17
Beknora G18
Debera G19
Imported from Sudan Nelen G20
Snora G21
Canada 462 G22
Imported from Canada Canada 515 G23
H258 G24
Assiut 103 G25
Assiut 1006 G26
Assiut 216 G27
Promising inbred lines Assiut 108 G28
developed at Agronomy Sel 160 G29
Department Assiut University, | Assiut 204 G30
Egypt Assiut 724 G31
MK 7-83 G32
Asiut 103 *Giza 168 (F8) G33
Sakha 93 * 168 (F8) G34
Assiut 216 * Gemmeiza 9 (F8) G35
MW 278 G36
L 1351 G37
L 1203 G38
Landraces L 1290 G39
L 887 G40
L 741 G41
L 1457 G42
L 780 G43
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Table 2. Monthly average of minimum (Min) and maximum (Max)
temperature (°C) at all locations during the growing seasons 2013/2014
and 2014/2015.

Location El-Noubaria Assiut El-Kharga Toshka
Season 2013-2014 | 2014-2015 | 2013-2014 | 2014-2015 | 2013-2014 | 2014-2015 | 2013-2014 | 2014-2015
Temperature | Min | Max| Min | Max| Min | Max| Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

December  110.3{19.8|11.7|21.2| 7.6 [21.4]| 8.8 [23.3| 7.0 |24.4] 9.0 |24.1|14.2|26.9|13.9|27.2
January 9.6 [20.2| 8.7 [19.4| 6.4 |22.4| 5.5 |20.5]| 6.3 |23.5| 7.0 |23.5|11.6|25.3|10.1|23.7
February 10.6/20.3/ 9.1 |18.8| 7.5 [23.9]| 7.9 [22.8| 7.1 |25.1| 8.2 |25.3]|13.0|27.6|12.7|27.3

March 12.3|22.7|12.5|121.5|12.2|27.8]|12.2|27.2|10.2|128.1|11.2|29.2|17.2|32.0|16.8|31.5
IApril 14.2125.6|13.1]23.4|15.8|32.8|14.6/29.1|15.4|34.7|17.5|34.1|21.5|37.3|18.1|33.1
May 17.7|28.4|17.9]27.4119.8|35.5|19.7|35.5|20.6|38.2|22.6|39.3|24.8|39.9|24.5|39.5
June 21.3130.2]20.7|28.9122.6|37.7|21.4|36.6|23.7|39.8|24.4|40.2|26.8|41.7|25.7|40.9

http://eg.freemeteo.com/weather/?language=english&country=egypt

Each experiment consisted of the 43 genotypes was grown in the
field with plant to plant distance of 20 cm and row to row distance of 30 cm
with 3 replications (Each replication consisted of one nursery row of 3 m in
length. All experiments were fertilized according to the recommended
treatments in each experiment region. By the end of May after maturity, a
sample of 5 guarded plants from each row was harvested then kept in green
house till well drying for phenotypic evaluation.

Phenotypic evaluation

Phenotypic data was assessed on 6 agronomic traits including; plant
height in cm, spike length in cm, spike number per plant, grain yield per
plant in gram, biological yield per plant in gram and harvest index.
Statistical Analysis

Analysis of variance (ANOVA) was carried out using Proc Mixed of
SAS package version 9.2 (SAS 2008) and means were compared by revised
Least Significant Difference (LS D’) at 5% level of probability (Steel and
Torrie 1981). Stability parameters, regression coefficient (bi) and deviation
mean squares [_Sé._} were performed to Eberhart and Russell (1966)

approach. The G x E was partitioned into its components due to linear
regression (bi) at the i genotype on the environment mean, and deviation
(dij). The most stable genotype would have bi=1 with low deviation mean
squares (S%i), where S%; describe the contribution of genotype i to GE-
interaction.
RESULTS AND DISCUSSION

Mean performance and environmental index:

Genotype means, phenotypic index (Pi) and environmental index (E.
index) for grain yield and other studied traits are presented in Tables 3, 4, 5,
6, 7 and 8. Since the environmental index was calculated as the difference
between each environment mean and the general mean over all
environments.
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Table 3. Mean performance for plant height of 43 wheat genotypes
evaluated at 10 different environments.

Gt El E2 E3 | E4 | E5 E6 E7 E8 E9 | E10 |Mean| Pi

G01 |77.33]92.67 | 74.17 |47.00| 74.33 | 74.67 | 95.67 | 93.33 | 73.67 | 77.00 | 77.98 | 4.95

G02 |82.15|84.00 | 55.42 |56.67| 68.33 | 61.00 | 77.33 | 79.33 | 75.33 | 75.67 | 71.52 | -1.51

GO03 [80.17 | 92.67 | 53.17 |51.67| 73.00 | 78.33 |104.00{100.00| 63.33 | 73.33 | 76.97 | 3.93

G04 |80.33 | 94.33 | 50.33 |52.00| 86.00 | 82.00 | 98.33 | 95.67 | 69.33 | 79.67 | 78.80 | 5.76

GO05 |83.43 | 81.00 | 58.37 |56.67| 63.00 | 68.33 | 68.33 | 68.67 | 75.00 | 78.33 | 70.11 | -2.92

G06 |72.83 | 88.67 | 46.00 [50.00| 78.33 | 79.33 |101.67|103.33| 71.00 | 73.67 | 76.48 | 3.45

GO07 |76.67 |88.67 | 53.50 [71.67| 75.67 | 76.00 | 83.33 | 83.33 | 81.33 | 98.67 | 78.88 | 5.85

G08 | 78.33 | 80.00 | 57.00 |53.33| 71.00 | 72.00 | 81.67 | 81.67 | 74.33 | 84.33 | 73.37 | 0.33

G09 |93.83 | 92.67 | 49.83 |50.00| 62.67 | 65.33 | 65.67 | 65.67 | 61.67 | 64.67 | 67.20 | -5.84

G10 |93.33 | 90.33 | 87.67 |65.67| 81.00 | 79.00 | 95.67 | 96.33 | 71.33 | 82.00 | 84.23 | 11.20

G11 |92.33 | 83.67 | 70.83 |63.00| 86.00 | 84.33 | 89.00 | 84.67 | 60.00 | 75.33 | 78.92 | 5.88

G12 |91.00 | 69.00 | 73.33 |46.67| 64.33 | 64.00 | 92.33 | 93.00 | 63.00 | 68.67 | 72.53 | -0.50

G13 |89.83 | 66.67 | 73.33 |39.67| 54.33 | 57.33 | 58.33 | 63.67 | 62.33 | 68.33 | 63.38 | -9.65

G14 [80.17 | 80.33 | 47.67 |54.33| 74.33 | 74.00 |103.33]101.67| 73.33 | 80.33 | 76.95 | 3.91

G15 |62.56 | 75.00 | 50.11 |50.33| 75.33 | 71.67 | 71.00 | 72.33 | 60.67 | 72.00 | 66.10 | -6.94

G16 | 55.11 | 83.67 | 42.78 |43.33| 61.33 | 60.67 | 79.33 | 79.67 | 65.00 | 74.00 | 64.49 | -8.55

G17 | 75.50 | 76.00 | 58.33 |57.67| 69.33 | 69.00 | 81.67 | 82.33 | 67.00 | 68.33 | 70.52 | -2.52

G18 | 64.17 | 63.33 | 48.89 |50.33| 68.33 | 66.67 [101.67|100.00| 61.00 | 76.67 | 70.11 | -2.93

G19 |75.00 | 75.00 | 50.83 |52.00| 71.67 | 69.00 | 66.67 | 68.00 | 74.00 | 72.33 | 67.45 | -5.59

G20 |87.83 | 87.67 | 57.83 |47.00| 65.67 | 63.00 | 80.67 | 80.33 | 60.67 | 72.33 | 70.30 | -2.74

G21 |80.00 | 80.00 | 65.44 [61.67| 58.33 | 64.33 | 66.67 | 68.00 | 67.67 | 75.33 | 68.74 | -4.29

G22 | 76.33 | 77.67 | 59.00 |47.67| 76.00 | 78.67 [101.33/101.00| 64.00 | 77.67 | 75.93 | 2.90

G23 |89.67 | 89.33 | 66.78 |64.33| 72.33 | 74.33 |109.33]109.67| 65.33 | 82.00 | 82.31 | 9.27

G24 [101.33|106.67| 49.08 |51.67| 70.33 | 74.00 | 85.33 | 93.33 | 86.67 | 79.33 | 79.77 | 6.74

G25 |79.22 | 81.00 | 43.36 |44.33| 50.33 | 50.67 | 84.33 | 83.67 | 75.33 | 70.67 | 66.29 | -6.75

G26 | 87.89 | 85.33 | 44.29 |43.00| 51.67 | 53.00 | 89.00 | 88.33 | 71.33 | 76.33 | 69.02 | -4.02

G27 | 99.75 |105.00| 47.82 |50.33| 69.33 | 68.67 | 93.33 | 91.67 | 77.67 | 81.67 | 78.52 | 5.49

G28 ]95.33 | 95.67 | 55.83 |53.33| 65.67 | 63.33 | 81.00 | 81.00 | 67.33 | 74.00 | 73.25| 0.21

G29 |79.87|81.67 | 61.05 |61.67| 70.33 | 74.00 | 73.33 | 75.00 | 69.00 | 79.33 | 72.53 | -0.51

G30 |85.33 | 84.67 | 64.67 |58.33| 79.67 | 77.00 | 76.67 | 75.67 | 71.33 | 91.33 | 76.47 | 3.43

G31 |71.50 | 73.00 | 42.50 |41.67| 77.00 | 77.00 | 77.33 | 77.67 | 71.67 | 86.00 | 69.53 | -3.50

G32 |79.83|79.67 | 64.78 |56.67| 82.33 | 82.00 | 81.67 | 81.67 | 74.33 | 76.00 | 75.89 | 2.86

G33 | 79.10 | 75.33 | 42.00 |40.00| 50.33 | 57.67 | 83.67 | 81.67 | 67.00 | 71.67 | 64.84 | -8.19

G34 |68.27 | 69.67 | 42.47 |43.33| 62.33 | 62.67 | 85.67 | 87.33 | 71.00 | 62.33 | 65.51 | -7.53

G35 |90.81 | 92.67 | 62.39 |63.67| 68.33 | 64.67 | 61.67 | 60.00 | 74.00 | 84.67 | 72.29 | -0.75

G36 |114.80{109.33| 68.08 |71.67| 90.67 | 87.33 | 73.33 | 75.00 | 80.33 | 88.00 | 85.85 | 12.82

G37 |76.17 | 76.33 | 58.22 |55.33| 81.67 | 80.67 | 83.33 | 86.33 | 64.00 | 82.67 | 74.47 | 1.44

G38 |70.50 | 71.00 | 52.11 |51.00| 60.67 | 59.00 | 71.67 | 76.67 | 64.33 | 68.33 | 64.53 | -8.51

G39 |85.83 ]| 86.67 | 65.00 [63.00| 88.00 | 89.67 | 87.67 | 89.00 | 71.67 | 76.00 | 80.25| 7.21

G40 |80.17 | 80.33 | 51.28 |46.00| 55.00 | 60.00 | 68.33 | 68.33 | 69.33 | 69.00 | 64.78 | -8.26

G41 |92.67 | 92.33 | 58.44 |61.67| 86.33 | 89.33 | 80.33 | 79.00 | 68.67 | 81.67 | 79.04 | 6.01

G42 |83.83|83.67 | 69.33 |66.67| 87.00 | 83.33 | 81.33 | 77.67 | 73.33 | 85.00 | 79.12 | 6.08

G43 | 76.17 | 76.33 | 55.00 [48.33| 69.67 | 70.33 | 63.33 | 62.33 | 60.00 | 71.67 | 65.32 | -7.72

Mean | 82.24 | 83.69 | 56.94 [53.59| 70.87 | 71.10 | 82.68 | 82.86 | 69.50 | 76.89 | 73.04

LSD o0s| 4.28 | 3.00 | 7.45 |3.26 | 510 | 455 | 479 | 466 | 3.18 | 5.61

E. Index| 9.20 | 10.65 (-16.10[-19.45| -2.17 | -1.94 | 9.65 | 9.82 | -3.53 | 3.86

Gt = Genotype, Pi = phenotypic index and E. index =environmental index
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Table 4. Mean performance for spike length of 43 wheat genotypes
evaluated at 10 different environments.

Gt El E2 E3 E4 E5 E6 E7 E8 E9 | E10 |Mean| Pi

G01 |12.83]13.17|10.33|10.83| 5.00 | 5.83 | 11.67 | 11.50 | 10.83|10.00 | 10.20 | 1.13
G02 |1255|12.83]|10.11|10.33| 5.67 | 6.00 | 7.67 | 9.00 | 11.50|10.33 | 9.60 | 0.53
G03 11581450 9.33 |10.17| 9.00 | 9.67 | 9.33 | 9.83 | 9.83 | 9.67 [10.29| 1.23
G04 |12.00)11.17| 842 | 833 | 7.67 | 7.17 | 9.00 | 9.50 |10.17| 8.67 | 9.21 | 0.14
G05 12191183 893 | 867 | 583 | 583 | 833 | 7.83 | 883 | 9.17 | 8.74 | -0.32
G06 |11.92]12.83| 8.72 | 8.83 | 8.67 | 9.17 | 8.67 | 9.00 | 9.83 | 10.33| 9.80 | 0.73
GO07 |12.00|15.00| 8.67 |11.00| 6.83 | 7.83 |10.17|10.83 | 13.00|11.50 | 10.68 | 1.62
G08 |11.25]11.67|10.17| 833 | 8.00 | 8.67 | 9.50 | 8.83 | 9.67 | 8.67 | 9.48 | 041
G09 |13.50)13.50/10.31|10.67| 550 | 583 | 7.67 | 833 | 9.50 | 8.50 | 9.33 | 0.26
G10 |13.25|11.83|11.33| 9.67 | 7.83 | 7.17 |10.17|10.17 | 9.50 | 9.00 | 9.99 | 0.93
G11 |14.33]10.33| 9.83 | 817 | 8.17 | 850 | 850 | 8.67 | 6.33 | 9.67 | 9.25 | 0.18
Gl12 |1525] 9.83 |10.17| 8.00 | 5.00 | 5.67 | 7.17 | 7.67 | 8.67 | 6.67 | 8.41 | -0.66
G13 |14.00| 9.33 | 1150 | 7.67 | 7.00 | 7.33 | 7.67 | 7.83 | 9.17 | 9.33 | 9.08 | 0.02
Gl14 ]11.00|1400| 733 | 967 | 7.17 | 7.17 | 9.00 | 9.00 | 9.17 | 9.00 | 9.25 | 0.18
G15 |10.64|10.50| 8.60 |10.33| 7.83 | 8.17 | 10.17| 9.67 | 8.50 | 10.00 | 9.44 | 0.37
G16 |10.00|13.00| 7.56 | 9.00 | 8.33 | 8.67 | 8.17 | 9.17 | 9.17 | 8.83 | 9.19 | 0.12
G1l7 |1150[11.50)10.50| 9.00 | 6.83 | 7.17 | 9.50 | 8.67 | 9.17 | 9.17 | 9.30 | 0.23
G18 | 9.83 | 873 | 839 | 850 | 5.00 | 4.50 | 10.00| 9.67 | 9.00 | 8.17 | 8.18 | -0.89
G19 |11.42]11.83] 9.75 | 9.67 | 6.00 | 583 | 8.93 | 9.33 | 850 | 7.33 | 8.86 | -0.21
G20 |10.00|10.00| 692 | 6.83 | 6.17 | 583 | 6.67 | 7.33 | 7.50 | 7.17 | 7.44 | -1.62
G21 | 992 | 983|831 | 833|683 | 6.67 | 833 | 850 | 9.33 | 8.67 | 847 | -0.59
G22 |1150[11.00| 881 | 8.00 | 8.00 | 7.67 |10.00| 9.17 | 950 | 9.50 | 9.31 | 0.25
G23 ]13.00]13.50] 9.92 | 9.67 | 5.17 | 5.67 | 10.33]10.50 | 9.33 | 8.67 | 9.58 | 0.51
G24 |13.74|1447]10.77 1133 | 567 | 6.17 |11.50|11.17 | 9.17 | 11.67 | 10.56 | 1.50
G25 | 766 | 783 | 7.34 | 750 | 5.83 | 550 | 6.67 | 7.00 | 9.33 | 8.67 | 7.33 | -1.73
G26 | 944 1917 | 721 | 7.00 | 567 | 533 | 750 | 6.83 | 9.83 | 8.33 | 7.63 | -1.43
G27 |10.13)10.67| 6.81 | 7.17 | 6.00 | 5.67 | 9.17 | 9.17 | 6.67 | 8.83 | 8.03 | -1.04
G28 |13.25|13.50| 8.83 | 883 | 6.33 | 7.17 | 7.50 | 7.83 | 8.67 | 9.50 | 9.14 | 0.08
G29 |10.76|11.00| 9.08 | 9.17 | 6.33 | 6.83 | 7.67 | 7.83 | 8.67 | 10.00 | 8.73 | -0.33
G30 |13.33|13.67|11.75|11.00| 8.00 | 7.33 | 9.83 | 9.83 |11.17|12.50 | 10.84 | 1.78
G31 |14.17)14.33| 8.83 | 850 | 9.67 |10.00 | 11.50 | 11.50 | 12.00 | 11.50 | 11.20 | 2.13
G32 ]12.33|12.67]10.50|10.83| 9.00 | 9.00 | 11.33|11.50 | 12.33|10.33 | 10.98 | 1.92
G33 | 861|820 | 735 | 7.00 | 6.00 | 583 | 8.17 | 9.33 | 850 | 8.07 | 7.71 | -1.36
G34 | 931|950 | 719 | 733 | 7.33 | 6.50 | 10.67 | 11.00 | 8.33 | 8.67 | 8.58 | -0.48
G35 12581283 9.31 | 9.50 | 7.67 | 6.33 | 10.00 | 10.00 | 9.33 | 9.83 | 9.74 | 0.67
G36 | 963 | 9.17 | 855 | 9.00 | 6.33 | 5.67 | 5.67 | 550 | 9.67 | 8.00 | 7.72 | -1.35
G37 | 9.75 | 867 | 833 | 833 | 7.67 | 9.17 | 8.00 | 850 | 7.50 | 8.83 | 8.48 | -0.59
G38 |14.33|14.67]11.17|1250| 3.25 | 3.83 | 7.50 | 8.50 |11.67|11.33| 9.88 | 0.81
G39 | 808 | 750|658 | 650 | 667 | 6.17 | 633 | 7.17 | 7.00 | 6.67 | 6.87 | -2.20
G40 |10.83]10.67| 833 | 850 | 6.83 | 7.67 | 7.33 | 7.67 | 9.50 | 9.17 | 8.65 | -0.42
G41 |10.83)|10.67| 861 | 9.33 | 7.83 | 7.83 | 8.67 | 9.00 | 8.83 | 9.33 | 9.09 | 0.03
G42 | 9.75 | 850 | 8.08 | 7.83 | 5.50 | 5.50 | 6.83 | 7.00 | 6.67 | 8.33 | 7.40 | -1.67
G43 |11.08|11.17| 792 | 6.83 | 6.23 | 7.33 | 7.00 | 7.67 | 8.33 | 8.33 | 8.19 | -0.88
Mean |11.51|11.41| 899 | 892 | 6.77 | 6.90 | 8.73 | 893 | 9.28 | 9.21 | 9.13

LSD’ 00s| 0.86 | 1.10 | 1.02 | 1.38 | 1.36 | 1.14 | 1.39 | 1.50 | 1.21 | 1.22

E. Index| 2.38 | 2.28 | -0.15 | -0.21 | -2.36 | -2.23 | 0.26 | -0.20 | 0.15 | 0.07

Gt = Genotype, Pi = phenotypic index and E. index =environmental index.
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Table 5. Mean performance for spike number per plant of 43 wheat
genotypes evaluated at 10 different environments.

Gt El E2 E3 E4 E5 E6 E7 E8 E9 | E10 |Mean| Pi

G01 |26.00]|21.67| 6.25 | 6.50 | 3.33 | 2.67 | 5.33 | 5.67 | 7.00 | 3.33 | 8.78 | 0.32
G02 |16.14]16.50 | 10.76 | 11.00 | 6.00 | 6.00 | 4.33 | 3.67 | 14.67| 5.00 | 9.41 | 0.95
G03 [15.75]15.00| 5.83 | 8.00 | 3.33 | 2.00 | 8.67 | 8.00 | 8.33 | 3.33 | 7.82 | -0.63
G04 [18.75]16.50|11.38| 7.50 | 2.67 | 3.33 | 6.33 | 7.00 |11.67| 5.33 | 9.05 | 0.59
G05 [18.88(18.33|12.70|12.33| 5.33 | 4.67 | 5.00 | 4.67 |12.00| 6.33 |10.03| 1.57
G06 |?22.25]21.50| 8.67 |10.33| 2.00 | 2.67 | 6.33 | 8.67 | 7.67 | 3.33 | 9.34 | 0.89
GO07 |1450]15.00| 475 | 6.00 | 1.67 | 2.00 | 3.00 | 4.00 | 8.33 | 9.00 | 6.83 | -1.63
G08 [16.83|12.33| 8.11 |10.33| 2.00 | 2.00 |11.67| 9.67 | 7.33 | 6.33 | 8.66 | 0.21
G09 |[17.00]16.67| 9.39 | 9.00 | 3.67 | 5.00 | 5.33 | 3.67 | 7.67 | 533 | 8.27 | -0.18
G10 |26.50)17.33| 7.50 |12.50| 2.33 | 2.33 | 7.33 | 6.33 | 8.00 | 6.67 | 9.68 | 1.23
Gl11 |21.00)17.33| 8.75 |12.00| 1.00 | 1.67 | 7.33 | 7.33 |11.00| 5.00 | 9.24 | 0.79

Gl12 |18.67|18.00|12.50|11.50| 4.00 | 3.33 | 5.67 | 6.33 |10.33| 7.67 | 9.80 | 1.35

G13 |20.00|16.00| 8.33 | 7.00 | 3.00 | 4.00 | 4.33 | 5.33 | 10.67| 4.67 | 8.33 | -0.12

G14 |18.25]15.50| 9.33 |11.50| 3.00 | 2.00 | 6.00 | 5.00 | 9.33 | 5.67 | 8.56 | 0.11

G15 |2442]18.17)|10.83|10.67| 2.00 | 1.67 | 3.00 | 3.33 | 9.00 | 5.00 | 8.81 | 0.36

G16 |16.50]16.50 | 5.50 | 10.00 | 2.67 | 3.33 | 3.33 | 3.67 | 6.67 | 5.00 | 7.32 | -1.14

G17 |14.00]15.00| 6.50 | 7.67 | 3.33 | 2.33 | 533 | 5.33 | 5.00 | 3.67 | 6.82 | -1.64

G18 ]20.50]20.33| 9.33 |13.00| 2.50 | 2.67 | 7.00 | 7.00 |10.33| 5.00 | 9.77 | 1.31

G19 |13.00|1150| 7.17 | 7.67 | 3.33 | 3.33 | 4.00 | 5.00 | 6.67 | 5.67 | 6.73 | -1.72

G20 ]19.00]20.00| 7.50 | 8.33 | 4.67 | 4.67 | 6.33 | 533 |10.67 | 4.33 | 9.08 | 0.63

G21 ]20.17]18.33| 6.17 | 6.00 | 4.67 | 3.33 | 433 | 4.67 |10.00| 5.67 | 8.33 | -0.12

G22 23.17]20.67| 9.33 | 8.00 | 2.67 | 2.00 |10.00]10.33 | 9.33 | 3.67 | 9.92 | 1.46

G23 |13.25]|14.00| 8.33 |10.00| 1.67 | 2.67 | 7.33 | 8.33 | 8.00 | 5.67 | 7.93 | -0.53

G24 9.82 |10.33]10.13|10.67| 2.67 | 2.67 | 533 | 6.00 | 12.67 | 3.33 | 7.36 | -1.09

G25 |13.69]14.00)| 831 | 850 | 3.33 | 3.67 | 6.00 | 5.33 |11.33| 5.00 | 7.92 | -0.54

G26 | 14.08 | 13.67 | 10.30 | 10.00 | 4.67 | 3.33 | 4.00 | 5.67 |10.33 | 5.00 | 8.10 | -0.35

G27 |10.77]11.33| 9.50 | 10.00 | 9.67 | 8.00 | 5.67 | 6.67 |11.33| 5.33 | 8.83 | 0.37

G28 | 24.67)14.67| 6.75 |11.00| 4.67 | 3.00 | 3.67 | 433 | 6.00 | 533 | 8.41 | -0.04

G29 |10.76]11.00|11.88|12.00| 4.00 | 3.33 | 4.67 | 467 | 833 | 500 | 7.56 | -0.89

G30 [13.83]10.67| 8.33 |11.50| 4.67 | 433 | 833 | 6.67 | 7.00 | 5.33 | 8.07 | -0.39

G31 |18.50|18.00| 5.83 | 5.00 | 3.00 | 3.00 | 3.00 | 3.00 |10.00| 3.00 | 7.23 | -1.22

G32 |15.00]|13.33| 4.67 | 5.67 | 5.00 | 4.00 | 3.00 | 3.67 | 5.67 | 7.00 | 6.70 | -1.75

G33 |12.60]12.00| 7.88 | 7.50 | 2.67 | 2.67 | 9.33 | 9.00 | 12.00| 5.00 | 8.06 | -0.39

G34 |11.11)11.33) 8.33 | 850 | 3.67 | 3.67 | 9.67 | 9.67 | 9.33 | 533 | 8.06 | -0.39

G35 6.37 | 6.50 | 7.84 | 8.00 | 4.67 | 4.00 | 4.67 | 5.00 | 6.67 | 6.00 | 5.97 | -2.48

G36 [ 18.20|17.33|10.13 | 10.67 | 5.33 | 5.00 | 11.00 | 11.67 | 16.00 | 12.00 | 11.73 | 3.28

G37 120.25]|17.50 | 8.00 | 9.50 | 4.00 | 4.33 | 8.33 | 7.67 | 5.67 | 7.67 | 9.29 | 0.84

G38 |11.50]12.00| 6.50 | 6.67 | 3.50 | 4.33 | 2.33 | 3.00 | 5.67 | 5.33 | 6.08 | -2.37

G39 |23.67|17.33| 8.67 |13.00| 7.33 | 6.00 | 433 | 4.67 |10.00|11.67 |10.67 | 2.21

G40 [13.75]11.50| 9.00 | 850 | 3.67 | 3.67 | 4.33 | 4.00 | 8.67 | 400 | 7.11 | -1.34

G41 |17.25]1750| 9.28 | 6.67 | 5.67 | 7.67 | 4.33 | 4.00 | 7.67 | 6.33 | 8.64 | 0.18

G42 120.17]13.50| 7.33 |10.50| 9.00 | 11.00 | 7.67 | 6.33 | 12.67| 9.67 |10.78 | 2.33

G43 |17.33|15.67| 5.75 | 9.00 | 4.67 | 4.67 | 5.33 | 467 | 9.67 | 7.00 | 8.38 | -0.08

Mean |17.16|15.38| 8.36 | 9.29 | 3.88 | 3.77 | 587 | 591 | 9.22 | 5.70 | 8.45

LSD’ 00s| 3.41 | 486 | 2.39 | 4.47 | 207 | 224 | 1.59 | 1.78 | 6.26 | 2.17

E.Index| 8.71 | 6.93 | -0.10 | 0.84 | -4.58 | -4.68 | -2.58 | -2.55 | 0.76 | -2.75

Gt = Genotype, Pi = phenotypic index and E. index = environmental index
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Hence, it is directly reflecting the rich or poor environment in term
of positive and negative values, respectively.

Data showed that E1 environment was the most favorable and rich
environment for spike length, spike number per plant, biological and grain
yields as it gave the highest E. index, on the other hand, Eio environment
was the most favorable for harvest index. Moreover, E; environment was
rich and the most favorable for plant height under this study.

For plant height, the average of environments varied from 53.59 cm
for E4 conditions to 83.69 cm for E» conditions (Table 3). The tallest
genotype was G36 under E; with value of 114.80 cm, while genotype G13
was the shortest one under E4 conditions (39.67 cm). This might be due to
delaying the elongation of plant after heading. These results are in
agreement with those of Al-Otayk (2010) and Hassan et al (2013), who
found a decrease in plant height by delaying sowing date.

Concerning spike length, data arranged in Table 4 showed that as a
general mean over all genotypes the best environment was E1 with spike
length of 11.51 cm, on contrary the lowest value (6.90 cm) was recorded by
Es environment. From the genotypic view as a general mean over all
environments the highest phenotypic index (2.13) was recorded by genotype
G31, while the lowest phenotypic index (-2.20) was assigned to genotype
G39. The interaction between genotype and environment was highly
significant and genotype G12 had the highest spike length (15.25 cm) under
E: condition, while genotype G38 gave the lowest spike length (3.25 cm)
under Es conditions. These results are in harmony with those obtained by
Mirbahar et al (2009).

Regarding spike number per plant (Table 5), the environment index
ranged from -4.68 for Es conditions to 8.71 for E1 conditions. As a general
mean over all environments genotype G36 surpassed all the evaluated
genotypes (11.73 spikes per plant), while genotype G35 had the lowest
number of spikes per plant with phenotypic index of -2.48. For the
interaction genotype G10 recorded the highest spike number per plant
(26.50) under E; conditions, while genotypes G11 had the lowest number (1
spike per plant) under Es conditions. These results may be due to that under
Es conditions plants faced severe drought stress during tillering stage as
compared with E1 environment which led to reduction in spike number per
plant at harvest. These results are in agreement with those obtained by Saqib
et al (2013).

For grain yield per plant data in Table 6 showed that the average of
environments ranged from 4.09 g to 37.99 for Ees and Ei environments,
respectively. Moreover, as a general mean over all environments, genotype
GO01 gave the highest value of grain yield per plant (19.79 g), while
genotype G35 gave the lowest one (7.89 g).
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Table 6. Mean performance for grain yield per plant of 43 wheat
genotypes evaluated at 10 different environments.

Gt El E2 E3 E4 E5 E6 E7 E8 E9 | E10 |Mean| Pi

GO0l ]69.84|57.98| 8.22 | 9.59 | 3.29 | 2.98 |16.12][14.90| 9.69 | 5.31 |19.79| 5.85

G02 ]30.40[31.08| 9.67 | 9.89 | 5.61 | 642 | 9.26 | 590 [25.72| 7.90 |14.19| 0.24

G03 |40.06 4123 | 555 | 540 | 6.74 | 3.65 |15.62|17.32| 8.99 | 3.64 |14.82| 0.88

G04 | 47.63[46.57 1442 | 9.70 | 4.49 | 4.92 | 14.25|10.72|2355| 7.29 |18.36 | 4.41

GO05 [47.11[4574|11.99 1164|537 | 401 | 877 | 7.44 |1647| 6.53 |16.51 | 2.57

G06 |57.63[54.4711.35| 8.60 | 4.28 | 4.03 |10.24[10.35|10.22| 5.28 |17.64| 3.70

GO07 |38.37[38.93| 7.01 | 7.10 | 2.09 | 3.06 | 7.91 |10.66 | 15.15]15.50 | 14.58 | 0.64

G08 [ 28.50(26.23| 8.16 | 9.04 | 294 | 3.11 |18.58|19.16 | 9.68 | 12.85|13.83 | -0.12

G09 |[77.34[4852| 8.16 | 9.18 | 3.05 | 351 | 851 | 5.44 |10.88| 4.76 |17.94| 3.99

G10 |61.15]48.96|10.80|11.77| 3.35 | 2.96 |13.96|12.15|12.00| 7.80 |18.49 | 4.55

G11 |53.17]39.75|10.25|13.74| 1.76 | 1.92 | 7.49 | 10.15|15.85]| 4.90 |15.90 | 1.95

G12 |31.32[33.21)| 490 | 8.07 | 3.24 | 3.13 | 894 | 7.45 | 9.83 | 6.33 |11.64| -2.30

G13 ]26.29|21.16| 9.50 | 6.35 | 3.20 | 3.25 | 7.09 | 7.58 |20.36 | 6.05 | 11.08 | -2.86

G14 140.36]40.13| 8.85 |11.60| 4.35 | 1.66 |16.07 | 8.34 | 12.24| 9.69 |15.33 | 1.38

G15 |30.96|32.81|11.57 1243|272 | 1.64 | 5.72 | 446 |17.80| 7.17 |12.73| -1.22

G16 |4245]4245|11.34|10.80| 4.56 | 7.35 | 8.68 | 7.22 | 6.44 | 6.76 |14.81 | 0.86

G17 28.39|30.89| 7.83 | 6.88 | 3.01 | 2.99 |11.04| 7.56 | 9.26 | 6.14 | 11.40| -2.54

G18 |35.65]|34.60| 7.84 |11.23| 3.77 | 1.96 |12.74|12.23|15.33| 7.00 | 14.24 | 0.29

G19 ]18.30|18.35| 5.64 | 420 | 3.40 | 2.69 | 9.66 | 9.56 | 9.41 | 7.05 | 8.83 | -5.12

G20 |77.21]48.21| 895 | 8.37 | 352 | 4.15 |11.59| 9.97 |13.68| 6.96 |19.26 | 5.32

G21 |46.48)4158| 540 | 6.65 | 4.73 | 3.72 | 8.92 | 9.86 |14.89| 7.44 |14.97 | 1.02

G22 | 6743|4654 9.84 | 7.50 | 3.49 | 3.19 |20.37|16.74|13.77| 4.68 |19.35| 541

G23 |23.86|28.79| 6.87 | 7.15 | 1.50 | 1.76 |13.78 | 11.06 |11.90]10.66 | 11.73 | -2.21

G24 122932413 803 | 845 | 291 | 2.09 |11.58 | 10.56 | 12.09 | 4.68 | 10.74 | -3.20

G25 |27.78|28.40| 6.80 | 6.95 | 2.85 | 2.33 | 9.92 | 8.90 |24.49| 8.89 |12.73| -1.21

G26 | 29.53|28.67| 8.86 | 8.60 | 6.11 | 419 | 8.03 | 9.45 | 1447 | 851 |12.64 | -1.30

G27 2598 (2735|798 | 839 | 997 | 7.95 | 932 |11.26|14.10| 7.29 |12.96 | -0.99

G28 |59.86)|44.86| 7.11 |10.39| 4.30 | 3.66 | 9.38 | 12.96| 6.89 | 5.86 | 16.53 | 2.58

G29 |18.28|18.69|11.7211.83| 3.26 | 2.74 | 9.05 | 9.30 | 8.87 | 9.52 |10.33 | -3.62

G30 [31.63]26.57| 9.23 |12.70| 7.93 | 6.05 | 14.92 |12.70 | 11.25|10.20 | 14.32 | 0.38

G31 | 40.50|36.60 | 6.50 | 4.25 | 456 | 5.79 |11.39| 6.07 | 9.09 | 8.36 | 13.31 | -0.63

G32 3943|3556 | 584 | 427 | 6.98 | 5.69 | 5.97 | 850 | 4.99 | 11.56 | 12.88 | -1.07

G33 |22.36|21.29| 6.67 | 6.36 | 3.25 | 2.37 |20.23 | 11.37|19.38| 7.53 | 12.08 | -1.86

G34 1194411983 | 7.34 | 7.49 | 442 | 3.90 [21.24]17.98|15.11| 6.33 |12.31 | -1.64

G35 9.89 [10.10| 4.39 | 448 | 3.60 | 2.78 |13.90|10.63 | 9.56 | 9.62 | 7.89 | -6.05

G36 [ 21.83]20.79| 6.41 | 6.75 | 3.38 | 2.26 | 6.69 | 6.33 |13.19|12.03 | 9.97 | -3.98

G37 3840|3350 471 | 7.81 | 6.73 | 858 |21.89|20.18 | 6.86 | 11.88 | 16.05 | 2.11

G38 |25.56]29.35| 6.71 | 6.17 | 2.03 | 1.59 | 428 | 7.25 | 9.44 | 7.68 |10.01 | -3.94

G39 [4553|39.24| 6.57 | 9.52 |10.40| 8.29 | 6.58 | 8.16 | 9.60 | 11.89 | 15.58 | 1.63

G40 [22.25(2225| 9.71 | 766 | 494 | 536 | 6.05 | 7.68 | 9.98 | 5.00 | 10.09 | -3.85

G41 | 45.08 4745|581 | 513 | 6.40 | 7.86 | 9.27 | 7.18 |10.32| 8.25 | 15.28 | 1.33

G42 |4155]4155)| 649 | 7.19 | 651 | 8.92 | 9.61 | 6.83 | 12.67 | 14.07 | 15.54 | 1.60

G43 |25.97]26.04| 655 | 8.19 | 6.49 | 550 | 7.94 | 8.77 | 8.12 | 5.86 |10.94 | -3.00

Mean |37.99|34.43| 8.08 | 8.36 | 445 | 4.09 |11.22|10.19 |12.64 | 7.97 | 13.94

LSD’ 00s| 6.25 |10.76 | 2.17 | 452 | 3.16 | 3.27 | 596 | 529 | 7.25 | 3.55

E. Index | 24.05 | 20.48 | -5.86 | -5.58 | -9.49 | -9.85 | -2.72 | -3.75 | -1.30 | -5.97

Gt = Genotype, Pi = phenotypic index and E. index = environmental index
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The interaction between genotypes and environments was highly
significant and genotype G09 under E1 conditions gave the highest yield per
plant (77.43 g), while genotype G23 gave the lowest grain yield per plant
(1.50 g) under Es conditions.

Regarding biological yield (Table 7), the average of the
environments ranged from 13.36 g for Es conditions to 102.60 g for E;:
conditions. The highest value of biological yield was obtained from
genotype G09 with value of 195.08 g under E; conditions, while the lowest
value (4.12 g) was obtained from genotype G11 under Es conditions.

For harvest index (Table 8), the average of the environments varied
from 27.61 to 40.63 under E4 and Eio environments, respectively. This
might be due to that in E4 environment plants faced high temperature during
anthesis and grain filling stages which led to great reduction in grain yield
and then harvest index was the lowest as compared with all other
environments (Menshawy 2007).

Genotype G14 possessed the highest value of harvest index (52.33)
under E7 conditions, while genotype G23 was the lowest one (13.27) under
Es conditions. According to phenotypic index, the best genotype of harvest
index over all environments was genotype G38 with value of 4.31.

Data in Table 9 showed that variance due to environments (E),
genotypes (G) and GXxE interaction are highly significant for all studied
traits under this study. These results indicated the presence of variation in
the mean performance of all 43 genotypes across environments and in the
environmental mean across all test genotypes.

In this respect, Eberhart and Russell (1966), Ibrahim et al (1984),
Ragheb et al (1993), Soliman (2006), Abd El-Moula (2011) and lbrahim
(2015), stated that the basic cause of the differences among genotypes in
their yield stability is the wide occurrence of genotype x environment (GXE)
interaction.

Variance due to GXE linear was highly significant for all plant
height, spike length, spike number per plant, grain yield and biological yield
implying a differential yield performance of genotypes under various
environments.

On the other hand, G x E linear was not significant for harvest index,
indicated that only the deviation mean square was considered important.
These findings are in agreement with Okuyama et al (2005).

Variance due to pooled deviation was highly significant for all
studied traits. This result indicated that performance of different genotypes
fluctuated significantly from their respective linear path of response to
environment.
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Table 7. Mean performance for biological yield per plant of 43 wheat
genotypes evaluated at 10 different environments.

Gt El E2 E3 E4 E5 E6 E7 E8 E9 | E10 |Mean| Pi

GO01 |181.55|149.37| 25.41 | 29.05| 9.90 | 8.42 | 59.35|59.77 | 26.37 | 12.33 | 56.15 | 15.52

G02 ]91.30]93.35)36.09|36.90|11.35|12.71 | 34.06 | 26.18 | 57.91 | 19.00 | 41.88 | 1.25

G03 |108.20{114.20| 24.77 | 33.90 | 20.21 | 11.54 | 56.17 | 55.81 | 25.52 | 9.00 | 45.93 | 5.30

G04 [118.50{110.50{45.47 | 27.30 | 11.84 | 13.84 | 46.53 | 44.81 | 52.89 | 17.00 | 48.87 | 8.23

G05 [114.33]111.00{ 37.32 | 36.23 | 16.59 | 13.53 | 24.13 | 21.44 | 42.96 | 18.67 | 43.62 | 2.99

GO06 |140.43]134.22)| 30.62 | 30.70 | 14.53 | 16.88 | 41.10 | 50.77 | 29.62 | 13.33 | 50.22 | 9.59

GO07 ]112.82]119.43| 23.12 | 27.35| 5.78 | 7.73 | 21.01 | 28.16 | 36.50 | 39.67 | 42.16 | 1.52

G08 | 78.22 69.93 | 24.28 | 29.10 | 12.72 | 12.95 | 83.18 | 73.88 | 22.53 | 29.67 | 43.65 | 3.01

G09 [195.08(114.80| 27.17 | 29.33 | 11.33 | 14.50 | 31.85 | 21.21 | 29.56 | 12.67 | 48.75 | 8.12

G10 |161.32|128.00| 29.55 | 42.30 | 8.52 | 7.94 | 34.51|29.93 | 28.40|20.67 | 49.11 | 8.48

G11 |131.62|101.73|34.49 |41.40| 4.12 | 5.49 | 20.16 | 23.65|41.64 | 13.67 | 41.80 | 1.16

Gl1l2 |77.10]80.40|19.55|30.55|11.95|10.53 | 34.73|35.16|23.79|17.67 | 34.14 | -6.49

G13 |71.95]69.00|27.63 | 20.60 | 9.56 | 11.35 | 16.66 | 18.98 | 54.94 | 13.67 | 31.43 | -9.20

G14 ]114.18]112.45)35.84 | 34.90 | 12.80 | 6.65 | 30.42 | 18.60 | 25.81 | 23.33 | 41.50 | 0.87

G15 ]103.63]103.25| 35.98 | 41.07 | 6.80 | 4.59 | 16.34|15.70 | 39.67 | 17.67 | 38.47 | -2.16

G16 |108.75|108.75|31.20 | 38.10 | 11.67 | 16.87 | 21.52 | 20.64 | 19.92 | 16.67 | 39.41 | -1.22

G17 |87.35]90.10|27.87|30.60 | 11.73 | 9.45 | 40.06 | 35.23 | 21.33 | 14.00 | 36.77 | -3.86

G18 ]99.07]95.93|24.52 |36.40 | 9.98 | 7.79 |45.64 | 44.98 | 36.21 | 15.67 | 41.62 | 0.99

G19 |46.65]46.65|19.62 | 16.97 | 11.88 | 10.60 | 32.03 | 36.57 | 21.13 | 17.67 | 25.98 |-14.66

G20 ]180.71]120.92) 25.39 | 25.10 | 11.45|12.32 | 35.02 | 29.80 | 38.56 | 15.33 | 49.46 | 8.83

G21 |115.18]103.87| 18.19 | 21.60 | 14.74 | 11.03 | 23.32 | 25.45 | 35.85 | 17.00 | 38.62 | -2.01

G22 |143.40|117.37| 30.40 | 25.83 | 14.07 | 11.25 | 76.18 | 72.90 | 32.37 | 14.33 | 53.81 | 13.18

G23 |71.20]85.80|28.1228.90| 7.07 | 9.19 | 80.19 | 84.28 | 27.14 | 24.00 | 44.59 | 3.96

G24 162.10|65.37 | 35.40 | 37.27 | 9.40 | 8.25 | 47.09 | 49.57 | 49.95 | 14.33 | 37.87 | -2.76

G25 |67.22|68.73|24.65|25.20 | 8.42 | 7.92 | 24.66 | 22.02 | 62.71 | 22.33 | 33.39 | -7.25

G26 | 77.22 7497 | 27.71 | 26.90 | 18.00 | 12.69 | 21.29 | 27.89 | 38.93 | 19.00 | 34.46 | -6.17

G27  [69.03 | 72.67|26.09 | 27.47|27.95|22.72 |31.11 | 37.03 | 37.89 | 18.67 | 37.06 | -3.57

G28 |146.43]|111.10| 21.40 | 36.50 | 13.39 | 10.07 | 22.52 | 29.05 | 17.13 | 15.67 | 42.33 | 1.69

G29 |62.40]63.80|44.25|44.70 | 11.30 | 9.46 | 23.34 | 23.64 | 22.99 | 23.67 | 32.95 | -7.68

G30 | 79.48 | 65.33 | 26.48 | 49.25 | 28.22 | 24.26 | 50.26 | 41.31 | 23.84 | 26.00 | 41.44 | 0.81

G31  [124.68]120.65| 31.58 | 22.65 | 18.04 | 19.97 | 38.35 | 30.71 | 32.33 | 20.33 | 45.93 | 5.30

G32 ]126.32|111.03| 21.05 | 21.70 | 24.17 | 19.50 | 18.76 | 24.68 | 20.54 | 32.00 | 41.98 | 1.34

G33 |54.43]51.83|23.52|22.40| 9.26 | 7.96 | 65.70 | 52.63 | 45.33 | 21.00 | 35.40 | -5.23

G34 |50.86]51.90 | 26.85 | 27.40 | 15.57 | 14.80 | 99.06 | 79.33 | 36.15 | 14.00 | 41.59 | 0.96

G35 | 55.52 | 56.65 | 25.84 | 26.37 | 13.80 | 11.45 | 29.43 | 26.00 | 21.73 | 25.00 | 29.18 |-11.45

G36 | 68.46 | 65.20 | 23.59 | 24.83 | 11.10 | 9.28 | 19.87 | 19.94 | 43.02 | 30.33 | 31.56 | -9.07

G37 ]101.35| 88.60 | 17.75 | 32.40 | 26.00 | 29.94 | 65.57 | 60.38 | 20.12 | 24.33 | 46.64 | 6.01

G38 |63.45]69.30 | 20.78 | 25.60 | 5.04 | 4.85 | 11.00 | 16.50 | 20.18 | 20.33 | 25.70 |-14.93

G39 [125.85|108.50| 23.43 | 33.90 | 33.12 | 26.79 | 25.02 | 28.28 | 25.07 | 30.00 | 46.00 | 5.36

G40 | 62.10 | 62.10 | 29.76 | 24.50 | 13.60 | 14.22 | 18.57 | 20.07 | 23.39 | 11.67 | 28.00 |-12.63

G41  |147.75]153.70| 24.93 | 20.63 | 24.94 | 32.46 | 22.57 | 19.05 | 21.92 | 17.67 | 48.56 | 7.93

G42 |141.35]|141.35| 20.57 | 30.65 | 18.94 | 24.60 | 26.31 | 20.20 | 30.47 | 28.67 | 48.31 | 7.68

G43 | 73.22]70.23 | 18.40 | 25.33 | 17.38 | 16.00 | 25.06 | 24.30 | 23.37 | 15.67 | 30.90 | -9.74

Mean [102.60| 94.28 | 27.36 | 30.23 | 14.14 | 13.36 | 36.97 | 35.50 | 32.27 | 19.61 | 40.63

LSD o.0s | 16.31 | 27.80 | 7.90 | 16.67 | 8.99 | 8.85 |14.12|11.16 | 23.70 | 7.96

E. Index | 61.97 | 53.65 |-13.27|-10.40|-26.49|-27.28 | -3.66 | -5.13 | -8.36 |-21.02

Gt = Genotype, Pi = phenotypic index and E. index = environmental index.
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Table 8. Mean performance for harvest index of 43 wheat genotypes
evaluated at 10 different environments.

Gt El E2 E3 E4 E5 E6 E7 E8 E9 | E10 |Mean| Pi

GO01 |38.45|38.82|32.21 | 32.55|32.96 | 34.41 | 27.17 | 24.15 | 38.87 | 43.33 | 34.29 | 0.59

G02 3256 [33.29 |26.42 | 27.02 | 49.35 | 50.21 | 26.44 | 21.60 | 44.82 | 41.85 | 35.36 | 1.65

G03 | 37.06 | 36.23 | 22.39 | 15.67 | 33.36 | 31.42 | 27.17 | 31.06 | 35.13 | 40.13 | 30.96 | -2.74

G04 | 40.28 | 42.57 | 32.43 | 35.40 | 37.37 | 34.92 | 29.14 | 23.54 | 44.50 | 44.45 | 36.46 | 2.76

G05 [42.45(41.21|32.94|31.98|32.07|29.27 | 36.33 | 34.33 | 40.75 | 34.97 | 35.63 | 1.93

GO06 | 41.03|40.58 |37.01|28.30 | 29.36 | 23.32 | 24.99 | 20.20 | 34.48 | 39.58 | 31.89 | -1.82

GO07 ]34.10|32.86|30.24 | 26.12 | 35.71 | 39.58 | 37.63 | 37.88 | 41.70 | 39.04 | 35.49 | 1.79

G08 | 36.47|37.71|33.61|32.00 | 23.08 | 23.96 | 22.33 | 25.83 | 43.86 | 42.96 | 32.18 | -1.52

G09 [39.7441.97|29.98 | 31.44 | 26.89 | 23.93 | 26.63 | 24.66 | 39.71 | 37.74 | 32.27 | -1.43

G10 |37.95|38.42|36.66 | 27.69 | 38.75| 37.21 | 40.42 | 40.17 | 42.23 | 37.79 | 37.73 | 4.03

G11 ]40.30|38.03)|29.73 | 33.01 | 42.72 | 35.51 | 37.02 | 42.81 | 38.36 | 35.76 | 37.33 | 3.62

G12 |40.63|41.39|24.98|26.73 | 26.44 | 29.32 | 25.14 | 21.58 | 41.56 | 35.59 | 31.34 | -2.36

G13 |36.34]30.63 | 34.35 | 30.64 | 32.87 | 28.82 | 42.62 | 39.34 | 38.74 | 44.03 | 35.84 | 2.14

G14 |35.35]35.70 | 24.66 | 33.08 | 34.23 | 24.22 | 52.33 | 44.78 | 48.02 | 41.55 | 37.39 | 3.69

G15 ]29.88|31.80)32.18 | 29.82 | 38.41 | 35.03 | 34.72 | 28.64 | 44.69 | 39.93 | 34.51 | 0.81

G16 |39.02|39.00 | 36.40 | 27.85 | 38.93 | 42.02 | 39.49 | 34.28 | 33.72 | 39.63 | 37.03 | 3.33

G17 [3247]34.14|28.31|23.06|24.67|31.88|26.28 | 21.15|43.36 | 43.85|30.92 | -2.79

G18 |35.98]36.05)|31.99 | 30.65|37.01|24.04 | 27.73 | 27.18 | 42.76 | 44.14 | 33.76 | 0.05

G19 |39.28|39.53|28.42 | 24.92 | 28.72 | 25.40 | 29.50 | 25.22 | 43.57 | 39.96 | 32.45 | -1.25

G20 |42.77]39.89 | 35.25|33.31|30.53|33.75 | 32.32 | 32.51 | 36.77 | 44.63 | 36.17 | 2.47

G21 ]40.25]40.09|29.71|30.40 | 31.80 | 31.99 | 38.15 | 38.38 | 41.51 | 43.98 | 36.63 | 2.92

G22 46.99|39.60 | 31.78 | 29.08 | 24.15 | 27.63 | 26.87 | 22.26 | 42.93 | 32.47 | 32.38 | -1.33

G23 |33.50|33.53|24.38 | 24.26 | 21.03 | 18.95 | 16.75 | 13.27 | 43.95 | 43.60 | 27.32 | -6.38

G24 |35.52|37.39|22.31 | 23.48 | 29.84 | 25.48 | 24.67 | 21.13 | 24.34 | 31.83 | 27.60 | -6.10

G25 |40.36 [41.26 | 27.03 | 27.64 | 33.97 | 29.65 | 38.96 | 40.06 | 39.23 | 39.90 | 35.81 | 2.10

G26 | 39.47|38.32|33.11 | 32.15 | 34.06 | 32.51 | 37.35 | 33.52 | 39.20 | 44.96 | 36.46 | 2.76

G27 | 36.71|38.64 | 28.61 | 30.12 | 35.42 | 35.02 | 30.00 | 30.60 | 37.57 | 39.17 | 34.19 | 0.48

G28 |40.86|40.38 | 34.06 | 27.75 | 32.02 | 36.59 | 42.02 | 44.58 | 40.15 | 37.22 | 37.56 | 3.86

G29 |28.45]29.09 | 26.24 | 26.50 | 27.10 | 27.72 | 37.72 | 37.97 | 43.76 | 41.65 | 32.62 | -1.08

G30 [ 39.89|40.36 | 34.79 | 25.79 | 27.77 | 24.41 | 29.61 | 30.78 | 47.56 | 39.10 | 34.01 | 0.30

G31 [ 32.44]30.14 | 20.48 | 19.65 | 25.13 | 27.68 | 29.12 | 19.68 | 28.01 | 41.16 | 27.35 | -6.35

G32 |31.25]32.42|28.26 | 19.79 | 29.49 | 29.33 | 31.72 | 34.55 | 23.47 | 36.67 | 29.69 | -4.01

G33 |43.01]40.96 | 29.75 | 28.34 | 33.35| 30.05 | 31.08 | 21.14 | 43.05 | 39.61 | 34.03 | 0.33

G34 |37.34]38.10 | 26.61 | 27.15| 28.07 | 26.48 | 21.04 | 22.66 | 41.02 | 45.92 | 31.44 | -2.26

G35 [17.88]18.24|17.11|17.46|25.41|24.40 |47.32|40.83 | 46.08 | 39.11 | 29.39 | -4.32

G36 | 33.50 | 31.91 | 25.87 | 27.23 | 30.32 | 24.36 | 33.51 | 31.39 | 30.64 | 39.95 | 30.87 | -2.83

G37 | 37.88|37.75 | 26.57 | 23.64 | 28.02 | 29.10 | 32.97 | 32.64 | 34.54 | 48.71 | 33.18 | -0.52

G38 |40.15]41.91|32.29 | 24.79 | 40.13 | 33.98 | 38.82 | 43.85 | 46.89 | 37.33 | 38.01 | 4.31

G39 |36.18|36.16 | 28.08 | 28.74 | 30.53 | 29.41 | 26.30 | 28.67 | 39.42 | 39.34 | 32.28 | -1.42

G40 | 35.80 | 35.70 | 32.67 | 31.02 | 35.11 | 35.55 | 32.62 | 38.57 | 44.67 | 43.30 | 36.50 | 2.80

G41 | 30.50 | 30.84 | 23.29 | 24.97 | 25.33 | 24.50 | 41.08 | 37.94 | 47.56 | 44.82 | 33.08 | -0.62

G42 129.49129.79 | 31.47 | 23.33 | 34.75| 36.61 | 35.93 | 33.61 | 41.66 | 49.21 | 34.58 | 0.88

G43 | 35.52|37.33|35.77 | 3259 | 37.77 | 34.28 | 31.29 | 35.11 | 35.21 | 37.21 | 35.21 | 1.51

Mean | 36.63 | 36.51|29.54|27.61 | 31.95 | 30.56 | 32.57 | 31.03 | 40.00 | 40.63 | 33.70

LSD’ 005 3.26 | 448 | 475 | 548 | 8.22 | 6.43 | 6.52 | 6.20 | 8.16 | 15.89

E.Index| 293 | 2.80 |-4.16 | -6.09 | -1.75| -3.15 | -1.14 | -2.68 | 6.30 | 6.93

Gt = Genotype, Pi = phenotypic index and E. index = environmental index
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Table 9. Stability analysis for all studied traits of 43 wheat genotypes
evaluated at 10 different environments.

SOV df :I_ant Spike nurﬁglelf’eper G_rain Biol_ogical H_arvest
eight length plant yield yield index
Environments (E)| 9 15206.16** | 308.11** | 2707.17** | 18781.86** |129058.52**| 2611.81**
Genotypes(G) 42 358.63** 10.97** 15.78** 89.20** 555.81** 83.40**
GxE 378 215.00** 4.00** 17.19** 127.49** 937.51** 79.27**
E +(EXG) 387 187.88** 3.72%* 26.57** 186.99** | 1305.07** 45.92**
E (linear) 1 45618.62** | 929.87** | 8115.51** | 56307.56** |386967.28**| 7737.96**
G x E (linear) 42 131.82** 4.06** 22.87** 275.11** | 1597.86** 29.32
Pooled deviation 344 62.66** 0.98** 3.51** 13.10** 148.21** 25.59**
G01 8 63.89** 1.60** 5.97** 12.13** 92.80** 17.16**
G02 8 20.07** 0.90** 6.11** 25.67** 110.83** 105.75**
G03 8 66.40** 1.22%* 3.45** 17.08** 115.93** 18.46**
G04 8 48.70** 0.37 2.27 11.35** 67.74* 23.87**
G05 8 39.37** 0.10 2.85* 8.28* 90.75** 11.56*
G06 8 95.10** 0.78** 3.24** 9.48* 35.34 40.46**
GO07 8 81.26** 1.79** 4.48** 11.42** 136.03** 17.03**
G038 8 12.91** 0.46* 7.80%* 21.21** 470.96** 33.44**
G09 8 103.79** 0.85** 1.43 43.98** 366.75** 22.79**
G10 8 56.24** 0.68** 5.00** 6.26 74.85* 11.87*
G11 8 63.86** 2.91** 1.97 13.34** 124.49** 17.49**
G12 8 125.69** 2.85** 1.76 2.38 18.30 22.62**
G13 8 151.98** 2.62** 1.50 16.23** 144.73** 22.66**
Gl4 8 73.07** 1.23** 0.99 5.80 75.82* 76.26**
G15 8 39.37** 0.51* 2.16 17.91** 142.73** 18.90**
G16 8 67.12** 1.30** 1.85 14.45** 95.32** 17.12**
G17 8 9.34** 0.31 1.60 2.75 26.31 15.73**
G18 8 180.48** 1.85** 1.33 3.84 36.93 16.78**
G19 8 31.97** 0.77** 0.30 2.90 36.49 6.39
G20 8 22.40** 0.24 2.23 35.98** 179.64** 10.92*
G21 8 37.89** 0.10 3.15* 2.60 45.95 6.12
G22 8 90.30** 0.35 6.51** 24.21** 251.66** 44.18**
G23 8 104.44** 0.74** 2.82* 10.35* 567.43** 36.35%*
G24 8 65.37** 1.31** 7.71%* 5.14 164.48** 24.78**
G25 8 73.96** 0.94** 1.45 24.35%* 184.74** 15.85**
G26 8 62.76** 0.72** 2.03 2.29 31.84 2.67
G27 8 32.62** 1.10** 3.38** 3.81 24.29 5.50
G28 8 44.89** 0.77** 6.90** 17.44** 118.19** 23.13**
G29 8 10.16** 0.40 5.81** 7.25 115.91** 30.49**
G30 8 38.62** 0.67** 2.43 2.97 75.48* 18.22**
G31 8 81.43** 1.89** 3.42** 5.60 44.09 16.35**
G32 8 22.45** 0.42* 3.40** 15.19** 167.58** 24.37**
G33 8 33.60** 0.73** 5.38** 26.94** 285.31** 18.60**
G34 8 61.07** 1.99** 3.71*%* 29.08** 805.93** 18.07**
G35 8 141.57** 0.30 1.49 12.57** 13.45 148.40**
G36 8 191.89** 1.75%* 5.85** 7.30 77.76%* 10.21*
G37 8 42.33** 0.43* 3.89** 30.24** 201.48** 13.96**
G38 8 6.93* 2.77** 1.53 5.37 51.13 26.31**
G39 8 39.25** 0.13 7.54%* 16.75** 149.96** 4.21
G40 8 34.08** 0.40 1.15 2.61 26.00 7.43
G41 8 61.97** 0.08 4.86** 14.03** 331.87** 43.13**
G42 8 24.65** 0.41 6.65** 12.59** 185.67** 31.01**
G43 8 38.98** 0.60** 1.51 1.93 10.12 3.84
Pooled error 860 3.48 0.21 1.25 421 30.67 5.13

*, ** indicate significant differences at 0.05 and 0.01 levels of probability,
respectively.
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Stability parameters:

Stability analysis according to Eberhart and Russell (1966) was
used. Regression coefficient (bi) for each genotype and deviation from
regression (S%i) for all studied traits are shown in Tables 10 and 11. A
genotype with high mean yield, regression coefficient (bi) close to 1.0
coupled with small value of deviation S%; is considered stable. Genotype
with bi value more than 1.0, high S and positive phenotypic index (Pi) is
adapted to high yielding environments. On the other hand, a genotype which
has bi less than 1.0, low S2%s; and positive Pi indicated high resistance to
environmental fluctuation and thus increases the specificity of adaptability
to poor yielding environments (Wachira et al 2002 and Akura et al 2005).

For plant height, there is no genotype passed all stability parameters,
but genotypes G08, G30 and G39 may be considered more stable when
compared with the rest of genotypes as they had insignificant regression
coefficient from unity, lower values of deviation from regression as
compared with other genotypes in this study (Table 10).

Regarding spike length, genotypes G04, G17, G22, G35 and G41
exhibited fair stable as they had positive Pi, bi around 1.0 and low value of
S%i (Table 10). In addition, for spike number per plant as general mean over
all environments, the highest four genotypes which passed all stability
parameters were G04, G12, G14 and G20 as their regression coefficients
were almost equal to 1.0 with low value of deviations from regression
(Table 10).

For grain yield per plant (Table 11) the most stable genotypes were
genotypes G14 and G18 as they had a high grain yield/plant as compared
with the general mean over all environments, regression coefficient close to
1.0 and deviation from regression (S2di) not significant from zero.
Genotype G30 was suitable for unfavorable environments as its regression
coefficients lower than unity, its phenotypic index was positive, and low
value of deviation from regression. On the other hand, genotypes G09, G20,
G22 and G28 were suitable for favorable environments due to their
regression coefficient greater than 1.0 with high grain yield and high value
of deviation from regression.

Regarding biological vyield (Table 11), the simultaneous
consideration of three stability parameters for individual genotype
manifested that genotype G18 gave higher value than the general mean over
all environments, insignificant regression coefficient from unity and low
value of deviation from regression, therefore this genotypes is considered
stable for biological yield. Finally, genotypes G21, G26, G27 and G40 are
considered the most stable genotypes for harvest index, whereas had
regression coefficient close t01.0 and low deviation from regression with
mean values above the grand mean across all environments.
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Table 10. Stability parameters for plant height, spike length and spike
number per plant of 43 wheat genotypes evaluated under 10
environments.

Plant Spike Spike
Gt height length number per plant
Mean bi S24i Mean bi S%i Mean bi S2i

GO01 77.98 1.09 |6041**| 10.20 | 1.58** | 1.39** | 8.78 | 1.70** | 4.72**
G02 71.52 0.89 16.59**| 9.60 1.51* | 0.69** | 9.41 0.98 | 4.86**
G03 76.97 | 1.51* [62.92**| 10.29 0.81 | 1.01** | 7.82 0.94 | 2.20**
G04 78.80 1.44 |45.22**| 9.21 0.91 0.16 9.05 1.14 1.02
G05 70.11 0.65 |35.89**| 8.74 1.34 -0.11 10.03 1.17 1.60*
G06 7648 | 1.52* [91.62**| 9.80 0.79 | 0.57** | 9.34 | 1.52** | 1.99**
GO7 78.88 0.75 |77.78**| 10.68 135 | 1.58** | 6.83 0.96 | 3.23**
G08 73.37 0.92 | 9.43** | 948 0.68 0.25* 8.66 0.82 | 6.55**
G09 67.20 1.06 |100.31**| 9.33 | 1.69** | 0.64** | 8.27 1.05 0.18
G10 84.23 0.70 |52.76** | 9.99 1.06 | 047** | 9.68 | 1.55** | 3.75**
Gl1 78.92 0.75 |60.38** | 9.25 0.88 | 2.69** | 924 | 1.36** | 0.72
G12 72.53 1.01 ]122.21**| 841 | 1.58** | 2.64** | 9.80 1.15 0.51
G13 63.38 0.55 |148.50**| 9.08 1.01 | 241** | 833 1.21 0.25
Gl4 76.95 142 169.59**| 9.25 115 | 1.02** | 8.56 1.14 -0.26
G15 66.10 0.70 |35.89**| 9.44 0.53* | 0.29* 8.81 | 1.62** | 0.91
G16 64.49 1.15 |63.64**| 9.19 0.67 | 1.09** | 7.32 1.12 0.60
G1l7 70.52 0.74 | 5.86** | 9.30 0.96 0.10 6.82 0.91 0.35
G18 70.11 1.19 |177.00** 8.18 0.92 | 1.63** | 9.77 | 1.40** | 0.08
G19 67.45 0.66 |28.49**| 8.86 119 | 056** | 6.73 0.71* -0.95
G20 70.30 119 |18.92**| 7.44 0.88 0.02 9.08 1.24 0.98
G21 68.74 | 0.42* |34.41**| 8.47 0.68 -0.12 8.33 1.27 1.90*
G22 75.93 1.30 |86.82**| 9.31 0.74 0.14 9.92 | 1.45** | 5.26**
G23 82.31 1.29 ]100.96** 9.58 | 1.64** | 0.53** | 7.93 0.80 1.57*
G24 79.77 | 1.62* |61.89**| 1056 | 1.71** | 1.09** | 7.36 | 0.59** | 6.46**
G25 66.29 1.38 |70.48**| 7.33 0.47* | 0.72** | 7.92 0.83 0.20
G26 69.02 | 1.62* [59.28**| 7.63 0.85 | 0.51** | 8.10 0.83 0.78
G27 78.52 | 1.74** 129.14**| 8.03 0.95 | 0.89** | 8.83 | 0.32** | 2.13**
G28 73.25 1.24 |4141**| 9.14 1.47*% | 0.55** | 8.41 | 1.37** | 5.65**
G29 72.53 0.60 | 6.68** | 8.73 0.94 0.19 7.56 | 0.60** | 4.56**
G30 76.47 0.73 |35.14**| 10.84 127 | 046** | 8.07 | 0.60** | 1.18
G3l 69.53 1.14 | 77.95%*| 11.20 099 | 1.68** | 7.23 1.30* | 2.17**
G32 75.89 0.68 |18.97**| 10.98 0.75 0.21* 6.70 0.81 | 2.15**
G33 64.84 142 |30.12**| 7.71 0.52* | 0.52** | 8.06 | 0.65** | 4.13**
G34 65.51 1.19 |57.59**| 8.58 0.49* | 1.78** | 8.06 | 0.48** | 2.46**
G35 72.29 0.52 |138.09**| 9.74 1.21 0.09 597 | 0.16** | 0.24
G36 85.85 0.82 |188.41**| 7.72 0.78 | 1.54** | 11.73 0.85 | 4.59**
G37 74.47 0.86 |38.85**| 8.48 | 0.18** | 0.22* 9.29 1.10 | 2.64**
G38 64.53 0.76 3.45* 9.88 | 2.38** | 2.56** | 6.08 0.68* 0.28
G39 80.25 0.79 |35.77**| 6.87 | 0.31** | -0.08 10.67 1.20 | 6.29**
G40 64.78 0.93 |30.60**| 8.65 0.80 0.19 7.11 0.77 -0.10
G41 79.04 0.90 |58.49**| 9.09 0.63 -0.14 8.64 0.96 | 3.61**
G42 79.12 | 0.49* [21.17**| 7.40 0.78 0.20 10.78 | 0.70* | 5.40**
G43 65.32 0.65 |35.50**] 8.19 0.98 | 0.39** | 8.38 0.98 0.26

Gt = Genotype, *, ** indicate significant differences at 0.05 and 0.01 levels of
probability, respectively.
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Table 11. Stability parameters for grain yield per plant, grain yield per
plant and harvest index of 43 wheat genotypes evaluated
under 10 environments.

Grain Biological Harvest

Gt yield per plant yield per plant index

Mean o] S24i Mean bi S%; Mean bi S2i
G01 19.79 | 1.96** | 7.92** | 56.15 | 1.90** |62.11**| 34.29 | 0.96 [12.03**
G02 14.19 | 0.77* |21.46**| 41.88 | 0.89 |80.14**| 35.36 | 0.86 [100.62**
G03 14.82 1.15 [12.87**| 45.93 1.16 |[85.24**| 30.96 | 1.39 [13.33**
G04 18.36 | 1.31** | 7.14** | 48.87 1.17 | 37.05* | 36.46 1.13 |18.74**
G05 16.51 | 1.32** | 4.07* | 43.62 1.16 |60.06**| 35.63 0.70 6.43*
G06 17.64 | 1.68** | 5.27* | 50.22 | 1.49** | 4.65 | 31.89 1.07 |35.32**
G07 14.58 1.08 | 7.21** | 42.16 1.23 [105.34** 35.49 0.61 [11.90**
G08 13.83 | 0.65** |17.00**| 43.65 | 0.64** 1440.27** 32.18 | 1.34 |28.30**
G09 17.94 | 1.99** [39.77**| 48.75 | 1.79** |336.07** 32.27 1.17 |17.66**
G10 1849 | 1.63** | 2.05 49.11 | 1.63** | 44.17* | 37.73 0.48 6.73*
G11 15.90 | 1.38** | 9.13** | 41.80 | 1.29* |93.80**| 37.33 | 0.26* |12.36**
G12 11.64 0.91 -1.83 34.14 0.78 | -12.39 | 31.34 140 |17.48**
G13 11.08 | 0.61** [12.02**| 31.43 | 0.68* [114.04** 35.84 0.61 |17.53**
G14 15.33 112 1.59 41.50 1.20 | 45.13* | 37.39 0.97 |71.13**
G15 12.73 0.87 [13.70**| 38.47 1.10 |112.05** 3451 0.70 |13.77**
G16 14.81 1.18 [10.23**| 39.41 1.14 |64.63**| 37.03 | 0.29 [11.99**
G17 11.40 0.81 -1.46 36.77 0.91 -4.38 30.92 155 [10.60**
G18 14.24 | 0.96 -0.37 | 41.62 1.01 6.24 | 3376 | 121 |11.65**
G19 8.83 | 045** | -1.31 | 25.98 | 0.39** | 5.80 | 3245 | 153 1.26
G20 19.26 | 1.94** [31.77**| 49.46 | 1.72** |148.95** 36.17 0.81 5.78*
G21 14.97 | 1.29** | -1.61 | 38.62 1.19 15.26 | 36.63 | 1.03 0.99
G22 19.35 | 1.72** |20.00**| 53.81 | 1.40** [220.97** 32.38 | 1.20 |39.05**
G23 11.73 | 0.68** | 6.14* | 4459 | 0.72* [536.74** 27.32 | 2.06** |31.21**
G24 10.74 | 0.60** | 0.93 | 37.87 | 0.54** |133.79** 27.60 | 0.72 |19.65**
G25 12.73 | 0.75* |20.14**| 33.39 | 0.63** [154.05** 35.81 | 0.96 |10.72**
G26 12.64 | 0.74** | -1.93 3446 | 0.71* 1.15 36.46 0.86 -2.47
G27 12.96 | 0.60** | -0.40 | 37.06 | 0.57** | -6.39 34.19 0.74 0.37
G28 16.53 | 1.58** |13.23**| 42.33 | 1.45** |87.50**| 37.56 | 0.53 |18.00**
G29 10.33 | 0.38** | 3.04 | 32.95 | 0.53** |85.22**| 32.62 1.00 |25.36**
G30 14.32 | 0.67** | -1.24 | 41.44 | 0.56** | 44.79* | 34.01 143 [13.09**
G31 13.31 1.10 1.39 4593 | 1.28* | 1341 | 27.35 122 |11.22**
G32 12.88 1.05 |10.98**| 41.98 1.23 ]136.89** 29.69 0.41 [19.24**
G33 12.08 | 0.52** [22.73**| 35.40 | 0.42** 254.62** 34.03 1.36 |[13.47**
G34 12.31 | 0.40** [24.87**| 41.59 | 0.35** |775.24**| 31.44 1.67 |[12.94**
G35 7.89 | 0.14** | 8.36** | 29.18 | 0.47** | -17.24 | 29.39 1.13 [143.27**
G36 9.97 |0.53** | 3.09 3156 | 0.61** [47.07**| 30.87 0.73 5.08*
G37 16.05 0.90 [26.03**| 46.64 0.86 [170.79** 33.18 140 | 8.83**
G38 10.01 | 0.77* 1.15 25.70 | 0.68* | 20.44 | 38.01 0.92 |21.17**
G39 15.58 1.14 [12.54**| 46.00 1.14 119.27** 32.28 1.02 -0.92
G40 10.09 | 0.54** | -1.60 | 28.00 | 0.57** | -4.68 36.50 0.82 2.30
G41 15.28 | 1.33** | 9.81** | 48.56 | 1.62** |301.18** 33.08 1.49 |38.00**
G42 15.54 1.12 | 8.38** | 48.31 | 1.50** |154.98** 34.58 1.08 |[25.88**
G43 10.94 | 0.66** | -2.28 | 30.90 | 0.68* | -20.57 | 35.21 | 0.21* | -1.29

Gt = Genotype, *, ** indicate significant differences at 0.05 and 0.01 levels of
probability, respectively.
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CONCLUSION
From this study it could be concluded that genotypes with various
genetic background did not give the same response to environmental
changes. Moreover, from results of this study we observed that genotypes
which considered to be stable for grain yield were not stable for
other characters except genotype G14 which was stable for grain
yield and spike number per plant, this might be due to a close relation
between grain yield and spike number per plant.
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