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ABSTRACT

This investigation was carried out at Sakha Agricultural Research station during the
two seasons 2008/2009 and 2009/2010 using six diverse barley varieties and/or lines
(Hordeum vulgare L.). All possible parental combinations without reciprocals were made
among the six genotypes, giving 15 crosses. The six parental genotypes and 15 F;'s were
planted in two experiments. The first experiment, was irrigated with the recommended
treatment i.e three irrigations (favorable conditions). The second ome was irrigated with
planting irrigation only. Plant height, spike length, number of spikes/ plant, number of grains/
spike, 100-grain weight and grain yield, /plant were studied. Results indicated that water
stress treatments decreased the means of all studied traits for parents and their hybrids.
Statistical analysis revealed highly significant effects of genotypes for most traits, providing
evidence for presence of large amount of genetic variability. Based on GCA estimates, it
could be concluded that the best combiners were Sico for all traits except for number of
spikes/ plant and 100-grain weight; Giza 2000 for 100-grain weight, Giza 121 for spike
length, 100-grain weight and grain yield/plant and Line-1 for 100-grain weight all conditions
and Giza 124 for plant height and number of spikes/plant at stress and combined. Based on
the estimates of SCA, it could be summarized that the best hybrids were Sicox Giza 2000,
Giza 2000% Line-2 and Giza 124 x Line-2 for plant height, Giza 121x Line-1 and Giza
124x Line-2 for spike length, Sico x Giza 124, Giza 2000 » Line-2 and Giza 124 % Line-1
Jor number of spikes/ plant, Sico x Giza 121 and Giza 124 x Line-2 for number of graind/
spike, Sico * Giza 121 and Sico x Line-1 for 100- grain weight and most crosses for grain
yield/ plant at all conditions. Drought susceptibility index (DSI) used to estimate relative
stress injury because it accounted for variation in yield potential and stress intensity. This
index could be estimated based on many traits. Which included Giza 2000, Giza 124, Line-2,
Giza 2000 * Giza 121, Giza 124 % Line-1 and Line-1 % Line-2 were tolerant for most traits,
indicating the importance of this parent in this regard In addition, Sico and Line 1, Sico x
Line-1 and Sico x Giza 124 were susceptible genotypes for most traits. Significant or highly
significant and positive correlations were obtained among most traits and grain yield/plant
under all conditions.

INTRODUCTION

Barley (Hordeum Vulgare L.) has a great adaptation potential in many regions of the
world. It has a good tolerance to biotic stresses such as salinity, drought, frost and heat. It is
considered one of the most important crops ranking the fourth in the world cereal crops
production. Its economic importance is due to its usage it for animal feeding, brewing malts
and human food in some areas. In Egypt, barley is mainly used as animal feed (grain and
straw) and sometimes for bread making by bedouins.

In Egypt barley is a minor winter cereal crops grown mainly in rainfed areas where
limited water supply is a feature such as in the Northwest Coastal region and North of Sinai,
also it is grown over wide range of soil variability and under many diverse climatic conditions



compared with many other grain crops. So, it can be grown in irrigated saline lands and poor
soil conditions. It has also been grown in the newly reclaimed lands as well as the old land.

Therefore, the main objective of this study included the induction of new promising
barley genotypes having high yield potentially and more tolerant to drought stress, this was
approached through the following:-

1. Identification of superior parents and their crosses from a 6 x 6 diallel cross of barley
parental genotypes grown under water stress and normal irrigation regime.

2. Estimation of combining ability effects and the mode of gene action in the inheritance
of grain yield and some related agronomic traits.

3. Estimation the susceptibility index (SI) for yield and some related agronomic traits.

MATERIALS AND METHODS

The present investigation was carried out at the experimental farm of Sakha
Agricultural Research Station ,Kafr El-Sheikh, Egypt, during the two successive seasons
2008/2009 and 2009/2010. Six parental genotypes of barley were used, the names and
pedigrees of which are presented in Table (1).

Table (1): Names and pedigrees of parental barley genotypes.

No Genotypes Pedigree
1 Sico (P;) Local variety

2 Giza 2000 (Py) Local variety

3 Giza 121 (Py) Local variety

4 Giza 124 (Py) Local variety

5 Line-1 (Ps) Mr 25 - 84 / Att /3/ Mari / Aths // Be
6 Line-2 (Pg) Alanda//Lignee527 / Arar

In 2008/2009 season, the parental genotypes were sown at various planting dates in
order to overcome the differences in flowering time. All possible parental combinations
excluding reciprocals were made among the six genotypes. In 2009/ 2010 season, seeds of the
parents and their 15 F; hybrids were planted in two experiments, The first experiment was
given planting irrigation only (drought stress conditions, S). The second was irrigated three
times after planting irrigation (normal conditions, N). Each experiment was designated in a
randomized complete block design with three replicates. Each parent and F; was represented
by two rows per replicate. Each row was 1.5 m long, and spaces between rows were 30 cm
with 15 cm between plants. All the recommended agronomic practices for barley production
were applied at the proper time. Ten guarded plants were randomly taken from each entry to
collect data on plant height, spike length, number of spikes/plant, number of grains/ spike,
100—grain weight and Grain yield/ plant.

An ordinary analysis of variance for each experiment and the combined analysis across
the two experiments (stress and normal irrigation) were performed according to Snedecor and
Cochran (1967), whenever homogeneity of error was detected. Combining ability analysis
was performed according to Griffing (1956) model 1 method 2.

Data of yield and some related traits were used to estimate the drought susceptibility
index (DSI) as suggested by Fisther and Maurer (1978) as follows:
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DSI=(1-Yq/ Yy /D,

Where:

Y a = Performance of a genotype under drought stress,

Y= Performance of a genotype under normal irrigation,

D= drought stress intensity = 1 - (mean Y, of all genotypes/ mean Y, of all genotypes).

Estimates of the simple phenotypic correlation (r) coefficients among all traits for the entries
means were calculated according to Kearsey and Pooni (1996).

RESULTS AND DISCUSSION
Analysis of variances:

Mean squares of different barley genotypes for all studied characters in each
enviroment and their combined data are presented in Table (2).

Statistical analysis revealed highly significant effects of irrigation treatments on all
studied characters, indicating that the two irrigation regimes behaived differently for these
characters. In addition, mean squares due to genotypes were highly significant for all traits,
providing evidence for presence of large amount of genetic variability, which considered
adequate for further biometrical assessment. Significant or highly significant differences for
all traits were found among the parents under the two conditions and their combined.
Meanwhile, highly significant differences of crosses mean squares were detected for all
characters, reflecting the diversity of the parents for these studied characters and that these
diversity could be transmitted to the progenies. However, mean squares of parents vs. crosses
showed highly significant differences for all traits, except for plant height under normal,
number of grains/ spike at normal and combiend and 100-grain weight under normal
condition, where the differences were not significant, indicating the presence of hybrid vigor
for the studied barley genotypes. Mean squares of genotypes x environment interactions were
significant or highly significant for all traits except for spike length, revealing that the
genotypes responded differently to water regime for these traits and reflecting the possibility
of selecting the most tolerant genotypes. Mean squares of parents X environment were not
sigificant for all traits, except plant height. Crosses x environments mean squares were
significant or highly significant for all studied traits, except for spike length and number of
spikes/ plant, revealing the overall differences between these hybrids. A comparison of the
parents versus F; crosses X environment revealed highly significant differences except for
spike length and number of spikes/plant.

The results indicated that mean squares of general combining ability (GCA) and
specific combining ability (SCA) were highly significant for all the studied traits of barley
genotypes under the two environments and their combined.

The significance of general and specific combining ability indicate the presence of
both additive and non additive types of gene effects in the genetic system controlling these
traits. The mean squares of interaction between environment and each of general and specific
combining ability were highly significant for all studied traits. The GCA values were higher
than those of SCA for all traits under the study, except those of grain yield/plant under the
two conditions. These results suggest predominant role of additive type of gene action for
these traits and the potential for obtaining further improvements of these traits by using
pedigree selection program. Similar results were reported by Abd El-Aty and El-borhamy
(2007).
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Table (2 ): Mean square of different barley genotypes for all studied traits in each environment and their combined analysis.

S.0.V daf, Plant height (cm) Spike length (cm) Number of spikes/plant
Single | Comb. | Normal Stress Comb. Normal | Stress | Comb. | Normal | Stress | Comb.
Environments -] 1 - - 4367.2%* - - 10.48** - - 47.42%*
Replication 2 - 519 22,53%* - 0.11 0.22 - 3.05%+* 2.29* -
Rep. with Env. - 4 - - 13.87*% - - 0.17%* - - 2.67%*
Genotypes 20 20 164.51** | 6724%* | 170.99%* | 224** 1L.65** | 3.67** 4.14%% | 4.11** | T7.30%*
Parents 5 5 301.29%* | 77.04** | 243.1** 3.48%* | 2.87%% | 6.24%* | 3.66%* | 3.32%*% | 5.77**
Crosses 14 14 126.18** | 50.1** [ 142.86%* 1.4%* 0.79%% | 1.93%* 4.51** | 4.56*%* | 8.14**
Pvs C 1 1 17.17 258.18%* | 204.26%% | 7.67** 7.54%* | 15.2%* 1.49%* 1.78*%% | 3.26**
g::f’typ"s ) - |20 ] ; 60.75%* ] ; 0.21 - - 0.95*
Parents x Env. - 5 - - 135.2%* - - 0.11 - - 1.2
Crosses x Env. - 14 - - 33.42%* - - 0.26 - - 0.92
P vs. C x Eav. - 1 - - 71.1%* - - 0.01 - - 0.01
GCA 5 - 78.31%*% | 30.09** | 46.77%* 2.02%* L30** | 1.59%% 1.54** | 2.04** | 1.73%*
SCA 15 - 47.01%*% | 19.85%* | 22.4]1** 036** | 030** | 030%* 1.33%* 1.15%% | 1.05%*
GCA x Env. - 5 - - 61.63%* - - 1.73** - - 1.85%*
SCA x Env. - 15 - - 44.45%* - - 0.36%* - - 1.43%+*
Error 40 80 13.11 9.58 11.35 0.26 0.21 0.24 0.56 0.72 0.64
Error term (e/r) 437 3.19 3.78 0.09 0.07 0.08 0.19 024 0.21
GCA/SCA 0.22 0.20 0.29 0.87 0.69 0.87 0.15 0.25 0.23

* and ** Significant at 0.05 and 0.01 levels of probability, respectively
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Table ( 2) cont.

.

Number of grains/spike

df. 100-grain weight (g) Grain yield/plant (g)
>0V Single [ Comb. { Normal | Stress Comb. { Normal | Stress | Comb. { Normal | Stress Comb.
Environments - 1 - - 248.36%* - - 5.28** - - 549.5*%*
Replication 2 - ~- *5.33 19.81 - 0.01 0.02 - 1.64 0.94 -
Rep. with Env. - 4 - - 12.57 - - 0.02 - - 1.29
Genotypes | 20 20 i 55.54** | 49.74** | 89.38** 0.46%* | 0.73%* | 0.96** | 50.01** | 39.10%* | 84,12%*
Parents 5 5 57.8%* 57.66% | 102.78%* | 0.94%* | (.88%* | 178%% | 29,0 5.28 29.2*%
Crosses | 14 14 58.64%% | 45.46%* | 87.93** | 0.32%*% | 0.69** | 0.72%* | 20.85%*% | 32.84*% | 57.87*
P vs. C 1 1 0.77 70.0%* 42.72 0.01 0.51%% | 0.19%* | 437.2%* | 295.86%* | 726.18**
Genotypes x Env. - 20 - - 15.9* - - 0.23%* - - 4.98%
Parents X Env. - 5 - - 12.91 - - 0.04 - - 5.06
Crosses X Env. - 14 - - 16.17* - - 0.28** - - 4.82%
P vs. C % Env. - 1 - - 28.05** - - 0.33%* - - 6.88%*
GCA 5 - 37.09%% | 4547** | 39.85%* | 0.58*% | 0.72** | 0.63** | 1622*%* | 7.32%* 10.42%*
SCA 15 - 12.32%* | 6.95%* 6.58%* 0.19%* [ 0,08%* [ 0.09** | 16.49*%* | 14.94** | 15.04%*
GCA x Env. - 5 - - 42.71%* - - 0.67** - - 13,12%*
SCA x Env, - 15 - - 12.69** - - 0.18%* - - 16.39*+
Error 40 80 8.13 10.08 9.10 0.03 0.03 0.03 2.27 3.26 2.77
f,g"" term (Ms 2.71 3.36 3.33 001 | 001 | 001 | 0.7 1.09 0.92
GCA/SCA 0.45 1.47 1.30 0.39 1.20 0.98 0.12 0.06 0.08

* and ** Significant at 0.05 and 0.01 levels of probability, respectively




Mean performance

The mean performance of the six parents and their F; crosses under normal and stress
conditions as well as combined data are presented in Table (3). The mean performance for all
genotypes were generally decreased under stress conditions and deficiency of soil moisture.
Similar results were obtained by Mohammed (2001), Bayoumi (2004), Moursi (2003),
Mohamed (2004), Farhat (2005), El-Sayed (2007) and El-Shawy (2008). Regarding plant
height, Sico and Giza-121 were the tallest parents under normal and combined, while Sico x
Giza 2000 and Sico x Giza 124 showed the tallest cross among crosses under both conditions
and combined. For spike length, the resuit clearly showed that the parents Sico and Giza-121
had the tallest spikes among the parents at both conditions, excepectealy, their F) had the
tatest spikes among the rest of F; studied under both conditions and their combined. For
number of spikes/plant, Line-1 and Line-2 gave the highest numbers among the parents, while
Giza 2000x Line-2 and Giza 124x Line-1 gave the highest cross under both conditions and
their combined. For number of grains/spike, Sico ranked first among the parents under both
conditions and their combined, while the cross Sico x Giza 121 gave the highest number of
grains under both conditions and combined. Concerning 100-grain weight, results showed that
Giza 2000 and Giza 121 had the heaviest grains among the parents under both conditions and
their combined, meanwhile, Sico x Giza 121 and Giza 121 x Line-2 under normal and Giza
2000x Giza 121 under stress gave the heaviest grains among the crosses. For grain
yield/plant, Sico and Line-1 were the best of parents under both conditions and their
combined. Also Sico x Giza 121, Sico x Giza 124 and Giza 2000 x Giza 121 gave the
highest values for grain yield/plant under the two conditions and their combined.

General combing ability effects:

Estimates of general combining ability effects for parents under normal and water stress
conditions are presented in Table 4. Significantly positive GCA values concluded that Sico
(P1) could be considered as a good general combiners for plant height, spike Iength, number
of grains/spike and grain yield/plant at all conditions, Giza 2000 (P;) for 100-grain weight at
all conditions, Giza 121 (P3) for spike length, 100-grain weight, grain yield/plant at all
conditions and plant height at normal and combined conditions, Giza 124 (P,) for plant
height and number of spikes/plant at stress and combined conditions, Line-1 (Ps) for 100-
grain weight at both conditions and Line-2 (Pg) for spike length under normal and number of
spikes/plant under normal and combined conditions. Similar results were obtained by Ahmed
(1990), Zeng et al (2001), Moustafa (2002), Singh er al (2002), Sharma et a/ (2003),
Mahmoud (2006), El-Sayed (2007), Katta (2009) and Amer (2010).

Specific combining ability effects:

Estimates specific combining ability effects of all barley F; hybrids are given in Table

The best crosses for plant height were Sico x Giza 2000, Giza 2000 x Line-2, Giza 121
x Line-1, Giza 124 x Line-2 (at all conditions), Giza 2000 x Line-1 (at stress and combined),
Giza 2000 x Giza 124 (at normal) and Sico » Giza 124 at water stress condition.

While, the best crosses for spike length were Giza 121 % Line-1, Giza 124 x Line-2 (at
all conditions), Sico x Giza 124 (at normal and combined), Sico x Line-1, Giza 2000 x Line-
1, Giza 124 x Line-1 (at stress and combined) and Sico x Giza 121 (at water stress condition);
for number of spikes/plant were Sico x Giza 124, Giza 2000 x Line-2, Giza 124 x Line-1 (at
all conditions), Sico x Giza 2000, Giza 124 x Line-2 (at normal) and Giza 2000 x Giza 121
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(at stress and combined conditions); for number of grains/spike were Sico x Giza 121 (at all
conditions), Sico x Giza 124, Giza 2000 x Giza 121 (at normal and combined), Giza 124 x
Line-2 (at all conditions), Sico x Giza 2000 and Giza 121 x Giza 124 (at water stress
condition); for 100-grain weight were Sico x Giza 121, Sico X Line-1 (at all conditions),
Giza 121 % Line-2 (at normal and combined), Giza 121 x Giza 124, Giza 124 x Line-2 (at
stress and combined), Giza 2000 x Giza 121 and Line-1 x Line-2 (at water stress condition);
and for grain yield/ plant were all crosses except for Sico x Line-1, Sico x Line-2, Giza 2000
x Giza 124, Giza 121 = Giza 124 and Line-1 x Line-2 at all conditions. It is worthy to note
that most of superior F crosses with grain yield and most of yield components traits included
one of their parents of high GCA effects for the same traits. These results are in general
agreement with those reported by Ahmed (1990), Bhatnagar and Sharma (1997), Sharma ef af
(2003), Mahmoud (2006), El-Sayed (2007), Katta et al (2009), Amer (2010) and Eid (2010).

Table (3): Means of parents and their F1 crosses for all the studied traits in the two
environment and their combined data.

Genotypes b e e [ Noreal [ St | Com | Norman | Stowss | Gom
Sico 10533 | 82.00 | 93.67 | 1000 | 923 | 9.62 | 1167 | 933 | 1050
Giza 2000 8333 |79.50 | 8142 | 833 | 800 | 817 | 1033 | 1000 | 1017
Giza 121 10600 | 82.67 | 9433 | 933 | 900 | 917 | 1200 | 1007 ] 11.03
Giza 124 9333 | 8900 | 91.17 | 817 | 767 | 792 | 1133 {1127 ] 1130
Line-1 97.67 | 7640 | 8703 | 700 | 653 | 677 | 1300 | 11.40 | 12.20
Line-2 83.67 | 7487 | 7927 | 933 | 830 | 88 | 1333 | 1210 | 12.72
Sico % Giza2000 11067 | 9477 {10272 ] 967 | 944 | 956 | 12.00 | 9.83 | 1092
Sico * Giza 121 9833 | 8850 | 9342 | 1033 | 10.00 | 1017 | 1133 | 1060 | 10.97
Sico * Giza 124 101.00 | 9233 | 9667 | 1067 | 924 | 996 | 1233 | 1127 | 1180
Sico xLine-1 87.67 | 82.13 | 8490 | 967 | 913 { 940 | 11.00 | 10.67 | 10.83
Sico » Line-2 95.00 | 83.67 | 8933 | 1000 | 920 | 960 | 900 | 783 | 842
fz‘f“ 2000 x Giza | 967 | 8433 | 8850 | 933 | 880 | 907 | 1267 | 11.80 | 1223
©lza 2000 x Giza 10100 | 7933 | 9017 | 850 | 823 | 837 | 1300 {1167 | 12.33
Giza 2000 x Line-1 | 96.00 | 84.50 | 9025 | 867 | 842 | 854 | 1233 | 1017 | 1125
Giza 2000 = Line-2 | 9367 | 8597 | 8982 | 967 | 867 | 917 | 13.67 | 13.17 | 13.42
f;ia 121 = Giza 9167 18313 | 8740 | 880 | 867 | 873 | 1233 | 1153 | 11.93
Giza 121 * Line-1 | 10100 | 84.83 | 9292 | 983 | 933 | 958 | 1310 | 1117 | 1213
Giza 121 x Line2 | 92.67 | 8447 | 8857 | 967 | 850 | 908 | 1283 | 11.00 | 11.92
Giza124 = Line-l | 96.00 | 83.00 | 8950 | 867 | 838 | 853 | 1333 | 1270 | 13.02
Giza 124 x Line2 | 100.00 | 86.67 | 9333 | 1000 | 9.00 | 950 | 1367 | 11.07 | 1237
Line-1 x Line-2 8333 | 8067 | 82.00 | 867 | 817 | 842 | 1200 | 1120 | 1160
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Table (3 ) cont.

Genotypes [ b T Rormes ] Sireee | o | Normal ] Stres | Cosh:
Sico 76.00 | 7320 | 7460 | 522 | 521 | 521 | 3237 | 2570 | 29.04
Giza 2000 6300 | 6400 | 6600 | 575 | 565 | 570 | 2383 | 2180 | 22.82
Giza 121 68.00 | 67.60 | 67.80 | 577 | 533 | 555 | 2630 | 2323 | 2477
Giza 124 64.00 | 60.00 | 6200 | 543 | 518 { 3531 | 2523 | 2277 | 24.00
Line-T 7067 | 6520 | 67.93 | 570 | 532 | 551 | 27.63 | 23.15 | 2539
Line-2 7400 | 64.87 | 69.43 | 431 | 408 | 419 | 2450 | 2259 | 23.54
Sico x Giza2000 | 7467 | 7200 | 7333 | 527 | 519 | 523 | 33.63 | 29.17 | 31.40
Sico x Giza 121 7800 | 7593 | 7697 | 583 | 539 | se1 | 3623 | 3296 | 34.60
Sico  Giza 124 78.67 | 7147 | 7507 { 537 | 463 | 500 | 37.30 | 3127 | 34.28
Sico * Line-1 7133 | 69.03| 7018 | s72 | s41 | 557 | 3137 | 2472 | 2804
Sico * Line-2 7333 | 7100 | 7217 | 499 | 402 | 450 | 3037 {2430 27.33
2a2000 x Gl | 7400 | 6733 | 7067 | 557 | 550 | 554 | 3480 | 3266 | 3373
g:" 2000 > Giza 68.00 | 64.80 | 66.40 | 531 491 | 5.11 28.50 | 2427 | 26.38
Giza 2000 x Line-1 | 66.00 | 64.00 | 65.00 | 571 | 543 | 557 | 3420 {27.88 | 31.04
Giza2000 x Line2 | 6733 | 6617 | 6675 | s41 | 435 | 48 | 3017 | 2726 | 2871
Gl 121 x Giza 70.00 | 64.00 | 67.00 | 557 | 540 | 548 { 3213 | 2583 | 28.98
Giza 121 x Line-1 | 7000 | 67.33 | 6867 | 513 | 481 | 497 | 3363 | 2947 | 31.55
Giza 121 x Line-2 | 68.00 | 63.00 | 6550 | 588 | 433 | 500 | 3094 {2837 | 29.90
Giza124 x Line-1 | 68.00 | 6570 | 6685 | 546 | 512 | 529 | 3360 | 3140 | 32.50
Giza 124 x Line2 | 7200 | 68.00 | 70.00 | 491 | 461 | 476 | 3510 {2806 { 31.58
Line-1 * Line-2 6467 | 6373 | 6420 | 482 | 473 | 478 | 2507 | 2193 | 23.55

Table (4) Estimates of general combining ability effects for all parents or all studied
traits in each environment and their combined data.

Parent Plant height (cm) Spike length (cm) Number of spikes/plant
Normal | Stress ( Comb. | Normal | Stress | Comb. | Normal | Stress | Comb.
Sico (Py) 4,17%* 2.23%* | 320%* | 0.74** 0.60%% 1| 0.67** | -0.83*%% | -0.94** [ -0.89**
Giza 2000 (P;) | -1.17 0.04 -0.56 -0.31*% | -0.14 -0.22%% | -0.13 -0.01 -0.07
Giza 121(P;) 2.29* 0.38 1.33* 0.24* 0.34%+ | 029%* 1{0.13 -0.06 0.03
Giza 124 (P,) | 0.79 1.86%* | 1.33% -(0.22* 021* | -022%* 1025 0.51%* | Q.38%*
Tiue-l Ps) -1.33 -246%% | -1.80%% | -0.68** | -0.52%* | -0.60** | 0.25 0.29 0.27%*
Line-2 (Pg) -4, 75%% | 2.05%% | -3.40** | (.24% -0.07 0.08 0.33* 0.22 0.28+*
LSD .05 136 | L17 1.22 0.19 0.17 0.12 0.28 0.32 0.20
LSD g 1.82 1.56 1.63 0.26 0.23 0.16 0.38 0.43 0.27

* and ** indicate significance at 0.05 and 0.01 levels of probability, respectively

®
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Table (4): cont.

Number of grains/spike 100-grain weight {g) Grain yield/plant (g)

Parent Normal | Stress | Comb. | Normal | Stress | Comb. } Normal | Stress | Comb.
Sico (Py) 4.17%* | 4.52%* | 434%f ) -0.08 0.02 -0.03 2,32%% ) 0.92%F | 1.62%*
Giza 2000 (P,) -1.08* ~0.92 -1,00* | 0,17** 0.23*%* | 0.20%* | -0.93** | -0.19 -0.56*
Giza 121(P3) 025 081 1028 |020% |0.16** | 023 |053% | 122 |0.88%* |
Giza 124 (Py) -1.67%* [ -1.55*% { -1.61** }| -0.08 0.02 -0.03 028 -0.01 0.13
Line-1 (Ps) -1.33*% 0 [ -1.52%  p -1.A43%F 1 017 | 015%* | 0.16%* | -0.35 -0.59 -0.47*
Line-2 (Pg) 0.17 -1.34* | -0.59 0.46%% | -0.50%F | 052%*% | S 85%* | -1.36%F | -1.60**
LS g5 1.07 1.29 0.86 0.12 | 0.06 0.04 0.57 0.68 0.46
LSD 40 1.44 1.60 1.14 0.16 0.08 0.0% 0.76 0.91 0.62

* and ** indicate significance at 0.05 and 0.01 levels of probability, respectively

Table ( 5 ) Estimates of Specific combining ability effects for F; crosses for all studied
traits in each environment and their combined data,

Crosses Plant height (cm) Spike length (cm) Number of spikes/plant
Normal | Stress | Comb. | Normal | Stress | Comb. | Normal | Stress | Comb.
Sico x Giza 2000 11,95%* | 8.56%* | 10.26** | -0.07 0.31 0.12 0.77* -0.18 | 0.30
Sico = Giza 121 -3,84* 1.96 -0.94 0.06 0.39% ) 0.22 -0.15 0.64 0.25
Sico x Giza 124 0.33 431%% [ 232 0.85%* | 0.18 0.51** | 0.73* 0.74% | 0.73%#
Sico x Line-1 -10.9*% 1 -1.58 | -6.23%* § 0.31 0.39* | 0.35% ] -094%* | 0.69 <0.13
Sico x Line-2 -0.13 -0.45 -0.29 027 0.01 -0.14 -2.69%% | 2 4%% | 2 6%*
Oa2000xGum | gape J002 {210 fol0 007 ool [o04s o091+ |o0.69%
r;Gz‘f‘ 000xGiza | seers |65+ [ 042 001 [-009 {000 |069% l021 |045
Giza 2000 = Line-1 | 2.79 | 2.98* | 2.88* 0.35 0.42% | 0.39%+ 1 0.02 -1L1¥* | L0.53*
Giza 2000 x Line-2 | 3.87% 4,04%* | 305%+ | (43 021 0.32% 7 1.27%*% | 2.00%% | 1.63%*
Giza 121 » Giza 124 | -7.13** { -3.05*% | -5.09** | -0.65%*% 1 0.01 -0.33* } -0.23 0.13 -0.05
Giza 121 = Line-1 4,33%% 1 297* | 3.65*% 1.14%* 1 0.84** | 0.99** | 0.44 002 [021
Giza 121 x Line-2 -0.59 220 0.81 023 -0.44% | -0.11 0.35 -0.12 | 0.12 B
Giza 124 x Line-1 0.83 -0.35 | 0.24 0.27 0.46% | 0.36% | 0.64* 0.95% [ 0.79%*
Giza 124 x Line-2 8.24%+x 1 292% | 558%* | 0.68%F ) 0.61*%* | 0.65%% | 0.89** | .0.62 | 0.14
Line-1 x Line-2 -6.30%*+ 1 123 -2.53 -0.19 0.09 -0.05 -0.77* | 027 | -0.52*
LSD g5 3.09 2.64 2.76 0.44 0.39 0.27 0.64 0.72 0.46
LSD 4 4.14 354 3.69 0.58 0.53 0.37 0.86 0.97 0.62

* and ** indicate significance at (.05 and 0.01 levels of probability, respectively
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Table (5) : cont.

Number of grains/spike 100-grain weight () Grain yield/plant (g)

Crosses
Normal | Stress | Comb. | Normal | Stress | Comb, | Normal | Stress | Comb.

Sico = Giza 2000 -1.37 3.59%* 1.11 -0.18 -0.04 | <0.11%* ] 1.45* 1.83% | 1.o4**

Sico x Giza 121 3.80%% 3 3.13% | 3.46%* | 0.36%* | 0.24%* | 0.30%F | 2.66%% | 4,]8%* [ 3.42%+

Sico x Giza 124 5.88** 1.02 3.45%% <026 | -0.39%* | .(0.33*%% | 3.58%% | 3.7I¥* | 3.65%+

Sico x Line-1 -1.79 -1.45 -1.62 0.49%* | 0.25%% | 037** -1.13 -2.24%% | -] .69%*

Sico x Line-2 -1.29 0.34 -0.47 0.11 D41 § -0.15%*% | -0.96 -1.91% | -1.44%%

Giza 2000 x| 5.05%¢ -0.03 251" -0.22 0,19%* -0.02 4.24%% | 500%% | 4.62%+*
Giza 121

Giza 2000 x 0.46 -0.21 0.13 -0.51%% | 0.34%% [ -0 42%% | -P.51% | 2.14%* ; -1.82%+
Giza 124 .

Giza 2000 x -1.87 -1.04 -1.45 0.24 0.07 0.15%*% | 4.45%* 2.04* 3.25%*
Line-1

Giza 2000 x -2.04 0.95 -0.54 0.20 -0.26%* | -0.03 1.95%% | 2. 18%* | 2.06%*
Line-2

| Giza 121 x Giza | 4.37%% | 3.26* -0.55 0.03 0.24** | 0.13%+ 0.70 -2.02% | -0.66
124

Giza 121 x Line- 1.30 0.57 0.93 -0.89%* [ -0.49%* | -0.69*% | 2.66%% | 2.19%*% | 2.43%*
1

Giza 121 x Line- | -2.20 | -3.95%* | -3.07%% | 0.74** | -0.22%* | 0.26%* 1.49% § 2,36%* | 1.93%*
2

Giza 124 x Line- | 0.71 1.29 1.00 -0.18 005 | -0.12%% | 2.91%*% | 5.36%% | 4.14%+
1
Giza 124 x Line- | 3.21* 3.41% | 3.31%* 0.1l 0.19%% | 0.15%* | 5.74%% | 2.79%% | 427%¢
2

Line-1 x Line-2 -4.45%* 1 .80 | .2.67%* -0.14 0.19%* 0.03 =3.30%* | 2.76%* | -3,03**

LSD ous 2.44 2.7 1.94 0.27 0.14 0.08 1.29 1.54 1.05

LSD g 3.26 3.63 2.60 0.36 0.19 6.11 1.72 2.06 1L.41

* and ** indicate significance at 0.05 and 0.01 levels of probability, respectively

4.5- Drought susceptibility index (SI):

A drought susceptibility index (SI), which provides a measure of stress resistance
based on minimization of yield loss under stress as compared to optimum conditions, rather
than on yield level under stress, has been used to characterize the relative drought tolerance of
wheat genotypes (Fisher and Maurer, 1978). This index was used to estimate the relative
stress loss because it accounted for variation in yield potential and stress intensity. This index
could be estimated based on many traits. Lower stress susceptibility index than unity (SI<1) is
synonymous to high stress tolerance, while high stress susceptibility index (SI >1) mean
higher stress sensitivity.

Means performance of drought susceptibility index (SI} of all barley genotypes
calculated for all studied traits are presented in Table (6).

Data indicated that for plant height three parents (Giza 2000, Giza 124 and Line-2)
possessed DSI less than one, revealing that these parents were more resistance to water stress.
For hybrids, all cresses were more resistant to stress conditions except for Sico x Giza 2000,
Giza 2000 x Giza 124, Giza 121 x Line-1, Giza 124 x Line-1 and Giza 124 x Line-2.
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Regarding (DSI) for spike length parent Giza 2000, Giza 121 and Giza 124 in addition to all
crosses except for Sico x Giza 124, Sico x Line-2, Giza 2000 x Line-2, Giza 121 x Line-2
and Giza 124 x Line-2 showed the highest resistance to stress condition. Three parent (Giza
2000, Giza 124 and Line-2) and seven crosses showed the highest resistance to stress
condition expressed by number of spikes/plant. As for number of grains/ spike, two parents
(Sico and Giza 121) and eight crosses showed the highest resistance to stress environments.
For 100-grain weight, all parent and crosses showed the resistance to water stress conditions
except for parent Giza 121 and the crosses Sico x Giza 121, Sico x Giza 124, Sico x Line-2,
Giza 2000 x Giza 124, Giza 2000 % Line-2 and Giza 121 x Line-2. Regarding grain
yield/plant, four parent and ten crosses showed low susceptibility (SI < 1) to stress conditions.

Table (6): Susceptibility index for barley parents and their F1 crosses based on all
studied traits.

Plant Spike Number Number 100-grain Grain
Genotypes height length of spikes/ of grains/ weight yield/
{cm) (cm) plant spike (g) plant (g) |
Sico 1.80 1.23 1.99 0.92 0.03 1.52
Giza 2000 0.37 0.64 032 1.47 0.25 0.63
Giza 121 1.79 0.57 1.60 0.15 1.03 0.86
Giza 124 0.38 0.98 0.06 1.56 0.64 0.72
Line-1 1.77 1.07 122 1.94 0.90 1.20
Line-2 .85 1.77 0.92 3.0 0.72 0.58
Sico x Giza 2060 1.17 0.37 1.79 -0.93 0.21 0.98
Sico x Giza 121 0.81 (.52 0.64 0.66 1.02 0.67
Sico x Giza 124 0.70 2.14 0.86 2.29 1.85 1.19
Sico x Line-1 0.51 0.88 1.27 1.02 0.72 1.56
Sico x Line-2 0.97 1.28 1.29 0.80 2.62 1.47
Giza 2000 x Giza 121 0.73 0.92 0.68 226 0.06 0.45
Giza 2000 x Giza 124 1.74 0.50 1.02 1.18 1.02 1.09
Giza 2000 = Line-1 0.97 0.46 1.74 0.76 0.65 1.36
Giza 2000 x Line-2 0.67 1.66 0.36 0.43 2.63 0.71
Giza 121 * Giza 124 0.76 0.25 0.64 2.35 0.40 145
Giza 121 = Line-1 1.30 0.82 1.47 0.95 0.84 0.91
Giza 121 x Line-2 0.72 1.93 1.42 1.84 3.56 0.49
Giza 124 x Line-1 1.10 0.52 0.47 0.85 0.85 0.48
Giza 124 % Line-2 1.08 1.60 1.89 1.39 0.84 1.48
Line-1 x Line-2 0.26 0.92 0.66 0.36 0.24 0.95
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Correlation studies: .

Correlation coefficient is important in plant breeding where it measures the degree of
association between two or more characters. The correlation coefficients among the studied
characters of barley genotype under the two conditions and their combined are shown in
Table 7.

Significant or highly significant positive correlations were observed between plant
height and each of spike length, number of grains/ spike and grain yield/ plant under all
conditions, and number of spike/ plant and 100-grain weight under combined. Highly
significant and positive correlation coefficients were observed between spike length and each
of number of spikes/plant and grain yield/ plant under the two conditions and their combined.
Highly significant positive correlations were found between number of spikes/ plant and grain
yield/ plant under combined condition. Highly significant and positive correlation was
detected between number of grains/ spike and grain yield/plant under all conditions and their
combined. Meanwhile, the correlation coefficient between 100-grain weight and grain
yield/plant was highly significant and positive under combined condition. Similar results were
obtained by Kashif and Khaliq (2004), Saleem et al. (2006) and Muhammad et al. (2010).

Table (7): Simple correlation coefficients among the studied traits under normal, water
stress and combined conditions.

Plant spike No. of No. of 100-srain Grain
Traits Env. heicht length spikes grains/ | _ - gm( o | Yield/
2 (cm) /plant spike g plant (g)
]
Normal | 0.302* 0.125 0.300** 0.129 0,422%*
Stress ' 0.444%* -0.136 0.400** 0.058 0.507**
Plant :
beight(cm) | Comb. 1 0.458%% | 0287+ 0.429%* 0.320** | 0.605**
Normal 't 0,107 0.626** -0.168 0.489**
N *k - s
spike length |—Stress : 0.177 0.727 0.034 0.476
(cm) Comb. i _ 0,009 _ | 0.700%* 0.039 0.552%*
Normal L _,112 -0.092 0.165
No. of Stress L -0.244 -0.420%* 0.176
spikes / h
plant Comb. | -0.030 {0113 0.330%*
Normal L -0.138 0.397**
No. of Stress L0117 0.370%*
grains/ i
Spike Comb. '0013 | 0.456*
Normal L 0.194
1
100-Grain/ Stress v 0.081
weight(g) Comb. v 0.204%*

* and ** indicate significance at the 0.05 and 0.01 level of probability, respectively.
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