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ABSTRACT

The present experiment was carried out at Sakha Agriculture Research Station during
the three successive seqasons 2007/08, 2008/09 and 2009/010. To determine the type of gene
effects by using the six populations (P, P;, ¥;, Fs, BC 1 and BC) of five barley crosses were
raised; cross 1 (Sico x Gizal24); cross 2 (Sico x Line-2); cross 3 (Giza 2000 % Line-2),
cross 4 (Giza 121 x Line-1) and cross 5 (Giza 124 x Line-2). Six populations of the five
crosses were grown under normal irrigation and water stress conditions. Grain yield and its
components and some growth attributes were studied. Generation means were significantly
different for all studied traits in all crosses. Results, in general indicated that the presence of
non-allelic interaction for all studied traits in all crosses under study. Also, the relative
importance of additive-dominance effects varied with traits and crosses under the two
conditions. Among the epistatic components, the dominance x dominance was greater in
magnitudes than additive x additive and additive x dominance in most studied traits. Positive
heterotic effects relative to the mid parent and better parent were found for most of the
studied traits under both conditions. Heritability estimates in broad sense were relatively high
lo moderate for all studied traits in all crosses under normal irrigation and water stress
conditions. While, heritability estimates in narrow sense were low to moderate for all studied
traits in all crosses under normal irrigation and water stress conditions. The expected genetic
advance as percenmi of F» ranged from low to high in all crosses for all traits in both
conditions. These results indicated the possibility of practicing selection in early generations
and obtain high yielding genotypes. Generally, the most promising crosses were the two
crosses 1 and 2, were found to be higher in magnitude which had high gemetic advance
associated with high heritability values and would be interested in breeding programs for
improving the most studied traits in barley.

Key words: Barley, Crosses, Gene effects, Heritability, Genetic advance, Heterosis.

INTRODUCTION

Barley (Hordeum vulgare L.) is as ancient as the origin of agriculture itself. The
antiquity of barley is documented to periods of 5000 to 7000 B.C or earlier. It is said that
barley is the most widely adapted of all grains, It is more tolerant to drought, saline and
alkaline soils than other cereals. Barley is the world’s fourth most important crop, the fourth
ranking cereal in the USA and the second ranking cereal in Canada and some other countries.

In Egypt, batley is one of the most imporiant cereal crops mainly used for animal feed
{grain and straw) and bread making by Bedouins. Also, it is one of the most important 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 grow over wide range of soil variability
and under many diverse climatic conditions compared with many other grain crops.



Therefore, The main objective of this study included the induction of new promising
barley genotypes that are able to produce high yield and are more tolerant to water stress
condition.

MATERITALS AND METHODS

The present study was carried out at experimental farm of Sakha Agricultural Research
Station, North region of Nile Delta, Agricultural Research Center (ARC), Egypt during the
three successive seasons 2007/2008 to 2009/2010.The experimental material comprised six
parental varieties/lines of barley to obtain the following five crosses; cross 1 (Sico x
Gizal24); cross 2 (Sico x Line-2); cross 3 (Giza 2000 x Line-2), cross 4 (Giza 121 x Line-1)
and cross 5 (Giza 124 x Line-2). Pedigree of parental genotypes is given in Table (1).

In 2007/2008 season, the parental genotypes were crossed to obtain F, grains, In
2008/2009 season, the hybrid grains of the five crosses were sown to give Fy plants, at the
same time, these plants were selfed to produce F; and some of Fy plants of each cross were
backcrossed to each of the two parents to produce the backcrosses (BC; and BC;). In
200972010 season, the six populations Py, Py, Fy, F2, BC,; and BC; of the five crosses were
sown in a randomized complete block design with three replications under normal (three
irrigations after planting irrigation) and water stress condition (planting irrigation only). Each
experimental unit consisted of two rows for each genotype of the two parents and F1 and
three rows for each of the two backcrosses and 10 rows for the F; population. Row was 1.5m
in length, 30 cm. apart and 15 cm, between grains within row. Data were recorded on 30, 30,
300 and 75 random guarded plants for both parents, F;, F; and backcrosses of each cross. The
studied traits were; plant height, spike length, number of spikes per plant, number of grains
per spike, 1(0-grain weight and grain yield per plant. Various biometrical parameters were
calculated for different traits only if the F, genetic variance was significant. Heterosis was
expressed as the percentage of the deviation of F) hybrid over mid and better parent values.
Inbreeding depression was calculated as the difference between the F, and F; means
expressed as a percentage of the F; mean.

Table (1): name, pedigree and origin of the six barley genotypes.

No. Genotype Pedigree
1 | Sico(Py) Local variety
2 Giza 2000 (P2) 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

Statistical and genetic analysis:

The population means and the variances were used to calculate Scaling test as outlined
by Mather (1949) and Hayman and Mather (1955) to determine the presence of non-allelic
gene interactions. Means of the six populations in each cross were used to estimate the six
parameters of gene effects, using Gamble’s procedure (1962).The standard error of a, d, aa, ad
and dd was obtained by taking the square root of their respective variances. T-test values
were calculated by dividing the effects of a, d, aa, ad and dd on their respective standard
errors. Heritability estimates were computed in both broad (h’b) and narrow senses (h’n) for
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F, generation according to Allard (1960) and Mather (1949). While the expected genetic
advance under selection (Ag) was computed according to Johnson er af (1955). Also, this
expected gain was expressed as a percentage of F; mean (Ag%) according to Miller et a/
(1958).

RESULTS AND DISCUSSION

Mean performance:

Mean and variance of the studied traits in the five crosses for six populations Py, P,, Fi,
Fa, BC; and BC; under two levels of irrigation are presented in Table (2). Data in this analysis
table indicted that there were significant differences among generations in all traits under
study. The F; mean values exceeded the mid values of the two parental means for most of
studied traits in the five crosses under the two irrigation treatments. The F, population mean
performance values were intermediate (between the two parents and less than F; mean
performance values for grain yield and its components; number of spike/plant, number of
grains/spike, 1000-grain weight indicating the importance of non-additive components of
genetic variance for the studied traits under normal irrigation and water stress conditions.

However, the two populations (BC; and BC;) mean performance values varied under the
two conditions and each trait tended toward the mean of its recurrent parent. Similar resuits
were obtained by El-Sayed (2007) and El-Shawy (2008).

Heterosis, Inbreeding depression and potence ratio:

Heterosis were expressed as the percentage deviation of F; mean performance from the
better and mid parent for all traits. In this concern, percentages of heterosis over better parent
and mid parents values under normal and water stress conditions are presented in Table (3).
Positive significant or highly significant heterosis over mid and better parent values were
obtained for; plant height in cross 3 at normal and water stress conditions, cross 5 under
normal irrigation and cross 1 under water stress condition; spike length in the two crosses 1
and 2 at the two conditions, cross 4 under normal and cross 3 under water stress; number of
spikes/plant in the three crosses 1, 3 and 5 at the two stress conditions and cross 2 under
normal condition; number of grain/spikes in all crosses under both conditions except for cross
5 at water stress condition; 100-grain weight in cross 4 under normal and water stress
conditions and for grain yield/plant in the cross | at the two conditions, 2 and 3 under normal
and 4 and 5 under water stress condition. While negative significant heterosis for mid and
better parent were obtained for, number of spikes/plant in cross 4 under normal condition.
Similar results were obtained by Budak (2000), El-Seidy and Khattab (2000), Sharma et a/
(2002), El-Bawab (2003), El-Sayed (2007), El-shawy (2008), Amer (2010) and Eid (2010).

Inbreeding depression measured as reduction in performance of F, generation due to
inbreeding presented in Table (3). Results showed that significant positive values for, spike
length in all studied crosses at the two conditions except for cross S under stress; number of
spike/plant in the crosses, land 3 at the two conditions, cross 2 under normal and cross 4
under stress; 100-grain weigh in all studied crosses except for cross 5 at the two conditions
and for grain yield/plant in cross 1 at both condition and cross 4 under water stress condition.

Potence ratio refer to over dominance for most crosses in all studied traits at the two
conditions, where its values were exceeded unity. On the other hand, some values of potence
ratio in some crosses were less than unity indicating partial dominance in these crosses.
Similar results were obtained by El-Seidy (1997b), Yadav e al (2002b) and El-Bawab (2003),
El-Sayed (2007) and El-Shawy (2008)
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Table (2): Means (i) and variances (Sz) of Py, Py, F,, 3, BC, and BC,; populations of five crosses for plant height, spike length and number
of spikes / plant under normal and water stress conditions.

Tralts Crosses ot T BT BT P — P — T T BT
1 X 9057 87 895 9282 9296 8533 | 83 8297 8567 844 8701 8389
s 8.74 5 567 10667 8198 7631 | 906 559 633 758 6882 57.53
5 X 91 79 872 8612 8433 8053 | 831 7643 82 8492 8227 7876
s? 8 748 696 9331 7147 7393 | 906 825 621 6413 5763 5424
. X 8 7863 90 9163 8713 8353 | 774 7613 8 8474 8179 8028
Plant height 3 s 931 72 734 9381 6268 5593 | 97 815 69 9413 8793 8558
. X 925 7827 863 9093 8595 7935 | 89 7757 8283 8.2 8 7807
§2 681 496 504 9772 6667 9039 | 796 584 594 6203 4689 5736
p % 8683 7663 88 91.1 7547 7627 | 8387 7627 834 8175 7315 7441
s 463 748 621 8675 7377 5385 | 564 944 852 7297 63.18 5976
. X 770 687 780 750 791 717 | 163 667 113 7114 175  7.04
g2 036 046 079 192 171 177 | 031 044 062 221 162 198
- ) X 773 857 960 771 881 86% | 757 810 870 755 855 811
0 g2 048 053 066 168 107 143 | 025 023 063 225 16 16l
Spike length ) X 750 863 830 744 743 761 | 730 817 820 737 .04 731
s? 026 052 022 166 122 116 | 04¢ 021 030 221 190 197
. X 740 540 750 690 699 689 | 723 517 713 664 695 657
s? 025 025 026 263 231 247 | 060 014 060 248 211 206
5 X 687 853 790 753 695 721 | 663 810 740 724 669 725
s 046 067 030 223 189 193 | 638 023 025 231 195 211
) X 113 1290 1330 1065 1044 1120 | 800 917 1047 839 741 853
s 052 062 064 730 568 562 | 055 065 058 798 581 695
2 X 1100 1270 1360 1180 1135 1201 | 810 917 910 928 781 892
s 052 069 032 88 520 680 ] 058 073 043 1089 613 7175
Number of spikes / plant 3 X 1070 1273 13.80 1157 984 991 | 760 913 1060 933 173 176
s? 063 072 048 982 746 668 | 066 071 032 1106 7.01  9.89
4 X 1240 1290 1253 1237 1092 1087 | 943 1050 1013 926 781  8.03
s? 051 042 035 1080 791 852 | 060 095 045 885 669 503
p X 1297 1260 1320 1237 1023 1029 | 923 930 1037 979 804 1.7
s 060 071 041 1135 1029 899 | 070 072 055 978 701 613

Cross 1 (Sico x Gizal24); cross 2 (Sico x Line-2); cross 3 {Giza 2000 x Line-2), cross 4 (Giza 121 x Line-1) and cross 5 (Giza 124 x Line-2)



“Table (2} cont. :

Traits Crosses Statistical Normal Stress
Parameter PI P2 ¥ F2 BCI BC2| PI P2 FI F2  BCi BC2

X 6280 53.00 6480 5676 6184  56.64 | 6120 5240 6360 5544 5936 5536

1 st 927 7.80 830 9556 8560 8488 | 641 721 894 7522 4629  63.80

X 6320 6140 7080  S978 6760 6616 | 6180 6080 G860 5844 6424 6312

2 gt 875 901 640 10362 7904 6906 | 575 689 659 9797 5718  67.05

o X 5700 6160 63.60 ST.I8  S744  59.68 | 5660 6100 6320 5670 5536  54.40
Number of grains / spike 3 s 931 895 894 7474 5757 6022 | 904 680 927 9924 8521 8078
X 5700 5140 6020 5602 5400 5384 | 5600 5080 58.80 5550 5224 5128

4 s? 831 663 858 9851 9341 8754 | 1324 927 823 10545 9513  93.15

X 5300 6130 6240 5766 5312 5616 | 52.00 60.60 5820 5496 5216  54.00

5 g 759 855 639 0456 8240 8235 | 772 721 527 9154 7100  8§3.32

X 514 474 495 488 507 485 | 502 470 490 485 492 472

1 §? 0.03 005 004 0.9 013 014 | 005 006 005 020 013  0.IS

X 516 415 477 475 477 445 | 499 410 470 468 474 435

2 §? 0.03 0.06 0.06 0.20 0.18 0.16 0.04 0.05 0.06 028 0.21 0.18

100-grain weight X 530 413 514 491 499 410 | 528 409 504 484 48 398
3 & 003 006 003 017 002 041 | 002 005 003 022 018 017

X 525 520 528  s2I 519 525 | 518 514 519 506 502 509

4 §? 002 005 003 022 015 016 | 005 003 002 020 014 0I5

X 476 415 462 441 445 420 | 471 410 452 436 431 413

5 & 006 003 004  0.I2 001 010 | 005 004 004 017 015  0.14

X 2292 2578 2647 2131 2239 2390 | 2283 2200 2413 1804 2054 2112

1 s 568 585 423 5805 3831 3373 | 595 407 3.82 4768 3901 3421

X 2342 2100 2427 2404 2252 2402 | 2306 1996 2320 2301 2130  22.82
2 s 579 549 564 6750 4478 3860 | 636 663 443 9841 6809 8937

Grain yield / plant X 3547 2150 2576 2294 2361 2165 | 2472 2001 2336 2211 2234 2079
3 §? 584 699 349 6342 4781 3797 | 646 648 468 5788 5553 4412
X 2461 2702 2610 2609 2193 2585 | 1986 2234 2494 2024 1771 2026
4 §? 393 275 461  7L60 5567 4241 | 485 565 536 667 5937 4157
X 2596 2104 2534 2439 2275 2185 | 2155 1999 2254 2186 1981 1922
5 % 598 671 306 6962 3928 6433 | 411 651 502 8174 7430  70.28

Cross 1 (Sico x Gizal24); cross 2 (Sico x Line-2); cross 3 (Giza 2000 x Line-2), cross 4 (Giza 121 x Line-1} and cross 5 (Giza 124 x Line-2)



Table (3): Heterosis, inbreeding depression and potence ratio in five crosses for all studied traits under normal and water
stress condition.

0t

Normal - Stress
Traits Crosses Heterosis o Heterosis o
MP BP iD PR% MP BP ID PR%
1 0.81 -1.18 -3m 0.40 3.23%» 3.21%= 1.48 161.00
2 2.59%* -4, 18%* 124 0.37 2.80%* -1.32 -3.56 0.67
Plant height 3 9.34%* 4.65* -1.81 2.09 13,33+ 12.40** 2.60 16.16
4 1.07* -6.70** -5.37 0.13 0.73 -4.68%* -3.97 0.13
5 7.67** 1.35% -3.52 1.23 4,16** -0.56 1.98 0.38
1 T.OO** 1.30%* 3.85% 1.24 8.16** 1.35%+* T63%* 1.21
2 17.79%* 12.02%* 19.69%* -3.48 11.06** T.4]** 13.18+* -3.25
Spike length 3 2.89%* -3.82%# 10.32*+* -0.41 6.03%* 0. 37 10.08%* -1.08
4 17.19%* 1.35% 8.04%* 1.10 15.05%+ -1.34*# 6.96%+ 0.90
5 2.60%* -7.39+* 4.68%* -0.24 0.45%* -8.64** 2.16 -0.05
1 10.68** 3.10%* 19.95%* -1.45 21.94%* 14.14%* 19.84%* -3.23
2 14, 77%* 7.00%* 1321%+ -2.06 S.A41* -0.76** -198 -0.88
. 3 17.78%* 8.41%* 16.14** -2.05 26.69%* 16.10%* 11.98%+ 291
Number of spikes / plant 4 0920 D.84% 130 0.47 1.67** 349%  g50%r 031
5 3.26%* 1.77%* 6.29 2.27 11.87** 11.47%+ 3.56 -33.00
1 11.92#** 3.18%* 12.41 1.41 11.97%+ 3.92%* 12,83 1.55
2 13.64%* 12.03%* 15.56 9.44 12.83%* 11,00+ 14.81 15.60
Number of grains / spike 3 7.25%% 3.25% 10.09 -1.87 7A48%* 3.61%* 10.28 -2.00
4 11.07%* 5.61%* 6.94 2.14 10.11** 5.00%* 5.61 2.08
5 9.19** 1.79* 7.60 -1.27 3.37%* -3.96** 5.57 -0.44
1 0.16%** -3.70%* 1.41%# 0.04 0.81%* -2.39%* 1.02#* 0.24
2 2.48%* -7.60%* 0.38 0.23 337%* -5.81%% 0.43 0.34
100-grain weight 3 9.01%* -3.02+ 4 47+ 0.73 7.50%* -4 58%* 3.96%* 0.59
4 1.05%* 0.57** 1.31** 2.20 0.57** 0.22%* 2.53%« 1.33
5 3.12** -2.94** 4.65%* 0.54 2.63%* -4 .09%* 3.58** 0.38
1 8.60%* 2.66¢* 19.50%* -1.48 T6T** 5.70** 2526%* 4.16
2 10,02%* 497*% 0.95 2.08 7.87 - 0.61 0.82 1.09
Grain yield / plan 3 9.69*%* 1.14* 10.95 1.15 4 A5%* -5.50** 5.35 0.42
4 0.92* -3.76%* 0.02 -0.19 18.21%+ 11.66%* 18.87* -3.10
5 7.83%* -2.39%* 3.73 0.75 8.54%* 4.61%* 3.03 2.27

(*) and (**) significant at 0.05 and 0.01 levels probability, respectively.
Cross 1 (Sico x Gizal24); cross 2 (Sico x Line-2); cross 3 (Giza 2000 % Line-2), cross 4 (Giza 121 = Line-1) and cross 5 (Giza 124 x Linc-2)



Estimation of type of gene action:

Six parameter model was employed to allow estimation of the additional parameters that

are necessary to specify the effects of interaction of non-alielic genes. Testing for non- allelic
interaction with the six parameter model and type of epistasis under normal and water stress
conditions are given in Table (4).
The estimate of mean parameter (m) for all studied attributes which reflected the contribution
was found to be highly significant of the five crosses under normal and water stress
conditions. Additive gene effect (a) is quiet small in magnitude relative to the dominance gene
effects. Additive gene effect was positive and significant or highly significant for plant height
in the three crosses 1, 2 and 4 under the two conditions and cross 3 under normal irrigation
only; spike length in the cross 1 only under the two conditions and cross 2 under stress
condition; number of grains/spike in the cross 1 only under the two conditions and 100-grain
weight in the four crosses 1, 2, 3 and 5 under the two conditions suggesting the potential for
obtaining further improvement of these traits by using pedigree selection program.

On the other hand, significant or highly significant negative additive effects were
obtained for spike length in cross 5 only under water stress condition; number of spikes/plant
in cross 1 under normal and water stress conditions and cross 2 under stress. As well as for;
number of grains/spike in the cross S under normal irrigation and grain yield/plant in cross 4
under the two stress conditions indicating that the additive effects were less important in the
irtheritance of these traits.

These results in harmony with those obtained by Bhatnagar er af (2001), Singh ef al
(2002), Eid (2006), El-Sayed (2007} and El-Shawy (2008). The estimates of dominance (d)
effects (Table 4) were significant or highly significant for most studied traits except for plant
height in cross 3 only under stress; spike length in crosses 3 under the two conditions, cross 1
under normal and cross § under stress condition; number of spikes/plant in the two crosses |
in the two conditions and 2 under normal irrigation; number of grains/spike in the three
crosses 5 at the two stress conditions, 4 under normal and 3 under stress conditions; 100-grain
weight in cresses 1 and 4 at the two conditions and cross 5 under normal condition and grain
yield/plant in crosses 2 and 3 at the two conditions and cross 4 under stress condition,
indicating the importance of dominance gene effects in the inheritance of these traits. On the
other hand, significant of (a) and (d) components indicated that both additive and dominance
gene effects were important in the inheritance of these traits and selecting desirable traits
would be effective in the late generations. These results in agreement with El-Seidy (1997a),
El-Seidy (1997b), Eid (2006), El-Sayed (2007) and El-shawy (2008). Significant or highly
significant positive additive x additive (aa) types of epistasis was detected for; spike length in
cross 2 only at the two stress conditions; number of grains/spike in the two crosses 1 and 2 at
the two conditions and for grain yield/plant in cross1 under the two conditions, indicating that
these traits had increasing genes and selection efficiency development. While, significant or
highly significant negative additive x additive type was found for the rest of crosses under the
two conditions except for; plant height in cross 1 under stress; spike length in crosses 1,3 and
4 at the two conditions and cross 5 under stress condition; number of spikes/plant in cross 1
under both conditions and cross 2 under normal condition; number of grains/spike in cross 3
at the two conditions and 100-grain weight in crosses 1 and 4 under the two conditions and for
grain yield in crosses 2 and 3 at the two conditions and cross 4 under stress condition only
(table 4). Similar results were obtained by El-Hosary er af (1992), Abul-Naas ef al (1993), El-
Seidy (1997a), El-Seidy (1997b), Nawar er al (1999), Bhatnagar er ol (2001) and Sharma et af
(2003). Significant or highly significant positive additive x dominance {ad) type of epistasis
was found for, plant height in the cross 1 at the two conditions; spike length in the cross 2 at
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the two conditions and cross 5 under normal condition; number of spikes/plant in cross 3
under normal condition; number of grains/spike in cross 3 under stress; 100-grain weight in
the cross 3 at the two stress conditions. On the other hand significant or highly significant
negative additive » dominance types of epistasis was found for; plant height in the cross 5 at
the two conditions; spike length in the cross 4 at the two conditions; 100-grain weight in the
cross 2 under normal condition and grain yield/plaat in the cross 2 at the two conditions and
cross 4 under normal condition. The dominance x dominance (dd) epistasis gene effect was
significant or highly significant positive for the most studied traits in all crosses except for;
plant height in the cross 1 under stress; spike length in the two crosses 1 and 4 at the two
conditions; number of grains/spike in the two crosses, 1 at the two conditions and 3 under
normal; 100-grain weight in the two crosses 1 and 4 at the two conditions and grain
yield/ptant in the three crosses 1, 2 and 3 under the two conditions. These results confirm the
importance role of dominance x dominance gene action in the genetic behavior. Similar
approaches were reported by Abul-Naas er al (1993), El-Seidy (1997a), Eid (2006), El-sayed
{2007) and El-shawy (2008).

Heritability and expected genetic advance from selection:

Heritability estimates in both broad and narrow senses and expected genetic advance
from selection for studied traits are presented in Table (5). Heritability estimates in broad
sense were relatively high for all studied traits in all crosses and ranged from 65.16% in
crossS and 73.54% in crossi for 100-grain weight to 96.23% in cross 4 and 95.45 % in cross 3
for number of spike/plant under normal and water stress conditions respectively. While,
heritability estimates in narrow sense were low to moderate for all studied traits in all crosses
and ranged from15.67% in cross 3 under stress condition for plant height and 16.32% in cross
4 under stress condition for number of grains/spike to 73.19 % in cross 2 for number of
grains/spike and 76.49 % in cross 2 for grain yield/plant under water stress and normal
conditions, respectively, indicating that these traits greatly affected by non-additive and
environmental effects, These results were coincident with those reported by Abul-Naas et o/
(1993), El-Seidy (1997a), Singh and Singh (1999), Ei-Bawab (2003), Eid (2006), El-Sayed
(2007) and Shawy (2008). The expected genetic advance as percent of F, ranged from (5.6%)
for 100-grain weight in cross 2 to (55.9%) for grain yield/plant in cross 1 under normal
condition and ranged from (3.70%) for plant height in cross 3 to (53.16%) for number of
spikes/plant in cross 2 under water stress condition. These results indicated the possibility of
practicing selection in early generations and obtain high yielding genotypes. Therefore,
selection during those particular populations should be effective and satisfactory for
successful breeding purposes. The results of this study indicated that estimate of epistasis,
dominance and additive gene actions may have been influenced by genotype-environment
interactions. It can be concluded that the degree of improving studied traits based on the high
heritability values and positive additive genetic advance shown by the different traits,
especially; number of spikes/plant, 100-grain weight and grain yield /plant. Determinant
genetic effects of the phenotypic expression of these traits are fundamentally of the additive
type. For this reason, a high response should be achievable afier several selection cycles. The
development of adapted varieties to the arid conditions depends on improvement of potential
yield and yield evaluation in different environments. Generally, the most promising crosses
were the two crosses 1 and 2, were found to be higher in magnitude which had high genetic
advance associated with high heritability and would be interested in breeding programs for
evolving better barley yield under stress environments.
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‘Table (4): Type of gene action estimated by generation mcans in five crosses for all studied traits under normal and water
stress conditions.

Type of gene action
Traits Crosses Normal Stress
m)__ @ (d) (@) (ad) ___ (dd) (m) (@) () (a3) ___ (ad) (dd)
9282*  763*¥F  -13.96%% -14.68%* 5 84** 14.66% | 84.40** 3.12#* 6.90* 421 3.10% -8.73
86.12%%  380%*  .]2.53%% .14.73%* -220 29.40%* | 84 92%+ 351%*  (1539%*  .]7.63%* 0.17 19.11%*
Plant height 01.63%  3.60%+  -17.52%% 250(** -0.08  28.50%% | 84.74** 1.51 -4.59 -14.83** 0.87 18.23*+
90.93%¢  G0%F  3223%*  _33.15%* -0.52 4593%* | 86, 12+* 4.93%  21.75%% .3235%¢ 0.27 3035+
91,10%# 080 5467 -60.93%%F  590%* 9693 | g1 75%* -127 -28.55%* .31.88** -5(7+* 63.69%*
7.50%%  (.73** 0.68 0.16 0.32 -0.15 7.14%+ 0.71*# 1.58%* 1.00 0.22 ~0.81
7.71%* 0.12 5.62%% 4.17%*  0.54** -3.69%* 7.55%+ 0.44% 3.96%* 3.09%%  0.71%* -3.33%+
Spike length T A44%+ -0.19 0.54 0.31 0.38 2.35%+ 7.37+* -0.27 -0.32 -0.79 0.16 3.95%%
6.90** 0.09 127% 0.17 -0.91** -0.13 6.64%+ 0.37 1.43*% 049 -0.66%* -0.87
7.53%% -0.27 -1.60%% -] 80** 0.57* 4.68%* 7.24** -0.56* -1.03 -1.07 0.17 2.71%%
10.65%* L. 76% 1.98 0.69 0.12 6.66%* 8.39%% 1 J2%* 022 -1.67 -0.54 7.87%*
11.80%* -0.67 1.26 -(1.49 0.18 4.67%* G28%* - 11 -3.19%* 3654 -0.57 5.65%*

11.57%* -0.07 -4 72FF L6807 0.95%  1834%* | 033+ 003 410  -6.33* 0.74 13.28**
12.37%* 005 6024 5.91%* 030  12.70%% | 9.26%* -0.21 ~521%*%  537%* 6.32 13.89+*
12.37*+ -0.07 -8.02%*  -§.44** -0.25 1937 | 9.79%* 033  -6.57%  -767% 0.37 15,44+

Nuraber of spikes / plant

£€

56.76%¢  5.20%* 16.82%+ 9.92%* 0.30 -1.48 | 55.44%%  4.00%*  14.48*%* 7.68% -0.40 3.68

59.78%* 1.44 36.90%*  28.40%* 0.54 -29.72%*% | 58.44%+ 112 28.76%* 20.96%* 1.12 -1688%*

Number of grains / spike 57.18%* 2.24 9.82%* 5352 0.06 6.04 1 56.70%* 0.96 -2.88 -7.28 316%  31.76%+*
56.02%* 0.16 -2.40 -8.40% -2.64  21.52%* ] 5550%* 0.96 -9.56* -14.96%** -1.64  32.32%+

57.66*%  -3.04% -6.83  -12.08%* LET  32.62%* | 54.96** -1.84 -5.62 -7.52* 246 24.20%+

4.88% 0,17+ 0.22 0.21 -0.03 -0.16 { 4.85%  (.20%* -0.08 -0.12 0.04 036

4.75%% .32+ 44 056%  -0.18* 0.96%* 1 468**  0.39%* 0.39* 0.54% -0.05 0.85%+

100-grain weight 491*  (.89%* -1.04*  -1.46%  0.31** 2.99%% 1 4.84%  DB8**  -L34%*  -1.69%*F  (.20%* 3.47%*
5.21%* -0.07 0.09 0.04 -0.09 0.10 | 5.06** -0.07 0.01 -0.03 -0.09 0.52

4.41*+ (254 -0.16 -0.32% -0.05 117+ | 436%*  (.18** -0.41%  -0.53** -0.13 [.48%*

21.31%* -1.51 947 7.35%* -0.08 170 | 18.04%* 058  1290%* 118 -0.99 -1.40

24.04%+ -1.50 -0.86 -3.07  -2.56* 2.65 | 23.01** -1.52 -2.09 -3.78 -7 494

Grain yieid / plan 2294 1.96 1.03 -1.24 -0.02 9.21 | 22.11%* 1.55 -1.19 -2.18 -0.80 7.37
2609%*  -3.92%+ ~8.58%+ 881  -266* 17.17*% | 20.24** -2.55* -1.16 -5.00 -1.31 21154+

e e b = e W b = B W =lta B W = B WO e R G RS e

24394 0.89 -6.54*  -B.38** -1.57  16.86%* | 21.86** 0.59 -7.61% 038+ 0.19 17.95%+

(*) and (**) significant at 0.05 and (.61 levels probability, respectively,
Cross 1 (Sico x Gizal24); cross 2 (Sico x Line-2); cross 3 (Giza 2000 x Line-2), cross 4 (Giza 121 x Line-1) and cross 5 (Giza 124 x Line-2)



Table (5): Heritability percentage in broad (h’b) and narrew (h’n) senses and expected genetic advance from selection (Ag) in
five crosses for all studied traits under normal and water stress conditions.

be

Normal Stress

Heritability% Genetic advance Heritability% Genetic advance
Traits Crosses h2{b) h2(n) Ag Ag% h2(h) h2(n) Ag Ag%

1 94.12 51.61 16.98 1.3 90.99 33.31 597 7.08

2 92.12 44.19 8.79 10.21 88.41 25.55 4.21 4.96

Plant height 3 91.69 73.57 14.68 16.02 91.59 15.67 3.13 3.70
4 94 41 39.27 8.00 8.80 89.65 31.94 5.18 6.02

5 92.93 52.89 10.15 11.14 88.99 31.52 5.55 6.78
1 68.30 18.71 0.53 711 77.62 36.71 1.12 15.74
2 65.26 50.76 1.35 17.57 80.57 53.48 1.65 21.87
Spike length 3 81.78 56.53 1.50 20.15 85.14 24.51 0.75 10.17
4 90.36 17.91 0.60 8.67 80.37 32.07 1.04 15.68
5 380.54 28.88 0.89 11.80 $8.03 24 .43 0.76 10.56
1 91.73 45.18 251 23.62 92.61 40.04 2.33 27.77
2 94.79 64.53 3.96 33.52 95.02 72.57 4,93 53.16
. 3 94.12 56.00 3.62 31.24 95.45 47.21 323 34.66
Numtber of spikes / plant 4 96.23 47.87 3.24 26.20 93.08 67.61 4.14 44,73
5 95.31 30.18 2.09 16.93 93.56 65.61 4.23 43.17
1 91.19 21.60 4.35 7.66 89.53 53.64 9.58 1729
yi 92.63 56.98 11.95 19.99 93.41 73.19 1492 25.54
Number of grains / spike 3 87.91 42.39 7.55 13.20 91.31 32.74 6.72 11.85
4 91.85 16.32 3.34 5.95 90.76 21.45 4.54 8.18
5 92,35 25.76 5.16 8.95 93.04 31.42 6.19 11.27
1 78.43 54.26 0.48 9.86 73.54 62.48 0.58 11.97
2 73.66 28.95 0.27 5.60 $1.39 6227 0.68 14.55

100-grain weight 3 77.62 62.04 0.53 10.70 85.06 39.96 0.38 7.93
4 85.29 58.74 0.57 10.91 84.95 51.06 0.47 9.24

5 65.16 25.13 0.18 4.10 75.00 27.88 0.24 5.44
1 91.39 7589 11.91 55.90 90.74 46.45 6.61 36.63
2 91.64 76.48 12.94 53.83 94 45 39.99 8.17 35.51
Grain yield / plan 3 92.15 64.09 10.49 45.72 90.37 27.83 436 19.73
4 94.45 63.01 10.98 42.09 91.40 36.33 5.88 29.04
5 93.24 51.17 8.80 36.05 93.68 23.12 431 19,70

Cross 1 (Sico % Gizal24); cross 2 (Sico * Line-2); cross 3 (Giza 2000 x Line-2), cross 4 (Giza 121 X Line-1) and cross 5 (Giza 124 x Line-2)
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