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ABSTRACT: The present study was carried out at the
Experimental Farm, Fac. of Agric., Suez Canal University, Ismailia,
Egypt during 2000/2001 and 2001/2002 seasons. The pature of
combining ability and heterosis in wheat (Triticum aestivum 1..) were
studied throughout a set of diallel crosses, without reciprocals, of six
parents. Heading date, plant height, spike length, number of
grains/spike, number of spikes/plant, 1000-kernel weight, grain
yield/plant, drought susceptibility index, chlorophyll content, and
proline content were investigated under stress and normal irrigation
treatments. Both additive and non additive gene action were
important in controlling all traits under study. Additive gene action
seemed to be mainly responsible for the expressions of heading date,
1000-kernel weight, chlorophyll content, drought susceptibility index
and proline content, while non additive genes were responsible much
more for the remaining traits.

Superior parents P4 (Sakha 8 from Egypt), P5 (Mrbll from
Syria) and P6 (Omtel-1 from Mexico) were identified for the most
traits and appeared to be good general combiners under both water
regimes. There was significant heterosis for all the studied traits. The
cross combinations P4 (Sakha 8) x PS (Mrbll), P4 (Sakha 8)x P6
(Omtel-1) and P5 (Mrbll) x P6 (Omtel-l) showed desirable
significant specific combining ability under non stress and stress
environment and they appeared significant heterosis over the mid
and better parent. Such crosses can be used for improving wheat
grain yield under drought conditions.
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INTRODUCTION

Drought is a major limiting
production of wheat (Triticum
aestivum L.) in many areas of the
world and there is considerable

interest in trying to increase
drought tolerance in wheat.
Approximately 32% of wheat-

growing regions in developing
countries experience some type of
drought stress during the growing
season (Van Ginkel et al., 1998).

A feasible strategy to achieve
a quantum jump in yield of wheat
under drought stress is the
commercial production on hybrid
varieties. Information on the
prepotency of the parents helps in
making suitable choice for
initiating a hybridization- progra-
mme. To evolve an effective
hybridization programme, combin-
ing ability analysis is used to test
the performance of parents in
different cross combinations and
characterize the nature and
magnitude of gene effects in the
expression of various drought
tolerant parameters. General comb-
ining ability is recognized as
primary measure of additive gene
action. While specific combining
ability is regarded as an estimate of
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the effects on non additive gene
action.

The information on heterosis
and inheritance of developmental
and physiological characters like
heading date, yield and yield
attributes, chlorophyll content and
proline content are available under
favourable conditions, but they are
less available under water stress
(Kathiria and Sharma, 1996).
Nayeem and Veer (2000) observed
significant GCA and SCA effects
for chlorophyll content and proline
content in 21 cross combinations
under favourable and unfavourable
conditions. Several investigators
studied general and specific
combining abilities and their role
in the inheritance of earliness,
grain yield and yield components
traits under normal irrigation. For
instance, Martin et al. (1995),
Awaad (1996); Hassan and Saad
(1996) and Saad (1999) reported
that both pgeneral (GCA) and
specific (SCA) combining ability
variances were highly significant
for most of these traits. Darwish
(2003) and Ei-Seidy (2003)
indicated that mean squares due to
general and specific combining
abilities were significant for
heading date, yield and yield
attributes under both favourable
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and water stress conditions. High
GCA/SCA ratios that exceed unity
were detected for all the studied
traits, indicating that the largest
part of the total genetic variability
for these traits was due to additive
and additive by additive type of
gene action. Salgotra ef al. (2002)
reported that the crosses exhibiting
heterosis for grain yield in wheat
also show high heterosis for other
desirable yield characters. The
main objectives of the present
study were 1) to estimate the
relative importance of general and
specific combining abilities for
yield and its attributes. 2) to
genetically evaluate parents and
helps wheat breeders for producing
new genotypes of high yielding
ability under drought stress and
normal irrigation.
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MATERIAL AND
METHODS

The field work of this study
was carried out at  the
Experimental Farm, Fac.,, of
Agric., Suez Canal Univ., Ismailia,
Egypt in two successive seasons
2000/2001 and 2001/2002. Six
genotypes of bread wheat were
used in this investigation. They
were; two local cultivars (Sakha 8
and Sakha 69) and four introduced
genotypes from ICARDA were
chosen from the previous
screening experiments for drought
tolerance (Bayoumi, 1999). The
parents were selected on the basis
of the presence of wide differences
between them with respect to
certain economic and drought
tolerance traits.

Table (1): The origin and pedigree of the studied parental wheat

genotypes

No. Name Pedigree Origin

1 Sakha 69 (Inia/P1  4220//7c/Y1”8” cn15430-25- | Egypt
05,1980)

2 Rufom-2 Glennson. 81/3/Fury/51m/Aldan’s Syria/Lebanon

3 Korifla HCW385-0398-010AP-300L-4AP-OTR Portugal

4 Sakha 8 Indus 66x Norteno “S” IK 348 Egypt

5 Mrbll/snipe/Magh | ICD 85 — 0538 — ABL — TR ~ 9 AP — | Syria
OTR

6 Omtel -1 ICD 85 — 0988 - 6 — AP — TR - | Mexico/Syria

- 4AROTR :

In 2000/2001 season, the six
parents were crossed in all possible

combinations excluding reciprocal
to obtain a total of 15 F,’s grains.
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In 2001/2002 season, the six
parents along with 15 F;, hybrids
(21 entries) were sown under two
water regimes (stress and non
stress). The stressed experiment
was irrigated one time after sowing
{(i.e., two irrigations were given
through the whole season).
Meanwhile, the non stressed
experiment was irrigated five times
after sowing irrigation. Each
experiment was designed in a
randomized complete block design
with four replications. The
experimental plot consisted of
three rows 1.5 m long. The plants
were individually spaced 10 cm
within and 30 cm between rows.
The ordinary cultural practices for
wheat production were followed
during the growing season.
Observations and measure-
ments were recorded for parents
and F, hybrids on ten guarded
plants taken at random from each
plot for each water regime for the
following characters:
1- Days to 50% heading
2- Plant height (cm)
3- Spike length (cm)
4- Number of grains/spike
5- Number of spikes/plant
6- 1000-kernel weight (g)
7- Grain yield/plant (g)
8- Drought susceptibility index
(3)
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The drought susceptibility index
(8) was used to characterize the
relative stress tolerance of all
genotypes according to (Fischer
and Maurer, 1978) as follow:
S=(1-Y4/ Yp )D

Where:

Ys; = mean grain yield in stress
environment

Yp = mean grain yield in non stress
environment

D = Drought intensity
=]- (mean Yy of all
genotypes/mean Y, of all
genotypes).

9- Chlorophyll content: The
Chlorophyll a,b contents were
measured
spectrophotometerically at 662
nm and 644 nm according to
Faddeel (1962).

10- Free proline content: Free
proline  was  determined
spectrophotometrically at 520
nm. to investigate the
relationship between proline
accumulation and  drought
tolerance according to Bates et
al. (1973)

The ordinary complete
randomized block analysis was
first carried out according to Steel
and Torrie (1980) to test the

significance of genotypic
differences. Moreover, Barttelet
test was used to test the
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homogeneity of error for
combined. Heterosis was
calculated as the deviation of F;
mean from the mid parent and
better parent values and expressed
as percentage. Estimates of
combining ability effects were
calculated using Griffing’s method
2, model 1 (1956). Moreover, the
ratio of GCA variance to SCA
variance was calculated according
to Singh and Chaudhary (1985).

RESULTS AND
DISCUSSION

Mean performance:

The result showed significant
differences among the studied
genotypes  for  all  studied
characters. The mean performance
of the parents and single crosses
for all traits are presented in Table
(2). The cross Ps (Mrbll) x Pg
(Omtel-1) was the earliest hybrid
for heading date. Whereas, the
cross P; (Korifla) x P4 (Sakha 8)
was the shortest hybrid. The
crosses Py x Ps P4 x Pgand Ps x Pg
were the best hybrids for grain
vield and its attributes under both
water regime.

Genetic variability estimated
as mean squares for the
investigated characters of parents
and their F; hybrids are presented
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in Table (3). The mean squares due
to genotypes, parents and crosses
were highly significant for _all
traits, indicating the presence of
wide diversity among the parental
materials and the 15 F;’s crosses
under non stress and stress
conditions. This indicates that
variability existed among the
population increases the chances
for isolating new recombinations
in the advanced generations
characterized by drought tolerance
in wheat. The significance of the
parents vs crosses indicated the
presence of heterosis and non
additive genetic effects in the
crosses and justified the use of
diallel analysis (Salgotra et al,
2002).

Heterosis effects

Estimates of mid and better
parent heterosis for the studied
traits are shown in Table (4). Since
earliness is an important objective
in wheat breeding for drought
tolerance, the negative values of
heterosis for number of days to
50% heading are desirable. Nine
out of 21 crosscs showed negative
heterosis for days to heading over
the mid parent under non stress
{-6.52 to -8.8 %) and siress
conditions (-0.32 to -12.05%).
While, over the better parent 14



Bayoumi, T.Y.

)

Table (2): Mean pérformance for parents and F, generation for yield and its attributes

Heading |Plant height |Spike length| No. of No.of | 1000-kernel |Grainyisld/| Chl.A+p | Profine
Geno- date {cm) {cm) grains/spike | spikes/plant| weight (g) plant (g) {maig) c(:)nntent ps!
types Non |Stress | Non (Stress| Non |Stress | Non |Stress| Non [Stress | Non |Stress| Non | Stress | Non {Stress| Non | Stress
siress stress stress stress stress stress stress siress Stress
P1 875:915 (9805 (850 75 | 64 1568|466 | 29 23 | 327|295 | 87 72 (176|106 ) 1.9 55 | 0.51
P1 97.5 81.5 | 90.5 85.0 7.5 64 56.8 | 466 28 2.3 327 285 8.7 7.2 17.6 106 1.8 5.5 0.51
Pa 97.7 ( 90.0 ] 1007 | 943 86 7.5 57.4 | 47.4 33 28 36.3 288 2.0 7.4 188 12.2 17 5.7 0.54
P3 935 | B35 | 855 | 75.8 8.3 6.9 58.3 ! 48.3 4.1 2.9 39.8 30.1 9.3 6.7 16.4 986 2.4 6.3 OATMQ-1
Pa 1015) 965 | 807 ; 7156 a8 7.9 572 { 489 44 27 434 ) 3086 96 77 328 18,9 1.9 60 0.57
Ps 995 | 887 | 98.0 | 923 9.3 8.1 60.7 | 511 4.8 29 46.4 338 8.9 8.3 35.2 23.3 25 6.6 0.46
Pg 893 | 82.0 |103.2 | 973 8.5 8.4 58.7 | 55.0 44 31 481 341 115 86 38.8 ; 24.7 29 6.7 0.71
Px P2 97.0 1 89.2 | 100.0 | 928 a.7 7.7 50.3 | 405 27 3.4 382 32.4 10.6 g2 21.4 136 241 85 039
Pix Ps 92y | 875 | 950 89.0 9.3 84 558 | 457 22 3.2 38.2 | 323 11.4 9.2 20.9 138 23 6.6 1.17 |
Px P, |1015] 945 | 1100 {1023 | 95 85 15651487 | 41 ] ﬁ3.2 356 ) 315 ) 114 | 84 ;256 | 183 | 18 80 | D75
Px Ps 96.0 880 | 983 | 915 - K] 7.8 8.3 | 48.4 4.4 3.8 37.8 | 327 12.4 8.7 288 | 201 1.5 59 0.85
Px Pg 931.5 875 | 76.2 7.0 9.8 87 62,6 54.0 46 34 38.9 31.6 13.6 88 279 187 22 8.3 T.O‘rm|
Pax P3 945 | B95 | BBS 86.3 8.9 8.1 61.8 | 52.2 33 37 33.6 327 12.6 88 239 146 1.8 59 1.17
Paox Py 97.0 | 90.7 | B4.2 84.3 8.9 89 63.1 54.6 38 3.2 436 | 334 13.7 8.7 29.5 19.6 17 8.0 1.05
Pox Ps | 98.3 | 890 | 1200|1080 | 68 | 88 | 687 | 57.7 | 48 | 38 | 453 | 953 | 138 | 6.7 |42 | 242 | 23 | 74 | 1.07 |
Pax Ps 803 | 813 | 1050 | 955 9.0 8.7 649 { 56.4 43 38 43.5 { 34.5 12.7 100 | 308 | 209 22 71 Q.61
Pax Py 00.2 | 90.5 | 90.2 B1.5 9.2 82 698 | 58.4 2.8 3.5 46.3 | 338 14.8 89 358 | 261 1.7 7.0 T.OBJ
Pax Ps 963 | 923 | 1042 | 1045 | 10.7 8.7 60.7 | 54.9 34 4.3 41.3 32.5 i1.8 B2 287 20.0 23 7.7 1.14
Pax Pg | 207 978 { 806 | 853 9.9 8.8 68.0 { 60.2 47 4.3 486 | 34.4 14.2 8.8 316 | 239 2.5 8.0 113
P4x Ps 982 | 873 | 1200 107.0) 102 79 720 } 618 8.1 4.8 48.2 | 35.6 14.7 99 397 2049 3.2 B.7 0.89
Pax PG 945 | 84.2 | 100.0 | 853 9.4 8.7 706 | 61.2 | 48 4.2 47 .4 36.6 14.6 10.1 40.8 31.3 31 9.0 C!.QGH
Psx PS 88.0 | 83.0 | 100.2 ] 102.7 | 10.0 8.6 727 | 653 57 4.8 49.2 1 378 15.3 10.4 | 48.1 379 35 97 0.89
LSD 5% 2.39_] 423 | 483 { 3.54 | 028 | 0.1 7.7 259 | 0.34 0.17 | 0.8 J 037 ! 018 { Q13 1.30 1.05 0.09 | 0.49 O‘OGTJ

DSI = Drought susceptibility index



Table (3): Mean squares for parents, crosses, parents vs. crosses, irrigations and their interactions for the
studied traits in bread wheat

] ] . No. of grains / No. of spikes / 1000-kernel
Heading date Plant height Spike length ; P Grain yield/plant Chlorephyll a+b
spike plant weight
sov | df DSl
Non Non Non Non Non Non Non Non
Stress Stress Stress Stress Stress Stress Stress Stress
SiTess siress stress stress stress stress siress stress
Reps. 3 {147 le79 (7570 12895 (043 (0004 [262 ja11  |0205 |0.047 [B27 |0193 (0354 {012 0.8 (1200 {3.97
Genotypes | 20 |58.897 |81.65° |505.67 480567 |2.637 (179" (161.647[150.98716.327 {1.88" [107.667|21.46” |18.307 |3.80" lo.258" 28247 |202.47
parents 5 |79.507 [88.84" [321.457 {46077 [2.237 2387 |7.787 [38.027 [12.88" (03277 [141.687 (2144 (3937 |1.89" |0.056" |402.487 (17577
Crosses 14 [51.087 [83.67" 54577 |446.217(1.8¢" |0.706" |180.377 |175.57 |2.56" [1.1857 [101.847 114137 |9.46” [2.057 |0.198” [233.017|186.9
Parents  vs.
crosses 1 |57.82" [17.427 |884.37 [1060.87115.03" [14.307 |668.737 |372,597{26.11" {19787 [18.917 1124.097{213.87 |37.337 [2.109" [a734” 55177
Error 60 (287 (133 |o46 [26.29 0035 {0024 |0.163 1624 [0487 [0.014 |0.375 [0.171 (0320 |0017 o002z [1076 |956

DSI = Drought susceptibility index
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and 10 out of 15 crosses showed
negative  heterosis for both
conditions and ranged from (-0.77
to —11.55 %) for non stress and
(-0.38 to -12.5%) for stress
condition.

The cross combination P2 x P6
and P5 x P6 were the earliest in
heading among all crosses. Thus it
may be possible to use these
hybrids as promising genotypes for
drought tolerance or as source
genes for earliness along with
yield components. Kheiralla et al.,
(2001) reported that four hybrids
were significantly earlier than the
better parent. While El-Hennawy
(1996) found 10 out of 28 crosses
showed negative heterosis over the
mid parent. For plant height, ten
hybrids  exhibited  significant
positive values over the mid parent
and ranged from (1.18 to 28.7%)
under non stress and (0.0l to
26.68%) under stress conditions.
While over the better parent seven
hybrids were significantly taller
than others for both conditions.

Regarding spike length, 14 out
of 15 crosses showed highly
significant  positive  heterosis
relative to mid parent for both
conditions and P5 x P6, P4 x P6
and P3 x P5 hybrids were the
longest spike for both conditions
over mid and better parent.

Bayoumi, T.Y.

Number of grains/spike showed
highly significant increase for
eleven crosses in their respective
to the mid parent and the values
ranged from (548 to 26.30%)
under non stress and (4.51 to
26.60%) under stress conditions.
Nine and ten crosses for the
number of pgrains/spike were
positively and significantly
heterotic effect over the better
parent for non stress and stress
condition, respectively. Concern-
ing number of spikes/plant, 11 and
15 out of 15 F; crosses showed
highly significant positive
heterosis relative to mid parent
values under non stress and stress
conditions, respectively. Compared
to better parent values, highly
significant  positive  heterotic
effects were obtained in seven and
fifteen crosses for this trait under
both non stress and stress
conditions, respectively.  The
highest values of heterosis were
observed for the crosses P5 x P6
and P4 x P6 over mid and better
parent for both conditions. 1000-
kernel weight was highly and
significantly heavier than the mid
parent in 13 crosses for both non
stress (3.8 to 18.6%) and for stress
(3.85 to 21.52%) conditions.
Whereas, four and nine out of 15
Fy crosses showed highly and
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Table (4): Heterosis as percentage of mid-parent (upper values) and
better parent (lower values) for all characters studied in
the F| generation

Heading date Plant fieight Spike length ].\Io. of- No. of spikes‘plant :.
Crosses araing/spike 3 f
SES:S Stress s!t\jrg:s Stress ;;2:5 Saess YLEL T 5"65: ilil stress 3 jlrcss
Px P 052 | 218 [ 7357 | 8797 066 | 200 | -12.00 [-18.387( 2430 zs.f,n"L
077 ] 000 ) 074 | -1.59 | 086 | 200 | -1248 |-ta4y ) 22287 | 3
poxP, | 587 | 6187 198 | a39™ a7 L2007 | 326 | 769 [ -0.67
615" ] 27657 | 479" [ 10557 [ 1164 22627 | 460 | 532" | 2049
poxP, | 5187 [ 805T [1800™ 19947 [ 929" 112107 | -L71 | -5.807 | 31007
000 | 026 1213471270171 826" | 764™ | 117 | 464" | -3376"
PoxPs | 052 | -La4 5507 | 7337 | 268" | 330" | 114 | 244 | 12167
351 | -355 | 025 { -0.81 | 428 | -432 | 246" ] -538 | 2168
rplxh 310 | 301 (-17.607) <1671 | 11007 | 15667 | 8877 | 10707 | 2020
4107 | 509 1.2566™ (26997 104 | 3.86™ 3 476" | 027 | 430
pox Py | 200 { -032 | 257 | 117 | 325" | 730" [ 736" | 451" | 18207
332 0 .083 | 992 ¢ -848" ] 3457 | 733" L6 o0 | 719" § 43447
P.xP, | 052 ¢ 134 1 118 | <37 | 3257 18337 [ 9747 | 727" | 878"
4437 595" ] 645 (<1061 227 13057 9967 | 8637 | 4547
Pax P, | 180 | 218 28707126687 112757 {17337 | 19387 | 18477 472"
125 | 166 (19107 114587 ) 5097 ) 864 | 19627 | 14927 | -15.06"
Pax P, | 647 [-12057 112707 [ 12,027 § 4117 [ 15307 [ 12877 f 11.00™ | 18207
6771212500 169 ¢ <179 ) 523 | 359 | 860 | 000 | 5917
PoxP, | 388 | 107 [ 300 [ -439 | 584" | 866 | 20.43" | 2085™ | 25607
8627 16217 5557 | 759" ) 484 | 382" (198972236 | 207177 |
PoxP | 025 | 248 | 11377 [22587 (21097 (14337 ) 5487 | 8247 ) 2.0
= 326 | 3.09 | 6377 | 13277 [ 1286" | 5.86” | 415 § 4997 | -12.77"
P,xP, | 3957 | 330 | 3757 | 001 {14.487 18007 | 19877 | 20.00™ | 10.80"
294 | 4517 |-12.837112337 0 3927 | 598" {15417 8137 | 20437
Pix Ps 180 | -116 {28707 [ 25517} 18207 | 466™ | 25007 ) 2524 | 878"
320 | -829% | 22.44™ 115987 | 10187 -3.08 {25767 | 2147 ] 3
PoxP, | 200 [ 4517|7357 17T 23.59" 1 15337 ] 22,60 j 22317 | 47.28"
‘ 6897 1-11.397] 314 | -2.05 | 12567 ] 3597 {18017 ) 1007 ) 17.20™
Pox P -8.80° | -898™ {1720 | 20.52™ } 23.97" } 17.607 | 26.30™ | 26.60™ | 47.30™
L 211557 -B.16™ | 5817 | 5657 | 12.827| 568" |21.60” | 14.03" | 2726

* ** significant at 0.05 and 0.01 levels of probability, respectively
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Table (4): Conti.
1000-ternel weight | Grain yield/plant] Drought Chl. (a+b) Proline content
Crosses Non stress| Stress Non Stress Snsc-eptibility Non Stress Non Stress
stress index stress stress
0% | 417 [919%] 2007 [ 3427 134" [ 1927 ] 35" 14
PoxBe o cog | 100m | 17am | 2350 | 2830 | i2a | net | 249" | 98"
12.600 ¢ 385" | 1777 ] 19.77 96.1" 317713837 | 97 103"
BB oo | e 2237 | 2 s19* 184" | 312 | 307 48
14107 | 112 1747 ] 947 257" 37 2607 ] 997 40
PoxPo) goon | 285 [ | s 310" 2207 33 | 051 42
867" | 491" 280" [ 1377 425" 82" [ 3677 ] 3087 84"
FixPs 1836 | -340 [256" 527 650" |-1817| 135 | 396™ -129
3807 144 [408" | 1457 67.6" 497 567 | 4297 6.6"
PixPo | 700" | e0” | 1847 | 207 26" 278" |244"| 232" | ag’
12000 | 5670 [2957 [ 153" 961" -100 {3617 { 1397 557
PoxBo ) sea | a7 | aaen | 1se™ | siet 2577|2047 | 2397 | 02
5187 | 7397 T4177 | 1397 760" 1057 | 1787 [ 21.8% ENN
PxPo | a6 | o2 420 ] 127 838"  [-1037] 357 | -136" | 33
927" | 1333 | 4257 | 1307 79.4" 2827 [ 4637 | 01" 185"
PxPel o3 | ase | 3060 | a6 963" | 29 | 41" | 47 127"
4017 T 10927 [ 31671 303™ 36 1577 [ 262" | 547 1797
PxPe | gem | 1o 107 ] 1627 | 30” {204 [asat| 223 5.1
Py x P, 1150 | 877 4557 | 156” 811 356 15837 1 200 85"
6557 | 1062 | 398”7 | 143" 40.9™ 99" | 386" | 294 31"
0.40 457 [2147 [ 697 911" 86" (208" 670 | 2317
PoxPe | oos | 69 | 1947 ] 099 483" |.478"(-139"| 68" | 170"
P xP, 12007 | 1037 | 4517 | 1467 89.47 1977 ;5.0“' 1577 281"
-3.06 0512 |220"] 22% 4707 1767 29 | <1477 142"
16107 | 14237 | 5247 | 2927 4927 5000 [ 3707 | 471" 38.17
PoxPobgem | sar Jeone| 106 | ser | e 297 | 287 | s1s
14207 1 1799 [ 64" | 316" 609" 5607 [43.17 | 4447 41.07
PoxPo | yso | 746" 3607 ] 1727 | 359 | 737 |2637 | 63" | 257"
ige0” T 21527 13097 1 400™ 4037 gna” V5R1T ] esR” 5527
r’xP“ 228" | 10.68" | 345" | 2487 2577 loa1” | s3] 2297 | 3sst
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significant positive heterosis over
the better parent under non stress
(3.87 to 6.55%) and stress (5.17 to
16.68%) conditions.

The heterosis over the mid
parent for grain yield/plant ranged
from (9.19 to 61.4%) for non stress
and (6.9 to 40.1%) for stress
conditions. For better parent
positive and significant heterosis
was observed in all crosses for non
stress and stress conditions. The
range of better parent heterosis
was (10.7 to 49.1%) for non stress
and (2.0 to 24.8%) for stress
conditions. Several studies have
also  demonstrated  significant
levels of heterosis in wheat of
them El-Hennawy (1996), Saad
(1999), Afaf Tolba (2000) and
Salgotra et al. (2002) they stated
that genetic diversity is important
for heterotic expression therefore,
the level of heterosis expressed in
this study may reflects a high
degree genetic diversity among
these parents.

Application of the drought
susceptibility index over both
irrigation treatments (non stress
and stress) indicated that, 13
hybrids exhibited highly
significant heterosis over the mid
parent and the better parent. Only
two hybrids had negative heterosis
(P1 x P2 and P2 x P6) for the
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drought susceptibility index over
the mid and better parent.
Chlorophyll content (a+b) was
estimated from ten random plants
of the parents and Iy for the two
water regimes. Heterosis over the
mid parent showed a vast ivide
range for this trait, where, it was
(4.9 to 80.6%) under non stress
and (5.6 to 58.1%) under stress
conditions. While, over the better
parent it ranged from (9.9 to
25.7%) under non stress and (3.5
to 53.1%) under stress conditions.
These results may be indicate that
the expression of the trait is
developmentally programmed
according to the state of water
regimes and kind of cross.
Concerning  proline  content
attempts have been made to relate
the increase in free proline to
drought tolerance or to use it as an
indicator of the level of stress
(Aspinall et al. (1983), Narayan
and Misra (1989)). 14 and 12 out
of 15 F, crosses showed positive
and highly significant heterosis
relative to mid parent values for
both water regimes. Compared to
better parent values, positive and
highly significant heterotic effects
were obtained only in four crosses
under non stress and ten crosses
under stress conditions. Some
accumulation of free proline under
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irrigated (non stress) condition was
apparently a  response  to
atmospheric drought (Narayan and
Misra, 1989). .

Combining ability
The analysis of variance for
combining ability (Table 5)

showed highly significant mean
squares for both general and
specific combining abilities of all
the studied traits under non stress
and stress conditions. This result
revealed the importance role of
both additive and non additive
effects in the expression of these
traits. The magnitude of GCA was
larger than SCA one for all the
studied characters except plant
height and grain yield/plant,
resulting in GCA/SCA ratio was
more than unity. To reveal the
nature of genetic  variance

controtling the studied characters,

additive variance (GEA)),
dominance variance (6%p)
GCA/SCA ratio and heritability in
narrow sense were computed. The
high ratio of GCA/SCA and high
additive variance (o?4) than
dominance were detected for
heading date, 1000-kernel weight,
chlorophyll (atb), drought
susceplibiiity index and proline
content. This result reveal that the
inheritance of these traits were
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mainly controlled by additive
effects of genes, while, the
remaining traits were controlled by

‘non additive gene. In this respect,

El-Marakby et al. (1993), Awaad
(1996) and Nayeem and Veer
(2000) reached the same
conclusion concerning the
inheritance of the above traits in
wheat.

Heritability  estimates  in
narrow sense were relatively high
to moderate in F; hybrids for the
most traits. For chlorophyll a+b
they were (795 and 63.2%),
drought susceptibility index (76%),
1000-kernel weight (75.7 and
58.6%) and heading date (96.7 and
53.2%) under non stress and stress
conditions, respectively, as well as
for proline content (56.1%) under
non stress conditions. On the other
hand, grain yield/plant and the
other traits showed low narrow
conditions. Hamada et al (2002)
and El-Seidy (2003) found that
heritability estimates in narrow
sense were high moderately to
high for 1000-kernel weight, No.
of kernel/spike and heading date.
Whereas, Saad (1999) and
Darwish (2003) showed that
hertabilities in narrow sense were
low for grain yield/plant, number
of grains/spike and spike length.



Table (5): Mean squares for general (G.C.A) and specific (§.C.A) combining ability as well as variance
components for additive (6*4), dominance (o’p) and heritability in narrow sense (hz) for the

“studied characters in bread wheat

. No. of grains / INo. of spikes /} 1000-kernel Grain Chlorophyll |Proline
Heading date | Plant height | Splke length
spike plant weight yieldiplant DSt ath content
S.0V ] df
Non Non | Mon Non Non Non Non Non Non
Stress Stress Stress Stress Stress Stress Stress Stress Stress
stress stress stress strass stress stress stress siress stress
GCA | 5 Jadse [4Z88 |179.1 |177.18 | 1.34 | 0.64 [50.87 |5B8.16 | 2.76 10969 |87.87 111.30 | 507 [1.11 |0664 12384 |1462 | 0.76 |2.485
['S.CA |15 [500 [12.92 |18B.8 18512 | 0.43 | 0.38 |33.88 (2194 | 1.18 |0.430 | 650 [ 238 | 540 | 188 |0.165 |14.64 |18.72 (0176 |0.851
Error | 60 | 0719 | 633 | 236 | 657 |0.99]0.086 | 0.041 [ 0.061 | 0.122 ] 0.084 | 0.094 | 0.818 | 0.005 | 0.062 | 0.001 | 0152 | 0.141 | 0.061 | 0.195
GCA/ R -
877 |3317 [ 005 { 097 |308| 166 | 175 | 380 { 235 | 220 {1332 333 [ 004 | 050 [ 402 (1628 7.79 | 434 | 292
5.C.A
o'a §72 | 748 | 17.56 | 19.01 |0.112) D064 | 642 | 158 | 040 | 0.133 | 2031 | 2.22 10166 | 0054 10124 | 559 | 31.88 | 0.146 | 0.41
oo 428 | 658 (1064 ] 9465 0.335[ 0.30 [33.84 [ 2188 | 1.058 [ 0376 | 65 | 157 | 4404 | 0.834 | 0.164 | 14.45 | 1857 [ 0.114 | 0.656
n’ 894 | 532 [ 141 | 1674 [260{1758| 158 | 416 | 274 | 2618 757 | 5859 | 363 | 613 | 76.0 | 79.45| 6319 ( 561 | 385
|

DS1 = Drought susceptibility index
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1- General combining ability

Estimates of general
combining ability effect for each
parent are given in Table (6). Since
negative and significant values of
GCA would be of interest for
earliness, the parents P6, P3 and
P5 are considered to be the most
desirable among the parental set
for improving earliness. The
parents P3, P1 and P4 had more
genes for dwarfness, and P5 and
P2 for tallness than others. The
parental genotypes P6 and PS5 were
considered to be the best among
the parental set (good combiners)
for all the studied traits for both
water regimes. These results
indicated that the parents P6 and
P5 were promising parents and
showing high GCA effects for
important yield traits. So, it can be
claimed that GCA effects represent
the fixable component of genetic
variance. Thus the previous
parents may be useful in hybrid
breeding programmes  for
improving the grain yield under
both stress and non  stress
conditions (Mann and Sharma,
1995).

2- Specific combining ability
Specific combining ability

effects for different crosses are

given in Table (7). Results
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revealed that the crosses (P1 x P3,
P1 x P5, P2 x P5, P2 x P6, P3 x
P4, P4 x P5, and P5 x P6)
exhibited negative and significant
SCA effects for heading (towards
earliness) under both  water
regimes. While, the crosses (P1 x
P4, P1 x P6, and P2 x P5) attained
positive and significant SCA
effects towards lateness in days to
heading. For plant height, nine
hybrids showed positive and
significant SCA effects toward
tallness under non stress and stress
conditions. Morcover, six crosses
exhibited negative SCA effects
towards dwarfness. Regarding

- spike length, ten crosses under non

stress and eight crosses under
stress conditions showed positive
and significant SCA effects and
the best hybrid in spike length was
P1 x P3 followed by P1 x P4 and
P3 x P5 under both water regimes.
Specific combining ability
effects were consistent with the
two water regimes for number of
grains/spike. Out of 15 crosses,
only five crosses P1 x P2, P1 x P3,
P1 x P4, PI x PS5, and P3 x P5
showed negative SCA effects for
number of grains/spike under non
stress and stress conditions. While,
number of spikes/plant were
inconsistent for SCA effects over
the two water regimes for crosses



Table (6): General combining ability effects for the studied characters in bread wheat under non
stress and stress conditions

i . . No. of grains / |No. of spikes /| 1000-kernel Grain Chiorophylt Proline

Parents | Heading date | Piant height | Spike length
spike plant weight yiald/plant - a+b content
Non Non Non Non Non Non Non Non Non
Stress Stress Stress Stress Stress Stress Stress Stress Stress
stress stress stress stress stress siress stress stress stress
\ 102 | 142 | 3.28 | -357 § -0.55 | 043 | -463 | 51 | 095 | -0.37 | -499 | 148 | 107 | 029 | -0.08 | -6.25 | -478 | 0.34 | -060
}F"— 0.y71 | 001 [299" | 230" | 032} 005 [-1.29 [ -2.03 { -0.30 [ -0.22 { -2.04 | 072 | -0.49 | -0.08 | -0.07 | -3.99 | -3.34 | 0.28 | -0.50
P 469" | 044 | 578 | 47 | -010 | -0.17 | -0.05 | -0.38 | -0.06 | 0.03 | -+.18 | 067 | -0.36 | .0.48 |0.164 | 4.41 | -3.27 | -0.03 | 0.004"
P, 258 | 290 | -1.44 | -285 |0.09Y | 008 | 157 |1.26 | 0.28 | -002 | 1.84 | 011 | 0.44 | 006 |-0.004| 3.57 [ 235 | -0.04 [-0.048
}Ps 118 |-0a7 (752" [ 777 [ 043" 012" [ 1217 [ 218 [ 025 | 034" | 2697 | 127 | 032 | 022 |0018" ) 508 ] 4.30° | 0.24 ]3433"
Ip,, 385 | 409 1-0006] 102" [ 047 041" [ 319" [ 4077 [ 077 [ 024" [ 369" [ 150" | 118" | 0.57 |0.014 | 6.00 | 4.74 | 046 |0.761
i .
SE (gi} 027 | 018 | 049 | 024 | 003 | 002 [ 008 | 008 | 041 | 0.01 | 0.09 | 0.04 | 002 | 0.01 |0.0007! 0.14 | 0.12 |0.0009} 0.002
A : 1 ]
L.SD at
59 0.55 0.37 0D 9g (.49 0.04 0.13 0.13 0.18 0.22 0.04 0.19 0.08 012 0.03 00001 0.28 0.24 | 0.001 | 0.004
(]
LSD at B
‘2’/ 073 ( OS50 | 132 [ 065 [ D06 | 017 i 017 [ 029 { 029 | 008 f 0.26 | 041 | 016 | 0.04 {0.0002( 0.37 | 0.32 { 0.002 | C.006
o
(R, I S

DSI = Drought susceptibility index
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Table (7): Specific combining ability effects for the studied traits in bread wheat under non stress
and stress conditions

'Headmg date | Plantheight | Spike length No. of grains /|No. of spikes /| 1000-kernel Grain Chiorophyil Proline
spike plant welght yield/ptant a+h content
Crosses =gy Non Non Non Non ] Non Non DSI_ Non Non
Stress Stress Slress Stress Stress Stress Stress Stress Stress
stress stress stress stress stress stress stress stress stress

PixP, |0018] 1.55 | 206 [ 305" [027 | -007 [ -5.82 | -5.27 | 271" | 057 (334 | 169 | 0.06 (086 | -0.29 [ 168 | 1.15 | 044 | 063

FixP; |-3.07 | 588 |5.85 1646 | 065 |085 | -166 | -167 |96 | 002 | 055 | 144|064 | 122|025 | 163 143 | 047 | 068

PyxP, | 270 | 389 |16.05 [17.60 | 0.61 | 065 | -2.38 | -2.37 | 0.51 | 912 | -3.12 | 0.19 | -0.20 -o.qé 00021 1.7¢ | 0.08 | 0.06 | -0.76

P/ xP; |-1.38 |-132 | 421 -356 | 0.31 | -0.09 | -0.37 | -1.63 | 0.21 | 0.34 | -1.70 | 0.17 | 0.85 [ B.OF | 0.11 ) 0.01 | -0.02 | -0.67 | -0.88

;.; P\ xP, | 1.14 | 089 [1818[-17.31]| 0.38 | 064 | 2% |3.01 | GO0 | 0.02 | -0.70 | -1.48 | 1.35 | -0.2Z | 0.24 | -1.78 | -1.88 | -B.13 | -0.31
E-: PixP; | 024 | 001 | 467 | 225 | 0.04 | 007 | 112 | .31 | 089 | 0.34 | -5.01 | 1.04 |1.21 | 088 |0.22 |237 | 6.72 | -0.09 | -0.50
ot P,xP, |-154 [-098 | 552 | -6.16 [ -0.15 | 085 | 0.87 |1.05 | 0.31 | -0.03 | 1.4 | 098 | 1.58° | 0.05 | 027 |-0.10 | -0.03 | -0.25 | -0.55
E P,xPy | 111 [305 |1126 | 896 | 034 | 054 |678 | 568 | 0.16 | 0.13 | 279 | 188 1179 | -0.18 [ 0.31 |30 | 268 |0.12 | &.51
g P;xP, |-1.85 |-5.87 {379 | 121 | -045 | 009 | 105 | 0.08 | 0.7 | (.08 | -0.06 | 069 | -0.11 | 0.78 | -0.18 | -1.16 | -1.08 | -0.16 | 0.19
:' PyxP, |-333 |-1.86 { -0.74 | -1.75 | -0.15 | 0.00 | 6.35 | 6.12 | 0.60 | 005 | 3.5 | 1.37 | 1.82 | 0.57 | 0.08 ] 698 | .51 | -0.46 | -0.08
[-=] P;xPy | 1.58 | 261 | 429 |10.82 | 0.84 | 0.47 | -2.46 | -1.05 | -0.31 [0.39 | 207 | -1.08 | -0.39 | -0.26 | 0.15 | 1.70 | -1.63 | -0.18 | 0.28
PsxP; | 1.11 | 7.33 | 242 | -1.87 | 020 | 045 | 389 | 281 [ 1.15 | 0.56 | 2.44 | 0.48 ' 1.06 | -0.02 | 0.17 | 0.32 {183 | -0.20 | 0.31

P,xP; | -07C [-2.80 |15.69 |11.21 | 040 | -0.48 | 7.19 | 5.74 | -0.25 | 0.84 | 1.78 | 143 181 | 081 | 007 | 134 | 27 |070 | 1.27

P(xP, | 058 |-213 | 3.22 | 621 | CB3 | 001 | 381 | 240 | 0.66 | 044 | -0.05 208 188 ) 074 |0.11 | 202 |3.54 | 042 | 1.16

PixP, | 451 | 280 | 351 | 308 |062 | 01F {6832 | 360 | 068 | 0675 |063 | 201 | 182 | 123 | 0.05 |7.08 |B22 [061 | 1.51

SE(S{j) | 075 {051 | 138 [ 140 [ 008 [ 011 ] 017 [ 022 { 031 [ 012 [ 027 [ 011 [ 010 [ 003 | 002 [ 0.38 [ 0.33 { 0.02 | 0.08

LS.D5% | 1.50 | 037 | 272 | 134 | 016 | 014 | 035 | 016 [ 061 | 011 | 0.54 | D24 | 012 | 0.07 | 0:04 | 0.28 | 066 | 0.01 | 0.04

LSD1% | 169 | 049 | 362 | 178 | 022 | 018 | 047 | 021 | 082 | 014 | 072 | 031 | 017 | 0.10 | 0.06 | 0.37 | 0.88 | 0.03 | 008
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DSI = Drought susceptibility index
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P1 x P4, P1 x P6, P2 x P4, P2 x
P5, P3 x P53, P3 x P6, and P4 x P5.
Only four crosses showed positive
and significant SCA effects under
both non stress and stress
conditions for number of
spikes/plant. Regarding 1000-
kernel weight, significant and
positive  SCA  effects were
observed in the seven crosses for
this trait under both non stress and
stress conditions. In contrast, four
crosses showed negative and
significant SCA effects under both
water regimes for 1000-kernel
weight.

The results concerning specific
combining ability effects proved
that desirable specifying
combining ability effect for grain
yield/plant was obtained from
three types of combinations; good
x good, good x poor and poor x
poor general combiners. In cross
(P1 x P3) and (P2 x P3) both the
parenis were bad combiner for
grains yield and had negative GCA
effect but gave high SCA effects
for this trait. This may be due to
the high genetic diversity among
the parents. The crosses P4 x PS5,
P4 x P6, and P5 x P6 showing
significant SCA effects and both
parents were good general
combinors for grain yield/plant for
both water regimes. This result
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may be indicate that these parents
are stable under the two
environments. The same
conclusion was reported by
Kathiria and Sharma {1996).
Specific combining  ability
effects were calculated for each
cross for the drought susceptibility

index (DSI) trait. Only three
crosses showed negative SCA
effects, while the remaining

crosses (12 crosses) exhibited
significantly positive SCA effects
for the drought susceptibility
index. Crosses which identified as
stress tolerant based on DSI should
possess tolerance mechanisms, and
may need to be incorporated into
germplasm with higher yield
potential, for development of high
yielding and stress tolerant
hybrids. Chlorophyll (a+b) showed
non fixable components of gene
action, where the estimates of SCA
effect were not consistent over two
environments in  same  CHOSSEs.
High SCA effects for chlorophyll
conient was observed in nine
crosses for the two water regimes.
Nayeem and Veer (2000) observed
significant SCA  effects for
chlorophyll content and proline
content in 11 cross combinations.
In respect of proline content seven
and nine crosses  exhibited
significant positive SCA effects
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under non stress and stress
conditions, respectively.

It is interesting to note that the
three cross combinations P4 x P35,
P4 x P6 and P5 x P6 and PS x P6
showed desirable significant SCA
for non stress and stress
environments for the most traits.
At the same time, the previous
Crosses showed significant
heterosis over mid and better
parent, moreover theses crosses
included combination of Egyptian
(P4) x Mexico (P6) and Syria (P5)
types. This emphasizes the need
for combining two  diverse
germplasms to create maximum
genetic variability which is the
prime requirement and this alone
would help in raising yield levels
through selection in any successful
breeding programme.
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