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ABSTRACT: The alm of this study was to analyze the genetic system

covering slxteen traits including heading date, osmotic pressure (OP), no. of

" stomata mm®, relative water content (RW.C.), leaf area, flag leaf area, plant

height, no. of splkes per plant, no. of spiklets per spike, no. of grains per

spike, no. of grains per spikelets , spike length, density of spike, grain yield
per plant, 1000 kermnel weight and protein content.

Five diverse wheat spring genotypes (Triticum aestivum L. An Thell) were

crossed in all possible combinations, excluding reciprocals in 1999/2000

season at Fac. of Agric., Menofiya Unlversity, Egypt. The parents and hybrids

were sown on normal and late sowing dates under ram-fed condlitions only at

Fac. of Agric., Ege University, lzmir, Turkey.

Results could be summarized as follows:

1. Sowing dates mean squares were highly significant for all the studied
tralts, indicating over al| differences between the normal and late sowing
dates.

2. Mean squares for genotypes and Its components, i.e.; parents, crosses
and parents vs. crosses were significant for all traits in both sowing dates
as well as the combined analysis except crosses mean squares for
protein content in late sowing date, parents vs. crosses mean squares foi
density of spike in late sowing date, and protein content in normal sowing
date, indicating wide diversity between the parents used in the present
study for these traits. Also, genotypes x sowing dates interaction mean
squares were significant for all traits.

3. The cross (P2 x P4) for R.W.C., no. of spikelets/spike, no. of kemels/splke
spike length and grain yleld/plant gave the best positive heterotic effects.
Also, the crosses (P1 x P2) for OP, LA and FLA, (P1 x P3) for HD, (P1 x P4)
for no. of spikes/plant and H.D., and (P3 x P4) for no. of stomata/mm’ gave
the best negative heterotic eﬁects

4. General and specific combining ability mean squares were significant for .
all studied traits. High GCA/SCA ratio largely exceeded the unlty were
obtalned for most traits in both sowing dates and the combined analysis,
Indicating that the largest part of the total genetic variabllity associated
with these cases was a resulif of additive and additive by additive gene
action types.

5. The Interactions between sowing dates and both types of combining
ability were significant for all studied traits.
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6. The parent (P1) was good combiner for heading date in late sowing OP,
RW.C., and 1000 kernel weight. The parent P2 expressed significant
desirable (gi} effects for R.W.C., no. of spikes/plant, no. of grains/spike,
no. of grains spikelet, density of spike, and grain yield per piant. The
parent (P3), had good combiner for heading date, OP, no. of spikelets per
spike, spike length, 1000 kernel weight and protein content. The parent
(P4) had significant desirable (gi) effects for OP, spike length, heading
date, leaf area, and plant height. The parent (P5), seemed to be good
combiner for protein content and spike length.

7. The crosses (P1 x P4} and (P2 x P4) gave the highest desirable sif effects
for grain yield and most studied traits in both sowing dates and the
combined analysis.

Key words: Wheat, Heterosis, General and Specific Combining Ability,
yield, rain-fed., Sowi@_ dates. ,

INTRODUCTION

Wheat is one of the most important food crops. It is grown under a wide
range of climatic conditions and subjected to various stresses throughout
the growing season (Masoud, 1986 and Kheiralla and Sherif, 1992).

Wheat production under rain-fed or minimum irrigation conditions
becomes an objective in north coast of Egypt as well as many areas
worldwide suffering from the limitations of water supply. Also, breeding for
earliness together with maintaining stabilized productivity is a major concern
of wheat breeders, especially for its important escape mechanism from
terminal heat and drought stresses, and for cropping intensification. Heat
stress is known to cause stunted plant growth, reduced tillering and
accelerated development and lead to small heads, shriveled grains and.low
ylelds. :

By using some characters such as days to heading and maturity, plant
height and grain yield, we are attempting to find an easily identifiable
characters as indices for heat tolerance (Elahmadi, 1993 and Kheiraila et a/.
2001). '

Photosynthetic activity traits and the concept of drought resistance is -
differently by molecular biologists blochemists, physiologists and
agronomists. The major concern is to enhance the biomass return under
limited Input of water, which is a characteristic feature of rainfed agriculture.

Leaf characteristics could conserve tissue water by stomatal and
cuticular functions (Black et a/., 1984) as important avoidance characteristics
which favour maintenance of higher tissue water content under moisture
stress. Breeder practice selection in one environment and evaluated
selections in another one. Therefore, it is necessary for breeding materials to
be evaluated under different environments. It is important to understand
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more fully the nature of genotype x environment interaction to make tests
and select the more efficient genotype. Nachit and Ketata (1987) and
Kheiralla et al. (2001) stated that number of days to heading tended to
decrease by delaying sowing date. The optimum date of wheat sowing was
10-november in Bornova (lzmir, Turkey) has a close climate to Egypt as
Mediterranean Sea climate. .
. Dessoukl et al. (1974) reported that the optimum date of wheat sowing
was mid-November in lower Egypt and 10 days later in Upper Egypt.
Few studies have been reported on the nature and magnitude of gene
action for traits related to wheat productivity under drought and heat stress.
The present study may help wheat breeder for producing new genotypes
of high yielding ability under drought and heat stress conditions.

MATERIALS AND METHODS .
Five common wheat cultivars andior llnes (Triticum aestivum L.),
representing a wide range of diversity for several agronomic characters,
weré selected for drought and heat resistance for the study. The names,
pedigree and origin of these cultivars and/or lines are presented in Table (1).
The investigation was carried at two locations. in 1999-2000 growing season,
grains from each of the parental cultivars and/or lines were sown at various
dates in. order to overcome the differences in time of heading at Fac. of
Agric., Minufiya Unlversity, Shebin El-Kom, Egypt. During this season, all
possible parental combinations. without reciprocals were made between the
five parents giving a total of ten crosses.

Table (1): The names and pedigree of the parental varieties and/or lines.

No. |Entry name/cross _ |Pedigree Origin
1 |Giza 164 KZ2/Buha"s"//Kal/BbCM33029-F-15M-500Y. Egypt
2 D6301°xP, 190982 32D-45-45-1tL-3D-2D-0D USA
3 |PFAUI/SERI/Bow CM85295-0/0/Y-2M-0Y-0m-1Y.OM Mexico
4 (UP 2338-0OINND 49 . Mexico
5 |[Bacandra 7.88 21 ) Mexico

in 2000/2001 season, the five parental genotypes and their ten F, crosses
were  grown in three replications on two different sowing dates (D, =
favourable, at 20" of November) and (D, = late sowing date, at 15" of
December heat stress) under rain-fed only at Faculty of Agric., Ege
University, Bornova, lzmir, Turkey.

The experimental plot consisted of one row three meters long with 30 cm
between rows and plants within row were 20 cm apart, allowing a totat of 15
plants per plot. Dry method of planting was used in this concern. The other
cultural practices of growing wheat were practiced.

The mean temperature and relative air humidity as well as the amount of
total rainfall during growing season were recorded in Tabie (2).
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The studied traits were heading date (HD) in days, Osmotic pressure (OP,
MPa) (estimated by method outlined by Gosev, 1960), number of stomata in
mm? (N.O.S), relative water content (RW.C. %) (Determined by method of
Barrs and Weathelay, 1962), leaf area (LA, cm ), flag leaf area (FLA, cm ),
plant height (cm), number of spikes per plant, number of spikelets per spike,
number of kernels per spike, number of kernels per spikelet, spike length
{cm), density of spike, gram yield per plant (g), 1000-kernel weight (g) and
protein content (%).

General and specific combining ability estimates (GCA and SCA) were
obtained by employing Griffing’s diallel cross analysis (1956) designated as
method 2 model |. Heterosis was determined for each cross as the
percentage deviation of F, mean performance from its mid-parent value. The
combined analysis was conducted for the data of the two experiments
{sowing dates) according to Cochran and Cox (1957).

Table (2): Comparison between the rain fall in Bornova, lzmir, Turkey during
the experimental time (2000-2001) and the average rain fall in Egypt
{Alexandria, Rashid) (Av. of 30 years).

1

Months Rainfali {ml)
Bornova* Alexandria** Rashid**
November 38.46 30.10 33.80
December . 33.00 52.90 53.50
January ’ 74.90 ’ '53.10 65.50
February 90.30 59.50 30.30
March 15.50 15.30 19.80
April 69.20 4.50 6.90
May 28.70 0.70 1.10

* Fac. of Agric., Ege Umv Turkey.
** Egyptlan Meteorologncal Authority, June 2002.

RESULTS AND DISCUSSION
Analysis of variance and performance of wheat genotypes:

The analysis of variance for the studied characters under normal and late
sowing dates is presented in Table (3). The results indicated that sowing
dates mean squares were highly significant for ali the studied traits,
indicating overall differences between normal and late sowing dates.

- The mean squares due to genotypes, (parents and F, crosses) were highly
significant for all traits in both environments as well as the combined
analysis, except parents mean squares for protein content in late sowing
date, parents vs. crosses mean squares for protein content, in late planting
date and density of spike and number of stomata in normal sowing date
indicating wide diversity between the parents used in the present study for
these traits.
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Table (3): The observed mean squares from analysis of variance for all studied tral;s.

sa_;pms buip
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S$.0.V. df Heading data (days) pressure (MPa) No. of stomata/mm* Relative water content (% Z
Singie [Comb. i l [} { it C 1 []
S.dates (D} { - 1 3434" 07 [l 5748470 §1. B“
Replication | 2 4 0.066 0.188 0.111 0.124 0.067 0.270 48488 33862 40025 12,35 1.88 7.83"
enotype (g} 14 14 | 11.91™ | 139 16.2" 4.4 S.41™ 8.74™ 376674 | 860082* | 897254 | 43.18 | 45.76™ | 68.84™
Parents (P) 4 4] 21.23 8.5 24.80" 8.74" 13.40™ 1.7 | 785628 [1479788 (1637986 58.23 | 8D.12" | 82.96"
ICrosses (F's) 9 9| 882~ 18.24 10.3" 2.2¢4 2717 340" |2344734") 502918 | 873448 | 20.98™ | 28.44™ | 44.00™
P.vs.F's 1 1 2.50° 23.51 | 2072 7.54* 11.16™ | 18.56 20677 [1585936™ 848574} 182.9 | 64,50 | 2323~
GxD 14/ 10.65" 1.9 400080 2034
PxD 4 8.99* ' 0.445™ 15231 58.39"
FisxD 9 13.76™ * 1.64" 16704 534~
P.vs FisxD 1 5.29™ 0.418 768039* | 1503~
Error 28 86 0.424 0.608 0.516 .11 0.051 0.081 8635 22767 15701 2.426 1.076 1.718
Table (3): Cont.. )
S.0. V Leaf area (cm’) Flag leaf area (cm?) Plant height {cm) No of spikes per ptant
Single Comb. [ [1] C ] i C ] 1] 1 [+
§. dates (D} - 1 581.9% ] 1871* 5491 446"
-Replication 2 - 4 583 0.53 317 3.03 0.140 1.58 0.29 427 228 1.36 0.47 0.91
|Genotype {g)] 14 14 25.51 | 3161 | 39.66 | 70.03™ | 61.04™ | 90.20" 9.7 nr- 108.8 T7.47 439" 861
Parents (P) | 4 4 | 44.39" | 59.45™ | 100.68™ | 118.80™ | 140.2 | 2356 561" 20.6" §1.0™ T 6.06™ 4.78*
[Crosses (F'S) 9 9 | 1498 | 1%.16* | 16.92" 54,3 26.10 28.8* | 90.2* 474 113.9" 440" 2853~ 471
P.vs.Fi's 1 1| 44.74™ | 32.24™ 0.509 16.68™ | 59.40™ | €9. st~ | 317.3~ 36.1™ 383.8 49.8™ 144~ 58.9*
GxD 14 17.44 4 40.76" 7.3+ d.25*
PxD 4 3.126™ 2336 25.6™ 5.05~
F'sxD 9 17.22" 52.3" 3.2 222
P.vs Fis x D 1 76.46* 6.6 69,7 5.33*
Error 28 56 1.291 0.696 0.993 3.45 1.20 2.32 1.17 1.60 1.38 0.379 0.728 0.554

! = Normal sowing date, li = Late sowing date, C = Combined analysis
*and ** significant at 5%, 1%, respectively
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Table {3): Cont..

$.0.V. ‘ df No. of spikelets per spike No. of grains per spike No. of grains per spikelet Spike length {cm)
ingle] Comb. i i C 1 1] C ! it C ] n C
S.dates (D) | - 1 11.92" 1432+ ] 1.88% 3367
Replication | 2 4 0.163 0.091 0318 7.67 1.73 4.70 0.0012 0.0013 0.0012 0.310 0.158 0.234
Genotype (g)| 14 14 6.09™ 1.956* 5.54* 123.5"™ | 145.9" | 291.3** | 0.239" | 0.215~ | 0.382 421" 3.09" | 6.98™
Parents (P) 4 41 6413 0.704 3 101.5" 85.1* 146.8™ | 0.2143" ) 0.118™ | 0.216™ 8.50™ 7.74™ 16.08™
Crosses {Fy's) 9 9 3.90~ | 1.99* 445" 194.8™ | 181.6* | 353.5* | 0.259" | 0.274~ ( 0.451" 1.90* 0.617 2.106™
P.vs.Fy's 1 1] 23.89" .68 22.78™ | 272.8" 69.1™ 308.6** | 0.174" | 0.014" | 0.016™ 7.81™ 6.87* 14.54™
GxD 14 248" 28.26 0.103" 0.316
PxD 4 4,02 39.82* 0.113™ 0.169
Fi'sxD 9 1.75" 22.53" 0.082™ 0.91
P.vs FisxD 1 271 33.56 0.233~ 0.214
Error 23 56 0.281 0.303 0.292 3.145 3.095 3.92 0.013 0016 | 000145 | 0.057 0.193 0.158
Table (3): Cont..
S.0.V. df Density of spike Grain yield per piant {g) 1000-kernel weight (g) Protein content (%)
Single {Comb. | ] 1] [#] [ [{] C ' 1] Cc 1 1] [+
S. dates (D) - 1 7 0.425™ 10685 1556.9" 8.25
Replication 2 4 0.0014 | 0.0083 | 0.00485 9.11 1.65 5.36 2.55 0.51 1.68 0.021 0.11 0.065
Genotype (g) 14 14 0.149** | 0.207 | 0.334™ | 219.4™ 553 | 218.9* 93.0* 111.2" | 161.6™ 119~ 0.899** 1.27
Parents (P) 4 4 | 0,387 | 0.602™ | 0.964™ | 44.59" | 45.15™ | 40.76™ | 61.85" | 217.6™ | 219.7™ { 0.854" 0.0%6 0.95
Crosses (F,'s) 9 9 | 0.0498™ { 0.050* | 0.076" | 255.8*" | 4630 | 242.1* | 105.7 64.9" 130.4™ | 1.473* | 0.698™ 247
P.vs.Fy's 1 1 | 0.093" 0.04 0.128" | 590.5" | 189.30" | 724.3* ; 104.0 | 101.8™ | 214.9* 0.007 814" 514
GxD 14 0.023" 5571 42.43" 0.761*
PxD 4 0.025" 4597 59.68 0.555"
Fy's xD 9 0.024* 60.1* 40.52 0.672
P.vs Fis xD 1 0.005 B §5.47 0.301 2,394
Ecror 28 . 56 0.0041 0.012 0.0078 2.85 132 2.08 2.046 2.599 2.322 0.034 0.079 0.056
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Genotypes x sowing dates, parent x sowing dates and F, x sowing dates
means squares were significant for all traits except spike length. Significant
P. vs. crosses X sowing dates mean squares were detected for all traits
except osmotic pressure, spike length, density of spike, flag leaf area and
1000-kernel weight.

These results indicated that wheat genotypes responded differently to the
drought and heat stresses, suggesting the importance of assessment of
wheat genotypes under different environments. These results agree with
those reported by Abdel-Karim (1998), Darwish (1998), El-Morshidy et al.
(2001) and El-Gamal (2002). = '

The mean performance of genotypes for all traits studied in both sowing
dates (normal and late sowing dates) as well as the combined analysis are
presented in Table (4). :

The parent (P;) gave the lowest value for number of stomata in both
sowing dates as well as the combined analysis, while, it was gave the highest
values for R.W.C. in normal sowing date and the combined analysis, [eaf
area, flag leaf area in both sowing dates and their combined and grain yield
per plant in late sowing date. The parent P, gave the lowest values for plant
height in late sowing date, while, it gave the highest values for number of
.. stomata in normal sowing date, number of kernels per spike, and density of

“.spike in both sowing dates and their combined, grain yield, in the combined

\}nd number of spikelets per spike in normal as well as the combined
amnadysis and protein content in late sowing dates. The parent P; gave the
jowest values for plant height in normal sowing date, while it gave the
highest- values, relative water content (RW.C.) in late sowing date, 1000
kernel Weight, in both sowing dates and their combined and protein content
in normal sowing date and the combined analysis.

- The patsat P, gave the least days for heading date in both sowing dates
__as_well as the ~ombined analysis, leaf area in late sowing date and piant
height in late SOWIl.y and combined data.- While, it gave the highest values for
osmotic pressure, gpike tength in both treatments and the combined
analysis, number &f spikes and grain yield per plant in normal sowing date.

The parent Ps thye moderate values for most traits except low values for
no. of spikele&/spike in normal sowing dates, no. of grains/spikelet and
protein in hte sowing date and grain yield in the combined analysis. While, it
Jave the tallest plant in both dates and combined and high number of
stomata in combined analysis.

The hybrids mean values were within the range of parental genotypes in
most cases. '

For heading date, the cross P; x P, in normal sowing date, the crosses P,
X P;, P, x P, and P, x P, in late sowing date, and the cross Py x P, in the
combined analysis, exhibited the low values for this trait.
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" Table 4: The genotypes mean performance for all studied.traits.

»

\

1 Heading date (days) Osmatic pressure (MPa) No. of stomata/mm” Relative water content {%)
‘ [ (5 i i [ i U c V- 1] C
11456 1218 TF] 123 133 3603 3499 3547 710 | 683 597 |
1178 123.8 10.73 8.3 8.5 4984 4446 4715 70.5 3.7 67.1
114.0 11838 14.4 12.8 13.6 4516 5273 4894 62.3 713 6.8
1136 1184 15.1 13.5 14.3 4117 5226 4671 61.7 57.7 59.7
123.0 1248 13.0 10.1 11.6 4437 4559 4498 67.3 €4.6 65.9
1146 121.1 14.7 13.3 13.9 4753 5279 5016 70.0 65.0 67.5
116 118.1 15.2 13.8 145 as71 4918 4744 707 67.0 66.9
1110 185 13.9 127 133 4264 4824 4544 713 70.0 70.7
1133 0.6 139 12.8 13.4 4386 4811 4598 69.0 65.7 67.4
1163 121.7 14.3 114 127 3590 5865 4727 74.7 73.0 73.9
109.6 118.1 136 133 13.5 4021 4918 4469 74.3 716 72.9
116.0 122.2 13.1 10.8 12.0 4524 4860 4692 733 687 .| 710
114.3 18.7 16.2 12.4 14.3 2850 4287 4103 70.5 64.7 676
1150 119.7 14. 12.0 13.0 4213 5157 4685 66.7 67.0 66.9
115.3 120.5 14.4 12.2 13.3 4137 4896 4516 68.0 64.0 66.0
1192 1204 4.1 12.4 13.1 4340 4852 4596 69.4 66.8 58.1
1.284 1.178 0.546 0372 0.459 153.11 | 248.60 200.8 2566 1708 2130
1.759 1.610 0.748 0.509 0.628 209.63 | 34030 2748 3.540 2.339 2.926
Leaf area (cfn’) Flag jeaf area {cm’) Plant height (cm} No. of spikes per piant
1 0 c [ il ] i 1 3 [ i T
Py 364 ARSI 35 378 407 92.0 723 82.2 8.0 6.3 77
Ps 29.4 28.5 29.0 372 22.8 30.0 87.0 78.3 82.6 1.3 87 9.9
Py 26.3 25.5 259 273 203 243 4.3 75.6 79.9 9.7 67 8.2
P 28.5 215 26.0 %.5 22.4 295 ar.0 72,0 79.5 122 47 8.2
P 329 30.8 3.8 20.6 288 34.7 95.0 78.3 86.6 10.7 67 87
Py % Py 36.3 21.4 ,28.8 . 237 3.8 80.3 71.0 80.7 12.0 6.7 2.3
Py x P, 326 256 2.1 26.5 30.0 92.7 76.0 84.4 1.0 7.0 9.0
Py x Py 35.1 25.4 & 28.4 337 100.0 83.0 91.5 14.7 9.0 11.8
Py x Pg 35.2 28.5 1.9 280 35.1 105.0 823 937 1.7 9.3 10.5
P2x P, 29.4 30.3 e 135 101.0 78.0 89.5 12.3 7.0 9.7
Pix P, 3.8 284 |, 30 85.0 813 88.2 13.7 8.0 10.8
Py X Py 312 283 ) 298 917 81.0 86.4 13.0 87 10.8
Pyx Pa 32 21.2 %5 89.0 75.0 82.0 1.7 73 10.5
Pix Ps 3.6 255 28.7 89.3 74.3 86.8 1.3 73 23
Pax Py 33.2 254 29.2 93.0 76.0 84.5 13.7 7.7 10.7
Mean 3245 27 296 92.8 77.2 85.0 12.0 74 8.7
1S0.5%| 1872 1..‘;2 ;-g“ 1.782 2.084 1.933 1094 7405 1.209
LSD. 1% | 2583 1.4 -222 2.44 2.8563 2.645 1.388 1.924 1.656
",
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Table 4: Cont.

rains per spikelet

No. of spikeiets per spike No. of grains per spike No, of Spike length {(cm) |
! L] [4 i 1] { 1] C ! ]

P, 20.6 19.4 20.0 59.3 554 §7.4 2.88 2.76 2.82 11.85 10.73 11.29
P, 21.4 20.5 21.0 7.7 63.3 67.5 3.35 3.08 3.22 8.52 740 7.96
Py 212 20.6 209 56.4 58.0 57.2 2.66 291 2.78 12,57 10.97 1".77
Py 21.2 17.3 193 60.5 49.1 54.8 2.80 273 2.7¢ 12.58 11.20 11.89
Ps 203 20.7 20.5 62.0 53.0 57.5 3.06 2.56 2,81 11.70 11.00 11.35
Py x P2 21.8 20.7 21.2 66.1 55.8 60.9 3.04 2,67 285 10.85 10.65 10.74
Pix Py 21.4 19.0 20.2 57.0 50.0 53.5 2,65 263 264 11.61 10.73 11.17
Py x P, 2.2 20.3 21.2 721 62.3 62.2 3.25 255 2.90 12.96 11.00 11.98
Pi1x Py 21.1 21.9 215 63.7 533 58.5 299 2,39 2.69 1247 11.00 11.58
Py x Py 225 2.5 225 76.3 738 74.9 3.38 .34 .36 12.46 10.57 11.51
P;x Py 2.8 22,5 23.0 80.4 69.2 74.8 3.42 3.04 3.23 12.86 11.63 12.2%
P1x Ps 21.4 21.9 216 74.3 63.7 69.0 3.48 290 3.19 11.51 10.64 11.08
Py x Py 21.5 21.2 214 60.3 56.0 58.2 2.81 2,66 274 13.44 11.74 12.57
Py x Pg 21.5 220 21.7 59.0 67.7 55.4 275 2,34 2.55 12.53 11.30 11.92
Pyx Ps 20.6 22.4 20.5 63.0 55.0 59.0 3.07 2.69 288 '12.90 11.63 12.26
Mean 21.5 20.7 2t.1 65.48 5§7.5 61.49 3.04 235 2.895 12.03 10.81 11.42
L.S.D. 5% 0.873 0.906 0.889 2.922 2.898 2.910 0.1878 0.208 0.1979 0.393 0.7238 0.558

L.S.D. 1% 1.198 1.242 1,218 4.000 3.968 3.984 0.2570 0.285 0.271 0.538 0.991 0.764 |

able 4;: Cont. .
Density of spike Grain yield/plant 1000-kernel weight (g) Protein content (%)
| [[] [+ | ] (o] ! 1] C | 1} [

P, 1.74 1.81 1.78 325 16.1 243 45.3 42.2 43.7 15.96 14.52 15.24
P 2,51 278 2.65 35.6 145 25.1 36.7 27.7 32.2 15.31 14.68 14.99
P, 1.69 1.88 178 . 31.4 15.6 23.5 49.0 48.3 476 16.12 14.36 15.24
Pa 1.69 1.69 1.65 36.0 7.3 21.6 43.7 28.5 36.1 14.78 14,52 1468
Ps 173 1.88 181 264 10.6 18.5 42.0 31.0 36.5 15.45 14.21 14.83
Py x Py 2.01 1.95 1.98 34.7 12.5 236 39.1 353 37.2 . 13.67 1471 14.19
Py x Py 1.85 177 1.81 7.1 15.7 26.4 56.8 44.6 50.6 15.85 15.00 15.33
PyxP, 1.71 1.86 1.78 54.3 21.9 38.1 56.1 40.8 48.5 15.80 16.12 15.96
PyxPs 174 1.99 1.86 32.3 16.1 24.2 45.0 35.6 40.3 15.74 14.33 15.04
P2x Py 1.86 215 2,04 44.3 188 31.5 a56 384 42,0 16.12 15.16 15.64
P2 x Py 1.83 1.94 1.88 56.9 243 40.6 49.0 45.2 471 15.57 15.32 15.45
P2 x Pg 1.85 2.07 1.96 34 19.9 | 28.2 40.0 139.0 39.5 15.48 15.13 18.31
Py x Py 1.59 180 169 40.6 14.9 27.8 46.8 301 38.5 15.43 15.00 15.22
Py x Py 1.71 1.95 183 28.9 143 216 45.6 40.0 428 15.96 15.40 15.68
Py x Ps 1.60 1.75 1.67 35.2 131 24.2 43.0 34.3 38.7 16.10 15.56 15.81
Mean 1.80 1.94- 1.87 37.5 15.8 26.6 37.5 31.4 34.5 16.1 14.93 15.23
L.S.D.5% | 0.1055 0.180 0.142 2.781 1.893 2.340 2.356 2.656 2.506 0.304 0.463 0.383
L.S.D. 1% 0.144 0.247 0.195 3.80 2,591 3.195 3.226 3.636 3.431 0.415 0.634 0.524
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~ ]

For osmoHc pressure, Hle two crosses P, x P; and P; x P, in both normal
and late sowing dates as well as the combined analysis exhibited the highest
values for this trait.

For number of stomata, the lowest values were detected from cross P, x
P; in normal sowing date and the cross P; x P, in late sowing date and their
combined, while the highest values were detected from the cross P, x P, in
normal sowing date and combined data and the cross P, x P;, in late sowing
date.

For relative water content (R.W.C), the two crosses P, x P; and P, x P, in
both sowing dates as well as the combined analysis expressed the highest
values.

For leaf area, the cross P; x P, in late sowing date and combined data and
cross P; x P, in normal sowing date expressed the lowest values.

For flag leaf area, the lowest values were revealed from the crosses P, x
P; in normal sowing date, P, x P, in late sowing date and P, x P; in the
combined data.

For plant height, the crosses P; x P, and P3 x P5 in normal sowing date
and P, x P, in late sowing and combined data in late sowing date expressed
the lowest values, while the cross P, x P; in normal and late sowing dates as
well as the combined analysis expressed the highest values.

For number of spikes per plant, the cross P, x P, in normal, and late
sowing dates as well as the combined analysis, expressed the highest
values.

For number of spikelets per spike, the cross P; x P, in normal and late
sowing as well as the combined analysis expressed the highest values.

For number of grains per spike, the crosses P, x P, in sowing dates as
well as the combined analysis, and the cross P, x P4 in normal sowing date
and combined data, exhibited the highest values.

For number of grains per spikelet, the cross P, x P;, in both sowing dates
as well as the combined analysis, the cross as P; x P4 and P; x P5 in normal
sowing date expressed the highest values.

The cross P; x P, had the high values for spike length in both sowing
dates as well as the combined analysis.

For the density of spike, the crosses P, x P, in normal sowing date and P,
x P; in late sowing date and combined data, gave the highest values.

For, grain yield per plant, the cross P, x P,, at normal and late sowing
dates as well.as the combined analysis, and the cross P, x P4, at normal
sowing date, gave the highest values.

For 1000-kernel weight, the crosses Py x P, in normal and late sowing
dates and their combined, P, x P, in normal sowing date and the cross P, x
P, in late sowing date, expressed the highest values.

For protein content, the cross P, x P5 at normal and late sowing dates as
well the combined analysis, P, x P; at normal sowing date and P, x P, at late
sowing date and combined data, gave the highest values.
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Heterosis:

Mean squares for parents vs. crosses as an indication to average
heterosis over all crosses were significant for all traits in both sowing dates
as well as the combined analysis, except number of stomata and protein
content in normal sowing date, and density of spike in late sowing date. F,
mean performance were significantly higher than parental mean values for all
measurements except spike length. Significant interaction mean squares
hetween parents vs. crosses and sowing date were detected for all traits
except OP, FLA, spike length, density of spike and 1000-kernel weight. These
results indicated that heterotic effects were affected by the sowing dates.

Heterosis expressed as the percentage deviation of F; mean performance
from the mid-parent values for all the studied measurements at both sowing
dates and their averages are presented in Table (5).

For heading date, three, five and four crosses expressed significant
negative heterotic effects relative to mid-parent in the normal, late sowing
dates as well as the combined analysis, respectively. The best cross
recorded was P; x P; (-1.45%). Significant negative heterotic effect for
earliness was previously detected by Hendawy (1990), Darwish (1992), and
Ashoush et al. (2001). )

For osmotic pressure; six, seven and six crosses exhibited significant
positive heterotic effects relative to mid-parent in the normal, late sowing
.date as well as the combined analysis, respectively. The best cross recorded
was Py x P; (23%). The extent of osmotic adjustment with prolionged stress or
repeated stress cycles was limited (Cutler et al., 1980). Genetic variation in
osmotic adjustment was found in wheat (Fischer and Sanchez, 1979 and
Darwish, 1998 and El-Gamal, 2002).

For number of stomata; five, one and three crosses expressed significant
negative heterotic effects relative to mid-parent in normal, late sowing date
as well as the combined analysis, respectively. The best cross recorded was
P; x P, (-13.6%). While, four, seven and six crosses exhibited significant

" positive heterotic effects relative to mid-parent in the same order.

For relative water content; seven, five and six crosses exhibited
significant positive heterotic effects relative to mid parent in normali, late
sowing dates as well as the combined analysis, respectively. The best cross
recorded was P, x P, (15.3%). The reduction in RWC under water stress
condition was explalned by Gawish (1992).

Genetic varlation in RWC was found in wheat (Collinson et al., 1997;
Darwish, 1998 and El-Gamal, 2002). They reported that the RWC in bean
leaves decreased as the level of soil moisture decreased and this may be due
to relatively low root ability to absorb water from the soil decreased hydraulic
conductivity of soil under drought condMtion, which reflected in reduction of
plant growth.
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Table 5: Percentages of heterosis over mid-parent (m.p) for all studied traits.

Heading date Osmotic pressure No. of stomate/mm” Rejative water content
| [[] C | ] [+ ] ] []] (4
Pix Py -1.48* -1.291* 1.4 17.609" 28.46™ 23.0 10.71" 3.0 27.2" 1.060 1.493 1.28
Py x Py 0.549 -2.362 -1.45" 6.290™ 9.62" 8.1~ 1261 12.23" 124 5.920" 4,032 0.94
Py x Pa 0.1189 -2.716" -1.42% -4.780™ 1.3 2.0° 1048 10.89" 10.6" T.430* 11148 9.3
Py x Py £0.102 -1.83" - <0.96 2426 13.98" 8.2+ 9.10* 19.62* 143" 0.238 -1.86 0.86
P2 x Py 0.628 043 0.53 14.040" 4.68" 9.4 -2.69 20.70™ 92.0" 12.42 8.148" 10.28"
Py x P, 1.638 £.19™ -1.83" 5.460™ 22.01* 13.7* -11.62" 1.69 -4.96™ 12.430" 18.12~ 15.30
Pyx Py £0.07 0.812 0.42 10.660™ 17.00* 13.8 3.04 7.95" 2.0° 6.406* 7.03™ §.70"
P x Py -1.165" 0.439 0.3¢8 9.970" -5.59" 219 S.48" -18.8™ -13.8* 13.72 0.2558 6.98
‘Pyx Py -1.43" £0.130 0.78 2.700 466" .68 58T 4.902* 0.48 2838 -1.416 2.13
Psx Py 0.849 0.330 0.44 2.630 3.38* 3.0 .27 0.08 -1.8" 5430 | 4.669" 5.05™
Table 5: Cont. .
Leaf arva Flag leaf area Plant height No. of spikes per plant
[} ] C ] 1] [+ 1 [1] [ [] 1] [
PyxP; 10.70* -34.81" 424 -2.42 218" -11.9* 0.927 785~ 4.24" 18.22" -11.14 35
Pyx Py 448 -18.24" £.89™ -8.05 -9.87 7.5 8.10* 0.728 2.9~ 17.54™ 8.10 12.9*
P x P, 8.54* -16.38" 3.9 -2.861 -5.98* 4.4 1173 12.69" 12.2 42,01 63.78™ §2.8"
Py x Py 187 -16.08* 7.0 0.190 -18.93 7.8 12.20™ 7.7 9.7 18.66™ 44.53" 31.6"
P2x Py 5.64 13.84" 9.69" -11.6" 53.6" 20.9* 17.90* 138 2.6 17.59* 8.61 13.1*
P, x P, 15.62* 9.14* 12.40™ 12,347 22,07 17.2 9.19™ 823" % o 18.98+ 20.12 19.6°
P.xPy 298 444 20.75 0.02 21.8™ 11.3*" 0.736 JA 208 18.34" 13.18 15.7
Py x P, 16.95™ «13.36" 1.78 27.41* 80.82* ki N b 3.89™ 1.628 2.76" 28.08™ 29.50 28.8"
Pyx Py 6.71* 2.928 482 4,737 1131 8.0™ £0.368 - .42 -1.89 114 10.06 10.7
P.xPs 7.83* -£.90" 0.46 0.641 15.55* 8.09" 2197 1.11 1.68 2246 38.51 28.9"
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Table (5) Cont.
No. of spikelets/spike No. of gral ike " No. of grainsispikelets Spike length
1 1] C ] [1] C [} I [+ ! I C
Pyx P, 3.65 3N 368 0.86 5.12 -2.13 2.538 8758+ -3.1 6.529* 17.18" 11.84
Py x Py -5.04* 263 -1.2 1494 -11.78* -5.14 28.51" -7.329" 11.10* ~4.91* -1.108 -3.01
P.xP, 10.74" 6.13™ 8.4 20.35 0.136 10.24™ 14.46™ -1.2T 36 6.09" 0.319 2.88
Py x Py 8.99 3.52 6.2 4.96* -1.62 1.67 0.841 -10.18* -4.67 3,354 1.242 2.298
P x Py 9.58 5.30" 7.4 19.15 21.27 20.2 12.54" 11.51 12.03 18.16" 15.07 16.60*
P, xP, 19.16™ 10.32 147 21.186" 23147 2.2 11.18" 4.61 7.89* 21.89 25.05" 23.40"
Py xPs 6.3 2.40 4.39" 11.16* 9.58° 10.3~ 8.54" 2.945 574" 23.74" 15.65" 19.60"
Pyx P, 12,20 . 3.47 7.84 3.03 4.575 3.80 2.89 5.707 14 6.87 5.63 6.26
Psx Ps 6.60" 3.52 5.06* 0.337 .84 -3.25 -3.88 -14.23 -9.06** 3.25* 2.867 3.06
Pyx Ps 7.39* -0.627 3.40° 2.84 7.713 5.28 4.88 1.96 3.42 6.26*" 4.77 5.52
Table 5: Cont. -
Density of spike Grain yield/plant 1000-kernels weight Proteln content (%)
) 1 L] [+ 1 ] [+ | [1] C | i [+

Py xP; £ -15.03* -10.86" 1.808 -18.3™ -8.19 -4.52 0.901 -1.8 -12.56 -6.36" -9.46"
Py x Py 7.7 -4.06 1.90 16. 11 -0.946 7.58 16.69" 0.734 8.™ -2.43 | 839~ 29T
Py x P, -0.201 6.28 299 58.64" 87.1* 72.82 26.06* 15.2 20.60" 2797 8.81* 5.8
PyxPs 0.268 7.86 4,08 9.67 20.59* 15.13* 3.09 © -2.68 0.26 0.197 9.5 4.8
Pax Py -11.42 1.7 -9.87 n.r 24,91 28.55* 6.45 3.758 51 2.5 11.02 6.79™
Py x P, -12.85" -12.66™ -12.75* 58.93 122.93 90.93 14.39 60.79* 37.6" 3.48* 6.64 6.06
P2 x Py 4273 -11.15™ -11.94" 17.41" 69.12* 38.26 -0.48 32.97 16.28" 0.65 7.20™ 3.93*
Pysx P, -5.91 0.84 -2.53 2047 30.13 25.3" 1.036 -19.51 -9.24 0.129 7.60* .74
PyxP; 0.05 8.1 268 0.04 9.16" 4.6 21.97 3.54 12,78 1.108" 1.7 6.41*
PyXxPs -5.43* -1.86 -4.19 12.82 46.70~ 29.76* 35.0 18.37 26.70" 6.25™ 11,79 9.02*
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I. H. I. Darwish

For leaf area, seven and three crosses expressed significant negative
heterotic effects relative to mid-parent in late sowing date and the combined
analysis, respectively. The best cross recorded was Py x P, (-12.1%). While,
six, two and two crosses expressed significant positive heterotic effects
relative to mid-parent value in the normal, late sowing date as well as the
combined analysis in the same order.

For flag leaf area, one, four and three crosses expressed slgmflcant
negative heterotic effects relative to mid-parent in the normal, late sowing
dates as well as the combined, respectively. The best cross recorded was P,
x P; (-11.9%). While, two, six and six crosses expressed significant positive
heterotic effects relative to mid-parent value in the normal, late sowing date
as well as the combined analysis in the same order.

For plant height, seven, five and seven hybrids exhibited significant
positive heterotic effects relative to mid-parent in the normal, late sowing
dates as well as the combined analysis, respectively. The best cross
recorded was Py x P, (12.2%). Significant positive heterotic effects were
previously reached by Darwish (1992); Ashoush (1996) and Ashoush et al.
(2001).

For number of spikes per plant, ten, five and seven hybrids exhibited
significant positive heterotic effects relative to mid-parent in the normal late
sowing dates as well as the combined analysis, respectively. The best cross
recorded was P, x P, (52.8%) Significant positive heterotic effects were
previously reported by Darwish (1992), Ashoush (1996) and Ashoush et al.
(2001).

For number of spikelets per spike; eight, three and eight hybrids exhibited
significant positive heterotic effects relative to mid-parent in the normal, late
sowing dates as well as the combined analysis, respectively. The best cross
P, x P, (14.7%).

For number of kernels per spike, five, four and five crosses significantly
exceeded the mid-parent values in normal, late sowing dates as well as the
combined analysis, respectively. Significant positive heterotic effect for
number of kernels per spike was also reached by Darwnsh (1992), Ashoush
(1996) and Shoush et al. (2001).

For number of kernels per spikelets, five, one and four crosses exhibited
significant positive heterotic effects relative to mid-parent in the normal late
sowing dates as well as the combined analysis, respectively. The best cross
recorded was P; x P, (22%).

Concerning spike length -seven, four and four crosses significantly
exceeded mid-parent value in the normal and late sowing dates as well as the
combined analysis, respectively. The best cross recorded was P, x P,
(23.4%). These results are in agreement with those of Ashoush (1996) and
Ashoush et al. (2001).

Concerning grain yield per plant, eight, seven and six crosses
significantly positive exceeded mid-parent value in the normal, late sowing
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Breeding studies on bread wheat under rainfed conditions

dates as well as the combined analysis, respectively. The best cross
recorded P, x P4 (90.9%). These hybrids exhibited heterosis for one or more
of traits contributed grain yield. This finding agrees with the general trend
where the expression of heterosis for a complex trait is always a function of
its components. It could be concluded that these crosses would be efficient
and prospective in wheat breeding programs for improving grain yield per
plant under stresses condition. Significant heterotic effects for grain yield
was also reached by Darwish (1998) and El-Gamal (2002).

Four 1000-kernel weight, five, four and five crosses showed significant
positive heterotic effects relative to mid-parent in the normal, and late sowing
dates as well as the combined analysis, respectively.

For protein content, five, nine and nine crosses showed significant
positive heterotic effects relative to mid-parent in the normal, and late sowing
dates as well as the combined analysis, respectively. The best cross
recorded P, x P; (10%).

Table (6) presents the mean squares for combining ability (GCA, SCA and
ratio; for the studied traits in both sowing dates (normal and late) and the
combmed analysis.

The mean squares associated with gener al and specific combining ability
were significant for all studied traits. High GCA/SCA ratios largely exceeded
the unity were obtained for all studied traits, except plant height and protein
content in both sowing dates and the combined analysis, number of spikes
per plant in late sowing and the combined analysis, flag leaf area in late
sowing date, indicating that the largest part of the total genetic variability
associated with those traits was a result of additive and additive x additive
types of gene action. The genetic variance mostly due to additive types was
previously reported by Chowdhry et al. (1996), Ashoush (1996), Darwish
(1998) and El-Gamal (2002).

The mean squares of interaction between sowing dates and both types of

combining ability were significant for all traits, except spike length in SCA x
. sowing date, indicating that the magnitude of all types of gene action varied
from sowing date to another. It is fairly evident that ratios for SCA x sowing
dates/SCA was much higher than ratios of GCA x sowing dates GCA for all
measurements, except plant height, number of spikes per plant and protein
content. Such result indicated that non-additive gene effects were more
influenced by the sowing dates. Specific combining ability studied by several
investigators was more sensitive to environmental changes than GCA
(Gilbert, 1958 and Darwish, 1998).
' General combining ability effects (g",) of each parent for all traits studied
at normal and late sowing dates as well as the combined analysis in Table
(7). Such effects are being used to compare the average performance of each
variety with other varieties and facilitate selection of varieties for further
improvement to drought and heat resistance.
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Table (6): Observed mean squares for general and specific combining ability from diallel cross analysis for

ysiwueq | H |

all studied traits.
S.0.v. [ Heading date Osmotic pressure No. of stomata/mm” Ralative water content
{ [} ! n C 1 [1] [ 1 il [ ] (] [+]
Rep. 2 4 | 0.066 0.156 0.411 0.124 0.067 0.0955 48488 33362 40025 12.85* 1.86 7.83*
Gen. 14 14 | 11.91" | 1393 15.2* | 447 841 9.71" | 376674™ | 860082 | 897254 | 43.19" | 45.78" 68.64
GCA 14 4| 3527 | 19.38 | 160.1* | 10.25" | 13.59™ | 23.05 |679738* | 850707 | 1130268 | 5544~ | 52.14™ | €9.38*
SCa 10 10| 267 11.75 55.5~ 216~ 3.8 438 | 256448 | 863832 | 804049 | 38.29" | 43.24™ | 38.34™
GCAxD . ‘4 14.0" 0.79™ 400080 3.2
SCAxD. 10 8.8~ 1.323~ s 43.18"
Er. 28 56 0.424 0.608 0.516 0.11 0.051 0.0806 8835 22767 15701 248 1.78 178
GCA/SCA 1 1372 1.64 2.88 4.7 3.34 53 2.66 0.984 14 144 1.2 1.8
Table (6): Cont.
8.0.V. Dt Leaf area Flag leaf area Plant height No. of spikes per plant
i [ ] 1] [ ] 1] c ! [] [] ] ] [
Rep. 2 4 583 0.53 117 3.03 0.142 1.58 0.29 4.27 278 1.36 0.47 0.91
Gen. 14 14 | 25.57" | 31.61™ | 39,68 | 70.03 | 61.04" | 90.30" | 96.1" 38.7 | 1088 | 747" 439" 861"
GCA i4 4] 69.4* | 60,18 | 112.85™ | 163.01" | 34.22"~ | 160.5" | 74.65 | 16.46 60.45 | 9.96" | 3176~ 5.626
SCA 10 10| 8.02™ | 20.178° | 13.05™ | 328" | 71.76™ | 66.7" | 105.46" | 47.59 | 1239~ | 647 4.87 | 9.798"
GCAXD 4 16.85" 46.67" 22.66* 7.51
SCAx0. 10 15.09~ 38.38" 29.45 1.554*
Er. 28 56 1,291 0.696 0.993 3.451 1.204 2327 1.169 1.60 1.384 0.379 0.728 0.554
GCA/SCA 8.6 2.9 [X] 4.96 - 0.47 2.25 0.7 0.35 0.55 1.54 0.68 0.57

*and ** significant at §%, 1%, respectively
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Table (6): Cont.
S$.0.V. Df No. of spikeiets/spike No. of grains/splke No. of grains per spikelet Spike length (cm)
1 1] 1 ] C I ] [+ | [} [ 1 ] C
Rep. 2 4 0.183 0.091 0.318 7.67 1.73 4070 | 0.0012 | 0.0013 | 0.0012 | 0.310 0.158 0.234
Gen. 14 14 | 6.09~ 1.956" 554" 173.5* | 145.9* { 291.3" | 0.239"* | 0.215™ | 0.357 | 4.21~ 3.09™ 6.98"
GCA 14 4| 805 2.902* 538" | 360.51" | 283.96" | 581.4™ | 0.565* | 0.469** | 0.808" 9.86™ 6.54* 1591
SCA 10 10 S.24* 1.678* | 5.603 | 98.75 | 90.80™ | 175.2* | 0.1098" | 0.1137 | 0.17* 1.949* | 1.707" | 3.419*
GCAxD 4 557 63.08" 0.226" - 0.463
SCAXD. 10| 1.219* 14.33" 0.053* 0.277
Er. 28 56 0.281 0.303 0.292 3.14 3.095 311 0.013 0.016 0.0145 0.057 0.193 0.158
GCA/SCA 1.54 1.84 0.96 3.65 313 3.32 5.14 412 4.75 5.06 .3.83 4.65
Table (6): Cont.
S.0.V. Df Density of spike Grain yield/plant () 1000-kernel weight (g) Protein content (%}
[} [ [} [} C | 1t C i i C § i
Rep. 2 4 0.0014 | 0.0083 0.008 9.11 1.65 5.36 2.55 0.81 1.68 0.021 0.11 0.065
Gen, 14 14 | 0.149" | 0.207* | 0.334™ | 219.4" 55.3" 218.8" | 93.0" 1112 | 161.8™ 119" | 0.844* 1.2
GCA 14 4| 0.427 | 0,576 | 0.875 | 168.95 | 139.4™ | 2621 | 341.0™ | 26.02* | 223.25 | 1.018" | 0.314™ | 0.388**
SCA 10 10| 0.038** | 0.060** | 0.0765" | 62,25 99.9* | 121.82" | 170.67" | 67.06™ | 217.25" | 1.26* 1.056* | 1.624*
GCAxD 4 0.028* 48.33" 143.78~ 0.9312
SCAxXD. 10, 0.0208* - 40.07 2047 0.693"
Er. 28 56 0.0041 0.012 0.0078 2.85 1.32 208 2.046 2.599 2,322 0.034 0.079 0.056
GCAISCA 11.17 9.58 12.75 2.73 1.39 2.15 1.98 1.03 1.02 0.807 0.294 0.245

*and ** significant at §%, 1%, respectively
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Table (7): Estimates of general combining ability effects of parents for all studied traits.

s.ov. Heading date (days) Osmotic pressure (MPa) No. of stomata/mm” Relative water content (%)
T 1 [ [+ 1 i} C 1 i [ i [}
P, 0.9142~ | -0.781* 0.067 0.255* 0.636™ 0.446~ | -122.7* | -322.5* | -222.6 | 0.918™ 0.44* 0.679™
P, 1.62857" | 0.933™ 1.281™ | -1.021* | -1.064" | -1.047** | 264.1** 106.4* 185.9* 2433 0.678 1.556™
Py -1.038* -0.019 -0.529™ | 0.6076™ | 0.341 0.474™ 4%.9 210.1™ 130.07 | -1.334™ 1.916™ 0.291
P -1.486" | -1.114™ -1.29" 0.560™ o721 0.643~ | -204.8— 393 -82.8 -1.297 | 2179 | 1738
Ps -0.038 0.981™ 0.471 -0.402" | -0.640~ | -0.521* 13.6 -33.0 9.7 -0.691* -0.908"* | 0.799".
LSD 5% gi 0.0975 0.139 0.118 0.0253 0.0117 0.018 71.15 102.8 86.97 0558 | 0.247 0.403
LSD 1% gi 0.1335 0.191 0.162 0.0346 0.065 0.0498 97.4 140.76 119,08 0.764 0.338 0.551
LSD 5% gi-g, 0.244 0.350 0.292 0.063 0.0294 0.0462 100.1 162.5 1313 1.398 0.6198 1.01
LSD 1% o 0.334 0.479 0.406 0.086 0.040 0.063 137.6 222.56 180.08 1.915 0.848 1.382
Table (7): Cont.
S.O.V. Leaf area (cm®) Flag leaf area (cm’) Plant height (cm) No. of spikes per plant
| il [ i 1 [+] 1 " | [} [
Py 264" 1.696* | 2.168 | 2.410™ | 1.863* | 2.136* | 2152 0.0286 | 1.0905 | -0.628 | 0.0380 | -0.295"
P2 -0.418* 0.908* 0.245* -0.051 -0.949" -0.500. -0.745 0.685™ -0.0098 0.276* 0.467 | 0.3713™
P, -2.322 | -1.434"" | 1878 | 4675 | -0.938™ | -2.806* | -2323** | 1.171* | .1.747" | -0.580*" | -0.343" | -0.461™
P4 0.517 | -2.169" | -1.128" 0.575 0,783 -1.04* -0.848** | -0.504 | -0.6758~ | 1.038 -0.438* 0.300™
Ps o617 0.986 0.818 1.746 0.808™ .21 1.724* 1.099*" | 1.3714™ | -0.104 0.276™ 0.086
LSO 5% gi 0.296 0.160 0.228 0.793 0.2769 0.535 0.268 0.368 0.318 0.087 0.167 0.127
LSD 1% gl 0.408 0.218 0.313 1.087 0.379 0.733 0.368 0.504 0.436 0.1193 0.229 0.174
LSD 5% gi-g; 0.744 0.401 0.573 1.988 0.694 1.341 0.674 0.922 0.837 0.218 0.419 0.318
LSD 1% grg; 1.0191 0.549 0.784 2724 0.850 1.837 0.922 1.263 1.090 0.289 0.574 0.436
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Table (7): Cont.

SO0V No. of spikelets/spik No. of grainsigpik No. of grains per spiketet Splke length (cm)
T ] [ C | 1] [ ] 1 C i [1] [
] -0.5386*" | -0.1676™ | -0.3531** | -2.189™ [ -2.787 | -2.488* | -0.0272" | -0.105* | -0.091*" | .0.1325* [ -0.0064 | -0.0694**
P, 0.6141™ | 0.4466™ | 0.5304™ | 6.820™ | 6.241" 6.530™ 0.255* | 0.230™ | 0.242* | -1.068™ | -0.942" | -1.005"
P, 0.2237 0217 0.1439° | -2.424™ 0.308 -1.058 | -0.189" 0.042 0.074™ 0.425 | 0.200T™ 0.313~
P4 0.778" | 0.187™ | -0.295" | 0.5676 | -1.564" 0.498 | -0.0127" | 0.014™ | -0.0131™ | 0.733™ | 0.517™ 0.625~
Ps 0.4699"™ | -0.534~ | -0.0322 -1.270 -2197 .| -1.734" | 0.0247" | -0.1525~ | -0.064™ | 0.0441** | 0.246~ | 0.145"
LSD 8% gi 0.064 0.069 0.067 0.722 0.712 0.717 0.0029 0.0036 | 0.00325 |.0.0131 0.044 0.028
LSD 1% gt 0.088 0.095 0.092 0.989 0.974 0.982 0.0041 0.0050 0.0045 0.0179 0.06 0.0389
LSD 5% gi-g; 0.162 0.174 0.168 1.81 1.784 1.797 0.0075 0.0092 | 0.00835 | 0.0328 0.111 0.0719
LSD 1% gi-g, 0.222 0.239 0.231 2.478 2443 ‘| 2.460 0.0103 0.0126 0.011 0.044 0.152 0.098
Table (7): Cont.
S.0.V. Density of spike Grain yield/ptant (9) 1000-kernel welght (g) Protein content (%)
] " [ [o] 1 [0 [ ] " C
P -0.0094 | -0.0628"" | -0.0359 | .0.228 0.593 0.1825 2.008* | 2.726* | 2367 | -0.689* | -0.058~ | -0.0634™
P, 0.2476™ | -0.2855™ | 0.266™ | 2.634™ 1.461 2.0476* | 3.767 | -1.2008™ | -2.484™ | 0.254™ | 0.0105 | -0.128*
Py -0.0643 | -1.632" | -0.847" | -1.614™ 0.083 0.766™ 2.76" 3.429~ | 3.095™ | 0.3081 | -0.0476™ | 0.1778*
Pa -0.1056™ | -0.158" | -0.132* 485 20.769* 2041 | 1.2609" | -2.01™ -0.375* | -0.1152™ | 0.2042™ | 0.0445™
Ps -0.0686™ | 0.0191"* | 00438 | -5.640" | -1.368" | -2.437 | -2.263" | -1.514™ | -0.1888 | 0.2181™ | -1085™ | 0.0547
LSD 5% gi 0.00094 | 0.0027 0.0018 0.470 0.597 0.533 0.655 0.3036 0.479 0.0078 0.018 0.0129
LSD 1% gi 0.00129 | 0.00377 | 0.0025 0.644 0.818 0.731 0.897 0.415 0.658 0.01 0.0246 0.017
LSD 5% gi-g; 0.0024 0.0069 | 0.00465 1.179 1.498 1,340 1.643 0.761 1.202 0.02 0.045 0.0325
LSD1%g-g, | 0.0032 0.0094 0.0063 1615 2084 1.830 2.245 1.042 1.645 0.027 0.062 0.044
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General combining ability effects of parents in this study were found to be
significantly different from zero for all traits studied.

High positive or negative values of drought and heat tolerance
investigated.

The parental variety P, expressed sngmflcantly desirable positive (g")
effect for OP, RW.C. and 1000 kernel weight in normal and late sowing dates

as well as _the combined analysis. While, it had significantly desirable
negative (g .) affect for number of stomata in both planting dates and the
- combined analysis and heading date in late sowing date.

The parent (P;) expressed significantly prospective positive (g ") effect for
R.W.C., number of spikes per plant, number of spikelets per spike, number of
grains per spike, number of grains per spikelet, density of spike and grain
yield in both sowing dates and the combined analysis.

The parent (P;) gave desirable (g") effects for heading date, OP, number of
spikelets per spike, spike length, protein content and 1000-kernel weight in
normal and late sowing dates as well s the combined analysis. Also, it
seemed to be good combiner for plant height, leaf area and flag leaf area.

The parent (P,) expressed significantly positive (g ") effect for spike length
in both sowing dates and the combined analysis and grain yield in normal
sowing date and the combined analysis. While, it had significantly negative
(g .) effects for heading date, leaf area and plant height in both sowing dates
and the combined analysis and flag leaf area in late sowing date and
combined data.

The parent (Ps) seemed to be good combiner for spike iength in both
sowing dates and the combined analysis and protein content in normal
sowing date and the combined analysis.

Specific combining ability effects of the parental combinations computed
for all traits studied in both sowing dates as well as the combined analysis
are presented in Table (8).

For heading date, four, four and six parental combinations exhlblted
significant desirable negative S; effects in normal and late sowing dates, as
well as the combined analysis, respectively. The crosses (P4 x Pg) and (P, x
P,) gave the highest desirable S, effects for this trait.

For osmotic pressure (OP), four, six and six parental combinations
exhibited significant positive S; effects in normal and late sowing dates as -
well as the combined analysis, respectivély. The crosses P, x P,, P; x P;
andP; x Ps had the highest desirable S; effects for this trait in both sowing
dates as well as the combined analysis.

For number of stomata, three, one and two parental combinations
exhibited significant negative S; effects in normal and late sowing dates as
well as the combined analysis, respectively. The crosses P; x P, and P; x P,
gave the highest desirable S; effects for this trait.

For relative water content (RW.C,), three, four and four parental
combinations exhibited significant positive S, effects in normal and late
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Table (8): Estimates of specific combining ability effects for crosses studied.

Heading date Osmotic pressure No. of stomataimm” - Relative water content
SoV. 1 ] C | I c | [} C | It [
Py xP; -1.4764" | 0.2696 -0.603" | 1.3746™ | 1.603" 1.49* 1271.426" | 650.38** | 460.90*" | -2.734" | -2.985™ -2.86™
PixPy 0.180 -1.778" | -0.794* | 0.279* 0.732* 0.506" | 303.99" 185.34 | 244.66™ 1.664 -2.224™ -0.28
Py x P, -0.0478 | -1.349* | -0.698" | -0.936~ | -0.387™ -0.66" 251,75 | 261.53" | 256.64* 2226 4871 3.55"
PyxPs -1.476* | 14417 | 1,293 0.0222 0.712" 0387 |{154.902* | 320.847**{ 237.8™ -0.6445 -0.738 -0.69
P2x Py -0.1907 | 1.174™ 0.492" £0.044 | -03017" ] 0.173™ | 31.526 | 703.10™ | 3387 | 4179~ | 3.585" 3.88"
Pax Py 1.2378" | 5.492" -2.13" 0.00317 | 1.546™ 0.778" | 37843 { -72.37 -225.4" 3.807 6.347 508~
PixPs 0.1426 0.1389 -0.0082 | 0.498* 0.413™ 0.46™ -93.288 -58.42 -75.85 2,203 2071 214
Pyx P -1.1095 { 1.222 0.056 0.9746* | -0.692" | 0.141* | -235.19 | 838.06™ | -536.6* | 3712~ | -1.8907" 0.91
PyxPs -1.9707" | -0.206 -1.09 -0.1968™ | 0.2077 0.0055 }-190.716™| 134.198 -28.3 0.725 -0.8335 0.779
PexPs 0.574~ | 1.222" | 0.896™ | 0777 0.022 0.399** | -11.288 44.72 16.72 0.569 0.2616 0.415
LSD 6% Sy 0.407 0.584 0.495 0.1056 0.048 | 0.0768 1293 209.8 169.0 2.286 1.013 1.649
LSD 1% Sy 0.557 0.796 0.678 1.446 0.065 0.084 17713 287.3 238.0 3.130 1.387 . 2,258
LSD 5% Sy-Su 0.733 1.081 0.992 0.190 0.088 0.139 173.59 281.8 227.0 4195 1.859 3.027
LSD 1% Sy-Su 1.003 1.439 1.221 0.200 0.120 0.190 237.0 385.9 311.0 5.744 2.545 4,140
LSD §% Sy-Sw 1.466 2102 1.784 0.380 0.178 0.278 254.0 398.6 326.0 8.3919 3.718 5785
LSD 1% Sy-Su 2.000 2.879 2.439 0.5209 0.241 0.3809 336.1 545.0 440.0 11.480 5.090 8.280
Table (8): Cont.
SOV Leaf area Flag leaf area Plant height No. of splkes per plant
T [ ] (9 1 1 c ) 1] [+] 1 i o]
Py xP; 1.900" 3618 -0.860 $.178~ -5.24" 5.7 -3.938™ | -6.852+ -5.39" 0.396™ | -1.238™ -0.421
Pyx Py 0.1218 -1.762" -0.820 -1.559 -2.516" -2.04 0.0143 -0.00019 | 0.0071 0.254 0.0952 0.079
- PyxPq4 0.813 -1.251 0.219 -1.309 -0.78 -1.04 33 6.333 4.82* 2301 1.999* 215~
Py x Py -0.185 -1.287 -0.736 2.588 -2.706™ 0.059 8.3~ 4142 6.22" 0.444* 1.619™ 1.03"~
Py x Py 0.00048 3.720* 1.86* 4,192 7.319* 1.56 1.2 1.285 6.24™ 0.682" 0.524 0.08
P2x Py 2302 2.590 245" 3.69" 1.254 . 247" .73 3952~ 3.846* 0.396* 0.571 0.48
Pyx Ps -1.126 -0.632 0.879 0.0195 3.406™ 1.71 2.18% 2,095* -0.043 0.873* 0.523 0.698"
Pyx P,y 1.0895 2,268 -0.589 7.21% 6.25 | 6.73- 2.014™ -0.1906 0.912 1.25"~ -0.809" 0.222
Pyx Ps 1.981 0.787" 0.182 0.67 -0.338 0.166 -3.22% -1.714 2.4 0.063 0.0005 0.03
Py xPs 0.9228 0.6214 0.151 -1.264 1.473 0.106 -0.7 -2.714" -1.71° 0777 0.0952 0.44
LSD 5% S, 1.216 0.666 0.936 3.252 1.135 2.193 1.1016 15078 1.304 0.357 0.686 0.522
LSD 1% S 1.665 0.898 1.282 4.452 1.583 3.000 1.508 2.065 1.786 0.489 0.938 0.714
LSD 5% Sy-Si, 2.233 1.203 1.718 5.968 2,082 4.025 2021 2767 2394 0.655 1.259 0.957
LSD 1% Sy-Sy, 3.056 1.647 2.350 8.170 2.850 5.510 2.768 3.780 3.274 0.897 1723 1.31
LSD 5% Sy-Su 4.465 2.407 3.436 11.936 4.160 8.050 4.043 5.534 4.788 1.310 2.518 194
LSD 1% S-S 6.113 3.296 4.700 16.340 5.700 11.020 5.536 7.570 6.553 1.794 3.447 262
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Table (8): Cont.
[ soV. No. of spikelets/spike No. of grainsispti No. of grains per spikelet Spike length (cm)
| L C { " C i [1] [ 1 1]
PixP; 0.126 0.0197 -0.053 -4.012** | 5122 -4.80" | -0.1812™ | -0.209 £.19* 0.0477 0.7546* 0.)86°
PyxP; -1.435" 0.0649 -0.685" -4.013 | -§.202" 461 £.119" | 0,056 -0.09™ 0.718" | -0.271" -0.49™
Py xP, 0.877 | 0.6792™ | 0.778™ 8273 2.483 5.38 0.301 0.083" 0.11™ 0.3229* | 0.305* 0.31
Py x Py 1.198* 0.365" 0.78" 1.644° 2.782 1.21 0.0026 | -0.0344 | -0.02" 0.2215 0.05 0.085
Px Py 0.931* 0.55* 0.74" 7.958* 9.415™ | -8.69™ 0.278 | 0.3215* Q.29 1.0705~ | 0.504™ o.787™
P2 x Py 1.833* 1.396" 167 7.530* r1.02** 7.28* 0.1367" | 0.0753" 011™ 1.162" 1.256* 1.24*
P xPs 0.122 -0.046 0.04 3.301* 212 2.71 0.163" | 0.0715* 0.12" 0.501* 0.528~ 051"
Pyx P, 1.05" 0,273 0.39* -1.855 -0.213 -1.03 -0.029** 0.0039 | -0.034™ 0.249* 0.2003* 0.22"
Pyx Py 0.599" | 0.4649" 0.53 -1.284 -3.946" -2.62 -0.128+ 0.297* 0.21* 0.0133 0.042 0.03
P xP; £0.032 -0.52¢0" -0.28" 1.779 1.268 0.26 0.0193" | 0.110™ 0.06™ 0.0896** 0.0322 0.06
LSD 5% Sy 0.265 0.285 0.275 2959 2973 2966 0.0123 0.0150 0.0136 0.053 0.1818 0.117
LSD 1% S, 0.383 0.381 0377 4.061 4.07 4.060 0.016 0.0206 0.0183 0.073 0.2490 0.161
LSD 5% Sy-Si, 0.485 0.524 0.505 5.430 5.353 5.390 0.022 0.0276 0.0248 0.098 0.3330 0.215
LSD 1% Sy-Su 0.665 0.717 0.691 7435 7.328 7.380 0.031 0.037 0.0340 0.135 0.4570 0.296
LSD 5% S;-Si 0.971 1.048 1.009 10.860 10.700 10.780 0.044 0.055 0.0490 0.197 0.6670 0.432
LSD 1% Sy-Si 1.33 1.430 1.380 14.870 14.657 14.760 0.062 0.0757 0.0680 0.269 0.9140 0.592
Table (8): Cont.
S.0v. Density of spike Grain yield/plant (g) 1000-kernel weight (g) Protein content (%)
i 1} c [ 1] C t [{] c i il [+
P x P, «0.0386* 1,08 0.52* -5.18* -5.306" | 5.2 -4.692 | -2.956" -3.82"~ -1.546™ | 0337 -0.94
PixPy 01433 | 1.295" 0.67** 1431 -0.695 0.37 6.312~ 1.716* 4,01 -0.135™ 0.169* 0.017
P xP, 00993 | 1.436™ 0.73" 12.20* 6.423™ 9.31™ 7.245™ 3.3 53 0.441™ 1.034™ 0.74™
Pix Py 0.00763" | 0.1335" .07 0.859 1.189 0.92 -0.330 -2.240** -1.285 0.134™ -0.436* -0.151"
Pax Py -0.126"™ | -0.039" -0.08" 5.80** 1.570 .68 1.088 -0.556 0.266 0.598* 0.26" 0.42™
P, x P, 0121 | -0,129™ | -0.125* 11.94* 7.850" 9.89* 5922 M7 8.82* 0.401" 0.168** 0.28*
Pax P, -0.1342 | 0.137 -0.14* 1.87 416" 3.09" 0.446 5.019™ 273" 0.067 0.294" 0.18*
Pyx P, -0.0445™ | 0.0606™ 0.002 -0.147 -0.129 0.138 2,77y 7.978" -5.38" -0.308™ -0.093 -0.20"
Py x Py -0.0375" | 0.0595* | 0,048 -1.388 -0.110 -0.749 -4.16 1.389" -1.385 -0.011 0.619™ 0.30™
PexPs -0.0352* | -0.0131" | -0.024* | -1.569 -0.455 1.01 -1.583 1.164 0.2 0.542 | 0.534" | 0.523
LSD 5% S, 0.0038 0.0113 0.0075 1.928 2.449 218 2.685 1.244 1.964 0.032 0.074 0,053
LSD 1% S, 0.00529 0.0154 0.010 2,639 3.354 . 2.996 3.677 1.703 2690 0.044 0.102 0.073
LSD 5% Sy-Su 0.00709 0.0207 0.0138 3.538 4,494 3.96 4.928 2,282 3.600 0.0588 0.136 0.097
LSD 1% S-Sy 0.00970 0.028 0.0188 4.840 6.154 5.497 6.748 3.130 4.939 0.081 0.187 0.134
LSD 5% Sy-Su 0.014 0,041 0.027 7.076 8,989 8.03 9.857 4.565 7.210 0.273 0.194 0.234
L_LSO 1% Sy-S 0.0184 0.0568 0.29) 9.680 12.31 10.99 8.49 4.735 9.110 0.374 0.265 0.319 J
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Breeding studies on bread wheat under rainfed conditions

planting dates and the combined analysis, respectively. In conclusion, the
best combinations were, P4 x P4, P> X P, P2 X P4 and P, x P; for this trait.

For leaf area (LA); two, two and two parental combinations exhibited
significant positive S, effects in normal and late planting dates and the
combined analysis, respectively. The best combination was P, x P,. However,
six crosses expressed significant negative S, effects in late sowing date.

For flag leaf area {FLA); two, four and two parental combinations exhibited
significant positive S, effects in normal and late sowing dates and the
combined analysis, respectively. However, two, three and one crosses
expressed significant negative S; effects in normal and late sowing dates as
well as the combined analysis in the same order. The cross P; x P, gave the
highest S; effects, while P, x P, cross gave the highest negative S, effects.

For plant height, four parental combinations exhibited significant positive
S, effects in each of the normal and late sowing dates as well as the
combined analysis. The two crosses P, x P; and P, x P, gave the highest
positive S; effects for this trait. However, three, two and three crosses
expressed significant negative S; effects in normal late sowing dates as well
as the combined analysis, respectively. The cross P, x P, gave the highest
negative S, effects for this trait. '

For number of spikes per plant, eight, two and three crosses exhibited
significant positive S; effects in normal and late sowing dates as well as the
combined analysis, respectively. The best combination was P, x P,.

For number of spikelets per spike, six, five and six parental combinations
expressed significant positive S; effects in normal, and late sowing dates as
well as the combined analysis, respectively. The best combinations were P, x
Ps, P, x Ps and P, x P,.

For number of grains per spike, five, two and three crosses exhibited
significant positive S, effects in normal, and late sowing as well as the
combined analysis, respectively. The best combinations were P.xP; and
P; X P4.

For number of grains per spikelet, five, four and five crosses expressed
significant positive §; effects in normal and sowing, late as well as the
combined analysis, respectively. The crosses P, x P; P, x P, and P; x P; gave
the highest S; effects.

For spike length, seven, six and six parental combinations showed
significant positive S, effects in normal, late sowing dates as well as the
combined analysis, respectively. The best crosses were P, x P; and P, x P,4.

For density of spike, three, six and five parental combinations showed
significant positive S; effects in normal, late sowing dates as well as the
combined analysis, respectively. The best crosses were P, x P;, P, x P4 and
P1 X Ps. .
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R

For grain yield per plant, three, three and four crosses expressed
significant positive S; effects in normal late sowing dates as well as the
combined analysis, respectively. The crosses P, x P4, and P, x P, in normal
and late sowing dates as well as the combined analysis had the highest
desirable S, effects for this trait.

For 1000-kernel weight, three, five and four crosses exhibited significant
positive S; effects in normal, late sowing dates as well as the combined

- analysis, respectively. The best crosses were P,xP;, P,xP,4, P,xPs and P; x Ps.

For protein content, six, seven and six parental combinations expressed
significant positive S;; effects in normal and late sowing dates as well as the
combined analysis, respectively. The best crosses were P, x P4, P, x P;and
P4 X P5.

If crosses showing high specific combining ability involved only one good
combiner, such combination would throw out desirable transgressive
segregates providing that the additive genetic system present in the good
combiner and complementary and epistatic effects present in the crosses in
the same direction to reduce undesirable plant characteristics and maximize
the character in view. Therefore, the most previous crosses might be of
prime importance in breeding program for traditional breeding procedures.

From the previous results, it could be concluded that both crosses
(P4 x Py) and (P, x P4) were the best grain yield and most studied traits under
rainfed conditions either in normal or late sowing date.
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