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ABSTRACT
The present investigation was carried out at Shandaweel,
Agricultural research station, Agricultural research center, Egypt,
during the three seasons of 2004/05 2005/06 and 2006/07. The
objectives were to evaluate some durum wheat genotypes under
three sowing dates, effect of late sowing dates (heat stress) on grain
yield, vield components, genotype X environment interaction and
stability parameters. Eight of durum wheat genotypes were used in
this study. These genotypes were sown under three sowing dates,
the recommended date of 20™ Nov., 5" Dec. and 20" Dec. A
randomized complete block design was wused with three
replications. Data of days to heading, yield and yicld components
were collected from each plot and were subjected to analysis of
variance according to Gomez and Gomez, (1984). Stability
statistics and heat susceptibility index were estimated according fo
Eberhart and Russell (1966) and Fischer and Maurer (1978).
** Results showed that sowing dates were highly significant for
all studied characters. Combined data showed that number of days
to heading decreased by delay the sowing dates. Genotype No. 4
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(Bani-sawef 1) was the earliest, while the genotype No. 3 was the
latest . The reduction in the number of days to heading ranged
from 7.09 to 11.06%. Data indicated that the recommended sowing
dates produce the highest number of spikes/m’ compared with late
" date, 1000-kernel weight and number of kernels/spike. The highest
values were obtained by the genotype No. 1(378.78 spikes/m?),
genotype No. 3 (56.46 gm) and genotypes No. 1 and 8 (43.17 and
43.95 kernels/spike) in the three characters r&spectlvely On the
other hand, the reduction in the number of splkes/m 1000-kernel
weight and number of kernels/spike result exposed heat stress.
ranged from -3.56 to 14.15, -1.01 to 9.81 and -3.37 to 16.78 in the
three characters respectively. Genotypes number 1, 2 and 5 gave
the highest values of grain yield (18.71, 18.08 and 18.34 Ard./fed.),
respectively. While reduction in grain yield resulted from late
sowing dates (heat stress) ranged from 22.70 to 32.03 %.

The data of stability analysis indicated highly significant
differences between genotypes and environments and their
interactions for all studied traits. For days to heading, stability
parameters showed that three genotypes (2, 6 and 8) had stability,
while genotype No. 2 was adapted to unfavorable environments,
for days to heading. For number of spikes/m’, data of stability
parameters indicated that four genotypes (1, 4, 6 and 8)were
stable, but genotype No. 6 (Bani-sawef 4) was adapted to
unfavorable conditions (heat stress). For 1000—kernel weight,
stability parameters showed that all genotypes were stable except
genotypes No. 4 and 7, while genotypes 6 (Bani-sawef 4) and 8
(Sohag 3) were stable under unfaverable conditions, For number
of kernels/spike, data showed that six genotypes were stable for
nine environments (1, 2, 4, 6, 7 and 8), but genotypes No. 4,6 and 8
were adapted to unfavorable condmons (heat stress). For grain
yield, stability parameters (b; and $’d;} and mean performance (X)
showed that genotypes No. 1 and 8 (Sohag 3) were stable, on the
other hand, Sohag 3 was stable under late sowing dates (tolerance
to heat stress). _

Data of heat susceptxb:llty index for gram yield under normal
and very late sowing dates indicated that five genotypes (Ne. 2, 3,

6, 7 and 8) were tolerant to heat stress (late sowing dates) and

produce high grain yield under heat stress..
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INTRODUCTION

Wheat is considered as the most spread grains on earth and has
the biggest production which is about 30 % of total grain production in
the world. Wheat occupies about 22 % of the cultivated area (29 %) of
the area of cereal crops in the world equals 500 million feddan
distributed on different areas of the world. Wheat is considered as one
of the most important cereal crops not only in Egypt but also in the
world. The cultivated area in Egypt reached 2.92 million feddan in
2007/2008 season and produced about 7.977 ‘million tones with
average 18.21 Ardab/fed., equal. to 2.73 ton {refer to the ministry of
agriculture and land reclamation- economic affairs sector).

Wheat crop is often affected by different types of stresses at
various times during its growth stages, a biotic stresses including heat,
cold and drought may be the major limiting factors. During the grain
filling period of wheat in north Africa and west Asia, wheat crop is
often affected by high temperature which severely limits grain yield in
these regions. Spring wheat is successfully grown under various
environments. '

Heat stress (from 33 to 43 C°) during grain filling periods had
significant effects on plant height, 1000 grain weight, and grain yield,
except for number of days to heading. Delayed planting adversely
affected yield and yield components of wheat genotypes. All
genotypes significantly produced higher grain yields under normal
date of sowing than under late date of sowing, (Sial ef al. 2005).

Evaluation of wheat genotypes under different environmental
conditions is very important, in the breeding program, to identify and
select the high yielding and tolerant genotypes under harsh conditions.
Many studies reported significant differences among wheat cultivars
in their response to environmental conditions and hence, their grain
yields (Salem et. al, 1990; Ismail, 1995; Hamada et. al, 2002 and Said,
2003). Stable genotype is, in general, the one has consistent
performance across environments and is affected by the presence of
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significant G x E interactions. So, assessment parameters in the
presence of significant G x E interactions is inevitable and important
to determine the superiority of individual genotypes across the range
of environments. The objectives of this study were to: 1dentity the best
durum wheat genotypes under different sowing dates, effective late
sowing dates (heat stress) on grain yield and yield components, and
genotypes X environment interaction and genetic stablhty '

MATERIALS AND METHODS

The present investigation was conducted at Shandaweel
Agricultural Research Station, Agricultural Research Center, Egypt.
During 2004 / 2005 to 2006 / 2007 growing seasons. Eight duram
wheat genotypes were planted; three released from the advanced lines
of Wheat in the National Program of wheat research Line # 1
(AJATA/TAV-10/AUK), 2 (BOOMER-24/AJAIA-9//ACO89), 3
(DIPPER-2/BUSHEN-1), and five durum wheat varieties Bani sweef
I, Bani sweef 3, Bani saweef 4, Bani saweef 5 and Sohag 3. The eight
genotypes were grown on three successive seasons. Sowing dates were:
(20th November, S and 20"™ December). The experimental design
was complete randomized blocks(RCBD), with three replications for
each planting date The plot size was 3.5 m long with 2.4 m width (3:5
x 2.4 =8.4 m’ = 1/500 from fed.). Each plot included 12 rows, 20 cm
between rows and’ 5’ cm within row. Genotypes were sown by
expenmental seed sown The recommended ‘practices of wheat

Data were recorded on: days to hs:«adlﬁg, number of days elapsed
from sowing until the upper most spikes appeared beyond the auncles
of the flag leaf sheath (50% headmg) ‘rumber of spikes/m’ (No.
S/m2); average number of spikes/m’. 1000-kernel weight (gm): the
weight of 1000-kernel from the bulk of the plot in gm, number of-
kernels/spike: as an average of kernels/spike from random sample
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which concluded 5 spikes and grain yield /plot (kg): The weight of
grains from the ten middle rows (plot area 7 m?) = 1/600/feddan.
Environment: monthly mean temperature differ from season to
other season, (Table 1). The mean daily maximum and minimum
temperature from the date of sowing to booting stage, booting stage to
heading date and heading date to maturlty of favorable and late sown
crop (heat stress). The differences in'the maximum temperature at
Sohag between late -and:favorable sowing dates were 0.1 C, 1.87 C
and 2.06 C in the period, sowing to booting, booting to heading and
heading to maturity, respectively The temperature in- Table 1 indicate
that the degree cent great missinig during grain ﬁihng period under late
sowing date.
Table 1: Mean maximum and minimum air temperature (C) during
gl‘.owth stage in favorable and late sowing date at Sohag:

Months .. ) 2004 /2005 ¢ - 2005 / 2006 2006 / 2007
‘ Max . Min- Max min Max Min
Navember 27.90 11.50 25.90 10.007 | 2403 .4 10.69
December 22,10 6.60 23.40 92.00 . 21.34 6.88
January 20.20 5.40 21.50 6.80 19.33 5.16
February -2330 | 7.60 23.50 8.90 27.48 8.52
March: | 25.60 940 26.60 11.00 27.68 11.29 |-
April 36. 80 16.20 30.19). 14.60 34.67 21.63
Sowing dates sowing to bootmg ﬁm;:::it:lngg to . ‘h‘-’?‘l‘:.';,'gl.:li‘:;e _t°
Max Min Max Min Max Min
Recommended 22.31 7.38 24.76 8.34 27.48 11.30
Late 22.41 708 26.63 . 10.56 29.54 13.36

Statistical analysis: Data. was subjected to the standard analysis of
variance and the combined analysis of variance over nine environment
was performed according to Gomez and Gomez, 1984. and stability
parameters were estimated. by the method described by Eberhart and .
Russell (1966). Heat susceptibility -Index (HSI) was calculated
according to the method of Fischer and Maurer (1978), using the
following formula:
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Heat susceptibility index (HSD=(Y no-Y h)/(Y no.H)
Heat density (HY= 1 —(¥h/ ¥no)
Xh = Average of genotypes yield under heat stress.

Xno = Average of genotypes yield under normal conditions.

Y no = yield potential of genotype under normal condi.tibns.

Y h= yield of-genbtype under heat stress,:_':'

RESULTS AND DISCUSSION
Effect of sowing dates:-..

Results showed that sowing dates, genotypes and . their
interaction were highly significant for all studied traits, (Table 2).
Same results were obtained by Abdel-Rahman et af . (1979), Tammam
and Tawfiles (2004) and Amin (2006).

Table 2: Mean sqh_érés of the combined analysis of variance for days to
heading, number of spikes/m®, 1000-kernel weight, number of
kernels/spike and grain yield, over three seasons.

Mean sguares

x days te

1900

Number

S5.0.v. DF Number of Grain’
heading | spikes/m? | Lermel | ofkernel/} oy
weight spike
Season(S) 2 1243.70%* | 91093.63*% 46.91%# 2306.97** 27.70%*
Dates(D) 2 2392.84%% 1 43109.26%* | 251,38*%* T77.20%* 101 5.25**
SD 4 37.241%% § 13588.39%* | 125.06** 59.34%* 93,65%%
Error (a) | 18 12.61 159.72 5.07 6.71 0.49
Genotypes(G) 7 269,17%* 7262.93%% 154.63%* 100.21+* 16.06%*
SG 14 26.20%* 4015.30%* 30.41%* 105.20** T 4Pr*
DG 14 6.72%% 1863.47%* 42.11** 68.54%* 4.45**
SDG 28 2.72%* 4210.57%* 26.61%# 83.48%* 4,22%%
Error {b) 126 0.49 295.85 5.80 1123 0.49

Combined over all’ averaéé for number of days to heading,
(Table 3) showed that days to heading decreased by delaying'sowing -
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dates. Genotype No. 4 (Bani-sawef 1) was the earliest while genotype
No. 3 was the latest for days to heading. Reduction of number of days
to heading (Table 3 cont.) ranged from 7.09 to 11.06%, {Tammam and
Taw files 2004). Data indicated that the recommended sowing dates
produced the highest values of number of spikes/m?, 1000-kernel
weight and number of kernels/spike compared with late date, (Tables
4, 5 and 6). The highest values were obtained by genotype No.
1(378.78 spikes/m®), genotype No. 3 (56.46 gm) and genotype No. 1
and 8 (43.17 and 43.95 kernels/spike) in the three traits respectively.

On the other hand, reduction result exposed heat stress (Tables
4, 5 and 6) ranged from -3.56 to 14.15 for number of spikes/m’, -1.01
to 9.81 for 1000-kernel weight and -3.37 to 16.78 for number of
kernels/spike, the results are in agreement with those of Kheiralla and
Sherif 1992, Sikder ef al (2001), and Amin (2006). The means of
grain yield (Table 7) showed that genotypes number 1, 2 and 5 gave
the highest values for grain yield (18.71, 18.08 and 18.34 Ard./fed.) in
the three genotypes, respectively. While the reduction Table 7) in
grain yield results late sowing dates (heat stress) ranged from 22.70 to
32.03 %, which are in agreement with the findings of Muhammad et
al. (2008). .

Stability analysis:-

The joint regressmn analysis of variance in days to heading,
number of spikes/m’, ‘1000-kernel weight, number of kernels/spike
and grain yield are presented in Table (8). The data showed highly
significant differences among genotypes.
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Table 3;: Means of days to heading of eight durum wheat genotypes under three sowing
dates in three seasons, over all seasons and the reduction of such trait.

Ent.

2004 - 2005

Days to heading

2005 - 2006

2006 - 2007

D2

D3 | Mean

D1

D2

D3

Mean| D1

D2

D3

Mean

Mean

81.7

76.0

82.3

91.7

90.0

82.7

88.1 | 99.0

94.3

87.0

93.4

88.0

84.7

77.3

84.6

90.7

87.7

79.3

859 [ 96.3

91.3

85.0

90.9

87.1

83.3

77.3

85.3

88.7

88.7

82.3

86.6 | 102.3

97.7

90.0

96.7

89.5

78.3

71.3

76.9

80.0

77.0

72.3

76.4 | 88.3

85.3

79.0

84.2

79.2

86.3

78.7

86.0

91.7

85.0

79.7

854 | 943

90.0

83.0

89.1

86.9

82.0

75.7

83.1

91.3

87.0

79.3

85.9 : 97.7

91.7

83.7

91.0

86.7

83.0

71.7

83.6

88.7

86.7

81.0

854 | 94.0

89.3

85.0

89.4

86.1

OO ~JION ) TG D | et
&
| 7%}
=

83.7

77.7

- 84.4

90.7

87.3

81.7

86.6 | 99.7

96.0

88.7

94.8

88.0

Mean | 90.3

83.1

76.5

83.3

89.2

86.2

79.8

92.0

85.2

91.2

86.5

0.05

037

0.37
0.58
0.37

0.01

0.52
0.52

0.77
0.49

85.0 [ 96.5

SXG =
DG =
SxXDxG =

0.05
0.65
0.65
1.12

0.01
0.86
0.86
1.48

D1 = Normal sowing date { 20 November ).
D2 = Late sowing date ( 5 December ).
D3 = Very late sowing date ( 20 December ).

Season : 8
Date of sowing : D
Genotypes: G
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Table 3: cont.

Ent,
No.

Over all

The reduction of D1

- 2004 - 2005

2005 - 2006

20006 - 2007

D1

D2

D3

D2%

D3%

Mean

D2%

D3%

Mean

D2%

D3%

2 Mean
Mean:| -

93.33

88.67

81.89

-0.55

22.93

11.19

4.43

15.44

9.94

2.64

22.64

12.64

11.26

92.89

87.89

80.56

-2.12

23.01

10.45

0.09

-2.13

-1.02

-1.65

-0.55

-1.10

2.78

94.78

90.56

83.22

12.18

18.91

15.54

3.75

-6.26

-1.26

7.03

17.90

12.46

8.92

83.11

80.22

74.22

-14.83

19.49

233

5.19

15.26

10.22

9.41

22.59

16.00

9.52

93.00

87.11

80.44

3.35

22,78

13.07

9.59

18.79

14.19

7.74

2.29

5.01

10.76

93.56

86.89

79.56

1.10

26.03

13.57

18.79

23.30

21.04

7.66

16.78

12.22

15.61

SN Ul ] W ) e

90.89

86.33

81.22

-20.57

11.90

-4.34

291

9.33

6.12

0.69

7.37

4.03

1.94

8

94.11

89.00

82.67

7.04

33.00

20.02

4.06

2.08

3.07

7.01.

14.86

10.93

11.34

Mean

91.96

87.08

80.47

-1.51

22.67

10.58

6.48

10.29

8.38

5.35

13.79

9.57

9.51

Performance and stability of wheat genotypes

D2 = reduction D2 = [(D1 - D2) / D1} *100
D3 =reduction D3 = {(D1 - D3)/ D1] *100
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Table 4: Means of number of spikes / m’ of eight durum wheat genotypes under three

sowing dates, over all seasons and the reduction of such trait.

Number of spikes / m’
- Ent. No, | 2004 - 2005 2005 - 2006 2006 - 2007 Mean
D1:D2 D3 |Mean | D1 | D2 | D3 {Mean| D1 | D2 | D3 | Mean '
1 439 | 455 | 422 438 454 | 312 | 301 355 367 | 366 | 295 342 379
2 375 | 469 | 383 409 387 | 328 | 29% 338 327 1390 | 369 362 Y70
3 395 | 334 | 443 | 391 341 | 339 | 290 | 323 448 | 370 | 251 356 357
4 375 | 396 | 420 397 381 | 326 | 281 329 333 ¢ 3258 | 241 300 342
5 411 | 405 | 370 | 395 343 | 305 | 296 315 272 | 3151 279 | 288 333
6 359 .| 398 |:.375 377 351 | 332 | 302 328 | 405 | 373 { 319 366 357
7 388 ) 363 . 310 | 354 343 § 323 | 274 313 323 | 377 | 343 348 338
8 369 | 393 | 381 3381 380 | 313 | 290 328 356 § 317 | 257 310 340
Mean 389 | 402 | 388 393 373 ] 322 1 291 329 354 | 354 | 254 334 I 352
L.S.D 0,05 0.01 0.05 0.01
S = 4.59 6.43 §xG = 16.05 21.22
D= 4.59 6.43 DxG = 16.05 21.22
SxP = 7.22 9.55 SXDxG = 27.81 36.75
y = 9.27 12.55
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Table 4; Cont.

Ent.
No. :

Over all

The reduction of D1

2004 - 2005

2005 - 2006

2006 - 2007

Di

D2

D3

D2%

D3%

Mean

D2%

D3%

Mean

D2%

D3%

Mean

Mean

419.67

377.56

339.11

-0.55

22.93

11.19

4.43

15.44

9.94

2.64

22.64

12.64

11.26

362.89

395.67

350.00

-2.12

23.01

10.45

0.09

-2.13

-1.02

-1.65

-0.55

-1.10

2.78

394.67

347.44

327.89

12.18

18.91

15.54

3.75

-6.26

-1.26

7.03

17.90

12.46

8.92

363.22

348.78

313.67

-14.83

19.49

2.33

5.19

15.26

10.22

9.41

22.59

16.00

9.52

341.89

341.33

315.11

3.35

22.78

13.07

9.59

18.79

14.19

7.74

229

5.01

10.76

371.78

367.56

332.11

1.10

26.03

13.57

18.79

23.30

21.04

7.66

16.78

12.22

13.61

1 @) e ] W B e

351.33

354.56

308.78

-20.57

11.90

-4.34

291

9.33

6.12

0.69

7.37.

4.03

1.94

8

368.56

‘ 341.22

309.56

7.04

33.00

20.02

4.06

2,08

3.07

7.01

14.86

10.93

11,34

Mean

371.75

359.26

324.53

-1.51

22.67

10.58

6.48

10.29

8.38

5.35

13.79

9.57

9.51

D2 = reduction D2 = [(D1 - D2)/D1] *100
D3 = reduction D3 = [(D1 - D3)/ D1} *100
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Table 5: Means of 1000-kernel weight of eight durum wheat genotypes under three
sowing dates, over all seasons and the reduction of such trait.

1000-Kernel weight
No 2004 - 2005 2005 - 2006 2006 - 2007 Mean

-402-

DL D2 | D3 |Mean| D1 | D2 | D3 [Mean| D1 | D2 | D3 | Mean
1 48.2 1 52,6 | 43.5! 48.1 | 50.3 | 55.7 |39.3| 48.4 |49.7(52.0150.7| 50.8 | 49.1
2 51.0 | 46.7 | 50.3{ 49.4 | 50.7 | 57.0 | 45.0 ] 50.9 |52.7|50.0|48.0| 50.2 | 50.2
3 60.5|582|54.5| 57.7 159.3|553(44.7| 53.1 161.3]58.7|55.7| 58.6 | 56.5
4 50.8|4582.2(53.5| 52.1 [48.7| 483|483 | 484 |50.3]49.0 513 50.2 ! 50.3
5 48.6 | 50.0 | 49.6 | 49.4 [ 53.3/60.7|453| 53.1 |54.7150.0]53.7| 52.8 | S1.8
6 53.4|52.151.7] 524 |49.0|55.0148.0] 50.7 | 54.7|54.3|52.7| 53.9 | 523
7 51.2 (502500 50.5 [65.3150.750.7| 55.6 |53.0]|52.7|53.7| 83.1 | 53.0
8 52.6 | 47.1 148.6 | 49.4 | 46.3|52.7{47.7| 48.9 | 51.0|50.7}{50.3| 50.7 | 49.7
Mean | 52.0{51.1 1502 51.1 | 529544461 51.1 {53.4|522{52.0} 525 | 51.6
L.S.D 6.05 0.01 0.05 0.01
S= 0.82 1.15 SxG = 2.25 2.97
D= 0.82 1.15 DxG = 2.25 2.97
SxI = . 129 1.70 SxDxG = 3.89 5.15

1.30 1.72




Table 5: Cont.

D2 = reduction D2 = [(D1 - D2) / D1] *100

D3 =reduction D3 = [(D1 - D3)/ D1] *100

Ent. The reduction of D1
8 Over all T
g No. 2004 - 2005 2005 - 2006 2006 - 2007

s Mean
5 b1 D2 D3 D2% | D3% | Mean | D2% | D3% | Mean | D2% | D3% | Mean

%ﬂ 1 4939 | 83.42 | 44.51 | -D.55 2293 | 11.19 | 4.43 | 1544 | 9,94 2.64 12264 12.64 | 11.26
-q-; 2 51.46 | 51.24 | 47.77 1 212 | 23.01 | 1045 0.09 | -2.13 | -£.02 | -1.65 | -0.55 | -1.10 2.78
“5‘ 3 60.39 | 5739 | 51.60 | 12,18 | 1891 | 1554 | 3.75 | -6.26 | -1.26 | 7.03 | 17.90 | 12.46 8.92
g 4 4992 | 49.83 | 51.04 | -14.83 19.49 2.33 519 | 15.26 | 10.22 | 9.41 | 22.59 | 16.00 9.52
'g 5 52.21 | 53.56 | 49.52 | 3.35 22,78 1 13.07 9.59 18,79 | 14.19 | 7.74 | 2.29 | 5.01 10.76
/] -
- 6 32.36 | 53.80 | 50.80 | 1.10 26.03 | 13.57 | 18.79{ 23.30 | 21.04 | 7.66 | 16.78 | 12.22 | 15.61
=

g 7 56.52 | 51.17 | 51.43 | -20.57 | 1190 | -4.34 | 291 {1 933 | 612 | 0.69 | 737 | 4.03 1.94
&

g 8 4998 | 80.13 | 48.86 | 7.04 33.00 | 20.02 | 4.06 | 2.08 3.07 7.01 | 14.86 | 1093 | 11.34
g Mean | 52.78 | 52.57 | 49.44 | -1.51 22.67 | 10.58 | 6.48 | 1029 | 838 | 535 {1379 | 9.57 9,51
=

-*]
a
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Table 6: Means of number of kernels/spike of eight durum wheat genotypes under

three sowing dates, over all seasons and the reduction of such trait.

Ent. Number of kernels/spike
" No. 2004 - 2005 2005 - 2006 2006 - 2007 Mean
DI . D2 | D3 [Mean| D1 | D2 | D3 | Mean| D1 | D2 | D3 | Mean
1 46.1 { 51.1 | 51.8| 49.7 [ 48.2 324267 358 [462 {468 393 44.1 | 43.2
2 440 | 56.71452 | 48.6 | 33.6!30.4 32,0 32.0 | 46.7 398 |36.7! 41.0 | 40.6
3 39.2144.4)41.1 | 41.6 [ 338268 |31.1] 30.6 424523457 468 | 39.6
4 454 |1 46.7 1 354 | 42.5 | 398363 |36.2) 374 1521 (43.037.1! 441 | 413
5 50.2 1399354 418 |148.2 366|266 371 14631528416 469 | 419
6 470 1 47.5139.1 | 445 | 40.7 | 45.7 1272 37.9 | 4421402 43,7 427 | 41.7
7 50.3 1454 | 41.7 1 458 (253328259 | 28,0 [429(374 (394 399 | 379
8 517 147.7147.6 | 49.0 [ 44.9 (388 (36.01 399 |51.8 (339|432 | 43.0 | 439
Mean |46.7 474|422 454 13931350 |30.2| 348 1466 433 408 43.6 | 413
L.S.D 0.05 0.01 0.05 0.01
§= 0.94 1.32 SxG = 3.13 4.13
= 0.94 1.32° DG = 3.13 4.13
Sxp = 148 1.96 SxPxG = 542 7.16
G= 1.81 2.39
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Table 6: Cont.

Ent. The reduction of D1
No. Overall 2004 - 2005 2005 - 2066 2006 - 2007 -
m D2 D3 | D2% : D3% | Mean | D2% | D3% { Mean | D2% | D3% | Mean Mean
1 46.83 | 43.44 | 39.24 | -0.55 ’ 22,93 | 11,19 ¢ 443 | 1544 | 9.94 | 2.64 | 22.64 | 12.64 | 1120
2 41.44 1 4228 1 37.94 | -2.12 ES.OI 1045 | 0.09 | -2,13 | -1..02 | -1.65 | -0.55 ; -1.10 | 2.78
3 38.48 { 41.17 { 39.28 | 12.18 [ 1891 | 1554 | 3.75 | -6.26 { -1.26 | 7.03 | 17.90 | 12.46 | §.92
4 45,78 | 41.98 | 36.25 | -14.83 . 19.49 233 | 51% {1526 | 1022 | 9.41 | 22.59 | 16.00 | 9.52
5 4821 | 43.11 | 34.53 | 3.35 [22.78| 13.07 | 9.59 ;1879 | 1419 | 7.74 | 2.29 | 5.01 | 10.76
6 43.95 | 44.46 | 36.66 | 1.10 | 26.03 | 13,57 [ 18.79 | 23.30 | 21.04 | 7.66 | 16.78 | 12.22 | 15.61
7 39.51 | 38.53 | 35.65 : -20.57 | 11.90 | -4.34 | 291 | 933 | 612 | 0.69 | 7.37 | 403 | 1.4
8 49.49 | 4612 4224 | 7.04 | 33.00 | 20.02 | 4.06 | 2.08 | 3.07 | 7.01 | 14.86 | 10.93 | 11.34 |
Mean | 44.21 | 41.88 | 37.73 | -1.51 | 22.67 | 10.58 | 6.48 | 10.29 | 838 ; 535 [ 13.79 | 957 | 9.51

D2 = reduction D2 = [(D1 - D2)/ D1] *100
D3 = reduction D3 = [(D1 - D3) / D1] *100
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Table 7: Means of grain yield of eight durum wheat genotypes under three sowing
dates, over all seasons and the reduction of such trait.

Grain yield (ard./fed.)
N 0" 2004 - 2005 2005 — 2006 2006 - 2007 Mean
DI | D2 | D3 (Mean| D1 | D2 | D3 [Mean: D1 | D2 | D3 | Mean
1 21.9119.9 1155 19.1 {2581153(143| 185 12181185154 185 | 18.7

2 1193{213]16.9] 192 [247]148[125] 17.3 [21.3]17.8 {142 178 | 18.1

3 198 188|163 | 183 1255/16.5|14.1| 18.7 |194{163 {149 168 | 17.9
4 1207185126 17.3 121.2 1128|114 151 | 177|184 119 | 16.0 '@ 16.1

5 21,0192 |13.6 179 {238 /153|138 176 [255]18.1 | 148 | 195 183
6

7

8

2201189156 |- 188 |22.7125/12.1 ] 158 |21.5[17.6 |16.2 | 184 | 177
22411951145 188 [24.1 1159|144 18.1 |18.1[17.5 | 145 16,7 | 179
: 2051971153 | 185 (219159141 | 173 | 194|161 | 142 | 16.6 | 175
"‘Mean | 21.0 | 19.5[15.0 | 185 [23.7[14.9 133 | 173 [20.6 {175 |145| 175 | 17.8

L.S.D _ 0.05 0.0t 0.05 0.91
S= 026 0.36 SxG = 0.65 - 0.86

= 0.26 0.36 DxG = 0.65 . 0.86

SxD = 0.40 0.53 SXDxG = 1.13 . 149

G= 0.38 0.50
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Table 7: Cont.

Ent.
No.

Qver all

The reduction of D1

2004 - 2005

2005 - 2006

2006 - 2007

D1

D2 D3

D2%

D3%

Mean

D2%

D3%

Mean

D2%

D3%

Mean

Mean

23.20

17.91 | 15.04

-0.55

22.93

11.19

4.43

15.44

9.94

2.64

22.64

12.64

11.26

21.75

1797 | 14.52

-2.12

23.01

10.45

-0.09

-2.13

-1.02

1.65

-0.55

-1.10

2.78

21.57

17.19 | 15.08

12.18

18.91

15.54

378

-6.26

-1.26

7.03

17.90

12.46

8.92

19.85

16.56 | 11.97

-14.83

19.49

2.33

5.19

15.26

10.22

9.41

22,59

16.00

9.52
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23.42

17.56 | 14.04

3.35

22.78 |

13.07

9.59

18.79

14.19

7.74

2.29

5.01

10.76

22.07

16.32 | 14.63

1.10

26.03

13.57

18.79

23.30

21.04

7.66

16.78

12.22

1561 |

~}| & | B W b e

21.51

17.66 | 14,44

-20.57

11.90

-4.34

291

9.33

6.12

0.69

7.37

4.03

1.94

8

20.60

17.23 | 14.52

7.04

33.00

20.02

4.06

2.08

3.07

7.01

14.86

10.93

11.34

Mean

2175

17.30 | 14.28

-1.51

22.67

10.58

6.48

10.29

8.38

5.35

13.79

9.57

9.51

D2 = reduction D2 = {(D1 - D2) / D1] *100
D3 = reduction D3 = [(D1 - D3) / D1] *100
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The data also revealed that component Env. + (genotype x
environment) was significant or highly significant for studied traits. In
additions partitioning Environment + G x E component mean squares
indicated that G » E (heterogeneily) mean squares were significant
and highly significant for days to heading and 1000-kerne! weight,
respectively. Similar results were obtained by Kheiralla and Ismail
(1995),Amin (2006) and Hamam and khaled (2009). '

Table 8: Mean square of days to heading, number of spikes / m2, 1000

kernel weight, number of kernel per spike and grain yield.

M. S,
S.0.V &1 | Daysto Number | 1000 | Number Grain
T s heading of spikes Kernel of kernel yield
{m2 weight per spike
Genotypes 7 | 4242241 | ggags53es | Spsdes | 33.40% | 179273+
Env.+GxEnv. | 64 | , o, | 27374%% | 1488% | 5820+ | 1430+
a=Env.(linear) 1 :246.9 44 *% 107597.8 ** | 260.62 ** | 2132.01 ** | §20.14 **
h=G*Env. - 7 678% 1531.13 TS .27.00 hdad 12.72 Nf 1,28 NS
C=Pooled dev, | 6 | yunwe | 100007%v | 898« | 2686+ 1.53 *»
Pooled error 126 0.49 295,85 5.80 11.23 0.49

Days to heading and 1000-Kernel weight: The joint regression
analysis of variance in Table 8 reveal that component of Env. +
{Genotype x environment) was highly significant for days to heading
and 1000-Kernel weight. In addition, partitioning Env. + G x E
component mean squares indicated that G x E (heterogeneity) mean
squares was significant for days to heading and highly significant for
1000-Kernel weight. Most of the G x E interaction was a linear
function as indicated by the greater magnitude of heterogeneity mean
squares in comparison with the pooled dev. mean square for such trait.

For days to heading, stability parameters (Table 9 and Fig. 1)
showed that three genotypes (2, 6 and 8) were stable over all the
studied environments, while genotype No. 2 was adapted to
unfavorable environments, for days to heading,
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- [ Days to headin
Ent. No. % Viean b, L
1 I 88@ ©1.09 3 35 *=
2 - 8.1 0.98 0.57
13 89.5 1.18 * 3.26 **
4 79.2 .85 2.02 **
5 - 86.9 ~0.86 478 %
6 86.7 '1.10 0.80
7 86.2 0.82 * 0.06
8 88.6 .11 0.76
Mean 86.5
L. S. D. 50 0.248
s - i
1.4+ !
' ;-s 1 g 3
B3 e e . B
e .2
ca-4 r L3 “
06+
s ;
979 s 81 3; ‘83 s - J—;s €3 4o

G

Téble 9 and Fig. 1 Means, b; and s’d; values
for eight durum wheat genotypes for days to heading.

The pooled dev. mean squares were also highly significant for
studied traits except 1000-kernel weight which was significant.

For 1000-kernel weight, stability parameters are presented in
table (10) and figure (2) showed thal all genotypes were stable except
genotypes No. 4 and 7 on this trait, while the genotypes 6 (Bani-sawef
4) and 8 (Sohag 3) were stable under unfavorable conditions.
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Ent. No. 1000-Kernel weight
Mean b; S'd;
1 4911 181 080 |
2 50.16 : 117 -0.90
-3 56.46 1.72 3.60
4 5027 | -90.05* -1.98
5 51.76 1.53 122 |
6 .52.32 __0.74 -2.53
7 53.04 - 059 18.22 #=
8 49.66 - 0.49 -L.11
Mean 51.60 T
1.S.D. g5 1.241
1,3;} H ! 3'
: S L
165 ¢
145 ?‘5
1.2k 2
bi A' —_— “:Ei e e S—
aefl : &
: . oy
0.6 s
0.4 ®
027
o - - -
-4t !
Dar i

Table 10 and Fig. 2 Means, b; and szdi values
for eight-durum wheat genotypes for 1000-kernel weight.

. The joint regression analysis of variance in Table 8 reveal that
component -of Env. + (Genotype x environment) was highly
significant for number of spikes/m’, number of kernels/spike and grain
yield. In addition, pastitioning Env. + G x E component mean squares
indicated that G, % E.(heterogeneity) mean squares was not significant,
indicating. that environments effect was linear function the interaction
of genotypes and environments was not linear function for such trait.
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This means that response was direct and there is no interaction’
effected with sowing dates, seasons and genotypes, so that there is no
need to do stability parameters for these traits.

Heat susceptibility index:-

Heat susceptibility index (HSI), which provides a measure of
stress resistance based or minimization of yield loss under stress as
compared to optimum conditions, rather than on yield level under
stress pre-se, has been used to characterize relative heat tolerance of
wheat genotypes. '

Table 11: Grain yield under favorable and heat stress and heat
susceptibility index (HSI) of grain yield between 1%
and 3" sowing dates for eight wheat genotypes:

[ Ent. 200472005 200572006 | 200672007 Over all
no. iDL D3 | HSI [D1 p3 [HSI[D1 | D3 JHSI|PI D3 | HSI
1 719 [ 1548 | 1.04 [ 25.8 [ 1427 [ 1.02 | 21.8 | 1536 | 1.00 | 23.20 | 15.04 | 1.02
2 19.3 | 16.86 | 045 | 24.7 | 1245 | 1.13 [ 21.3 | 1423 | 1.12 | 21.75 | 1452 | 0.97
3 198 | 1630 | 0.63 | 25.5 | 14.07 | 1.02 | 19.4 | 14.88 | 8.79 | 21.57 | 15.08 | 0.88
4 [ 207 [1259 | 138212 1143 ] 105 | 17.7 [ 11.90 } .11 | 1985 | 11.97 | 1.6
5 [ 210 {1357 124238 [ 13777 | 6.96 | 25.5 | 1478 | 1.43 | 23.42 | 1404 | 1.17
6 | 220 | 1557 | 1.03 [ 227 [ 12.13 ] 1.06 | 21.5 { 1618 | 0.84 | 22.07 | 14%3 | 0.98
7 | 224 1445|125 | 24.1 | 1438 | 0.92 | 18.1 | 1450 | 0.67 | 21.51 | 14.44 | 0.96
8 | 205 | 1527 | 0.89 | 21.9 [ 14.10 | 0.82 | 19.4 | 14.19 | 0.91 ] 20.60 | 1452 | 0.86
Mean | 21.0 | 15.01 2371 1333 206 | 1450 21.75 |14.28

Clarke et al (1984), Bruckner and Frohberg (1987) and Fisher
and Wood, (1979) concluded that heat susceptibility index was used to
estimate stress. injury because it acounted for variation in yield.
potential and stress intensity, Low stress susceptibility ( HSI < 1) is
synonymous with higher stress tolerance. Results in Table 11, indicate
that values of heat susceptibility index in the first season ranged trom
(0.45 to 1.38) for genotypes number 2 and 4, respectively, but
genotypes No. 2, 3 and 8 gave the lowest value of heat susceptibility
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index ( 0.45, 0.63 and 0.89 respectively). While in the second season

heat susceptibility index ranged from 0.82 to 1.13 in genotypes No. 8

and 2, but low heat susceptibility index was obtained by genotypes

No. 5(0.96), 7 (0.92 ) and 8 (0.82). In the third season 2006/2007 the

values of heat susceptibility index ranged from 0.67 to 1.48 for

genotypes No. 7 and 4, respectively, while genotypes No. 3, 6, 7 and 8

gave the lowest value of heat susceptibility index ( 0.79, 0.84, 0.67

and 0.91) for four genotypes respectively, On the other hand, heat

susceptibility index over the three years ranged from 0.86 for
genotypes No. 8 to 1.16 for genotypes No. 4. Genotypes No. 2,3, 6,7
and 8 produced low heat susceptibility index (HSI < 1) and the values

were 0.97, 0.88, 0.98, 0.96 and 0.86 and grain yield 14.52, 15.08,

14.63, 14.44 and 14.52 ard/fed for the five genotypes, respectively. A

superior genotypes for heat tolerance gave the least values of heat

susceptibility index ( HSI < 1) and high grain yield under heat stress.

This genotype was No. 3 and gave grain yield 15.08 ard/fed under heat

stress.
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