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Table 2. Analysis of variance for studied traits under non-stress and stress conditions
Mean Squares) Sl o . Slbe
oo e a7 a Jds k5 b J5,k8 g5 Jedo 5
S o V &l Chlorophyll a Chlorophyll b Total Chlorophyll
d.f oS O oS oS O o= oS O o=
Non-stress Stress Non-stress Stress Non-stress Stress
)“SJ ) 2 323.8557 31.3006 12433.5904 2678.7730 9623.8534**  2197.1809%*
Replication
N 79 56187™  54099™  162.5333™  166.0361™  151.7976™  125.5275™
Genotype
o> 158 4.5602 4.6920 176.6099 164.1995 163.0149 128.6814
Error
N akates - 8.61 9.05 29.98 27.23 18.29 15.82
C.V %
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, " and ™*: Non significant, significant at the 5% and 1% probability levels, respectively.

Table 2. Continued Y Jgoz daldl
(Mean Squares) &l o (52l
i i 4z o e Judg IS sae S ol s Slgiome als S5 59
S 0 V soll SPAD Relative Water Content Kernel Weight
df S o B O O S O O O
Non-stress Stress Non-stress Stress Non-stress Stress
).)SJ ) 2 13.4925 30.4605 2.8225™ 821.402263 101.3954 103.8685
Replication
s 79 1807347 17.51407  19.4223™ 55929154 64.6990™ 57.8046"
Genotype
Uas
158 3.7273 5.3028 15.4739 35.19178 11.6802 23.1081
Error
TR e - 3.53 4.30 5.03 8.44 8.59 14.74
C.V %
#E ¥ g

ns *

Table 2. Continued
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,“and **: Non significant, significant at the 5% and 1% probability levels, respectively.

Y Jgaz aolsl

(Mean Squares) Sl po xSilbe

et gl e Wlo Al 5 Sy Wl Al 4 0y90 als o, Sles
S 0 V &l Kernel Filling Rate Kernel Filling Duration Kernel Yield
d.f O Ogw o O Ogw o GRS Ogw o
Non-stress Stress Non-stress Stress Non-stress Stress
),‘SJ ) 2 0.0521 0.0742™ 2.9542™ 13.0875™ 12450131.8 4363472.5™
Replication
w5 79 0.1024™ 0.1513" 30.5649" 29.1897" 5224359.3" 3148554.2"
Genotype
Uas-
158 0.0149 0.0531 6.5238 8.5854 3216520.2 2103065.2
Error
ol 2 oyl
R e - 10.63 19.67 7.27 10.31 27.00 28.54
C.V %

ns *

oy ) g ao,0 0 Jlaisl mlaw jo jls s g o pre i i g

,“and **: Non significant, significant at the 5% and 1% probability levels, respectively.
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Table 3. Combined analysis of variance for studied traits under non-stress and stress conditions

a0 Mean Squares) Sl o . SKlbe
5.0V et ple e a gy ls b Judyls JS Jebs s Fadds IS sue
d.f Chlorophyll a Chlorophyll b Total Chlorophyll SPAD
E“Vi(ré’g)mem L 1 92.8092™ 893.7311™ 420.5879™ 143.3360™
Replication / En  Luss 59,0 51,55 4 177.5781 7556.1818 5910.5171 21.9765
Genotype (G) R 79 6.8979" 193.0620™ 156.5053" 33.8980"
EnxG Lo x g 79 4.1306™ 135.5074™ 120.8198™ 1.6894™
Error NS NIERY 316 4.6261 170.4046 145.8481 4.5150
CV.% (1) &l yosds o o - 8.83 28.57 17.07 3.93

oy ) g aoye 0 Jlaisl e jo s s g lo pe yue %4_35)54.3:** 5* o
™ *and *": Non significant, significant at the 5% and 1% probability levels, respectively.

Table 3. Continued

Y Joaz dalol
R Mean Squares) Sl o . SKlbe
S.0.vV i gl sl S2e [ Sy s 59 als oo » 009 ails 5 Slas
d.f Relative Water Kernel Weight Kernel Ellhng Kernel Yield
Content Duration
E“Vi(rgg;nem Lme 1 7538.0223° 6145.5728" 544727 291860113.3™
Replication / En Lo 9,0 1,55 4 412.1124 102.6320 7.94 8406802.2
Genotype (G) g 79 45.9884"™ 102.3787" 54.73" 6350298.7"
Envx G Lo x iy 79 29.3631™ 20.1248™ 5.25™ 2022614.8™
Error eiaboT ol 316 25.3328 17.3942 7.52 2659793
CV.% (%) & pis sy - 6.78 11.53 8.63 27.82
s

e ) g oo 0 b Jlasl mhaw jo jlo piee g o gire pé oS Say s g
™ “and **: Non significant, significant at the 5% and 1% probability levels, respectively.

A A5 g 5 e Ll 5o U e slacie; 5o aallhae 8590 Slhe Sliis w0 5 (2Ske -F oo
Table 4. Means and variations percentage of the studied traits in bread wheat genotypes under non-stress
and stress conditions

Trait Cibo O O o (1) Sy
Non-stress Stress Variations (%)

Chlorophyll a (ug/ml) a Jy,l5 24.81 23.93 3.54
Chlorophyll b (ug/ml) b Ly, ls 4433 47.06 -6.16
Total Chlorophyll (ug/ml) 85 Jede ks 69.82 71.69 -2.68
SPAD s S sae 54.62 53.53 2.00
Relative Water Content (%) S Ol o lgime 78.22 70.25 10.19
Kernel Weight (mg) als S 59 39.77 32.61 18.00
Kernel Filling Rate (mg.day™") als ol Ce e 1.15 1.17 -2.20
Kernel Filling Duration (Day) &l b 4 0y90 35.15 28.42 19.14

Kernel Yield (Kg.ha™) wlo & Sles 6641 5082 23.48
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Table 5. Mean comparison of studied traits in two non-stress and stress conditions

o a Jdg,ls o Sy 0l o Slgimme als S5 Wl Al 0y90 als o ,Sles
59 Fadeds IS sus ; - ~ € .
Genotype Chlorophyll a SPAD Relative Water Kernel Weight Kern.el Filling Kernel Y_1leld
(ug/ml) Content (%) (mg) Duration (Day) (Kg.ha)
1 23.633 52.017 71.780 39.392 29.333 4410.9
2 25.013 50.283 72.555 34.617 29.333 4458.2
3 25.327 54.283 75.265 28.317 31.333 5807.6
4 21.586 53.967 76.258 30.650 26.500 6364.9
5 23.050 55.517 73.398 29.545 32.833 8185.6
6 24.363 53.683 72.795 35.920 32.000 6958.7
7 24.663 55.700 75.378 32417 32.500 5369.6
8 23.255 53.767 78.832 30.318 31.500 8036.9
9 23911 52.500 73.607 36.020 33.167 5912.5
10 25.576 57.250 80.542 31.615 34.667 5820.3
11 22.995 53.450 75.422 33.785 32.667 6123.1
12 24.928 50.450 70.287 35.500 33.500 6443.6
13 25.629 56.467 72.405 38.902 35.833 6464.6
14 24.297 53.017 74.603 32.222 30.000 5355.2
15 24.512 56.383 77.503 34.963 30.833 5142.1
16 24.859 52.000 72.348 42.883 23.333 6344.1
17 25.576 52.550 72717 38.793 33.167 6217.9
18 25.051 56.167 73.335 35.112 30.167 6383.5
19 24.575 55.067 76.420 36.557 28.667 5691.2
20 23.535 55.017 75.797 32.523 28.500 6647.5
21 23.058 54.933 74.598 37.942 30.167 5130.8
22 25.282 50.733 67.963 35.902 30.333 7299.9
23 25.240 53.233 77.107 33.497 28.333 6920.9
24 25.600 57.267 73.047 28.042 34.500 6030.9
25 25.881 57.867 84.065 34.038 29.833 4995.9
26 23.332 58.867 76.297 32.810 34.333 41522
27 22917 53.617 76.822 26.325 32.667 4994.0
28 25.677 54.867 76.003 34412 32.333 4878.2
29 24.295 56.100 75.560 30.718 28.833 6196.1
30 22.983 54.117 75.898 38.940 34.167 6236.4
31 24.132 55.117 74.337 35.885 31.500 5904.7
32 24.033 56.767 76.812 36.735 34.167 42459
33 23.705 56.733 74.983 35.820 29.167 7544.7
34 21.999 53.133 73.358 33.092 33.167 5994.7
35 25.027 55.633 69.580 38.030 34.500 5087.3
36 23.901 55.700 78.268 34.423 34.667 5782.9
37 23.781 55.017 73.765 30.172 33.333 5886.2
38 24.021 52.550 75.587 35.660 32.000 5069.0
39 26.030 51.867 76.227 37.220 32.333 5709.8
40 23.676 50.067 73.755 43.675 25.333 5439.4
41 26.616 52.200 74.488 37.262 31.333 6461.8
42 23.389 53.333 74.985 40.478 33.333 4557.0
43 24.843 52.367 72.628 33.297 31.333 6101.8
44 22.704 56.750 73.112 42.492 26.667 6422.0
45 25.640 54.250 76.518 35.275 33.667 4580.1
46 23.009 54.300 78.410 34.505 35.000 6414.4
47 24.558 56.250 75.683 33.483 38.667 4725.7
48 25.674 51.217 79.095 37.748 31.000 6289.4
49 22.455 52.600 69.713 41.158 30.833 7035.1
50 23.984 56.417 72.593 34.335 21.833 5462.4
51 24316 52.550 71.363 39.015 29.833 6510.2
52 24.420 57.183 73.352 37.865 28.833 7238.7
53 24.783 55.050 72.758 40.738 33.667 6010.0
54 22.352 52.983 74918 35.793 32.000 7450.7
55 23.884 51.450 72.465 34.605 31.833 7636.8
56 23.961 54.433 73.692 33.607 31.500 6283.1
57 22777 55.100 76.678 37.128 34.333 4819.5
58 24.192 50.867 72.182 33.000 28.833 5988.6
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Table 5. Continued O Jgaz asldl
. e 7 Cf gy s Al (0D 5y 0590 ;
T B Jss,l5 FadedolS sae Sz i Sline M 039 Kernel Filling s Q;J‘.Q&
Genotype Chlorophyll a SPAD Relative Water Kernel Duration Kernel Y_1leld
(ug/ml) Content (%) Weight (mg) (Day) (Kg.ha™)
59 24.795 52.833 75.808 34.778 31.500 5883.0
60 24.400 47317 70.880 36.885 31.833 4588.7
61 26.347 53.850 77.235 37.688 35.000 6655.4
62 25.306 51.917 72.367 35.655 31.000 4829.7
63 25910 53.217 74.392 39.040 30.333 4014.4
64 24.262 51.750 74.467 39.913 30.000 5228.5
65 26.032 55.717 69.145 46.902 33.000 6960.8
66 24.122 53.150 72.732 42.462 36.667 5912.1
67 24317 52.667 71.027 39.557 37.833 45239
68 25.410 55.717 67.938 40.623 36.333 4963.0
69 25.595 52.050 73.737 35.327 33.500 6852.2
70 23.146 51.000 70.258 37.347 30.000 5970.6
71 24.832 56.583 71.168 37.208 30.833 6159.7
72 24.337 59.033 72.012 39.347 34.333 8119.3
73 23.610 52.167 72.393 35.620 36.667 5422.4
74 23.772 51.667 72.313 40.162 32.000 4692.7
75 26.092 54.583 74.142 37.355 37.333 6048.5
76 24.498 56.317 75.482 42.197 28.167 6148.8
77 25.509 57.450 77.008 43.673 34.333 5882.2
78 24.178 58.200 76.853 43.718 30.833 5610.4
79 24.660 57.300 76.350 39.423 33.500 6516.6
80 23.937 48.650 73.295 24.895 28.500 2310.9
’5,‘» 26.616 59.033 84.065 46.902 38.667 8185.6
Maximum
Jslos
. 21.586 47317 67.938 24.895 21.833 23109
Minimum
Ol 24.369 54.077 74.261 36.187 31.794 5861.5
Mean
LSD 5% 2.4432 24137 5.72 4.7376 3.1154 1852.6
LSD 1% 3.2181 3.1792 7.53 6.2401 4.1035 2440.1

alls iy 0y99 Jsb 5 0jg Bl 5l Galesl 950 sl
ol 69y s sl il (Sas pus aS) saums
VA oSilo job 4y a5 (gemu 4 el aiily Glas
5 0y90 Job 3l o, YANY 5 wls ST 59 5l sy
Sl yuaxs duoy0 (T Jgaz) cnl ools rals 1) als o
iy Sl oasd lis ls ol S Gl
g Sl Jae bl Sl 4 als ol Oos
als ol p Soe )l mag wly ol Sy aSG)
Ol 3 Kuoe’ cwl oS Sy JpaS ces
Jles! a5 wsls 5,155 5.5 (Gooding et al., 2003)
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Table 6. Simple correlation coefficients between different traits in bread wheat genotvpes under non-stress and stress conditions

Ve /ﬁ)Le,? c)Lo..fa /fjo Jb/u)&c <

Trait 1 2 3 5 7 8 9
1 Chlorophylla 1 -0.813%*  -0.735%* 0.104 -0.029 0.154  0.062
2 Chlorophyllb -0.325%* 1 0.993** 0.172 0.053 -0.054  -0.040
3 Total Chlorophyll g -0.146  0.083** 1 -0.178 0.055 -0.031  -0.034 ﬁ_w
4 SPAD - -0.034 0.037 0.033 0.195 -0.006 0.095  0.145 ,u
5 Relative Water Content mw -0.57 -0.116  -0.132 1 -0.114 0.005  -0.141 mu
6 Kernel Weight m 0.069 0.107 0.125 -0.130 0.693*  0.120  0.066 m
7 Kernel Filling Rate s £ -0.023 0.093 0.093 -0.131 1 -0.601%**  0.116
8 Kernel Filling Duration L5 AR gy z 0.120 0.005 0.029 0.028 -0.663%* 1 -0.071
9 Kernel Yield -0.046  -0.089  -0.101 0.152 0.098 0.012 1

Yaa

* and **: Significant at the 5% and 1% probability levels. respectively.
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Table 7. Mean comparison of Kernel Filling Rate under stress and non-stress conditions

1S ol g s g &l 4ol e pw
gl Kernel Filling Rate (mg.day ™) G 95 Kernel Filling Rate (mg.day™)
Genotype o o9 o Genotype o o9 s
Non-stress Stress Non-stress Stress
1 1.36 1.33 41 1.18 1.19
2 1.21 1.15 42 1.19 1.26
3 0.84 1.00 43 1.07 1.06
4 1.14 1.19 44 1.53 1.82
5 0.90 0.91 45 1.04 1.07
6 1.21 1.01 46 0.93 1.06
7 1.02 0.98 47 0.88 0.85
8 1.05 0.87 48 1.18 1.26
9 1.11 1.06 49 1.40 1.29
10 0.88 0.98 50 1.52 1.90
11 1.04 1.03 51 1.26 1.45
12 1.08 1.05 52 1.31 1.36
13 1.11 1.06 53 1.29 1.14
14 1.00 1.18 54 1.12 1.12
15 1.16 1.12 55 1.06 1.12
16 1.89 1.83 56 1.03 1.11
17 1.26 1.07 57 1.05 1.12
18 1.19 1.15 58 1.18 1.10
19 1.18 1.43 59 1.03 1.19
20 1.18 1.10 60 1.07 1.27
21 1.25 1.26 61 1.05 1.10
22 1.21 1.19 62 1.20 1.14
23 1.24 1.12 63 1.27 1.33
24 0.80 0.83 64 1.37 1.30
25 1.13 1.15 65 1.30 1.58
26 0.91 1.02 66 1.21 1.10
27 0.75 0.90 67 1.00 1.11
28 1.14 0.99 68 1.15 1.09
29 1.10 1.03 69 1.11 1.00
30 1.12 1.18 70 1.28 1.21
31 1.16 1.12 71 1.38 1.00
32 1.06 1.10 72 1.15 1.14
33 1.20 1.28 73 0.97 0.98
34 0.98 1.02 74 1.23 1.29
35 1.11 1.09 75 1.00 1.00
36 0.97 1.03 76 1.44 1.59
37 0.87 0.97 77 1.25 1.30
38 1.01 1.27 78 1.39 1.46
39 1.12 1.20 79 1.23 1.15
40 1.55 1.99 80 0.91 0.84
Non-stress i g0 Stress i
Max. zslos 1.89 1.99
Min. Jslo> 0.84 0.84
Mean .5l 1.15 1.17
LSD 5% 0.20 0.37

LSD 1% 0.26 0.49
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Abstract

To study genetic variation and terminal drought stress on kernel yield and some physiological traits
in bread wheat, an experiment was conducted using 80 irrigated bread wheat genotypes in a
randomized complete block design (RCBD) with three replications under normal and terminal drought
stress conditions in research farm of the Campus of Agriculture and Natural Resources, Razi
University, Kermanshah, Iran, during 2011-2012 cropping season. The result of combined analysis of
variance indicated high significant differences among genotypes for all studied traits except
“chlorophyll b” and total chlorophyll. Moreover, effect of the environment on relative water content,
kernel yield, kernel filling duration and kernel weight was highly significant. Terminal drought stress
reduced “chlorophyll a”, SPAD and relative water contentas much as 3.54%, 2% and 10%,
respectively but it increased “chlorophyll b” and total chlorophyll by 6.16 and 2.68%, respectively .In
addition, drought stress caused reduction in kernel yield (23.48%), kernel filling duration (19.14%)
and kernel weight (18%) but it increased kernel filling rate by 2.20%. There were high negative
significant correlation between “chlorophyll a” and “chlorophyll b” and between kernel filling rate and
kernel filling duration, whereas, correlation between “chlorophyll b” and total chlorophyll and
between kernel filling rate and kernel weight were highly significant and positive. Correlation
coefficients exhibited no significant associations between kernel yield and other traits in both normal
and drought stress conditions.

Keywords: Chlorophyll content, Kernel filling duration, Kernel filling rate, Kernel yield, Relative
water content
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