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Extended Abstract

Background: One of the main elements of sustainable development of any country is to provide
enough food at a suitable price for the people of that society. Cereals and their products are the
main part of most human diets in developed and developing countries, which constitute a major
part of dietary energy and nutrients. Wheat (Triticum aestivum L.) is one of the most widely used
crops in the world and has the second highest production in grains following corn. Wheat provides
approximately 20% of calories and protein to 4.5 billion people in various forms. Climate change
poses a significant threat to most agricultural products in tropical and subtropical regions
worldwide. Drought stress is one of the consequences of climate change that negatively affects
the growth and yield of wheat. The predictions of climate change models show that the average
global temperature will increase between 0.5 and 3.7 °C by the end of 2100. The simultaneous
effects of increasing temperature and decreasing rainfall are expected to increase the intensity and
frequency of drought. It is also expected that the effects of climate change on agricultural products
will be more severe in arid and semi-arid regions, such as Iran. Hence, it is necessary to create
new cultivars with high yield in regions exposed to drought. Thus, agro-morphological traits
affecting grain yield under dry conditions were evaluated in winter wheat cultivars of 24 lines and
cultivars of bread wheat.

Methods: The experiment was conducted in a complete randomized block design with three
replications under rainfed conditions. In this study, 12 advanced lines along with the WAZ line
and 11 autumn wheat cultivars, named Sardari, Homa, Azar2, Takab, Ouhadi, Rasad, Hashtrood,
Baran, Sain, Sadra, and Cross Sabalan, were evaluated in the Research Field of the Faculty of
Agriculture, Zanjan University, during the agricultural year 2017-2018. For this purpose, traits
such as days to booting, days to heading, days to anthesis, days to physiological maturity, relative
leaf water content (RWC), canopy temperature difference, plant height, spike length, peduncle
length, peduncle extrusion, number of spike per m?, spikelets per spike, number of grain per spike,
thousand kernel weight, grain yield, biomass, and harvest index were measured in this study. Data
were analyzed after measuring the traits, and the averages were compared using Duncan's method.
The relationships between traits were investigated using multivariate statistical analyses,
including correlation analysis, regression analysis, and principal component analysis (PCA).
Results: The results of the analysis of variance and mean comparisons revealed high variability
among genotypes for most of the measured traits. There was a significant difference between the
genotypes in terms of all traits, except for RWC, canopy temperature difference, number of spikes
per square meter, and thousand-kernel weight. The results of Duncan's mean comparison showed
that the highest grain yield belonged to the Hashtrood variety. The Cross Sablan variety was
identified as the latest tern variety, and line 8 as the earliest genotype in this study. Among the
investigated genotypes, line 2 was the highest genotype. The results of correlation analysis
showed a high and significant positive correlation between grain yield and the number of seeds
per spike and a negative and significant correlation between yield and spike length. The number
of seeds per spike had a positive and significant correlation with the harvest index. Moreover, the
number of seeds per spike had a negative and significant correlation with the thousand kernel
weight and the number of spikes per square meter. RWC showed a positive and significant
correlation with peduncle length. The results of stepwise regression analysis, considering grain
yield trait as a dependent variable and other traits as independent variables, showed that four
variables (the number of seeds per spike, the number of spikes per square meter, thousand kernel
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weight, and spike length) accounted for 93.8% of grain yield changes. The results of PCA showed
that the first five components had an eigenvalue higher than one and accounted for the largest
amount of variance, so that the first five components had 80.21% of the total variance. In addition,
the first, second, third, fourth, and fifth components accounted for 22.03, 19.12, 17.46, 13.05, and
8.55% of the total variance, respectively. Based on the PCA results, the number of seeds per spike,
grain yield, and harvest index were positively related to the second component.

Conclusion: In rainfed conditions, high vegetative growth and high biomass production cause
the complete drainage of moisture in the early growing season, and the plant faces severe stress
after the pollination stage, severely reducing the yield. On the other hand, genotypes with a short
spike length but with a more number of spikes per square meter and a more number of seeds per
square meter showed a higher grain yield, and these genotypes can be used for crossing in future
breeding programs.
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Table 2. Variance analysis of the traits in bread wheat genotypes under rainfed conditions

Sl (ke
Mean of squares o
eyl Y B G 55y ol i
n o SRR e i) Uipydlad el Ujayold b, sha 3l 5 lie
* J?lo % @yw ¢ . . SLedlos |5 b o] Degree S.0OV
Spike Plan Cano Sy S5l b SLidled 5 . ; S .0.
length t tem: er';%Jur Relative water Days to Days to Days to Days to freedom
heig e difl%erence content physiological ~ anthesis heading booting
ht maturity
114. 2.0 iKS
1.28 04 5.05 154.11 8.43 5 16.16 26.05 2 Replication
047" 332 oo 74.42% 7.93" 1. . 33.18" 30.63" 23 w53
2 38 Genotype
0.18 104 091 46.03 151 10 2.65 541 46 s
Error
s
0.5 s
6.36 705 115 83 0.54 0 0.82 121 - Coafharent
of
variation
Slaye (ke
Mean of squares
e J# o
. A 09 > il sl o lose 1
oy 3,Sdes &l J oy b dlas ¢ § <) e @il
il Si39 s 3, Slas. i s JSby Job - Degree  sov
2 e P Thousa  Nymber of & Sy Peduncle of
Harves  Biological ~ Grainyield nd- : Number of freed
i ; grains per - 2 Pedunc length reedom
t index yield kernel spike spike per m le
weight extrusi
on
2638 2022.46 3187 4453 221 5719.80 10 2830 2 S
0 .85 Replication
#2200 4765017 17287 2. 14487 1216.96™ Soor 10217 23 )
9 Genotype
13.99 417.74 83.97 19.31 4.06 807.96 L 70 3.24 46 s
Error
Oyl
2292 8.72 24.16 b33 23.85 13.81 e 11.73 . Coefficient of
variation

ns ,* and **: significant at 0.05 and 0.01 probability levels, respectively.
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Table 3. Mean comparisons for different traits in bread wheat genotypes under dry conditions

w2 blyd cog (b puS glacag)  calise lao (10ke dulie =Y Joun

Sy B gy dlasi

B B 5o, olaes ol e 9 JBJ{ . K .
5% el 6 538 el 3 b 5, 3las "5;‘;3‘;5"\” ‘-S;);J:“‘): Gy ) it Jobo Sy Jgb Sy (Sl “1;1“\’1:;;'6'; i’f\’" s 3,Slac gl 3,Slas by pasls
genotype Days to booting Days to heading Days o anthesis physiclogical Plant height Spike length Peduncle length Petdun.de grains per spike Grain yield Biological yield Harvest index
aturity extrusion
Line ; oY 195.0a 201.333 ab 203.33 d-f 227.66 b-f 48.06 a-f 72a-e 17.28 a-c 4.77 a-d 6.59 d-h 35.16 b-e 275 ab 12.63 d-f
Line ; oY 187.3 be 197.33 d-f 202.33 f-g 22533 fg 52.8a 7.21 a-e 18.89a 54a-c 10.13 a-d 40.64 a-d 245.83 b-d 16.41 b-f
Line ; oY 193.7a 201 ab 203.66 d-f 228.33 b-d 50.27 a-c 6.6 b-g 16.59 a-d 5.60 ab 10.57 a-c 43.88 a-d 233.33 d-e 18.42 b-e
Line Z oY 193.7a 200 a-e 203.33 d-f 227.33 c-g 49.83 a-c 7.38 a-c 18.47 ab 6.08 a 5.19 gh 28.26 c-e 245.83 b-d 11.67 ef
Line g oY 191.0 ab 197 e-f 204.66 b-e 22533 fg 44.96 b-h 748 a 1229 1.26 f 4.66 h 21.05¢ 212.5de 9.90 f
Line Z oY 1943 a 201 ab 205.66 a-c 226.33 d-g 42.83 e-h 6.98 a-f 15.26 b-e 2.86 c-f 9.01 a-g 30.60 b-e 218.89 c-e 13.89 c-f
Line ; oY 1833 ¢ 186.66 h 197.67 i 225¢ 44.22 c-h 6.11g 14.99 b-e 3.63 a-f 9.18 a-f 45.32 a-c 23333 c-e 19.19 b-d
Line Q oY 187.7b 192.66 g 201 h 225¢ 45.04 b-h 6.86 a-g 13.96 c-¢ 2.84 c-f 6.03 e-h 30.43 b-e 209.72 de 14.34 c-f
Line ; oY 187.3 be 197.33 d-f 205.33 a-d 228.66 b-d 49.42 a-d 6.95 a-g 17.28 a-c 6.12a 7.74 b-h 39.23 a-d 245.83 b-d 15.94 b-f
Line 1})’ oY 187.3 be 195.33 f-g 203 e-g 227 c-g 49.85 a-c 6.88 a-g 17.16 a-c 5.7 ab 5.20 gh 26.90 de 273.61 ab 9.84 f
Line 1\1\ oY 186.7 be 197 e-f 202.33 f-g 226.66 d-g 48.16 a-¢ 6.22 fg 17.06 a-c 423 a-d 9.81 a-e 36.88 a-e 273.61 ab 13.36 d-f
Line 1\2“ oY 1933 a 199 a-e 204.66 b-e 227 c-g 41.68 f-h 7.34 a-d 16.48 a-d 3.34b-f 12.05a 47.26 ab 229.17 d-e 21.17 ac
Sardaﬁi]bw 195.0a 200.33 a-d 205 a-d 227 c-g 43.18 d-h 6.50 d-g 13.05 de 3.14 b-f 6.51d-h 35.13 b-e 231.94 d-e 15.03 b-f
Homa 190.7 ab 200.33 a-d 203.33 d-f 225.66 e-g 45.35b-h 6.54 c-g 14.72 c-e 4.16 a-d 6.97 c-h 41.54 a-d 231.94 d-e 17.96 b-e
Azar2¥ A 191.0 ab 197.66 c-f 201.33 gh 22733 ¢c-g 45.08 b-h 643 c-g 15.17 b-e 428 a-d 9.24 a-f 36.78 a-¢ 201.39¢ 18.21 b-e
T:lf;i) 1933 a 199.66 a-¢ 202.33 f-g 228.66 b-d 41.44 gh 6.80 a-g 13.15 de 2.20d-f 9.69 a-f 41.38 a-d 220.83 d-e 18.75 b-e
5}:;(91‘1 193.7a 199.66 a-¢ 205.33 a-d 227.66 b-f 44.58 b-h 6.53 c-g 13.04 de 2.67 d-f 5.76 f-h 33.11 b-e 213.89 de 15.5 b-f
R::.;d 193.0a 201.66 a 206 ab 229.33 a-c 50.78 ab 6.33 fg 17.27 a-¢ 54a-c 8.06 b-h 45.12 a-d 2875a 15.74 b-f
29kie 1923 a 200 a-e 202.66 fg 227 c-g 44.95 b-h 6.4 e-g 14.73 c-e 393 a-e 11.49 ab 57.53a 206.94 de 2599a
Hashtroud
Baranoue 1933 a 199.33 a-¢ 204.66 b-¢ 22933 a-c 44.62 b-h 6.92 a-g 14.52 c-¢ 3.54a-f 10.19 a-d 45.86 a-c 208.33 de 21.85ab
Saeen‘};u 193.0a 198.33 c-f 203.66 d-f 230 ab 47.38 a-g 6.86 a-g 15.35b-e 4.16 a-d 10.83 a-c 41.61 a-d 223.61 c-e 18.66 b-e
S‘;i;a 193.7a 200 a-e 204 c-f 228 b-e 41.88 e-h 6.42 e-g 143 c-e 2.49 d-f 7.73 b-h 38.00 a-e 227.78 c-e 16.68 b-f
C;f;t:;glim 192.0a 201.66 a 206.66 a 23133 a 40.46 h 7.40 ab 13.78 c-e 2.62 d-f 8.64 a-g 29.66 b-e 215.28 de 13.94 c-f
z 1947 a 200.66 a-c 205.33 a-d 22633 d-g 42.09 e-h 6.70 a-g 13.36 de 1.48 ef 11.39 ab 42.72 a-d 258.33 a-c 16.49 b-f

Similar and non-similar letters indicate no significant differences and significant differences between genotypes, respectively.
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Table 4. Correlation analysis of the traits in bread wheat genotypes under rainfed conditions
1 2 3 7 3 6 7

8 9 10 11 12 13 14 15

1 1.00
2 0.8407 1.00
3 0.639” 07877 1.00
4 4217 5197 0.5257 1.00
5 -0.29 -0.16 -0.07 0.00 1.00
6 -0.01 0.15 0.00 0.02 0.06 1.00
7 -0.32 -0.07 -0.13 -0.06 0.28 0.07 1.00
8 0.21 0.23 0.38 0.12 0.38 -0.33 0.02 1.00
9 -0.26 -0.01 -0.12 0.02 0.407 0.11 0.792 0.14 1.00

10 -0.27 -0.02 -0.14 0.14 0.32 0.15 0.848 -0.03 0.882™ 1.00

11 -0.23 -0.19 -0.18 -0.08 -0.11 -0.10 0.416 -0.04 0.15 0.35 1.00
12 0.09 0.11 -0.05 0.20 0.28 0.25 -0.17 -0.20 0.08 -0.06 5509_ 1.00
13 0.20 0.08 0.03 -0.16 -0.28 0.09 0.11 -0.12 0.07 0.22 0.38 0 605; 1.00
14 0.05 0.05 -0.17 0.14 0.10 0.28 -0.01 0 4707 0.13 0.15 -0.06 0.783™ -0.19 1.00
15 -0.13 0.07 0.08 0.00 0.10 0.17 0.559 -0.10 0.613" 0.492° 0.30 -0.12 0.09 0.00 1.00
16 0.11 0.03 -0.19 0.14 0.05 0.24 -0.25 -0.37 -0.12 -0.05 -0.17 0.753" -0.19 0.900 0‘4203

* and **: significant at 0.05 and 0.01 probability levels, respectively.
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Table 5. Regression analysis of the traits in bread wheat genotypes under rainfed conditions
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58 Y& 358 95 2E3 3
3 a2 8 &z NESAC]
-4 1a 2]
lawe 5l yoye -
- 15.06 3.99 0.001
Intercept 7.510
s 3 o olass 2.70 0.45 0.78 591 0.000 0.596 0.596
Number of grains per spike
&y jio 3 dlis dlaas | 0.20 0.04 0.53 475 0.000 0.202 0.798
Number of spikes per m*
bl gy L18 0.22 0.41 531 0.000 0.114 0912
Thousand-kernel weight
- 3.28 1.08 . - 0.007 0.026 0.938
Spike length 0.17 3.04
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Table 6. Principal components and relative and cumulative variance of factors in bread wheat genotypes under rainfed

conditions
O adje ¥ adje Y adje Y adje \ adlse preys
Component 5 Component 4 Component 3 Component 2 Component 1 Variable
0.090 0.235 0.513 -0.363 -0.428 il G 5o, 2lass
Days to booting
-0.050 0.167 0.715 -0.310 0411 it y3RB b 59, 3lass
Days to heading
-0.086 -0.042 0.681 -0.494 -0.379 Lo, S L g, dlaas
Days to anthesis
0.260 -0.007 0.610 -0.057 -0.301 Sl (S, b o) ol
Days to physiological maturity
0.039 -0.710 0.217 0.326 0.280 “{' s sl
Relative water content
-0.535 0.354 0.240 0.364 -0.003 plS lod SIS
Canopy temperature difference
0.059 0.005 0.352 0.117 0.728 L2 ﬁw)l
Plant height
0.221 -0.620 0.255 -0.489 0.014 “L“‘“ Jsk
Spike length
-0.009 -0.140 0.498 0.263 0.682 S5l Job
Peduncle length
0.169 0.088 0.474 0.245 0.790 Sy (Sl g Jsbo
Peduncle extrusion
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