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Abstract 
 
An experiment was carried out with twenty genotypes in Kurdistan province in two growing season 

years. Grain yield was highest for the third group with 219.87 g/m2. Grain yield was the lowest in the first group 
(173.40 g / m2), which was not significantly different with the second group (191.22 g/m2). But in second crop 
year, the highest rate of radiation use efficiency related to the first group with 2.69. In contrast, the lowest 
radiation use efficiency was related to second and third groups with 2.57 and 2.54, respectively. The highest 
grains yield was observed in the second group with 315.40 g/m2. In contrast, the lowest amount of grain yield 
was related to the third group with 253.75 g/m2. Based on the results of biplot, in the first year of cultivation, 
high yield genotypes included ‘G14’ (263.00 g/m2), ‘G20’ (264.50 g/m2), ‘G18’ (214.00 g/m2) and ‘G19’ 
(222.50 g/m2) has a higher correlation with biologic yield, grain yield, radiation use efficiency, harvest index, 
root Length, number of panicles, 1000-grain weight, root dry weight and number of grain per panicle traits. In 
the second year of cultivation, high-yield genotypes included ‘G7’ (356.42 g/m2) and G9 (356.75 g/m2) have 
high correlation with number of grains per square meter trait. These results indicate that under stress 
conditions, more traits play a role in justifying the grain yield of wheat. 

 
Keywords: cluster analysis; correlation; principal component analysis; RUE 
 
 
Introduction 
 
Drought stress is one of the most important abiotic stress that negatively influences on plant growth and 

development (Rana et al., 2013). Drought stress in plants occurs when transpiration rate from leaf surfaces is 
higher than the water uptake by roots. Continuous decline of precipitation simultaneously with higher 
evapotranspiration demand, has exacerbated the drought stress. Among the crops, wheat is the most adaptable 
of crop to environmental conditions, especially drought stress. This plant provides about 50% protein and 
calories of one-third 

In Iran, wheat grain filling period usually is subjected to drought stress and generally, drought stress in 
these regions be caused by low winter rainfall and high evaporation demand (Saeidi and Abdoli, 2015). Solar 
radiation is considered as an environmental source of stable and effective on crop production. There is a positive 
relationship between crop yield and light absorption (Zhang et al., 2019). Therefore, there are this opportunity 
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that the crop yield increased with increasing light use efficiency by plant (Ojeda et al., 2018). As modern 
agriculture is increasingly shifted to marginal lands and drought events become more frequent and intense, 
specific root morphological traits that can improve drought tolerance and sustain yields in suboptimal 
conditions hold immense potential. Moderate drought stress can significantly increase the root length density 
of the soil profile (Learnmore et al., 2016). Several researchers (Reynolds et al., 2005) have suggested that a 
deep, wide-spreading and much-branched root system is essential in the design of drought-tolerant crops. On 
the other hand, Lonbani and Arzani (2011) suggested that small root systems could provide benefits in water-
limited situations through improved water use efficiency. 

In order to study of yield and yield components of wheat grain, it can be divided to numerical 
component such as grain number and weight and/or physiological components such as biomass and harvest 
index. In terms of numerical components, wheat grain yield has strong relationship with the increase of grain 
number (Sanchez-Garcia et al., 2013). In some regions, especially in recent decades, grain weight has had an 
important role in increase of wheat grain yield (Wu et al., 2013). Grain number is mainly determined by 
number of floret survival within spiklets in the preanthesis (Gonzalez-Navarro et al., 2015). The spike dry 
weight of wheat is expressed as a function of spike growth duration, crop growth rate and biomass partitioning 
to spikes, and the increasing in any one of these traits in parenthesis critical during is useful for spikes growth 
and production of live florets (Fischer, 2011). Farnia and Trk (2015) reported that drought stress has had the 
negative effect and significant on the yield and yield components of grain, such as number of ears per m2, 1000-
kernel weight and biological yield. The study results of Wafa et al. (2014) showed that drought stress had 
significant effect on grain yield, ear per m2, grain per ear, 1000-kernel and biological yield. Mainly, the increase 
of grain yield in different wheat genotypes under drought stress conditions is due to increasing grain per ear, 
and it effect on grain yield under this condition is also greater than 1000-kernel weight. (Slafer and Araus, 
1998). Fischer (2011) stated that there was strongly relationship between grain per m2 and TDM in wheat 
under drought stress condition. Results of Slafer and Araus (1998) study showed that the end of season drought 
reduced grain yield. Therefore, selection of genotypes with the more growth vigour in early season when there 
is sufficient moisture in the soil, can by absorbing of sufficient moisture quickly entered reproductive stage from 
the vegetative stage, and this leading to increase of harvest index and grain yield, because wheat has more time 
to use of moisture stored in the soil, before occurs the end of season drought. 

With regards to the growing population of world and the necessity of providing food for this population, 
especially in developing countries and also in regard to the water deficit in arid and semi-arid regions of world 
and occurrence of long-term stresses in this regions, including Iran, especially in recent decades, it is important 
recognize and identification of genotypes in such situations that have the more grain yield and stable. 
Therefore, this study was conducted in order to investigate the effect of some morphological and physiological 
traits affecting on grain yield to identify the best genotype or genotypes in terms of grain yield and yield stability 
among 20 genotypes of bread wheat studied in stress conditions in Kurdistan province. 

 
 

Materials and Methods 
 
Study site and experimental design 
In order to study effects of some physiological and morphological traits on wheat grain yield, an 

experiment was conducted at the research farms of the Faculty of Agriculture, Kurdistan University, Sanandaj, 
Iran (35 °37′ N, 47º22′ E, 1494 m asl) in two growing season years (2017-2018 and 2018-2019). The 
experiment was carried out in a randomized complete block design with three replications and in these 
experiments, 20 genotypes of dry-land wheat (Table 1) were tested and compared under stress conditions (dry 
land). The meteorological characteristics of the study region are given in Table 2.  
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Table 1. Genotypes of rain-fed wheat used in this experiment 

Genotype Cross Origin 

3 DHARWAR DRY SIMMYT 

12 BERKUT/MUU//DANPHE #1 SIMMYT 

18 
SNLG/3/EMB16/CBRD//CBRD/
4/KA/NAC//TRCH 

SIMMYT 

9 
WORRAKATTA/2*PASTOR//D
ANPHE #1 

SIMMYT 

15 
C80.1/3*BATAVIA//2*WBLL1/3/
EMB16/CBRD//CBRD/4/CHEW
INK #1 

SIMMYT 

17 
SNLG/3/EMB16/CBRD//CBRD/
4/KA/NAC//TRCH 

SIMMYT 

11 
QING 
HAIBEI/WBLL1//BRBT2/3/PAU
RAQ 

SIMMYT 

25 
KA/NAC//TRCH/4/MILAN/KA
UZ//DHARWAR DRY/3/BAV92 

SIMMYT 

30 
BAV92//IRENA/KAUZ/3/HUIT
ES/4/2*ROLF07 

SIMMYT 

36 
WBLL1/4/BOW/NKT//CBRD/3
/CBRD/5/WBLL1*2/TUKURU 

SIMMYT 

45 
FRANCOLIN 
#1//WBLL1*2/KURUKU 

SIMMYT 

48 BAJ #1/TECUE #1 SIMMYT 

2 HIDDAB SIMMYT 

‘Azar-2’ - Iran 

‘Karim’ - Iran 

‘Cross sabalan’ - Iran 

‘Rizhab’ - Iran 

‘Avihang’ - Iran 

‘Todar’ - Iran 

‘Siosemardeh’ - Iran 

 
Table 2. Means of monthly rainfall and temperature in 2017-2018 and 2018-2019 at Kurdistan province 
during the growing seasons 

Region 
Climate 

parameters 
NOV DEC JAN FEB MAR APR MAY JUN JUL 

2017-
2018 

Rainfall (mm) 24.9 12 25 15.5 43.3 15.8 9.5 1 0 

Mean temp 

(C◦) 
0 5.5 1.3 1.9 8.7 13.9 18.9 25.5 28.8 

2018-
2019 

Rainfall (mm) 44.7 27.8 49.4 30.6 45.1 58.8 17 0.5 0 

Mean temp 
(C◦) 

6.3 -3.4 1.9 3.4 7.4 10.5 16.6 21.5 26.3 

 

Field preparation and plots establishment 
Each experimental plot consists of six row, 6 m in length and with 20 cm apart. Seeds were sown with a 

density 400 seed m-2 in 20 November 2017-2018 and 2018-2019. Fertilizer recommendations were conducted 
based on the results of soil analysis of experimental farms in Kurdistan. The amount of fertilizer used before 
sowing in both locations was considered about 50 kg N (urea) and 50 kg P (Ammonium phosphate) ha-1. 
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Measuring of light absorption percentage and radiation use efficiency 
In order to determine the percentage of light received by wheat, the light of above and under canopy was 

measured by tube photometer (model LICOR-LI-250A) in 5 stages in each treatment based on different 
growth stages of wheat and light absorption percentage determine by function 1 (Gardner et al., 1985).    
 

 
 
In this function: %Iabs=light absorption percentage, I0= light above canopy, I= light under canopy. 

Radiation use efficiency (g/Mj) obtained via slope of linear regression between total biomass (g/m2) and the 
total photosynthetically active radiation absorbed by the plants canopy during the growing season (Bange at al., 
1997). 

 
Data collection  
Leaf relative water content (RWC) 
Leaf relative water content were measured at solar noon on 10 flag leaves in two growth stages (late 

booting, early grain filing). In this way, ten leaves were cut from each plot at 8.00 a.m., weighed immediately 
(fresh weight, FW), floated in the dark for 24 h to achieve turgidity (turgid weight, TW), then oven-dried (105 
°C) for 24 h and weighed again (dry weight, DW). The WSD of leaves was calculated as follows: WSD = [(TW 
- FW)/ (TW - DW)] × 100%. Relative water content (RWC) was calculated as follows: RWC (%) = (fresh 
FW-DW)/ (TW -DW) × 100. 

 
Agronomic traits  
At the end of growing season, the final harvest was performed by harvesting four middle rows at 

physiological maturity and the plants of 1 m2 was harvested from each plot. The roots and shoots were separated 
and washed with deionized distilled water. Root traits such as root length and root dry weight were measured. 
Then the yield components such as ear per m2, grain per ear by counting grains per ear. Then grains were 
separated from the rest of plant parts, grain yield and 1000-kernel weight were determined by weighting the 
1000 grains harvested in one m2 from each plot. In the following, in order to determine of biological yield, after 
drying of wheat shoots, the harvested plants of each plot (1 m2) were weighed by digital scale and then dried 
plants with grain yield were considered as biological yield. Harvest index was calculated according to the 
following formula: Harvest index (%) = (Grain yield / Biological yield) × 100. 

 
Statistical analysis 
All data were subjected to two-way analysis of variance (ANOVA) and expressed as the means. 

Differences among treatments were analyzed by Least significant difference (LSD) test at P≤0.05. General 
correlations between parameters were examined with Pearson’s correlation coefficients. Correlations were 
considered statistically significant and are indicated at ns, not significant; * at P≤0.05 and ** at P≤0.01. Principal 
component analysis (PCA) was performed to visualize the similarities or differences in all traits under different 
drought stress using SAS and the results of this analysis are presented as bi-plots. 

The data were explored through analysis of variance, as well as comparisons of means using the least 
significant difference (LSD) test. All statistical analyses were performed using SPSS 13.0 and differences were 
deemed significant if P<0.05. 

Clustering was performed in S-PLUS ver. 6.1 software (Insightful Corporation, USA) using Ward’s 
hierarchical approach based on minimum variance linking method with Euclidean distance as the similarity 
measure. Prior to cluster analysis, the seminal root data were standardized by subtracting the values for each 
genotype from the overall mean and then dividing by the standard deviation. 
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Results  
 
The results of Bartlett’s test were shown in Table 3. Bartlett’s test result showed that for most of studied 

traits there was a significant difference between two crop years, and therefore other statistical analysis was done 
separately from each crop year. Based on the results, there was a good variation among genotypes based on the 
different traits studied in the first and second years (Table 4). The cluster analysis of different wheat genotypes 
based on the UPGMA method in the first and second years was shown in Figure 1. Dendrogram obtained from 
cluster analysis in the first year showed that 20 wheat genotypes were separated into three groups. So, in the 
first, second and third clusters, five genotypes, 11 genotypes and four genotypes were placed respectively. On 
the other hand, cluster analysis in the second year segregated the genotypes into three groups. So that in the 
first, second and third groups were 8, 11 and 1 genotypes, respectively. 

 
Table 3. Bartlett's test related to different studied traits among wheat genotypes for two crop year 

Trait Year EDF ESS EMS CHISQ Significant 

Root Length 
First 57 9838.45 517.81 

22.66 ** 
Second 57 2656.51 46.61 

Root dry weight 
First 57 23.02 1.21 

60.65 ** 
Second 57 2.40 0.04 

Relative water 
content 

First 57 593.63 31.24 
0.63 ns 

Second 57 480.34 8.43 

Biologic yield 
First 57 337353.45 17755.44 

20.24 ** 
Second 57 98301.25 1724.58 

Harvest index 
First 57 0.17 0.01 

27.09 ** 
Second 57 0.04 0.00 

Spikelet per panicle 
First 57 304.22 16.01 

162.91 ** 
Second 57 4.38 0.08 

Number of panicles 
First 57 656816.74 34569.30 

27.85 ** 
Second 57 152160.01 2669.47 

1000-grain weight 
First 57 1353.98 71.26 

4.56 * 
Second 57 764.08 13.40 

Number of grains per 
spikelet 

First 57 2.46 0.13 
0.21 ns 

Second 57 2.84 0.05 

Number of grains per 
panicle 

First 57 844.61 44.45 
2.2 ns 

Second 57 568.49 9.97 

Number of grains per 
square meter 

First 57 69623469.08 3664393.11 
3.24 ns 

Second 57 112704332.24 1977268.99 

Radiation use 
efficiency 

First 57 10.76 0.57 
0.07 ns 

Second 57 9.99 0.18 

Grain yield 
First 57 99077.50 5214.61 

23.8 ** 
Second 57 25831.79 453.19 

[EDF (degree of freedom for error), ESS (sum of square for error), EMS (mean square for error), CHISQ (chi square), 
* (significant at 5% probability level), ** (significant at 1% probability level) and NS (not significant)] 
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Table 4. Descriptive statistics related to different studied traits in wheat genotypes under two crop year 

Traits 
First year Second year 

Minimum Maximum Mean 
Std. 

deviation 
CV (%) Minimum Maximum Mean 

Std. 
deviation 

CV (%) 

Root length 60.50 105.00 90.72 11.37 12.54 57.75 100.25 86.69 10.68 12.32 

Root dry 
weight 

1.45 3.45 2.35 0.55 23.39 1.28 3.24 2.19 0.54 24.85 

Relative 
water 

content 
73.37 83.33 77.90 2.79 3.58 78.75 87.96 85.05 2.41 2.84 

Biologic 
yield 

548.25 815.50 688.77 66.62 9.67 770.00 1120.00 1003.88 88.91 8.86 

Harvest 
index 

0.20 0.40 0.28 0.04 16.78 0.28 0.33 0.30 0.01 4.68 

Spikelet per 
panicle 

9.05 16.97 13.46 2.00 14.86 9.50 16.93 13.68 2.10 15.36 

Number of 
panicles 

347.00 679.75 457.88 92.96 20.30 389.00 765.25 507.24 107.58 21.21 

1000-grain 
weight 

21.02 34.02 25.97 4.22 16.25 22.98 36.23 28.98 3.96 13.65 

Number of 
grains per 
spikelet 

1.00 1.63 1.25 0.18 14.40 1.24 2.07 1.59 0.22 14.01 

Number of 
grains per 

panicle 
9.86 22.99 16.82 3.33 19.81 11.80 25.87 21.98 4.85 22.08 

Number of 
grains per 

square meter 
5727.54 9571.80 7441.76 957.13 12.86 7930.40 12933.31 10653.44 1374.45 12.90 

Radiation 
use efficiency 

2.04 3.59 2.64 0.37 14.21 2.08 3.08 2.62 0.25 9.47 

Grain yield 127.25 264.50 192.50 36.10 18.75 243.18 356.75 302.29 34.83 11.52 

 

 
Figure 1. Dendrograms derived from cluster analysis related to different crop year in wheat genotypes [A 
(first year) and B (second year)] 
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Comparison of the mean for cluster groups in the first year 
The mean comparison between the cluster analysis groups was shown in Table 5. The highest root length 

in the first group was observed with 94.1 cm. But the second and third groups did not differ significantly in 
root length trait. The highest and lowest root dry weight was in the third and first group, respectively. The 
highest relative water content in the first group (79.09%) was observed, which was not statistically significant 
in the second group (78.03%). In contrast, the lowest relative water content was for the third cluster (76.07%). 
The highest biological yield of the third group was 728.6 g/m2. In contrast, the lowest amount was 656.1 g/m2. 
The highest and lowest harvest index was observed in groups 3 and 1, respectively. Spikelet per panicle had the 
highest rate of 13.93 in the third group. Spikelet per panicle was the lowest in the first group (13.04). In 
addition, the highest and lowest number of panicles was observed in the third and first groups with 13.93 and 
13.04, respectively. The results of the mean comparison showed that the highest number of panicles was in the 
first group with 487.45 per square meter. In contrast, the lowest number of panicles was in the second group, 
which did not have a significant difference with the third group. The highest 1000-grain weight was observed 
in the first group with 27.66 g. In contrast, the lowest level of 1000-grain weight was in the third group, which 
was not statistically significant different in the second group. On the other hand, the highest number of grains 
per spikelet was observed in the third group with 1.43. The lowest number of grains per spikelet was observed 
in the first group with 1.04. Also, the highest number of grains per panicle was observed in the third group with 
19.88. The lowest number of grains per panicle was observed in the first group with 13.58. The highest and 
lowest number of grains per square meter was for the third (8849.41) and first (6242.35) group, respectively. 
The highest rate radiation use efficiency was in the second and third groups, with no significant differences in 
their rates. In contrast, the lowest level of radiation use efficiency was for the first group. Grain yield was highest 
for the third group with 219.87 g/m2. Grain yield was the lowest in the first group (173.4 g/m2), which was 
not significantly different with the second group (191.22 g/m2). 

 
Comparison of the mean for cluster groups in the second year 
Based on the results of the mean comparison between different groups, the highest root length was 

observed in the third group with 93.0 cm (Table 5). In contrast, the lowest root length was observed in the 
second group with 85.3 cm. In addition, the highest and lowest root dry weight was observed in the third (2.76 
g) and the first (1.99 g) group, respectively. The results of the mean comparison indicated that the highest 
relative water content in the second group (85.3%) was observed, which is not statistically significant different 
with the first group (85.15%). The lowest level of relative water content was observed in the third group 
(81.35%). The highest biologic yield related to the second group with 1038.41 g/m2. In contrast, the third 
group had the lowest biological yield with 940.0 g/m2, which had no significant difference with the first group 
(964.38 g/m2). 

The results of the mean comparison of the harvest index showed that there was no significant difference 
between the first and the second groups and the highest harvest index (30%) was obtained by these groups. In 
contrast, the lowest harvest index (28%) was for the third group. The highest spikelet per panicle was in the 
first and second groups (14.37), with no significant difference. Spikelet per panicle was the lowest for the third 
group with 9.5. On the other hand, the number of panicles attributed to the third group was 668.25. In 
contrast, the lowest number of panicles related to the first (502.59) and the second (495.98) groups. The results 
of the mean comparison of 1000-grain weight showed that the highest amount was related to the third group 
with 32.96 g. In contrast to the lowest 1000-grain weight belonged to the second group with 27.26 g. The 
results of the mean comparison for number of grains per spikelet showed that there is a significant difference 
between the cluster groups. So that the highest level was in the second group with 1.67. But against the lowest 
level, the third group was 1.24. 
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Table 5. Mean comparison between different groups of cluster analysis based on different studied traits at 
two crop years 
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First year 

G1 
94.10 

a 
2.24  

c 
79.09  

a 
656.15 

c 
0.25  

c 
13.04 

c 
487.45  

a 
27.66  

a  
1.04 

c 
13.58 

c 
6242.35  

c 
2.36  

b 
173.40 

b 

G2 
89.52 

b 
2.33  

b  
78.03 

ab 
689.09 

b 
0.28  

b 
13.47 

b 
446.27  

b 
25.57  

b 
1.27 

b 
17.17

b 
7475.07  

b 
2.73  

a 
191.22 

b 

G3 
89.81 

b 
2.55  

a 
76.07 

 b 
728.68 

a 
0.32  

a 
13.93 

a 
452.87  

b 
24.94  

b 
1.43 

a 
19.88 

a 
8849.41  

a 
2.75  

a 
219.87  

a 

 Second year 

G1 
87.81 

b 
1.99  

c 
85.15  

a 
964.38 

b 
0.30  

a 
13.26 

a 
502.59  

b 
30.85 

ab 
1.54 

b 
20.51 

b 
9555.27  

b 
2.69  

a 
290.34 

b 

G2 
85.30 

c 
2.28  

b 
85.30  

a 
1038.4

1 a 
0.30  

a 
14.37 

a 
495.98  

b 
27.26  

b 
1.67 

a 
23.97 

a 
11699.66 

a 
2.57 

 b 
315.40  

a 

G3 
93.00 

a 
2.76 

 a 
81.35  

b 
940.00 

b 
0.28  

b 
9.50  

b 
668.25  

a 
32.96  

a 
1.24 

c 
11.80 

c  
7930.40  

c 
2.54  

b 
253.75  

c 

At α=5% based on LSD, means with similar letters in each column are not significantly different. 

 
The highest number of grains per panicle was observed in the second group with 23.97. The lowest 

number of grains per panicle was for the third group at 11.80. In addition, the highest number of grains per 
square meter was in the second group (11699.66). The lowest number of grains per square meter for the third 
group was 7930.40. The highest rate of radiation use efficiency related to the first group with 2.69. In contrast, 
the lowest radiation use efficiency was related to second and third groups with 2.57 and 2.54, respectively. The 
highest grains yield was observed in the second group with 315.40 g/m2. In contrast, the lowest amount of grain 
yield was related to the third group with 253.75 g/m2. 

 
Principal component analysis 
The results of the principal component analysis based on all the traits studied were shown in Table 6. 

The results of principal component analysis in the first year showed that the three components with eigenvalue 
were higher than one, so that the first, second and third components had an Eigenvalue of 5.65, 3.14 and 1.22, 
respectively. The results of the principal component analysis showed that the first three components accounted 
for 77.13% of the total variance. In addition, the first, second and third components have a relative variance of 
43.5, 24.20 and 9.42 %, respectively. In the first component, the traits root dry weight, relative water content, 
biologic yield, harvest index, spikelet per panicle, number of panicles, 1000-grain weight, radiation use 
efficiency and grain yield have the highest load factor. In addition, in the second component, the number of 
grains per spikelet, number of grains per panicle, and number of grains per square meter traits yielded the 
highest factor load. The root Length trait in the third component accounted for the highest factor load. 
However, the results of principal component analysis based on all the traits studied in the second year were 
somewhat different. So that the first three components had an eigenvalue greater than one with 5.35, 2.38 and 
1.7, respectively. The three components totaled 72.60% of the total variance. The results showed that the first 
component had the highest variance (41.15%). After that, the second and third components had the highest 
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variance of 18.34% and 13.10%, respectively. In the first component, the traits root dry weight, relative water 
content, spikelet per panicle, number of panicles, 1000-grain weight, number of grains per spikelet, number of 
grains per panicle and number of grains per square meter have the highest load factor. In the second component, 
the biologic yield and grain yield traits had the highest load factor. Also, root dry weight, harvest index and 
1000-grain weight traits in the third component have the highest load factor. 

 
Table 6. The Results of principal component analysis based on different studied traits at two crop year 

Traits 
First year  Second year 

PC1 PC2 PC3  PC1 PC2 PC3 

Root length 0.271 -0.161 0.737  -0.270 -0.431 -0.190 

Root dry weight 0.710 -0.078 0.312  -0.636 0.169 -0.615 

Relative water content -0.771 -0.103 -0.233  0.876 -0.131 0.097 

Biologic yield 0.723 0.211 0.182  -0.211 0.889 -0.163 

Harvest index 0.704 0.462 -0.144  0.335 -0.097 0.544 

Spikelet per panicle -0.760 0.358 0.445  0.829 0.100 0.124 

Number of panicles 0.826 -0.437 -0.022  -0.906 0.072 -0.203 

1000-grain weight 0.817 -0.334 -0.267  -0.630 0.178 0.684 

Number of grains per spikelet 0.112 0.859 -0.352  0.783 0.143 -0.224 

Number of grains per panicle -0.446 0.876 0.073  0.972 0.157 -0.082 

Number of grains per square meter 0.341 0.858 0.134  0.585 0.543 -0.455 

Radiation use efficiency 0.603 0.304 0.188  -0.376 0.490 0.230 

Grain yield 0.921 0.288 -0.156  0.026 0.852 0.342 

Eigenvalue 5.656 3.147 1.225  5.350 2.384 1.704 

Relative variance (%) 43.507 24.208 9.420  41.155 18.340 13.108 

Cumulative variance % 43.507 67.716 77.136  41.155 59.495 72.604 

 
The biplot charts based on the first and second components of the first and second year were shown in 

Figure 2. Based on the biplot chart in the first year, genotypes ‘G14’, ‘G16’, ‘G17’, ‘G13’, ‘G15’, ‘G7’ and ‘G8’ 
were classified into one group. Also, biplot chart based on all studied traits showed that grain yield, biologic 
yield, radiation use efficiency, harvest index, number of grains per square meter and number of grains per 
spikelet traits were classified into one group and had a strong association with genotypes ‘G14’, ‘G16’, ‘G17’, 
‘G13’, ‘G15’, ‘G7’ and ‘G8’. In addition, the results of biplot chart showed that genotypes ‘G11’, ‘G9’, ‘G3’, 
‘G2’ and ‘G4’ were in one group and had a stronger relationship with number of grains per panicle and spikelet 
per panicle traits. On the other hand, based on the biplot, the genotypes ‘G10’, ‘G6’, ‘G12’, ‘G5’ and ‘G1’ were 
also adjacent to each other and were associated with the relative water content trait. In addition, ‘G20’, ‘G18’ 
and ‘G19’ genotypes were grouped in one group based on the first and second components and had a stronger 
association with root Length, root dry weight, number of panicles and 1000-grain weight traits. But the results 
of biplot were somewhat different in the second year. So that genotypes ‘G8’, ‘G9’, ‘G7’, ‘G10’ and ‘G12’ in the 
neighborhood, and those with grain yield, number of grains per square meter, number of grains per spikelet, 
spikelet per panicle and number of grains per panicle traits had a stronger correlation. On the other hand, 
according to the results of biplot, ‘G11’, ‘G17’ and ‘G14’ genotypes were grouped in one group and showed a 
stronger relationship with biologic yield, radiation use efficiency, 1000-grain weight and number of panicles 
traits. Biplot chart showed that root dry weight, relative water content and harvest index traits were grouped 
in one group and had a stronger relationship with genotypes ‘G1’, ‘G2’, ‘G3’, ‘G4’, ‘G5’, ‘G6’, ‘G13’ and ‘G16’. 
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Figure 2. Biplot of the first and second components at different crop year related to different wheat 
genotypes [A and B (first year), C and D (second year)] 

 
Correlation analysis  
The results of the correlation analysis were shown in Table 7. Based on correlation analysis between all 

studied traits in the first year, there was a positive and significant correlation between grain yield and root dry 
weight, biologic yield, harvest index, number of panicles, 1000-grain weight, number of grains per square meter 
and radiation use efficiency traits. In contrast, relative water content and spikelet per panicle traits showed a 
negative and significant correlation with grain yield. In addition, biologic yield and harvest index traits showed 
a positive and significant correlation with radiation use efficiency traits. Also, the harvest index showed a 
positive and significant correlation with 1000-grain weight, number of grains per spikelet, number of grains per 
square meter, radiation use efficiency and grain yield traits. On the other hand, there was a positive correlation 
between root dry weight and traits of biologic yield, number of panicles, 1000-grain weight and grain yield. In 
contrast, negative correlation was found between the root dry weight and relative water content traits. There 
was a significant negative correlation between relative water content with root dry weight, biologic yield, 
harvest index, number of panicles, 1000-grain weight and grain yield traits. 

The results of the correlation analysis between different traits were different in the second year with the 
first year. There was a positive and significant correlation between grain yield and biologic yield trait. Also, 
there was a significant positive correlation between root dry weight and number of panicles trait. The 
correlation between root dry weight and relative water content, harvest index, spikelet per panicle and number 
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of grains per panicle was negative and significant. In addition, the relative water content trait showed a negative 
and significant correlation with relative water content and number of panicles traits. In case of correlation, the 
relative water content trait was positive and significant with spikelet per panicle, number of grains per spikelet 
and number of grains per panicle traits. Correlation analysis showed that there was a positive and significant 
correlation between number of grains per panicle and traits number of grains per square meter, relative water 
content, spikelet per panicle and number of grains per spikelet; but the relationship between the number of 
grains per panicle and the traits root dry weight, number of panicles and 1000-grain weight is negative and 
significant. 

 
Table 7. Correlation analysis between different studied traits at two crop year 

Traits 
x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 

First year 

Root Length 1.00             

Root dry weight 0.30 1.00            

Relative water content -0.23 -0.66 1.00           

Biologic yield 0.21 0.46 -0.45 1.00          

Harvest index 0.13 0.33 -0.61 0.36 1.00         

Spikelet per panicle -0.03 -0.41 0.42 -0.39 -0.39 1.00        

Number of panicles 0.26 0.59 -0.61 0.46 0.37 -0.83 1.00       

1000-grain weight 0.17 0.51 -0.45 0.50 0.49 -0.82 0.72 1.00      

Number of grains per spikelet -0.24 -0.04 -0.03 0.20 0.47 -0.02 -0.29 -0.08 1.00     

Number of grains per panicle -0.18 -0.31 0.24 -0.13 0.07 0.69 -0.78 -0.63 0.71 1.00    

Number of grains per square meter 0.03 0.22 -0.43 0.39 0.62 0.08 0.03 -0.15 0.70 0.58 1.00   

Radiation use efficiency 0.09 0.32 -0.42 0.75 0.45 -0.21 0.31 0.35 0.17 -0.03 0.39 1.00  

Grain yield 0.15 0.58 -0.65 0.68 0.84 -0.65 0.62 0.75 0.42 -0.15 0.53 0.55 1.00 

 Second year 

Root Length 1.00             

Root dry weight 0.35 1.00            

Relative water content -0.06 -0.65 1.00           

Biologic yield -0.17 0.35 -0.26 1.00          

Harvest index 0.09 -0.45 0.21 -0.28 1.00         

Spikelet per panicle -0.21 -0.47 0.69 -0.10 0.35 1.00        

Number of panicles 0.26 0.68 -0.86 0.27 -0.23 -0.81 1.00       

1000-grain weight 0.07 0.06 -0.44 0.23 0.05 -0.42 0.39 1.00      

Number of grains per spikelet -0.26 -0.39 0.67 -0.01 0.08 0.37 -0.69 -0.58 1.00     

Number of grains per panicle -0.28 -0.50 0.82 -0.05 0.24 0.83 -0.89 -0.61 0.82 1.00    

Number of grains per square meter -0.23 0.01 0.34 0.39 0.14 0.52 -0.28 -0.65 0.55 0.66 1.00   

Radiation use efficiency -0.29 0.15 -0.31 0.36 -0.27 -0.27 0.21 0.40 -0.18 -0.30 -0.16 1.00  

Grain yield -0.20 -0.01 -0.04 0.72 0.27 0.17 0.02 0.42 0.04 0.14 0.40 0.28 1.00 

Values in bold are different from 0 with a significance level alpha=0.05 

 
 
Discussion 
 
Based on the meteorological results shown in Table 2, it is observed that rainfall is lower in the first year 

but has a higher temperature. In contrast, in the second crop year, the temperature was lower but more rainfall 
was observed. The reason for higher yields in the second year of cultivation can be due to more water availability 
during the plant growth period. Also, higher temperatures can lead to more evapotranspiration and somehow 
the plant is exposed to tension. Many researchers have shown that drought stresses cussed the losses of yield 
(Wang et al., 2017; Abdel-Motagally and El-Zohri, 2018). 
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As the moisture content of the soil decreases, the combined protoplasm release occurs with decreasing 
cell swelling, the cell size and cell division rate tend to decrease dramatically, resulting in a decrease in the growth 
and photosynthetic rate of the plant (Nelissen et al., 2018). Due to the similarity process, water deficit affects 
the dry weight of the plant, and as water shortages reduce cell growth and division, it also reduces the number 
of seeds and panicles of the plant (Quinones et al., 2017). Under drought stress conditions, the plant has an 
appropriate cellular inflammation, in which case the compressive potential for cell development and its 
distribution is provided. Therefore, these conditions increase metabolic activity and the growth rate and 
development rate of the root, so that the growth of the root increases the absorption of food ions, and by 
increasing the turgor, the energy available through photosynthesis also increases (Fang et al., 2017). The above 
items show that, under drought stress and inappropriate conditions of cellular inflammation, the distribution 
of food to the root is increased compared to the stem, and the plant will not be able to provide the carbohydrate 
needed to continue the growth. 

Correlation analysis in drought stress conditions (first year of experiment) showed that more traits play 
a role in justifying yield. If in normal conditions (second year of experiment), the effect of traits on grain yield 
was not similar to that of the first year. In drought stress condition, harvest index had a positive correlation 
with grain yield. If this was not the case in normal conditions. This means that plants prefer to invest in seed 
yields under stress conditions to preserve the survival of their generation, and for this purpose, the harvest index 
was high under stress conditions (Polania et al., 2016). The results showed that the relationship between 
relative water content and grain yield was negative. It seems that by increasing the amount of relative water 
content, the apertures of the plant more open and cause the water loss in the plant, and therefore reduces the 
grain yield. This result was not observed in the second year, because in the second year of agriculture, the 
amount of water has not been limited. By increasing the amount of relative water content, the amount of 
carbon dioxide is added to the plant, resulting in increased photosynthetic production. In general, the relative 
water content was lower in low stress conditions (first year of cultivation) compared to normal conditions 
(second year of cultivation). A number of researchers in their research have shown that by applying drought 
stress, stomatal conductance is reduced, then relative water content and photosynthesis begin to decrease (Bota 
et al., 2016; Zandalinas et al., 2018). A sharp decrease in stomatal conductance with a slight variation in relative 
water content indicates that rooting signals from drought stress conditions are the cause of stomatal closure 
and decreased photosynthesis. This chemical signal is the same as abscisic acid (Haworth et al., 2018). Ouyang 
et al., 2017 in studying the effects of water stress on wheat cultivars, observed that stressed plants had 
significantly lower stomatal conductivity than that of irrigated plants, which reduced leaf transpiration in 
drought conditions. The closure of stomata under stress conditions, in addition to the production of abscisic 
acid in the root and its transfer to the leaves, also reduces the potential for inflammation in the leaf, and is likely 
to be effective through the production of abscisic acid produced in the leaf itself (Vishwakarma et al., 2017). 

Based on the results of correlation analysis, grain yield had a positive and significant correlation with 
root dry weight trait. Because in drought conditions (the first year of experiment), the plant improves root 
system by increasing its dry weight and therefore can play a positive role in justifying grain yield. Preferably, the 
drought-tolerant plant would prefer to devote more of its photosynthetic production to the accumulation of 
dry matter in the root to preserve this material in the stem and areal part of plants, since it will retain its ability 
to absorb more water from the soil (Avila et al., 2017). Considering that one of the main methods that plants 
use against drought stress is increasing root dry weight, this trait can be a suitable criterion for selection of 
tolerant genotypes from susceptible genotypes (Belachew et al., 2018). High-yielding groups in stress 
conditions (the first year of experiment) correlated with root length, so that genotypes with lower root length 
obtained higher yields. In addition, root dry weight was found to be higher in this group than in other groups. 
It seems that under stress conditions, tolerant genotypes obtained a higher yield by increasing root dry weight 
and decreasing root length.  

In addition, the results of correlation in the second year showed that root dry weight was not positively 
correlated with yield because there was no moisture content in the second year and did not require the plant to 
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invest a lot on the root system. Several scientists have shown that there is a positive and significant relationship 
between root dry weight and grain yield of plants under water deficit conditions (Kanbar et al., 2009; Atta et 
al., 2013; Fang et al., 2017). Based on the results of correlation analysis, there was a significant correlation 
between biologic yield and grain yield in first and second crop years. This significant result indicates that the 
biologic yield trait is not affected by environmental conditions, thus, there is a positive and significant 
relationship with grain yield in both normal and stress conditions. The radiation use efficiency in the first and 
second crop years was different. Also, the results showed that the use of light in different wheat genotypes was 
different. It seems that the difference in photosynthetic efficiency of cultivars can be effective in differentiating 
the behavior of cultivars in different weather conditions which is consistent with the results of a number of 
researchers (Adeboye et al., 2016; Greaves et al., 2017). Sinclair and Muchow, 1999 reported that the effect of 
light consumption is more influenced by plant genetics. For this reason, it was observed that there is a good 
variation in the efficiency of light consumption among different genotypes. 

Based on the results of biplot in the first crop year, high yield genotypes included ‘G14’ (263.00 g/m2), 
‘G20’ (264.50 g/m2), ‘G18’ (214.00 g/m2) and ‘G19’ (222.50 g/m2) has a higher correlation with x4, x13, x12, 
x5, x1, x7, x8, x2 and x10 traits. This result shows that one of the ways to achieve high yield in drought stress 
conditions is to improve the traits mentioned. In the second year of cultivation, high-yield genotypes included 
‘G7’ (356.42 g/m2) and ‘G9’ (356.75 g/m2) have high correlation with X11 trait. These results indicate that 
under stress conditions, more traits play a role in justifying the grain yield of wheat. In addition, the important 
role of radiation use efficiency trait in yield in superior genotypes has been proved. These results showed the 
differences in use of radiation by genotypes and grain yield. The mean of radiation use efficiency traits in the 
first (2.64) and second (2.61) year showed that wheat genotypes had higher radiation use efficiency in stress 
conditions. In fact, the amount of light absorbed and the dry matter produced by plants is reduced in drought 
stress conditions (Flexas and Medrano, 2002). Under drought stress conditions, reduced in water availability 
decreased cell growth and subsequently reduces leaf area index, proportion of dry matter and consumption of 
light (Medrano et al., 2015). Biplot results show that radiation use efficiency was not the only effective factor 
in grain yield in superior genotypes. In other words, it can be concluded that under stress conditions, to cause 
stress tolerance and yield, grain yield is dependent on factors other than radiation use efficiency. 

 
 
Conclusions 
 
As it turned out from the results, there is a good variation between different wheat genotypes. In 

addition, wheat genotypes responded to different weather conditions (first and second crop year), so that grain 
yield and other measured traits were influenced by the environment. In general, it can be stated that in the first 
year of cultivation, genotypes ‘G14’ (263.00 g/m2), ‘G20’ (264.50 g/m2), ‘G18’ (214.00 g/m2) and ‘G19’ 
(222.50 g/m2) had a higher yield and are suitable for cultivation in an environment that is exposed to drought 
stress. Also, according to different analyzes (principal component analysis and correlation analysis), the results 
showed that the traits x4, x13, x12, x5, x1, x7, x8, x2 and x10 had a stronger association with these genotypes. 
On the other hand, genotypes ‘G7’ (356.42 g/m2) and ‘G9’ (356.75 g/m2) had higher yields in the second crop 
year and are suitable for cultivation in normal conditions. Also, the results of principal component analysis and 
correlation analysis showed that the trait x11 have a stronger relationship with these genotypes. Finally, 
recognizable traits can be used to improve grain yield of wheat genotypes in future breeding program. 
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