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  Abstract 
In order to determine the relationship between stress tolerance and some morpho-
logical traits such as day to flowering, day to ripening and plant length in wheat 
genotypes, an experiment with 180 genotypes in two conditions of terminal water 
stress (cessation of irrigation from pollination stage onwards) and no stress. It was 
done in the form of a systematic plan in Khoy Agricultural Research Station. Us-
ing two-stage clustering method and based on the values of optimal yield and 
stress, genotypes with optimal yield capacity and tolerant to stress and genotypes 
with optimal yield capacity but drought sensitive were identified. In non-stress 
conditions, the correlation between day to flowering and day to maturity was posi-
tive and significant in both groups of genotypes. In terms of stress, intensity and 
direction of trait correlations in each group were sometimes different from the 
other group, so that despite the positive and significant correlation between 
1000-seed weight and number of days to maturity in tolerant genotypes, this rela-
tionship was negative and significant in susceptible genotypes. Also, while the 
relationship between 1000-seed weight and plant height in tolerant genotypes was 
positive and significant, this relationship was negative and significant among sus-
ceptible genotypes. Under stress conditions and based on path analysis, 1000-seed 
weight had the most direct positive effect on yield of tolerant genotypes and in 
susceptible genotypes, the trait of day to maturity had the most direct negative 
effect on grain yield. 
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1. Introduction 

Drought is one of the most important and common causes of declining wheat yield in most parts of the world. A large 
part of Iran's wheat cultivation lands are located in areas with Mediterranean climate. In these areas, the main part of the 
annual rainfall falls in winter and early spring, and in mid-spring, with decreasing rainfall and ambient humidity, the air 
temperature rises sharply, which coincides with the end of the wheat growing season (pollination and grain filling stag-
es) [1]. Therefore, identifying resistant cultivars as well as studying mechanisms to increase drought resistance at the 
end of the season will be one of the appropriate solutions to prevent the decline in wheat yield in the future. 

According to statistics published by the General Statistics and Information Department of the Ministry of Jahad 
Agriculture, the average yield of irrigated wheat in Iran over the past two decades there is a growing but non-uniform 
trend that according to research, the most important factor is changes in rainfall. It is a season especially in the stages of 
pollination and flowering of the plant - critical stages of plant growth [2]. In the studies of many researchers, the effi-
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ciency of selecting drought-resistant cultivars based on yield under favorable conditions due to their large size, lack of 
complete separation and unpredictability the interactions of genotype and environment have been questioned. It is also 
believed that selection based on yield stability alone usually leads to the selection of cultivars with stable but low yield. 
No stress and high yield correlated traits to be used to select suitable drought tolerant cultivars [3]. In terminal drought 
stress, in addition to 1000-seed weight, researchers have suggested some physiological characteristics such as number 
of days to flowering, days to maturity and plant length as important traits related to yield and emphasize their use in 
selecting the desired genotypes [4]. The speed and duration of grain filling determine the final weight of the grain. Var-
ious factors such as the amount of photosynthetic material supply, intrinsic resistance to material transfer, the number of 
endosperm cells, the strength of endosperm cells to absorb photosynthetic materials and environmental factors affect the 
rate and duration of grain filling and finally grain weight [5]. In recent years, research has been conducted to determine 
the relationship between stress-related traits, but in situations where the purpose of stress-related studies is to identify 
tolerant genotypes and study the effect of morphological traits on their performance, a specific action to differentiate 
genotypes into groups Stress-tolerant and stress-related studies have not been performed according to the type of re-
sponse of genotypes to stress, which causes data mixing and resulting in ambiguity in the conclusion. For this purpose, 
in the present study, after identifying and separating stress tolerant and stress-sensitive genotypes, the effect of stress on 
their morphological traits was investigated and the direct and indirect effects of each of them on grain yield were deter-
mined. 

2. Methods  
This study was performed on 180 genotypes and bread wheat cultivars that were planted in Khoy Agricultural Re-

search Station in the form of a systematic plan in the 2020-2021 crop year. The experiment was not repeated and only 
Toos, Hamoon, Sepahan and Shiraz cultivars were repeated during the cultivation of the evaluated genotypes after 
every twenty genotypes (one of them). During the growing season, in addition to field care, all necessary assessments 
such as plant height (PLH), flowering date (DMA) and physiological maturity date (DHE) were performed. In spring, 
the moisture stress test was irrigated only once during pollination and has not been irrigated since, while for testing un-
der optimal conditions, irrigations were carried out normally and according to the needs of the plant. It should be noted 
that there was no effective rainfall after the stress. In early July, the time of full maturity, the crop of each plot under 
water and stress treatment was harvested separately and grain yield (Yield) and 1000-grain weight (W.K.T) of all geno-
types were determined under both treatments. Then, according to the two-stage selection method based on clustering of 
genotypes based on the values of optimal yield and drought stress and stress tolerance index. (Stress Tolerance Index = 
STI). And in the next step, the removal of sensitive genotypes from the selected genotypes is based on the values of the 
stress sensitivity index. (Stress Susceptibility Index = SSI) 

SSI=(1-YS/Yp )/SI𝑆𝑆𝑆𝑆 = 1 − (𝑌𝑌
�𝑠𝑠
𝑌𝑌�𝑝𝑝

) ∗  2  

𝑆𝑆𝑆𝑆𝑆𝑆 = (𝑌𝑌𝑝𝑝 × 𝑌𝑌𝑠𝑠)/𝑌𝑌𝑝𝑝�  
Yp=Genotype yield under optimal conditions. 
Ys=Genotype performance under stress conditions. 
𝑌𝑌�𝑝𝑝 =Mean yield of all genotypes under optimal conditions. 
𝑌𝑌𝑠𝑠�  =Mean yield of all genotypes under stress conditions. 

Statistical analysis 
Minitab 14 software was used to analyze the data. The relationship between the measured traits and grain yield in 

both stress and optimal conditions for both groups of tolerant and sensitive genotypes was performed using SPSS soft-
ware. 

3. Results  
Table 1 shows the general decrease in the values of all traits in both groups of tolerant and susceptible genotypes in 

the transition from optimal water conditions to drought stress. Significant reduction in 1000-grain weight and conse-
quently grain yield of susceptible genotypes is observed while the reduction of these values under stress conditions is 
not significant for tolerant genotypes. This indicates the high potential of tolerant genotypes for rapid transfer of photo-
synthetic material from leaves and stems to seeds, before the negative impact of stress on the grain filling process. Nu-
merous researchers have paid special attention to early flowering to withstand drought stress. Some researchers report 
that in Mediterranean areas with end-of-season stresses, early entry of wheat cultivars into the flowering stage improves 
pollination and fertilization, resulting in increased yields. Also, a slight reduction in the number of days to seed maturity 
in tolerant genotypes is also significant, which could indicate a greater opportunity for the plant to produce and store 
photosynthetic material in the seed. 
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A positive and significant correlation between day to flowering and day to maturity values is expected in both groups 
of genotypes under two optimal water conditions (no stress) and drought stress, due to the obvious influence of maturity 
on flowering time of the plant.  

Table 1. Mean values of different traits under optimal water conditions (no stress) and drought stress 

A. Stress tolerant genotypes       
optimum  
condition Yield(t/ha) 8.060 T.K.W (gr) 38.9 DMA 177 DHE 219 PLH(cm) 98 

stress conditions Yield(t/ha) 7.620 T.K.W (gr) 35.6 DMA 172 DHE 215 PLH(cm) 97 
B- Stress sensitive genotypes       

optimum  
condition Yield(t/ha) 8.820 T.K.W (gr) 39.3 DMA 182 DHE 219 PLH(cm) 98 

stress conditions Yield(t/ha) 6.660 T.K.W (gr) 30.6 DMA 179 DHE 212 PLH(cm) 96 

Table 2. Correlation coefficients between different traits in stress tolerant genotypes 

a. In stress-free conditions  b- In conditions of tension  
 DHE PLH T.K.W Yield   DHE PLH T.K.W Yield 

DMA 053** 0.15 0.07 0.05  DMA 0.618** 0.14 0.36* 0.14 

DHE  0.27* 0.15 0.25  DHE  0.08 0.34* 0.26 

PLH   0.24 0.04  PLH   0.27* 0.08 
T.K.W    0.26  T.K.W    0.36* 

 Table 3. Correlation coefficients between different traits in stress sensitive genotypes 

a. In stress-free conditions    b- In conditions of tension   
 DHE PLH T.K.W Yield   DHE PLH T.K.W Yield 

DMA 0.76** 0.04 0.07 0.14  DMA 0.07** 0.16 -0.46** -0.35** 

DHE  0.05 0.07 -0.2  DHE  0.03 -0.46** -0.42** 

PLH    0.15  PLH   -0.26* -0.08 
T.K.W    0.06  T.K.W    0.18 

In terms of stress, intensity and direction of trait correlations in each group were sometimes different from the other 
group, so that despite the positive and significant correlation between 1000-seed weight and number of days to maturity 
in tolerant genotypes (Table -2b), this relationship in susceptible genotypes is negative. And was significant (Table -3b), 
which explains to some extent the lack of a sharp decrease in 1000-grain weight (and yield) because about 3.2 grain 
weight is made from photosynthetic material after pollination (current photosynthesis). In the meantime, the lack of a 
noticeable reduction in grain ripening period gives the plant the opportunity for more photosynthesis under stress [6]. 

Also, the existence of a positive and significant relationship between 1000-seed weight and plant height in tolerant 
genotypes, while this relationship is negative among susceptible genotypes in stress conditions, is worth considering. In 
addition, positive and somewhat significant relationships between flowering time and maturity time with grain weight 
and yield in tolerant genotypes under stress conditions (Table -2b),Indicates that tolerant genotypes not only have a high 
capacity to produce and store photosynthetic material in the stem, but are also able to gradually and with increasing 
trend the effects of stress on the plant (increased respiration and consequently the consumption of carbohydrates), 
transfer these materials to the seed. Thus, by partially eliminating the plant's respiratory needs, they prevent the plant 
from losing its current photosynthetic reserves and significantly reduce grain weight and yield. 2. b) and flowering and 
seed ripening times in susceptible genotypes (Table 3.b) under stress conditions, causal analysis was performed to de-
termine direct and indirect effects, accordingly, 1000-seed weight has the most direct positive effect on yield of tolerant 
genotypes. However, the negative effect of this trait on grain yield through flowering time trait (-0.26) has reduced the 
positive correlation of this trait with grain yield. Although the negative effect of stem length trait on yield (-0.15), and 
the negative effect of indirect influence of this trait on yield through maturity and flowering time. The positive and sig-
nificant yes of this trait on 1000-seed weight indirectly (0.67) has caused a positive correlation between this trait and 
yield (Table 4a). It is worth mentioning that in drought stress conditions, native tall cultivars have higher yield stability 
than dwarf cultivars due to the possibility of storing more photosynthetic material in their tall stems and thus meeting 
the plant's respiratory needs, although their yield is lower. Considering the positive effects of two traits of 1000-grain 
weight and grain ripening time on yield of tolerant genotypes under stress conditions and also the existence of positive 
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correlation values between these two traits and yield under both stress and optimal conditions (Table 2), it seems that 
The use of these two traits in order to indirectly select genotypes with optimal yield capacity and stress tolerance during 
different generations is desirable. Positive indirect effect on yield through stem height (0.46) has reduced its negative 
effect, but other negative indirect effects cause a significant negative correlation with yield. 1000-seed weight on grain 
yield of stress-sensitive genotypes (0.7), its indirect negative effects on yield through ripening and flowering time of the 
plant, has prevented this relationship from being significant (Table -4b). 

Table 4. Path analysis based on genotypic correlation for grain yield under stress conditions 

a. Tolerant genotypes     b. Sensitive genotypes    
  Indirect effect       direct effect    

direct effect DMA DHE PLH T.K.W Total  effect direct DMA DHE PLH T.K.W Total 
DMA -0.26 - 0.31 0.18 -0.16 0.12  DMA -0.15 - -0.24 0.27 -0.33 -0.35 
DHE 0.28 0.19 - -0.44 0.25 0.24  DHE -0.56 -0.15 - 0.46 -0.24 -0.46 
PLH -0.15 -0.12 -0.17 - 0.67 0.21  PLH 0.25 0.14 0.14 - -0.55 -0.08 

T.K.W 0.45 -0.26 0.05 0.1 - 0.35  T.K.W 0.7 -0.15 -0.18 0.08 - 0.18 

4. Discussion 
Occurrence of drought stress in the pre-flowering stages of wheat reduces growth, reduces plant biomass and signifi-

cantly reduces the number of seeds; While the main effect of post-flowering drought stress is on the reduction of grain 
storage capacity as well as reducing the transfer of current photosynthetic material to the seeds and ultimately reducing 
the 1000-seed weight [6]. It has drought stress conditions and also early flowering does not improve the plant's resis-
tance to drought stress [7]. It is important to identify the relationships between different morphological traits such as 
flowering time and plant height under different water treatments, due to low yield heritability and at the same time 
moderate to high heritability of these traits in different generations [8]. In the study of the effect of drought stress at the 
end of the season on 42 wheat genotypes showed that in drought conditions there was a significant difference at the 
level of 1% probability and the correlation between grain yield and 1000-grain weight was significant [9]. In the study 
of the effect of drought stress on 12 wheat genotypes showed that drought stress has caused a sharp decrease in 
1000-grain weight and grain weight per spike and there is a positive relationship between grain yield and harvest index 
[10]. 

5. Conclusion 
Drought resistance is a crucial feature in inhospitable habitats, such as dry regions of the world. In these areas, pro-

grammed selection is made for the improvement of crop drought tolerance, through precise strategies of stress-testing. 
In Iran, drought stress represents a relevant agronomic problem, being 60% of the total wheat area under rainfed culti-
vation. Quite recently, the troubleshootings related to dry farming have found their institutionalization in several organ-
izations, whose major aim is to develop cereal cultivars perfectly fitting in every microenvironment. It is recommended 
that this experiment be repeated for the second year and performed in the form of stability analysis in different regions 
and the best genotype be introduced. 
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