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In the present study, an experiment was conducted in order to evaluate the yield, yield components and physiological traits 
of different soybean cultivars and lines under water stress conditions and identify the resistant cultivars under climatic 
conditions of the city Tabriz in 2019-2020 crop year. The experiment was actually a split plot conducted using a 
randomized complete block design. In the present study, irrigation levels included: 1- no water stress 2- post-poding water 
stress. Water stress was recognized as the primary factor and soybean cultivars and lines were recognized as secondary 
factor and the experiment was conducted in three replications. The primary factor (water stress) imposed significant 
changes in terms of plant dry weight, grain weight per pod, 1000-grain weight, biological yield, economic yield (p=5% ) and 
the secondary factor (cultivars and lines) imposed significant changes in terms of all evaluated traits (p= 1%.). The 
interaction between the primary and secondary factors imposed significant differences in terms of grain weight per pod and 
biological yield (p=5 and 1%. Respectively).  With any rise in…. yield and yield components decreased compared to non-
stress conditions. highest grain yield (average: 3022.18 kg) was obtained in the No stress treatment (normal) which was 
found to be about 11.11% higher than the  grain yield obtained under post-poding stress treatment (average: 268522 kg). 
In other words, grain yield decreased as water stress increased. Arian and Kowsar lines were selected as the best and 
worst cultivars in terms of yield and yield components, respectively.  
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INTRODUCTION 

Soybean (Glycine max (L.) Merrill), which is known as 
soya bean in Iran, is an annual diploid (n2 = 40) 
Leguminosae that is recognized as an erect and 
productive crop (Khajepoor, 2012 and Dadras et al. 2016). 
It is one of the valuable plants from the oilseeds family. 
Containing 20% oil and 40% protein, this plant has been 
recognized as the most widely cultivated oilseed in the 
world  (In 2016, globally soybean crop was planted on 93 
million hectares of land) (Bi et al. 2021, Cheng et al. 2021, 
Guo et al. 2021, Hou et al. 2021, Huang et al. 2021, Li et 
al. 2021, Ma et al. 2021)., this plant is ranked third, after 
sunflower and safflower, in terms of oil percentages and 
ranked second, after sunflower, in terms of oil quality. It is 
a short day plant whose plant height varies from 60 to 135 
cm depending on the cultivation conditions. Botanically 
speaking, soybean is an autogamous and epigeal plant 
with straight roots and high lateral ramifications, as well as 
a main and straight stem with lower internodes that give 
rise to a number of sub-stems. Soybean has trifoliate 
leaves that consist of three heart-shaped leaflets with a 
raceme inflorescence that encompasses 8 - 16 white or 
purple flowers in each cluster. The plant has restricted and 

unrestricted growth systems. As for adaptation to 
environmental conditions, the plant is sensitive to day 
length, drought and salinity and grows optimally at acidic 
and neutral pH levels. Soybeans are also very sensitive to 
soil clustering and compaction (Ahmadi et al. 2017). 310 
million tons of soybean valued at USD 80 billions is 
produced annually (FAO, 2019) and in Iran the area under 
soybean cultivation is 80,000 hectares and annual 
soybean production is about 110,000 -130,000 tons. 
Golestan, Mazandaran and Ardabil provinces are 
respectively ranked first, second and third in terms of 
soybean production. Soybean yield potential has 
exceeded 6 tons per hectare while 2.5 tons per hectare is 
considered desirable (Ahmadi et al. 2017). Annual 
precipitation in Iran is one third of the global average (235-
260 mm) 85% of Iran's area is covered by arid, semi-arid, 
ultra-arid and desert climates which can be mostly 
attributed to low precipitation in the central and southern 
regions of the country (Arab Khadri and Kamali, 2017). 
According to Isaac Zadeh et al. (2014) the whole country 
is plagued with drought and this has many negative 
effects on crops. Persistence of the present climatic 
conditions in the country, will definitely challenge 
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agricultural products, including soybeans. Water stress is 
recognized as a major factor restricting sustainable 
soybean cultivation and yield.  For developing high 
yielding varieties under drought conditions, the most 
widely employed criterion has traditionally been direct 
selection for yield stability over multiple locations (Zare et 
al. 2004). The indirect selection using secondary traits is 
another relevant strategy that has succeeded in a few 
crops (Manavalan et al. 2009). Water stress is one of the 
most important factors limiting crop yields in arid and 
semi-arid regions (Ren and Khayatnezhad, 2021, Sun and 
Khayatnezhad, 2021, Tao et al. 2021, Wang et al. 2021, 
Zheng et al. 2021, Zhu et al. 2021a, Zhu et al. 2021b). 
Low precipitation, irregular distribution of precipitations 
and high temperatures lead to water stress during the 
growth period of crops in these regions. Taking into 
account the fact that Iran is located in a geographical area 
where the moisture needs of soybeans during the growth 
season should be met through irrigation and that 
precipitation levels may reach to zero levels in many 
areas, during the most critical soybean growth stages 
namely the flowering and grain filling stages, and most 
importantly, since  the afore-mentioned growth stages 
generally coincide with hot and dry summers when there 
is considerable water needs for other crops, prolonged 
irrigation periods or irrigation delays (2 or 3 times) are very 
likely during the critical growth stages. Therefore, 
investigation of soybean reaction to water stress during 
sensitive stages can help us identify the genotypes that 
are resistant to water stress conditions, and thereby 
minimize yield reductions (Wang et al. 2022a, Wang et al. 
2022b, Xu et al. 2021, Zhang et al. 2022). The effect of 
water stress on growth and yield of soybean plant has 
been subject of extensive studies. Although, Water stress 
reduces soybean yield in many stages of plant 
development, the negative effects of water stress during 
flowering, grain formation, and grain filling are very 
important (Zare et al. 2004)., Soybean can germinate by 
absorbing a 50% of its weight in water , and needs extra 
water to rise above the soil surface. Water stress is the 
first factor that can constrain soybean yield in arid regions 
(Isaac Zadeh et al. 2014). Therefore, the selection of lines 
with higher grain yield under water stress conditions can 

reduce the loss soybean growers may sustain. According 
to many researchers cultivars with better yield under both 
stress and non-stress conditions are the best choice in 
areas plagued with water shortage problems. In addition, 
detection of traits that contribute to yield rise in tolerant 
genotypes can help researchers produce water stress 
tolerant lines in plant breeding programs. The present 
study was an attempt to investigate the reaction of 
different soybean cultivars and lines, as well as their yields 
and yield components, to water stress and normal 
conditions in order to select traits that can be recognized 
as criteria for selection of optimal cultivars and lines. 
 
MATERIALS AND METHODS 
The present study was carried out during the 2019-2020 
crop year in the city of Tabriz Meteorological figures 
associated with recent years suggest that the area has 
cold winters and temperate summers, the minimum and 
maximum absolute temperature of the region is 10.4 and 
22.24 degrees Celsius, respectively, and its’ average 
annual precipitation is 271.3 mm, which has undergone 
fluctuations in recent years. Most of the precipitation in 
this region occurs in autumn, winter and early spring. The 
pH scale in this region stands within the alkaline - mildly 
alkaline range. No significant soil salinity risk threatens the 
soil surface. The relative humidity, precipitation, annual 
evaporation and the wind blow rate in soybean growth 
months during the 2019-2020crop years are presented in 
Table 1. In order to chemically analyze the soil at the 
experiment site, soil samples were collected from 6 
different points of the field (0 - 50 cm soil depths) and sent 
to a pedology lab. The collected soil properties are 
presented in Table (2). In the present study, 5 soybean 
genotypes were investigated. The properties of each 
genotype are presented in Table 3. This study was 
actually a split plot conducted using a randomized 
complete block design with 3 replications. The primary 
factor was irrigation at two levels: no water stress 
(normal), and post- poding water stress. The secondary 
factor encompassed 5 soybean cultivars. The investigated 
soybean lines and cultivars were: 1- Kowsar (early crop), 
2- Atlas (medium crop), 3- L17 (medium crop), 4- Williams 
(medium crop) and 5- Arian (late-crop). 

 
Table 1: Relative humidity, precipitation, annual evaporation and wind blow rate  

indicator unit range 

Relative humidity during the growth season % 28-38 

Annual precipitation mm 180-300 

annual evaporation mm 1422 

wind blow rate in the growth season m/s 6-10 

 
Table 2: farm soil properties 

Soil 
texture 

Clay 
percentage 

Silt 
percentage 

Sand 
percentage 

Absorbable 
K 

(PPm) 

Absorbable 
P 

(PPm) 

Total 
nitrogen 

(TN) 

Organic 
Carbon 

(OC) 

Total 
Neutralizing 

Value 
(TNV) 

Total acidity 
saturation 

(PH) 

Electrical 
conductivity 
(EC. Ds/m) 

Depth 
(CM) 

Sandy 
loam 

11 24 65 354 67 0/057 0/69 15.25 7.65 1.35 -50 
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This experiment was conducted to investigate the 

effects of different water levels on yield and yield 
components of different soybean cultivars in a land 
covering an area of approximately 1000 sq./m. The farm 
was used for wheat cultivation in 2020 and land 
preparation operations including plowing, disc plowing, 
leveling, ruling and land plotting were carried out in the 
earliest possible date in spring (April) 2021. In this 
experiment, each main plot was 2 Ms away from the next 
one and each subplot was 0.5 Ms away from the 
neighboring subplot. Each replicate block included 4 main 
plots and each main plot encompassed 10 subplots. Each 
experimental unit consisted of 5 rows (each being 2 
meters long), the space between rows was 50 cm, and the 
plants were spaced 6 cm apart in each row and the 
planting depth (5cm) was determined based on the 
formulated map. It should be noted that after seed 
inculation with Rhizobium, wet direct seeding (lister 
seeding) was carried out manually due to epigeal 
germination of soybeans and their sensitivity to soil 
clustering. Before sowing, the required fertilizers were 
applied to the soil according to the soil test results. In this 
experiment, urea fertilizer (40 kg / ha) and phosphate 
fertilizer (60 kg / ha) were applied (in equal proportions) to 
all plot at the sowing stage. After sowing, the plots were 
irrigated uniformly until the onset of flowering stage. Water 
treatments (1- no water stress (irrigation every 5 days) 2- 
post-poding stress were applied after this stage. In order 
to ensure germination, emergence and formation of side 
shoots, all treatments were irrigated every 5 days until the 
flowering stage, and then irrigation was stopped. As part 
of the weed control process, the weed were manually 
removed twice between emergence stage and formation 
of side shoots.  10 plants from each experimental unit 
were randomly selected and marked. yield and yield 
components including: 1000-grain weight, average weight 
of grains per pod, weight of grain per plant, plant dry 
weight, biological yield in the whole plot, grain yield, 
harvest index were measured in the harvest stage. In 
order to neutralize the marginal effects, 50 cm from the 
extreme ends of the plots and two side rows in each plot 
were excluded from sampling. After analysis of variance, 
the mean comparison of traits was carried out using 
Duncan multiple range test (at 5% probability level). 
MSTATC and SPSS software were used for data analysis 
and Excel software was used to sketch the figures. 
 
RESULTS AND DISCUSSION 

The ANOVA results are presented in Table 4. The 
results showed that The primary factor (water stress) 
imposed significant changes in terms of plant dry weight, 
grain weight per pod, 1000-grain weight, biological yield, 
economic yield (p=5% ) and the secondary factor 
(cultivars and lines) imposed significant changes in terms 
of all evaluated traits (p= 1%.). This is indicative of high 
genetic diversity of lines and cultivars taken into account 

for optimal trait selection. The interaction between the 
primary and secondary factors imposed significant 
differences in terms of Plant height, pod length, number of 
pods per plant, number of grains per pod, weight of grain 
per pod and biological yield (p=5 and 1%. Respectively)  
(Table 3-2). According to Kamerva et al. (2014), 
investigation of different stages of soybean growth under 
severe water stress, shows that pod formation and 
flowering are the most sensitive stages of soybean growth 
under water stress conditions. 

Dry weight of the plant 
With increases in intensity of water stress, plant dry 

weight increased. The highest and lowest plant dry weight 
were recorded in post-poding water stress and no water 
stress (normal) treatments, respectively (Figure 1). The 
highest dry plan weight (22.80 g) and the lowest plant dry 
weight were observed in Arian and Kowsar lines, 
respectively (Figure 2). Water stress led to declines in 
stem dry weight (Tajik Khaveh et al. 2011). Purcell et al. 
(2000) also reported that among different soybean 
cultivars, those being more tolerant to water stress had 
significantly higher stem dry weight than sensitive 
cultivars. Severe water stress had a negative impact on 
stem dry weight (Jalil SheshBahreh and Dehnavi, 2012). 

 

 
Figure 1: Mean value of the primary factor (irrigation) 

for plant dry weight (gr per plant) 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

 
Figure 2: Mean value of sub-factors (lines and 
cultivars) for plant dry weight (gr per plant) 
According to Duncan multiple range test the difference 
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between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

Seed weight per plant 
The highest Seed weight per plant (12.85 g) was 

observed in the Normal treatment.  The seed weight in the 
normal treatment was 5.57% higher than that observed in 
the post-podding water stress treatment, in other words, 
water stress (up to the podding stage) leads to declines in 
seed yield which is followed by  declines in Seed weight 
per plant (Figure 3). The highest (20.20 g) and lowest 
Seed weight per plant were observed in Arian and Kowsar 
lines, respectively (Figure 4). 

 
Figure 3: Mean value of the primary factor (irrigation) 

for seed weight per plant (gr per plant) 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

 

 
Figure 4:Mean value of the sub-factor (lines and 
cultivars) for seed weight per plant (gr per plant) 

According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

Grain weight per pod 
The ANOVA results for grain weight per pod showed 

that the primary factor/sub-factor interaction has been 
significant (Table 4) and the results of mean comparison 
of the primary factor/sub-factor interaction in this trait 
(Figure 6) showed that the highest and lowest grain weight 
per pod can be observed in the Arian cultivar (0.49 gr) in 
the post-podding stress treatment and in the Kowsar 
cultivar in the normal treatment, respectively (Figure 5). 

  

 
Figure 5: Mean value of the primary factor (irrigation)/ 
sub-factor (lines and cultivars) interactions for grain 
weight per pod 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

1000-grain weight  
The lowest and highest 1000-grain weight was 

observed in the post-podding water stress treatment 
(124.68 gr) and no water stress treatment (130.22 gr), 
respectively.  Post-podding water streams reduced 1000-
grain weight by 4.4%. In other words, water stress led to 
reduction of 1000-grain weight (Figure 6). The highest and 
lowest 1000-grain weight was observed in the Arian line 
(141.22 gr) and in the Kowsar lines had the lowest 1000-
seed weight and Atlas and Williams lines were assigned to 
group c in terms of this trait (Figure 7). The 1000-grain 
weight in soybeans depends on the ability of the plant to 
supply the nutrients for reservoirs as well as 
environmental conditions such as access to moisture and 
nutrients in the seed-filling stage. In the absence of stress 
(water, nutrients, extremely high temperatures, etc.) 
reservoirs’ share of nutrients increases as the number of 
reservoirs declines.  In this case, the grains grow larger 
and the 1000-grain weight Increases (TarumingKeng and 
Coto, 2003). 

 
Figure 6: Mean value of the primary factor (irrigation) 
for 1000-grain weight (gr) 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 
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Figure 7: Mean value of the sub-factor (lines and 
cultivars) for 1000-grain weight (gr) 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

Biological yield 
He ANOVA results for biological yield showed that the 

primary factor/sub-factor interaction was significant (Table 
4) and the results of the mean comparison of the primary 
factor/sub-factor interaction in this trait (Figure 8) showed 
that the highest and lowest biological yield is obtained by 
the Arian cultivar (17128) in no water stress treatment 
(normal) and by the Kowsar cultivar in the post-podding 
stress treatment. 

 
Figure 8: Mean value of the primary factor 
(irrigation)/sub-factor (lines and cultivars) interaction 
for biological yield 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

Unfavorable environmental conditions under water 
stress has probably induced a decrease in the 
photosynthetic leaf area, which is followed by declines in 
dry matter accumulation as well as biomass or biological 
yield. In this experiment, the adverse effects of water 
stress on vegetative growth were manifested in form of 
limited leaf growth, limited stem girth and short plant 
height, which were associated with reduced biological 
yield. Behtari et al. (2008) reported that water stress leads 
to a decline in biological yield of soybeans. Pourmousavi 
(2005) also showed that water stress can induce a decline 
in the biological yield of soybeans. Maleki et al. (2012) 
reported that water stress treatment and cultivar had a 
significant effect on biological yield at 1% probability level. 
Drought stress caused a significant decline in biological 
yield (Soleimanzadeh et al. 2009). 

Economic Yield 
The highest grain yield was observed in the No-stress 

(normal) treatment (3022.18 kg) which happened to be 
11.11% higher than that observed in the post-podding 
water stress treatment (2685.22 kg). In other words, grain 
yield decreases a water stress increases (Figure 8). The 
highest and lowest grain yield was observed in Ariyan 
(5228 kg) and Kowsar lines respectively (Figure 9). Faraji 
(2016) reported that the highest grain yield was observed 
in DPX × Fora genotype in the control group (2615 kg/ha) 
and in DPX × Sepideh genotype under stress conditions 
(2294 kg / ha). The yield decline induced by water stress 
can probably be attributed to the decline in the number of 
pods per plant and the 1000-gram weight. Studies also 
show that, water stress significantly reduces soybean yield 
(Yahyaei, 2007). Water stress can not only induce a 
decline in the effective grain filling period, but can lead to 
increases in pod abortion (Liu et al. 2004). Declines in 
carbon metabolism rate, declines in stomatal conductance 
and declines in water uptake due to limited root growth are 
the factors involved in grain yield reduction under drought 
stress conditions (Liu et al. 2004). 

 
Figure 9: Mean value of the primary factor (irrigation) 
for grain yield (kg) 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 
 

 
Figure 10: Mean value of the sub-factor (lines and 
cultivars) for grain yield (kg) 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 
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Harvest index 
Harvest index is one of the important physiological 

indicators that show the rate at which photosynthetic 
materials are transferred from plant vegetative parts to 
seeds. The lowest harvest index (0.29%) was observed in 
the L17 cultivar (Figure 11). According to the literature, in 
modern crop management harvest index of a specific 
cultivar is a constant trait that undergoes slight changes 
under different stress conditions (Daneshian et al. 2004; 
Yahyaei, 2007). 

 
Figure 11 : Mean value of the sub-factor (lines and 
figures) for harvest index (%) 
According to Duncan multiple range test the difference 
between mean values of treatments with similar letters is 
insignificant at the 5% probability level. 

CONCLUSION 
The primary factor (water stress) imposed significant 

changes in terms of plant dry weight, grain weight per pod, 
1000-grain weight, biological yield, economic yield (p=5% 
) and the secondary factor (cultivars and lines) imposed 
significant changes in terms of all evaluated traits (p= 
1%.). The interaction between the primary and secondary 
factors imposed significant differences in terms of grain 
weight per pod and biological yield (p=5 and 1%. 
Respectively).Highest grain yield (average: 3022.18 kg) 
was obtained in the No stress treatment (normal) which 
was found to be about 11.11% higher than the  grain yield 
obtained under post-poding stress treatment (average: 
2685.22 kg). In other words, grain yield decreased as 
water stress increased. Arian and Kowsar lines were 
selected as the best and worst cultivars in terms of yield 
and yield components, respectively. 
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