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 Two experiments were carried out during two successive seasons of 2011 and 2012 to 

investigate the effects of anti-stress and anti-transpiration materials on yield and seed 

quality of soybean (cv. Williams) under different irrigation regimes at the experimental 
farm of University of Maraghe, Maraghe, Iran. The experimental treatments were 

arranged in a split plot based on randomized complete block design with four 

replications. The main plots represented three irrigation regimes including I1, I2 and I3 
as irrigation after 40, 80 and 120 mm evaporation from “class A” pan, respectively. The 

subplots were considered with foliar application of anti-stress and anti-transpirant 

materials followed as: F1 (control), F2 (10000 ppm Castor oil), F3 (500 ppm Cycocel), 
F4 (450 ppm Masraiz) and F5 (450 ppm Serval-Nk) at R1 and R3 stages (according to 

Fehr and Caviness, 1977 Stages of soybean development). Two years combined 

analysis of variance showed that irrigation regimes and foliar application had 
significant effect on all of yield and yield component characteristics. The most 

increasing in these characteristics obtained from I1 irrigation levels in many of foliar 

application treatments. However, the highest protein percentage belonged to I3 
treatment with F1, F2 and F4 treatments. Maximum amount of oil observed from I1 and 

I3 irrigation regimes with some of foliar application treatments. Thus, Water stress 

caused of decreases yield in soybean plant, but applied of anti-stress and anti-
transpirant materials caused decrease of negative effects of water stress in our 

experiment and increased values of traits. 

 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Fermesk Valimohammadi, Mehdi Tajbakhsh and Fariborz Shekari, Effect of Anti-stress and Anti-transpirant 
Materials on Mield, Yield Components and Seed Quality of Soybean under Different Irrigation Regimes. Adv. Environ. Biol., 8(24), 371-

378, 2014 

 

INTRODUCTION 

 

 Legumes plants play essential role in sustainability of agricultural systems. Their role is increasing during 

conversion of traditional agriculture to organic farming. Legumes, in particular soybean (Glycine max. L.) are 

considered as one of the five major crops in the world that major source of vegetable proteins and oils for 

mankind [39]. Its protein has great potential as a major source of dietary protein. The oil produced from soybean 

grains is highly digestible and contains no cholesterol [5]. Drought is one of the most common environmental 

stresses that affect growth and development of plants. Drought continues to be an important challenge to 

agricultural researcher and plant breeders. It is assumed that by the year 2025, around 1.8 billion people will 

face absolute water shortage and 65% of the world’s population will live under water-stressed environments 

[33]. More than 70% of total area of Iran is arid and semi-arid [37]. Soybean is one of the most important oil 

seed crops in Iran that is usually confronted with water deficient stress leading to yield loss [28]. This Stress 

during plant development typically reduces the reproductive allocation to seeds, resulting in fewer and often 

smaller grains [9]. Soybean yield affected by pod and seed number per plant and these traits are the most 

important yield components of soybean [26]. Stage of plant growth and duration of drought stress are important 

for the degree of the impact on growth and final yield in soybean [22]. Ghassemi-Golezani and Lotfi [11] 

indicated that soybean is a sensitive crop to water stress at reproductive stages. Water disruption during 

flowering and grain filling stages can lead to severe loss in yield and yield components of soybean cultivars.  
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 There is a critical need to balance water availability, water requirements and water consumption in 

conserving water which has become a decisive consideration for agricultural expansion, particularly in arid and 

semi-arid regions where water is the main limiting factor for plant growth. Moreover, plants are prodigal in the 

water use because only less than 5% of the water absorbed by the plant is used for its growth and development 

while the remaining 95% is lost for transpiration [36]. Actively growing plants transpire a weight of water equal 

to their leaf fresh weight each hour under conditions of arid and semi-arid regions if water is supplied 

adequately [29]. This scare figure makes it necessary to find ways by which available water could be 

economically utilized. One way to achieve this goal is to reduce the transpiration rate in order to minimize the 

amount of irrigation water. Most agricultural regions of Iran are located in dry climate, and drought is one of the 

factors limiting photosynthesis and yield in soybean. Therefore, application of anti-stress and anti transpirant 

materials by foliar application can significantly reduce damaged that caused by water deficient. Anti-

transpiration agents are grouped into three categories: first; film-forming types (e.g. castor oil and glycerol), 

which is penetrable to gases (O2 and CO2) but is impermeable to water vapor. Second; reflecting materials that 

reflect the radiation on the upper surface of the leaves (e.g. kaolin), and third, stomata clothing types (e.g. 

MgCo3 and Na2Co3) which affect the metabolic process in life tissues [36]. Castor oil as a film forming material 

was used in this study. Kazamppour and Tajbakhsh [19] reported that application of various anti transpirants 

increased seed yield, 1000 seed weight and plant height, and could be successfully used for increasing 

production of corn under limited irrigation conditions. Also, Javan et al [17] investigated effect of anti 

transpirants application (chitosan, castorbean oil, kaolin and magnetic water) in soybean under limited irrigation 

and results indicated that application of anti transpirants significantly increased stem high, node number, stem 

diameter, number of pods and number of seed per plant, thousant seed weight, seed yield and harvest index in 

treated plants but number of seed per pod was not affected. This finding by researcher shown that use of anti 

transpirants can be effective by reducing the effect of water stress in crop plants. 

 Plants growth regulators (PGRs) are known to enhance the source-sink relationships and translocation of 

photo-assimilates thereby helping in effective flower formation, fruit and seed development and ultimately 

enhance productivity of the crops. Growth regulators can improve the physiological efficiency including 

photosynthetic ability and can enhance the effective partitioning of accumulates from source and sink in the 

field crops [46]. One of the another effects of PGRs on crop growth is stress tolerance and moisture relations. 

Cycocel (2-chloroethyl, tri methyl ammonium chloride) and other PGRs that inhibit gibberellins synthesis in 

plants may increase crop yields when crops are grown under moisture stress [8]. Cycocel by increasing the 

stomata resistance and decreasing transpiration can help to water use efficiency. Cycocel has been used to check 

the abscission of flower and modify the crop canopy for improving the yield in gram [2] and soybean [45]. 

Several researches have shown the stimulatory effect of plant growth regulators on the vegetative growth and 

yield of crops. Grewal et al (13) reported that cycocel improves the translocation of photosynthesis.  

 Foliar application of cycocel at the rate of 300 ppm at the flower initiation stage improved the number of 

pods per plant in soybean plants [44]. Nejadsahebi et al [32] reported that Increasing dose of cycocel in drought 

stress, increased biomass weight, RWC and stomata resistance. Cycocel adjusted and neutralized negative 

effects of drought stress in olives cultivars.  

 In recent years, environmental pollution, particularly soil and water resources infection and high 

temperature environment, consequently, the drought stress has increased. So therefore, it is necessary to reduce 

the consumption of chemical fertilizers and increase use of organic fertilizers in agriculture. Agricultural 

application of vegetal bio-regulators is becoming a useful practice that has improved the yield of beans, corn 

and soybean [48]. We used of two bio stimulant (anti- stress) that include off: 1. Serval-nk is a biofertilizer 

including free Amino Acids (68%), nitrogen (6.5%), and solution potassium in water (12%). 2. Masraiz is an 

organic fertilizer including Ascophyllumuodosum (5%), Carboxylate (8%), Polysaccharides (45%), 

Coadjuvantes (36.6%), Trace elements (2.9%), Amino Acids (2%) and GABA (0.6%). Amino Acid is a well-

known bio stimulant which has positive effects on plant growth, yield and significantly mitigates the injuries 

caused by abiotic stress [23]. Saeed et al [40] found that treatments of amino acids significantly improved 

growth parameters of shoots and fresh weight as well as pod yield on soybean. 

 The objective of present work was investigation of the effect of the growth regulators (cycocel), anti-

transpirant (castor oil) and two bio stimulant (masraiz and several-nk) on yield and seed quality of soybean 

under different irrigation regimes. 

 

MATERIALS AND METHODS 

 

 The experiment was carried out at the research field of the University of Maragheh, (37
º
23' N, 46º16' E, 

1554 m elevation), Iran in 2011-2012. This experiment was conducted as split plot design based on randomized 

complete block design with four replications. The main plots represented three irrigation regimes including I1, I2 

and I3 as irrigation after 40, 80 and 120 mm evaporation from “class A” pan, respectively. These treatments 

were initiated in V3 stage. Subplots were considered with foliar application of anti-stress and anti-transpiration 
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materials followed as: F1 (control), F2 (10000 ppm castor oil), F3 (500 ppm cycocel), F4 (450 ppm masraiz) and 

F5 (450 ppm serval-Nk). These treatments performed in onset of flowering and onset of pod setting stages (at R1 

and R3 stages according to Fehr and Caviness [7] Stages of soybean development). Soybean seeds (cv. 

Williams), prepared from the Research Center of Moghan and after disinfection and inoculation by Rhizobium 

Japonicum bacteria were cultivated in June 2011 and 2012. Each plot contains six planting rows with 5 m length 

and the spacing between planting rows was 50 cm and the plant distance was considered 10 cm. During growth 

stages, hand weeding was accomplished as required.  

 Measured traits in this study were pod number per plant (When soybean seeds reached to physiological 

maturity), Number of seed per pod, One thousand kernel weights, total yield (economic yield), biological yield 

(biomass). Percentages of oil and protein for each sample were measured by a seed analyzer (model: Zeltex ZX-

50, USA). 

 All statistical calculations were performed using MSTATC software mean comparison of measured traits 

was performed using Duncan's multiple range tests at 5% probability level. 

 

RESULT AND DISCUSSIONS 

 

Number of pod per plant: 

 Analysis of variance indicated that the effect of irrigation regimes (I) at 1% probability and foliar 

application (F) at 5% probability on number of pod per plant (NPP) was significant but interaction effects 

between I and F had not significant (Table 1). Mean compressions showed that irrigation regimes of I2 and I3 led 

to significant decrease in number of pod per plant in comparison with I1 irrigation regime. The highest and the 

lowest number of pod per plant were belonged to I1 (25.33) and I3 (17.97) irrigation regimes (Table2). 

Khurgami and Rafiee [21] reported that number of pod per plant decreased with increasing of drought stress 

levels. Emphasized that water stress at reproductive growth stages disrupted photosynthesis and remobilization 

in plants, which can caused reduction in the number of pod per plant and weight seed thus resulted decrease 

yield in plants. These results were agrees to previous studies in soybean [11, 22, 42], wheat [38] and Bunium 

Persicum L. [41]. Among foliar treatments only F3 (Cycocel) and F4 (Masraiz) significantly increased number of 

pod per plant compared to the control (Table 3). Sing et al (45) reported that foliar application of cycocel at the 

rate of 300 ppm at the flower initiation stage improved the number of pods per plant in soybean. 

Mohammadpour [30] investigated the effect of biofertilizers on soybean growth and the results clear that 

reproductive trait such as the number of pod per plant was higher than without use of application biofertilizer in 

the other treatments.  

 
Table 1: Analysis of variance of the effects of anti-stress and anti-transpiration martials on yield and seed quality of soybean. 

Source df Number 

of pod 
per plant 

Number 

of Seed 
per pod 

1000-

kernal 
weight 

Grain yield Biological 

yield 

Protein 

percentage 

Oil 

percentage 

Year 1 0.3ns 0.025ns 220.1ns 965512.7* 219992ns 30.100* 26.320** 

Replication 6 106.2** 0.415ns 1277.4ns 86563ns 700317.6ns 2.496ns 0.656ns 

Irrigation 2 540.97** 0.859ns 4731.7** 19899305.6** 68558925.1** 50.288** 18.961** 

I*Y 2 14.2ns 0.178ns 857.6ns 77897.3ns 225194.5ns 0.103ns 2.182ns 

Ea 12 12.7 0.302 635.4 110329.9 1660527.5 1.393 0.694 

Foliar Application 4 34.16* 0.848ns 1104.03** 2362561.5** 6976073.9** 2.225ns 1.478ns 

Y*F 4 0.93ns 0.176ns 75.78ns 98866.3ns 606709.3ns 0.807ns 0.874ns 

I*F 8 13.04ns 0.625ns 34.76ns 346290.9* 1847410.0* 4.704** 2.316* 

Y*I*F 8 4.74ns 0.673ns 84.27ns 28169.9ns 254569.2ns 0.394ns 0.756ns 

Eb 72 11.15 0.652 163.12 162696.9 788670.6 1.295 1.102 

CV(%) - 15.44 24.29 8.10 11.48 11.64 3.14 5.47 

ns, * and **: non-significant, Significant at 5% and 1% levels, respectively. 

 

Table 2: Effect of irrigation regimes on yield and seed quality of soybean. 

Irrigation regimes Number of pod per plant 1000-seed weight (gr) Protein percentage Oil percentage 

I1 25.33a 169.4a 35.33c 20.15a 

I2 21.62b 155.7b 36.46b 19.27b 

I3 17.97c 147.9b 37.57a 18.83b 

Different letters indicate significant differences at 5% level. 

 
Table 3: Effect of foliar application on Number of pod per plant and 1000-kernal weight (gr) of soybean. 

Foliar application Number of pod per plant 1000-kernal weight (gr) 

F1(Control) 19.75b 148.3c 

F2 (Garlic oil) 21.38ab 154.2bc 

F3 (Cycocel) 22.68a 166.3a 

F4 (Masraiz) 22.6a 159.7ab 

F5 (Serval- Nk) 21.78 160.1ab 

Different letters indicate significant differences at 1% level. 
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Number of seed per pod: 

 Number of seed per pod was not significantly affected by irrigation regimes, foliar application and 

interaction effect between irrigation regimes and foliar application. Consistent with our results, Pookpakdi et al 

[35] stated that water stress decreased seed yield, number of pod per plant and seed size, but number of seed per 

pod was not affected. Also, Javan et al [17] indicated that the number of seed per pod was not affected by 

antitranspirant and has not significant difference with control.  

 

1000-kernal weight: 

 Soybean 1000-kernal weight was significantly affected by irrigation regimes and foliar application at 1% 

probability but interaction effects between irrigation regimes and foliar application was not significant (Table 1). 

Based on the mean comparison (Table 2) water stress (I2 and I3) caused a significant reduction in 1000-kernal 

weight of soybean compared to I1 irrigation regime. In addition, results indicated that the 1000-kernal weight 

did not differ significantly between irrigation regimes of 80 and 120 mm evaporations from class A pan. 

Seghatolesslami and Majidi [43] suggested that decreases in 1000-kernal weight under stress conditions might 

be due to lower photosynthetic translocation in the developing grain. Also, Bradford [3] demonstrated that 

reduction of seed weight under drought stress might be due to cytokinin reduction and therefore, less endosperm 

cells is produced in seeds. Among foliar treatments F3 (Cycocel) and F5 (Serval- Nk) significantly increased 

1000-kernal weight compared to the other treatments. Gurmani et al [14] reported that rice plants that treated by 

cycocel showed an increase in 1000-kernal weight compared to control. Cia et al [4] informed an increase in 

seed weight of cotton due to cycocel application. Azimi et al [1] indicated that SA bioregulator can increase 

1000-kernal weight by change in photosynthesis through increase in photosynthetic pigments. Moreover, Khan 

et al (20) showed that SA increased photosynthetic rate in corn and soybean. 

 

Grain yield: 

 The analysis of variance showed significant effects between two years, irrigation regimes, foliar application 

and interactions of I × F on grain yield (Table1). Grain yield in the second year (2012) decreased about 5 % than 

the first year (2011), respectively. The highest (4288 kg/ha) and the lowest (1915 kg/ha) grain yield of soybean 

obtained from I1F5 and I3F1 treatments, respectively (Figure 1). The results also showed that I2F3, I3F4 and I3F5 

led to increase of grain yield by 30.2, 19.6 and 19.1% compared to control (I2F1), respectively. Our results 

declare that grain yield of soybean with application of this treatments were the highest compared to control and 

improved plant performance. Ghanbari et al [10] reveal that application of cycocel in full irrigation treatments 

increased grain yield of pearl millet in stress condition. Also, Imam et al [16] indicated that application of 

cycocel improved the drought tolerance of wheat plants. Researcher in olive cultivars [32] and safflower [3] 

reported that foliar application with Cycocel in water stress conditions increased grain yield and improved this 

pressure. Azimi et al [1] indicated that application of bioregulators: amino acid and salicylic acid reduced 

negative effects of water deficit and increased yield and yield components of wheat.  

 The increase in the yield recorded in this investigation could be a reflection of the effect of bioregulators on 

growth and development, it might be due to (a) increase in the number of branches per plant, which gave a 

chance to the plant to carry more flowers, pods and hence more seeds (b) increase in the photosynthetic 

pigments content, which could lead to increase in photosynthesis, resulting in greater transfer of assimilates to 

the seeds and causing increase in their weight (Table 3). 

 

 
 

Fig. 1: Interactive effects of irrigation regimes and foliar application on grain yield of soybean. I1, I2 and  

I3:irrigation after 40, 80 and 120 mm evaporation from “class A” pan, respectively and F1 (control), F2  

(10000 ppm Castor oil), F3 (500 ppm Cycocel), F4 (450 ppm Masraiz) and F5 (450 ppm Serval-Nk). 
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Biological yield: 

 The results of analysis of variance showed significant effect of irrigation regimes and foliar application at 

1% probability and interactions of I × F at 5% probability on biological yield (Table 1). The highest (9019 

kg/ha) and the lowest (4876 kg/ha) biological yield of soybean obtained from I1F5 and I3F1 treatments, 

respectively (Figure 2). A common adverse effect of water stress on crop plants is the reduction in fresh and dry 

biomass production [6]. Reduction in plant biomass under water stress can be attributed to competition of plants 

for water and nutrients [12]. Latiri-Soki et al [24] reported that irrigation and fertilizers increased biomass yield 

and grain yield of wheat. They suggested that this increase might be due to increased leaf area index (LAI) and 

an increase in the period for which the crop remained green, which resulted increased capture efficiency of 

radiation energy and consequently high dry matter production.  

 

 
 

Fig. 2: Interactive effects of irrigation regimes and foliar application on biological yield of soybean. I1, I2 and  

I3:irrigation after 40, 80 and 120 mm evaporation from “class A” pan, respectively and F1 (control), F2  

(10000 ppm Castor oil), F3 (500 ppm Cycocel), F4 (450 ppm Masraiz) and F5 (450 ppm Serval-Nk). 

 

 
 

Fig. 3: Interactive effects of irrigation regimes and foliar application on protein percentage of soybean. I1, I2  

and I3:irrigation after 40, 80 and 120 mm evaporation from “class A” pan, respectively and F1 (control),  

F2 (10000 ppm Castor oil), F3 (500 ppm Cycocel), F4 (450 ppm Masraiz) and F5 (450 ppm Serval-Nk). 

 

Protein and oil percentage: 

 There were significant differences between two years, irrigation regimes and interaction of irrigation 

regimes and foliar application on protein and oil percentage of soybean (Table 1). In addition, results indicate 

that protein and oil percentage did not differ significantly in foliar applications. Protein and oil percentages in 

the second year (2012) increased about 2.8 and 5 % than the first year (2011), respectively. The results indicate 

that the percentage of protein increased with increasing severity of drought stress, but stress led to a reduction in 

soybean oil percentage (Table 2). The highest protein (37.9%) and oil (20.4%) obtained from I3F4 and I1F1 

treatments, respectively (Figure 3 and 4). These results imply that the water stress has considerable influnce on 

the development and quality of seed soybean. Among the irrigation regimes, the highest (37.57) and lowest 

(35.3) protein percentage were belonged to I3 and I1 irrigation regimes, respectively. Mahalakshmi et al [27] 

reported that protein percentage in water stress conditions increased due to decreases of carbohydrate 
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acumulation in pearl millet grains. Among the irrigation regimes, the highest (20.15) and lowest (18.83) oil 

percentage were belonged to I1 and I3 irrigation regimes, respectively. Similar results were reported in sunflower 

[18] and Kochia scoparia [47]. Henry and Mmacdonald [15] reported that drought stress decreases oil and 

increases protein content of rapeseed. Grewal et al [13] stated that growth regulators caused an increase on oil 

and protein content in the seeds because of cycocel improves the translocation of photosynthates, similar results 

were reported recently [31]. 

 

Conclusion: 

 Soybean is a sensitive crop to water stress. This stress during growth stages can lead to decreases yield and 

grain quality of soybean but foliar application of treatments such as F5 (Serval- Nk), F4 (Masraiz) and F3 

(Cycocel) adjusted and neutralized negative effect of water stress and increased grain yield of soybean. 

 

 
 

Fig. 4: Interactive effects of irrigation regimes and foliar application on oil percentage of soybean. I1, I2 and  

I3:irrigation after 40, 80 and 120 mm evaporation from “class A” pan, respectively and F1 (control), F2  

(10000 ppm Castor oil), F3 (500 ppm Cycocel), F4 (450 ppm Masraiz) and F5 (450 ppm Serval-Nk). 
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