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ABSTRACT:  A randomized  complete  block  (RCB)  design  with  three  replications  was  arranged to  evaluate 
soybean response to different irrigation treatments (I1, I2 and I3: irrigation after 70, 110 and 150 mm evaporation 
from A pan,  respectively)  in  2009.  Sowing  density  was  64  seeds  per  square  meter.  All  plots  were  irrigated 
immediately after sowing and irrigation treatments were applied after seedling establishment.  The highest grain 
filling duration was recorded for plants under I1, followed by those under I3 and I2, respectively. However, grain 
filling rate under I2 and maximum grain weight under I3 were slightly higher than those under other irrigation 
treatments.  High number of grains per plant under I2 resulted in production of smaller grains. Oil percentage of 
soybean  under  all  irrigation  treatments  increased,  but  protein  percentage  decreased  with  proceeding  of  grain 
development. Water deficit caused a decrease in oil percentage and increase in protein percentage. Oil and protein 
yields per unit area had significant positive correlation with grain yield per unit area. Therefore, decreasing oil and 
protein yields per unit area under severe water stress was attributed to the large reductions in grain yield per unit 
area.
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INTRODUCTION

Soybean (Glycine max L.) is one of the most important protein and oil seed crops throughout the world. Its oil is 
the largest component of the world’s edible oils. Soybean seed contains 18-22% oil and 40-48% protein. The world 
production of edible oils consists of 30% soybean. It is an ingredient of more than 50% of the world’s high protein 
meal [23, 36, 3, 43]. Grain yield of soybean may be limited by environmental stresses such as water deficit [13, 
15].
Water stress is one of the most common environmental stresses that affects growth and development of plants [42, 
41, 7]. Drought stress is a permanent constraint to agricultural production in many countries, and an occasional 
cause of  losses  of  agricultural  production [11,  44].  Many researchers  believe that  amount  of  crop water  use 
determine plant growth and development. Meanwhile plants may injure under non optimal access of water at any 
stage  [10,  13,  15].  Drought  stress  severely  limits  growth  and  development  of  plants  by  affecting  different 
metabolic processes such as CO2 assimilation, oil and protein synthesis [38]. Almost 90% of plant dry weight is 
resulted from CO2 assimilation during photosynthesis [5, 39, 24, 22, 34]. The reduction of photosynthesis under 
drought  stress is  appeared to be associated with disturbance in biochemical  reactions [20].  When stomata  are 
closed due to drought or high temperature, the available CO2 in intercellular space (Ci) would be reduced, leading 
to reduced electron transport capacity and restricted assimilation potential [31, 6].
Final grain weight is the result of grain filling rate during the linear phase and the duration of this period. Grain 
filling rate was described as the accumulation of seed dry matter per unit time, which vary among varieties and had 
a positive correlation with final grain weight [25, 21]. Shortening of grain filling period due to water stress [17] 
and decrease of transferring assimilates into grains due to drought stress [33] are two major reasons for reduction 
of soybean grain weight. Soybean seed protein and oil contents may be also influenced by water stress [37]. Thus, 
this research was carried out to evaluate variation in grain filling rate and duration, oil and protein accumulation, 
yield and yield components of soybean in response to different irrigation treatments.
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MATERIALS AND METHODS  

Seeds of soybean were obtained from Agricultural Research Institute, Khoy, Iran. A randomized complete block 
(RCB) design with three replications was used to evaluate soybean response to different irrigation treatments (I1, I2 

and I3: irrigation after 70, 110 and 150 mm evaporation from A pan, respectively) in 2009. Each experimental unit 
consisted of six rows with 4.5 m length. Sowing density was 64 seeds per square meter. Seeds were sown at a 
depth of 3 cm of a sandy-loam soil. All plots were irrigated immediately after sowing. Irrigation treatments were 
applied  after  seedling  establishment.  Weeds  were  controlled  by  hand  weeding  during  crop  growth  and 
development. 
During grain filling, seven harvests were made at five days intervals, beginning 33 days after flowering. Grains of 
each sample were oven-dried at 75°Cfor 48 hours and then grain dry weight was determined. A two piece model 
was used to describe the pattern of grain filling on mother plant: 

Where w is the grain dry weight (g),  t  is time after flowering (days), tm  is time of mass maturity (days),  a is the 
intercept of the regression line and b is the slope of the regression line which determines the rate of grain filling. 
Duration of grain filling was calculated as: 
EFP= MGW/ GFR
Where EFP is effective filling period, MGW is maximum grain weight and GFR is grain filling rate. Percentages of 
oil and protein for each sample were measured, using a seed analyzer (model: Zeltex ZX-50). Regression models 
were used to describe the grains oil and protein accumulation. At final harvest, grains per plant, grain yield per unit 
area and oil and protein yield per unit area for each treatment at each replicate were also determined. 
Analysis of variance of the data appropriate to the experimental design and comparison of means at p≤0.05 were 
carried out, using MSTATC software. SAS and Excel softwares were used for regression analysis and drawing 
figures, respectively. 

RESULTS AND DISCUSSION

Mean grain weight of soybean increased with increasing grain filling period up to about 58 days after flowering 
and  thereafter,  no  changes  in  grain weight  were  observed.  However,  grain filling  rate  and  duration  and also 
maximum grain weight varied among irrigation treatments. The highest grain filling duration was recorded for 
plants under I1, followed by those under I3 and I2, respectively. In contrast, grain filling rate under I2 and maximum 
grain weight under I3 were slightly higher than those under other irrigation treatments (Figure 1).

Fig. 1. Changes in mean grain weight of soybean under different irrigation treatments.
I1, I2 and I3: Irrigation after 70, 110 and 150 mm evaporation from A pan, respectively.
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The highest number of grains per plant was obtained under I2 (irrigation after 110 mm evaporation) followed by I1 

and I3 (irrigation after 70 and 150 mm evaporation) (Figure 2). High number of grains per plant under I2 resulted in 
production of smaller grains (Figure 1). This is also reflected in significant negative correlation of grains per plant 
with maximum grain weight (Table 1). Therefore, photo-assimilation directed to more grains under I2 and resulted 
in production of comparatively smaller grains (Figure 1).  Flowering stage is one of the most  sensitive growth 
stages  to  environmental  stress,  especially  to  water  stress.  Water  deficit  stress  during  the  early  reproductive 
development stage increase the flower and pod abortion [19, 28,  32] and decrease grain number per plant, but 
plant may produce large grains. 

Fig. 2. Changes in grains per plant and grain yield per unit area of soybean under different irrigation 
treatments. Irrigation after 70, 110 and 150 mm evaporation from A pan.

Table 1. Correlation coefficients of irrigation treatments and field traits of soybean.

*, **: Significant at p≤0.05 and p≤0.01, respectively.

Large reductions in number of grains per plant under severe water limitation (Table 1) resulted in considerable 
decrease in grain yield per unit area (Figure 2). Abortion of flowers and pods due to water stress in flowering and 
pod set stages are the main reasons for reducing number of pods and grains per plant [16, 27]. Stress, especially in 
the growing stage, reduces the capacity of the source plants for the source and sink are forced to balance the 
number of flowers and pods to reduce the stress effects. Reduction in crop yield as a result of water stress has also 
been reported for soybean [29, 16, 9, 14, 27, 35], wheat [45], faba bean [18] and sunflower [4]. 
Oil percentage of soybean under all irrigation treatments increased with improving grain development up to a point 
where  maximum  value  was  achieved.  In  contrast,  protein  percentage  decreased  with  proceeding  of  grain 
development (Figure 3). Similar results were reported by Leninger and Urie [30] for safflower. 
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Fig. 3. Changes in grain oil and protein percentage of soybean under different irrigation treatments.I1, I2 

and I3: Irrigation after 70, 110 and 150 mm evaporation from A pan, respectively.

Oil percentage was decreased, but protein percentage was increased by decreasing water availability (Figure 3). 
Reduction of the grain oil percentage due to water deficit has also been reported in sunflower [1, 2]. Increasing 
grain protein percentage under water stress was also reported in chickpea [8] and wheat [26]. 
Oil  and  protein  contents  per  grain  of  soybean  under  irrigation  treatments  increased  with  progressing  grain 
development (Figure 4). Maximum oil and protein contents under I1  (well irrigation) were achieved earlier than 
those under other irrigation treatments.  Both oil  and protein per grain were higher under severe water  deficit 
(Figure 4).  These superiorities were associated with the production of larger grains under I3,  similar with that 
reported by Rose [40] for soybean.

Fig. 4. Changes in grain oil and protein content of soybean under different irrigation treatments.
I1, I2 and I3: Irrigation after 70, 110 and 150 mm evaporation from A pan, respectively.

Oil and protein yields per unit area under I2 (irrigation after 110 mm evaporation) were considerably higher than 
those under other irrigation treatments (Figure 5). Oil and protein yields per unit area had significant positive 
correlation with grain yield per unit area (Table 1). Therefore, decreasing oil and protein yields per unit area under 
severe water stress could be mainly attributed to the large reductions in grain yield per unit area (Figure 2). This 
result is in general agreement with the results reported by Cober and Voldeng [12] and Behtari  et al [9]. Since 
grain yield per unit area under I1  and I2 was almost similar (Figure 2), higher protein yield under I2 clearly is the 
result of higher protein percentage of grains compared with that under I1 (Figure 3).
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Fig. 5. Changes in oil and protein yield per unit area of soybean under different irrigation treatments. 
Irrigation after 70, 110 and 150 mm evaporation from A pan.

REFERENCES

[1]   Afkari Bajebaj A. 2010. Effects of water limitation on grain and oil yields of sunflower cultivars. 
Intl. J. Food Agric. Environ. 8:98-101.

[2]   Afkari Bajebaj A. 2011. Effects of drought stress and different densities on oil yield and biomass 
yield of sunflower varieties. African J. Biotechnol. 10:5608-5613.

[3]   Agarwal A K. 2007. Bio fuels (alcohols and biodiesel) applications as fuels for internal combustion 
engines. Progress in Energy and Combustion Sci. 33:271-233.

[4]  Alahdadi I, Oraki H, Parhizkar Khajani F. 2011. Effect of water stress on yield and yield components 
of sunflower hybrids. African J. Biotechnol. 10:6504-6509.

[5]    Ali S K L and Mazumdar M C. 1991. Studies on pectin content of some fruits and plant parts. Sci. 
Culture 57:256.

[6]   Araus J L, Amaro T, Voltas J, Nakkoul H and Nachit M M. 1998. Chlorophyll fluorescence as a 
selection criterion for grain yield in durum wheat under Mediterranean conditions. Field Crops Res. 
55:209-223.                                                                                                                    

[7]   Aslam M, Khan I A, Saleem M D and Ali Z. 2006. Assessment of water stress tolerance in different 
maize accessions at germination and early growth stage. Pakistan J. Botany 38:1571–1579.

[8]   Behboudian M H, Qifu M, Turnner N C and Palta J. 2001. Reaction of chickpea to water stress: 
Yield and seed composition. J. Food Sci. and Agric. 81:1288-1291.

[9]   Behtari B, Behtari B, Abadiyan H. 2009. Quality and quantity responses of soybean (Glycine max 
L.) seeds to water deficit. Conference on International Research on Food security, Natural Resource 
Management and Rural Development. University of  Hamburg. 

[10] Brown E A, Canviness C E, Brown D A. 1985. Response of selected soybean cultivars to soil 
moisture deficit. Agron.  J. 77:274-278. 

[11] Ceccarelli S and Grando S. 1996. Drought as a challenge for the plant breeder. Plant Growth Reg. 
20:149-155.

[12] Cober E R and Voldeng H D. 2000. Developing high-protein, high-yield soybean population and 
lines. Crop Sci. 40:39-42.

International Journal of Plant, Animal and Environmental Sciences                     Page: 50 
Available online at www.ijpaes.com

http://www.ijpaes.com/


Kazem Ghassemi-Golezani and Somayeh Farshbaf-Jafari   Copyrights@2012     IJPAES        ISSN 2231-4490

[13] Daneshian J, Jonobi P. 2001. Effect of drought stress and different calcium on characters soybean. 
Agric. Sci. 1:95-108.

[14] Daneshian J, Jonoubi P, Barari Tari D. 2011. Investigation of water deficit stress on agronomical 
traits  of  soybean  cultivars  in  temperate  climate.  World  Academy of  Science,  Engineering  and 
Technology 75.

[15]  Daneshian J, Zare D. 2005. Diversity for resistance drought on soybean. J. Agric. Sci. 1: 23-50.
[16]  Desclaux D, Huynh T T and Roumet P.  2000. Identification of soybean plant characteristic that 

indicate the timing of drought stress. Crop Sci. 40:716-722.
[17]  Frederick J R, Camp C R and Baure P J. 2001. Drought-stress effects on branch and main stem seed 

yield and yield components of determinate soybean. Crop Sci. 41:759-763.
[18]  Ghassemi-Golezani  K,  Ghanehpoor  S,  Dabbagh  Mohammadi  Nasab  A.  2009.  Effects  of  water 

limitation on growth and grain filling of faba bean cultivars. J. Food Agric. and Environ. 7:442-447.
[19]  Gomma M A. 1981.  Effect  of  plant  population,  nitrogen levels  and water  stress on two maize 

cultivars. Ann. Agric. Sci. 23:230-333.
[20] Graan T and Boyer J S. 1990. Very high CO2 partially restores photosynthesis in sunflower at low 

water potentials. Plant 181:378-384.
[21] Guff, R D, Hesketh J D, Nelson R L and Bernard R L. 1991. Seed growth rate, growth duration and 

yield in soybean. Biotronics  20:19- 30.
[22] Hanson, A D. and Roje S. 2001. One-carbon metabolism in higher plants. Ann. Rev. Plant Physiol. 

and Plant Molecular Biol. 52:119-137.                                                                                  
[23]  Hatam M and  Abbasi  G O.  1994.  Oil  seed  crops.  In:  Bashir,  E.  and  R.  Bantel,  (Eds.),  Crop 

Production. NBF, Islamabad, Pakistan, pp:329-390.
[24] Hemming D J B, Criddle R S and Hansen L D. 1995. Effects of methanol on plant respiration. J. 

Plant Physiol. 146:193-198.
[25] Kadhem F A, Specht J E and Williams J H. 1985. Soybean irrigation severally timed during stages 

R1 to R6. II. Yield component responses. Agron. J. 77:299-304.
[26] Khaled S A. 2010. Effect of watering regime on yield and its components of (Triticum aestivum var. 

el-phateah L.). J. Plant Physiol. 5:291-294.
[27] Kobraee S, Shamsi K, Rasekhi B. 2011. Soybean production under water deficit condition. Ann. 

Biological Res. 2:423-434.
[28] Korte L L, Williams J H, Specht J E and Sorenson R C. 1983. Irrigation of soybean genotypes 

during reproductive ontogeny. II. Yield component responses. Crop Sci. 23:528-533.
[29] Kpoghomou B K, Sapra V T and Beyl C A. 1990. Sensitivity to drought stress of three soybean 

cultivars during different growth stages. J. Agron. and Crop Sci. 164:104-109.
[30] Leninger L N and Urie A L. 1964. Development of safflower seed flowering to maturity. Crop Sci. 

44:83-87.
[31] Liang J,  Zhang J and Woog M. 1997. Can stomata closure caused by xylem ABA explain the 

inhibition of leaf photosynthesis under soil drying? Photosynthesis Res. 51:149-159. 
[32] Liu F M, Anderse N and Jensen C R. 2003. Loss of pod set caused by drought stress is associated 

with water status and ABA content of reproductive structures in soybean. Functional Plant biology 
30:271-280.

[33] Ludlow M M and Muchow R C. 1990. A critical evaluation of traits for improving crop yields in 
winter limited environments. Advances in Agron. 43:107-153.

[34] Makhdum M I, Malik M N A, Din S U, Ahmad F and Chaudhry F I. 2002. Physiological response of 
cotton to methanol foliar application. J. Res. Sci. 13:37-43.

International Journal of Plant, Animal and Environmental Sciences                     Page: 51 
Available online at www.ijpaes.com

http://www.ijpaes.com/


Kazem Ghassemi-Golezani and Somayeh Farshbaf-Jafari   Copyrights@2012     IJPAES        ISSN 2231-4490

[35] Masoumi H, Darvish F, Daneshian J, Normohammadi G h and Habibi D. 2011. Effects of water 
deficit stress on seed yield and antioxidants content in soybean (Glycine max L.) cultivars. African 
J. Agric. Res. 6:1209-1218.

[36] Messina M. 1997. Soy foods: Their role in disease prevention and treatment.Ch.10. In Liu, K. (eds). 
Soybeans: Chemistry, Technology and Utilization. Chapman and Hall, New York.

[37] Nakasathien S, Israel W, Wilson F and Kwanyuen P. 2000. Regulation of seed protein concentration 
in soybean by supra-optimal nitrogen supply. Crop Sci. 40:1277-1284.  

[38] Nasirkhan M, Siddiqui H, Masroor M, Khan A and Naeem M. 2007. Salinity induced changes in 
growth,  enzyme activities,  photosynthesis,  proline accumulation and yield in linseed genotypes. 
World J. Agric. Sci. 3:685-695.     

[39]  Nonomura A M and Benson A A. 1992. The path of carbon in photosynthesis: Improved crop yields 
with methanol. Proc Natl Academic Science USA  89:9794-9798.                                      

[40] Rose I A. 1988. Effects of moisture stress on the oil and protein components of soybean seeds. 
Australian J. Agric. Res. 39:163-170.                                                                                            

[41]  Sadras V O and Milroy S P. 1996. Soil- water thresholds for the responses of leaf expansion and gas 
exchange: A review. Field Crops Res. 47:253-266.

[42]  Shaw R H. 1988. Climate requirement. In Sprague, G. F. and Dudley, J. W. (eds). Corn and Corn 
Improvement (3rd Ed.). Agronomy Series: no. 18. ASA. Madison, Wisconsin, USA. pp. 609-633.   

[43]  Shi G and Cai Q. 2010. Zinc tolerance and accumulation in eight oil crops. J. Plant Nutrition 33: 
997-982.

[44] Van Heerden P D R and Kruger G H J. 2002. Separately and simultaneously induced dark chilling 
and drought stress effects on photosynthesis proline accumulation and antioxidant metabolism in 
soybean. J. Plant Physiol. 159:1077-1086.

[45]  Waraich  E  A,  Ahmah  R,  Ali  A  and  Ullah  S.  2007.  Irrigation  and  nitrogen  effects  on  grain 
development and yield in wheat (Triticum Aestivum L.). Pakistan J. Botany 39:1663-1672.

International Journal of Plant, Animal and Environmental Sciences                     Page: 52 
Available online at www.ijpaes.com

http://www.ijpaes.com/

