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 A field experiment was conducted to study the effect of methanol spraying and 
drought stress on soybean performance in 2011 at the Agricultural Faculty of Azad 
University of Karaj, Iran. Treatments were three levels of drought stress (based on 
depletion of T1=40%, T2=60% and T3=70 % of available soil moisture) and four 
levels of methanol spraying (0, 14, 21 and 28% of (v/v) methanol.  A split plot 
factorial experimental was conducted using a randomized complete block design 
with four replications. Grain yield, biomass HI, 1000 grain weight, high plants, 
number of branch, number of pod per plant were determined.  The results indicated 
that there was significant difference between different levels of drought stress, 
methanol concentrations and their interaction effects. Treatment of T1M3(40% 
available soil moisture and 21% methanol spraying) with the 2890.5 kg ha-1 had the 

highest yield and  treatment T3M1 (70% available soil moisture and 14% methanol 
 spraying) with 1384.5 kg/ha grain producedat the lowest soybean yield. 
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INTRODUCTION 
 

Water amount needed for plant is a vital factor on soybean growth and development and can play a good 
role in yield and production of crop. Drought stress is a important limiting factor of soybean growth which 
dwindles growth during plant vegetative stage [2]. Short-maturation varieties compared to long- duration 
varieties of soybean show less respond to water stress, and then in arid zones or areas where water is limited, 
short maturation varieties should be cultivated. Daneshian et al. demonstrated that drought stress at pod 
formation stage enhanced flower and pod shedding and decreased the soybean seeds number. Korte et al. [7] 
found that drought stress during early reproductive stages increases the flowers and pods reduction. Water 
shortage, thus, is the main serious factor affecting flower and pod shedding, because adequate water supply 
prevents destructive changes in the area of pedicles falling. Surveys such as that conducted by Egli and 
zhemwen [5] have shown that drought stress during early flowering stages reduced slightly the number of pods 
per plant, because indeterminate soybean varieties flower over a longer period of time and plants can 
compensate damage due to water shortages by producing more flowers in late flowering, however, grain yield 
can be drastically reduced by continuing drought. Vieira et al. [20] reported that water stress during grain filling 
considerably reduced soybean yield (32-42%). They concluded that drought stress during seed development 
declined yield, shortens the grain-filling stage and lowers final seed size and in severe stress seeds will be 
wrinkle and ill-formed. Since, Iran is located in arid zones and drought is one of the most critical limiting factors 
of crop yields, hence, treatments like methanol spraying can partly reduce damage from water stress.  

Increased growth and yield by methanol spraying and the feasibility of using methanol as a source of 
carbon in c3 species confirmed by Nonomura and Benson [11]. In plants, one of the major sources of methanol 
pectin demethylation in the cell, this volatile organic compound exits leaves via stomata [10], thus it is obvious 
that plant tissues metabolize methanol. 

Zbiec et al. [21] found that the decreased light respiration in plants caused by methanol application was due 
to Rapid oxidation of methanol to carbon dioxide and ribulose-l, 5-bisphosphate and less competitive of O2.  

Foliar application of Methanol delayed senescence of leaves via ethylene production in plant, this increases 
photosynthetic active period, and leaf area duration (LAD). Rajala et al., [15] found that methanol spraying 
prevented from biomass loss in plants under drought stress. Li et al. [8] observed that grain Yield, seeds weight, 
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and number of pods per soybeans plant compared to control significantly increased by methanol spraying and 
applying a 25% (v/v) of methanol induced the greatest effect on soybean growth and yield. 

Mirakhori et al. [9] showed that folia application of methanol enhanced grain yield, plant height, 1000-seed 
weight, number of branches, plant biomass, numer of mature pods in soybean plants. This study investigates the 
effect of foliar application of methanol on soybean (Williams cultivar) yield and yield components. In sugar 
beet, Sadeghi shoae et al. [16] found that foliar application of methanol increased root yield, sugar yield and 
white sugar yield. They also reported significant difference between different levels of irrigation on root yield, 
leaf yield, sugar content %, sugar yield and white sugar yield, Na content, extraction coefficient and alkalinity. 
Sadeghi shoae et al. [16] showed that spraying the aerial parts of vetch with different concentrations of 
methanol increased seed yield, protein yield, seed number per pod, pod number, seed number per plant and plant 
height of mung bean. 

 
MATERIALS AND METHODS 

 
An experiment was conducted in 2011 at the Agricultural Faculty of Azad University of Karaj, Iran (35°45' 

N, 51°6'E, 1313 m),with soybean grown in a clay loam soil with pH of 7.4and 5.3 ds m-1soil water conductivity  
at the depth of 0-30 cm.  The experimental design 

was a randomized complete block with a split-plot arrangement and four replications with water stress 
treatment as main plots and methanol spraying as sub-plots. The first factor was three levels of water stress 
(based on depletion of T1=40%, T2=60% and T3=70 % of available soil moisture, respectively). The second 
treatment was methanol spraying concentrations at four levels (M1=0, M2=14%, M3=21% and M4=28 % of 
(v/v) methanol, respectively). In order to decrease toxicity caused by methanol in the presence of direct sunlight, 
the treatment solutions contains 2 g L-1 glycine including zero methanol [11]. Methanol spraying was applied  3 
times during soybean growth season with 14 -days intervals. The first spraying was performed on July 16 and 
60 d after sowing. Methanol spraying was administered in the evening (17:00-19:00h). Soil water depletion and 
therefore irrigation time was determined using gypsum blocks previously calibrated using moisture depletion 
curves provided by Paknejad et al. [12]. 

 
 
Fig. 1: Calibration and changes of electrical conductivity of  gypsum blocks [12] 

 
Spraying was continued until the solution drops on plant surface. All furrow-irrigated plots involved six 5m 

rows. To avoid interference among watering treatments, 250 cm distance between drought treatments was 
considered. The soybean was planted at an average density of 40 plant m-2, 0.5 m row spacing and 5 cm distance 
between seeds within rows. The seedbed preparation included a moldboard plough in the fall of 2008 with two 
subsequent disking in spring 2009. Soybean seeds were disinfected then    manually sown in 28 May 2009. 
Soybean were planted at high density and then thinned to the target densities (40 plant m-2) after their 
establishment. 

Plants were harvested at 125 days after planting and grain yield and yield components were measured in an 
area of 4 m-2. Experimental results were subjected to ANOVA using the GLM procedure of SAS. Differences 
among treatments were compared by Duncan test at the 0.05 level. The graphs were fitted using Excel 2003 
statistical software.  
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RESULTS AND DISCUSSION 

 
The differences between different levels of water stress on grain yield, number of pods per plant, number of 

grain, grain weight, stem diameter, plant height, biomass yield, number of branches and 1000-grain weight are 
highlighted in Table 1. significant differences was found between different levels of methanol spraying on rain 
yield, number of pods per plant, number of grain, 1000- grain weight, biomass yield, number of branches and 
harvest index (p>0.01). Results demonstrated that significant differences exists (p>0.05) between interaction 
effects T*M on soybean yield, pods weight and grain weight (at the 0.01 level). Under normal conditions (T1), 
the maximum yield (2890.50 kg ha-1) was obtain in plots sprayed with 21% (v/v) methanol concentration, 
whereas, the minimum soybean yield was related to control plots (M1=2355.25 kg ha-1). In mild stress (T2), the 
largest and lowest grain yield were observed in plots sprayed with 21% (v/v) methanol concentration 
(1858.50.50 kg ha-1) and control treatments (1662.75 kg ha-1), respectively (Figure 1). However, there were no 
significant differences between plots sprayed with 21% and 14 % (v/v) methanol concentrations. Under severe 
stress, the most (1622.5075 kg ha-1) and least (1384.5075 kg ha-1) soybean yield were produced in M4 and M1 
treatments. No statistically significant difference was detected between M4 and M3 (Figure 1). Given that 
drought stress was applied at the early stages of growth (V5), naturally, M3 treatments had the lowest water 
received and drought stress reduced the grain yield and yield components. This finding corroborates the ideas of 
Mirakhori et al. [9] and Paknejad et al. [13] who suggested that the maximum soybean yield was obtained by 
21% (v/v) methanol spraying. The findings of the current study are also consistent with those of Safarzade 
Vishgahi et al. who found methanol spraying increased Peanut yield by 20-30 %. Pandey et al. [14] confirmed 
that grain yield is linearly associated with water supply. Considering high yield of M4 treatment (28% (v/v) 
methanol spraying) under severe and mild stress, we can conclude that in severe stress conditions high 
concentrations of methanol can greatly reduce the destructive effects of drought and the changes trend of yield 
under stress conditions was affected by methanol, so that methanol spraying at high concentrations resulted in 
higher soybean yield. 

The most and least pods weight per plant under T1 conditions were observed in T3 and control treatment, 
respectively (23.15 vs. 16.91 respectively). No significant differences were found among methanol treatments 
under T2 conditions (Figure 2). In T3 treatment, the maximum pods weight was detected in plots under M3 and 
M2, respectively (a 23 % and 13 % increase compared with control, respectively). While, the minimum pods 
weight was related to plots with M1 and M4 treatments (Figure 2).   

M3 (15.14 gr) and M1 (10.19 gr) treatments had the highest and lowest grain weight per plant under T1 
conditions, respectively. In T2 conditions, there was no significant difference among methanol spraying 
concentrations (Figure 3). Under T3 conditions, M3 and M2 with 5.92 and 5.24 values, respectively, had the 
maximum grain weight. In contrast, M1 and M4 with minimum grain weight were placed in the same group. It 
is interesting to note that in T2 and T3 cases of this study unlike T1 case, difference between methanol levels 
was less, highlighting better performance of methanol under T1 conditions. Eduerdo et al. [4] reported that 
drought stress decreased grain weight due to its impact on current photosynthesis of plants and amount of 
material being transported to grain. 

 Means comparison indicated that the greatest pods number per plant (38.93) was detected in T1 treatment 
and T2 and T3 treatments had the minimum pods number per plant (23.56 and 20.88, respectively).  Results also 
showed that M3 treatment produced the highest pods number (30.29) among different treatments of methanol (a 
13 % increase compared to M1). This finding supports previous research which reported grain yield, grain 
weight and pods number enhanced by methanol spraying [8]. 

The highest  grain number per plant was related to plots under T1 treatment, followed by T2 and T3 
treatments (104.13, 58.80 and 50.16, respectively). Among the methanol treatments, the maximum grain number 
per plant (78.74) was detected in plots exposure M3 treatment (Table 2). Stocker [19] reported reduction in stem 
length and plant stunting as a result of drought stress. Dornbos [3] found that drought stress reduced yield 
through reducing the number of seeds. 

The maximum 1000-grain weight (131.06 gr) was detected in T1 treatment, followed by T2 and T3 
treatments (116.53 gr and 112.74 gr, respectively) (Table 2). Among the different levels of methanol, M3 and 
M2 with 125.13 and 122.37, respectively, had the maximum 1000-grain weight (Table 2). Delouche [1] reported 
that severe stress resulted in grain shrinkage and 1000-grain weight reduction through impaired seed 
development. 

Analysis of variance showed that harvest index (HI) was not affected by the three levels of drought stress 
(Table 2). The most HI was related to M4 (26.09) between different levels of methanol, and no statistically 
significant difference were found among the other treatments.  This finding is in agreement with Spaeth et al. 
[18] findings which showed HI was stable in indeterminate cultivars of soybean. 

The maximum soybean biomass was detected in T1 treatment, followed by T2 and T3. Results also 
indicated that at different levels of methanol, the highest and lowest soybean biomass was related to M3 and 
M1treatments (Table 2).  
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The most soybean stem diameter and height was detected in T1 treatment, followed by T2 and T3.  

According to results, there was no significant difference between different levels of methanol on stem diameter 
and height (Table 2). In a study which set out on soybean, Desclaux [2] found that plant height at vegetative and 
reproductive stages of crop was the most critical attribute. This finding is in agreement with Mirakhori et al. [9]. 

At different drought stress, the maximum number of nods was observed in plots exposure to T1 treatment, 
followed by T2  and T3 treatments and at different concentrations of methanol, the maximum number of nods 
was reported in M3 treatment (Table 2). Daneshian reported that plant height and number of nods influenced 
each other and number of nods decreased with decrease in plant height. At different levels of drought stress and 
methanol, the maximum number of branches was detected in lots under T1 and M3 conditions, respectively 
(Table 2). 
 
Conclusion: 

The present study was designed to determine the effect of drought stress and foliar application of methanol 
on yield and yield components of soybean. This study has shown that methanol spraying was effective on 
soybean performance and decreased partly the effects of drought stress. The results of this investigation showed 
that 21% (v/v) methanol spray induced the greatest impact on soybean yield but application of 28 % (v/v) 
methanol had a greatest impact on some traits under severe stress conditions.  Taken together, these findings 
indicated that higher methanol concentrations can be more effective and useful with increasing drought stress. 
Methanol can be used as an anti-stress agent to prevent light respiration and a carbon source for the plant.  

 
Table 1: Analysis of variance Effect of drought stress and methanol yield and yield components of soybean 

       M.S.      
S.O.V. d.f. grain yield 1000 grain 

weight 
Harves
t index 

Total 
biomass 

Plant 
height 

Diame
ter 
stem 

No. of 
branch 

Weight 
of seed in 
a plant 

Weight 
of pod in 
a  plant 

No. of 
seed 
in a 
plant 

No. of 
pod 

rep 3 18320.24** 202.03* 7.38ns 238530* 163* 0.99* 0.01ns 2.65ns 5.97ns 212ns 20ns 
Drought stress(D) 2 50737.69** 1496** 8.29ns 71233** 4175* 15** 0.21** 249** 593** 134** 151** 
Error D 6 6651.58 32.04 2.45 43929.3 29.72 0.12 0.009 4.66 7.04 217.7 29.12 
Methanol(M) 3 17519.91** 254.58** 7.45** 17188** 32.3ns 0.2ns 0.09** 11.46** 20.22** 347** 36** 
D×M 6 4532.91** 12.03ns 2.84ns 1224.7ns 6.04ns 0.1ns 0.07ns 3.73** 5.54** 60ns 5.73ns 
Error 27 3725.34 23.58 1.37 9909.8 24.18 0.19 0.004 0.64 0.98 56.03 7.76 
C.V. - 13.12 14.04 14.68 14.02 16.71 17.18 14.51 10.33 7.88 10.53 12.02 

ns, *, **: No significant, significant at 5 and 1% levels of probability 
 

Table 2: Mean comparison effect of drought stress and methanol on yield and yield components of soybean 
treatment grain 

yield(kg/h) 
1000 grain 
weight(gr) 

Harvest 
index(%) 

Total 
biomass(kg
/h) 

Plant 
height(cm) 

Diameter 
stem(mm) 

No. of 
branch 

Weight 
of seed 
in a 
plant(gr) 

Weight 
of pod in 
a  
plant(gr) 

No. of 
seed in a 
plant 

No. of 
pod 

Droght stress            
40% 2584.75a 131.06a 25.54a 10207.5a 91.8a 7.26a 1.57a 12.28a 19.57a 104.13a 38.93a 
60% 1770.69b 116.53b 25.26a 7019.8b 64.99b 5.90b 1.44b 5.82b 9.76b 58.80b 23.56b 
70% 1503.75c 112.74b 24.17a 6278.3c 62.78b 5.36c 1.34c 5.12b 8.41b 50.16b 20.88b 
Methanol            
0 1800.83c 114.63c 24.31b 7387.4c 72.57a 6.02a 1.33c 6.74c 11.21c 66.26b 26.24b 
14% v.v 1942.92b 122.37ab 24.55b 7899.3b 73.35a 6.09a 1.50a 7.70b 12.43b 68.74b 27.17b 
21% v.v 2094.75a 125.13a 25.01b 8286.6a 75.37a 6.36a 1.52a 9.07a 14.34a 78.74a 30.29a 
28% v.v 1973.75b 118.3bc 26.09a 7686.2b 71.48a 6.23a 1.45b 7.45b 12.34b 70.30b 27.47b 

Mean followed by similar letters in each column are not significant by different at 5% levels 

 

 
Fig. 1: Intraction effect of drought stress × methanol on grain yield 
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Fig. 2: Intraction effect of drought stress × methanol on weight of pod in a plant 

 

 
 
Fig. 3: Intraction effect of drought stress × methanol on weight of grain in a plant 
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