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ABSTRACT: In order to study of foliar application of methanol on drought stress resistance in barley, an 
experiment was conducted in 2012-2013 in the farm of karafshan village in mobarakeh city located in 
southern Isfahan province (latitude 32

o 
/34' N and Longitude 51

o 
/44' E). A split factorial layout within 

randomized complete block design with 4 replications was used. Main plot were different level of drought 
stress (full irrigation, stop of irrigation at stem elongation stage up to physiological maturity, stop of 
irrigation at pollination stage up to physiological maturity), and sub plots were various concentrations of 
foliar methanol including (0, 15% and 30%), and foliar times (tillering, stem elongation and flowering). 
Condition represented the effect of irrigation disruption was significant on number of seeds spike

-1
, 1000 

seed weight, seed yield and biological yield. Control treatment resulted the maximum of all mentioned 
factors except number of seeds spike

-1
. Effect of methanol concentrations was significant on number of 

seeds spike
-1

 and biological yield. Foliar time effect only was significant on 1000 seed weight and the 
maximum of it related to foliar on tillering stage. HI was affected by interaction effects of all treatments. 
On the basis of the results obtained, use of methanol with a concentration of 30% at tillering stage due to 
an increase in seed yield and harvest index, might be suitable for barley productive under the condition 
similar to the present study. 
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INTRODUCTION 
 

 Barley (Hordeum vulgare L.) is a small grain cereal crop and used in varieties of ways, and is the fourth 
important cereal crop in the world and third important cereal in Iran, (FAO , 1993-2002). The water scarcity in Iran 
for example poses a serious challenge for all sectors of water consumption, especially agriculture. Water shortage 
damage major agricultural products in most part of the world (Azizi Chakherchaman et al., 2009). (Rashidi et al., 
2011) noted that yield and yield components of cereals in drought condition would be quite high. Both irrigation 
technologies and irrigation scheduling may be adapted for more effective and rational uses of limited supplies of 
water (Buyukcangaz et al., 2008). (Al-Ajlouni et al. , 2010) reported that barley is the major feeding crop grown in 
the dryland areas which are characterized by high variability, but this variability commonly reduces crop productivity 
due to its effect on sensitive stages of plant development. Drought stress during the early grain filling have more 
deleterious effects on grain weight and yield, compared with late grain filling period (Garcia del Moral et al., 2003). 
(Nonomura , 1997) stated that the most important role of methanol was in preventing and reducing the effects of 
crops stress induced by their light breathing. (Weigel and Manderscheid, 2012), during a six-year field experiment 
announced carbon dioxide created a significant increase in total biomass and economic yield of wheat, barley and 
sugar beet. so that the increase in atmospheric carbon dioxide to 500 ppm, respectively, increased barley and 
wheat yield up 5.12 and 7.12 percent. This increase is due to increased levels of plants announced. In Isfahan 
because of lack of knowledge about the best level of irrigation and methanol role in drought resistance, more 
research is needed for better management systems combinations leading to high productivity. 
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MATERIALS AND METHODS 
 

 An experiment was conducted on the basis of split factorial layout with completely randomized block design 
with 4 replications. Main plot were different level of drought stress (full irrigation, stop of irrigation at stem 
elongation stage up to physiological maturity, stop of irrigation at pollination stage up to physiological maturity), and 
sub plots were various concentrations of foliar methanol including (0, 15% and 30%), and foliar times (tillering, 
stem elongation and flowering). This research was conducted in 2012-2013 in the farm of karafshan village in 
mobarakeh city located in southern Isfahan province (latitude 32

o 
/34' N and Longitude 51

o 
/44' E). The soil 

preparation consisted of moldboard ploughing (20-25 cm) followed by discing and smoothing with a land leveler. 
On the basis of soil analysis, 150 kg ha

-1
 nitrogen as urea (46.6% N) was used. It was added into two equal 

portions, the first third was applied in planting time and the second third was applied in double ridge Stage. Other 
normal agronomic practices for barley production were followed. number of spikes m

-2
, number of seeds spike

-1
, 

1000 seed weight (g), seed yield (kg ha
-1

), biological yield (kg ha
-1

), harvest index (%),was measured. Mstat-C 
software and mean comparison with Duncan’s test in 5% probability was used. 
 

RESULTS AND DISCUSSION 
 

 The effect of Irrigation disruption was significant on number of seeds spike
-1

, 1000 seed weight, seed yield and 

biological yield (Table 1). Irrigation disruption at stem elongation stage led to greater reduction of 1000 seed 

weight, seed yield and biological yield, so the maximum of all mentioned factors except number of seeds spike
-1

 

were achieved in control (full irrigation) (Table 2). According to study of Bandehagh et al. (2004) and Kamkar et al. 

(2005), in stress situations, compensatory relationship between grain weight and grain number there, and reduce 

the seed weight on the stress situations,  related to the speed of ripening and reduced the grain filling period. 

Effects of drought stress lead to reduce the grain filling period, and resulting the final weight reduced (Urchea and 

Rodrijcles, 1994). Methanol concentrations was significant on number of seeds spike
-1

 and biological yield (Table 

1). The most of seeds spike
-1

 related to 15% concentration but the most of biological yield was achieved in 30% 

concentration (Table 2). (Weigel and Manderscheid ,2012), during a six-year field experiment announced carbon 

dioxide created a significant increase in total biomass and economic yield of wheat, barley and sugar beet. so that 

the increase in atmospheric carbon dioxide to 500 ppm, respectively, increased barley and wheat yield up 5.12 and 

7.12 percent. This increase is due to increased levels of plants announced. Foliar time effect only was significant 

on 1000 seed weight (Table 1) and the maximum of it related to foliar on tillering stage, but the lowest of it achieved 

in foliar on flowering stage (Table 2). The number of spikes per square meter was not affected by any of the 

treatments. However, the interaction effect between the three treatments was significant on it (Table 1). Significant 

part of drought stress on seed yield, related to spikes per plant reducing therefor the average number of seeds per 

plant and seed weight greatly reduced (Keim and Kronastad, 1981). Also, interaction effect between Irrigation 

disruption and methanol concentrations was significant on number of seeds spike
-1

, biological yield and harvest 

index. Use of methanol with various concentrations (0, 15% and 30%) at flowering stage were not significant on 

harvest index, this is done while HI was affected by interaction effect between other treatments (Table 1). Results 

indicated that, in absence of drought stress using methanol with a concentration of 30% at stem elongation 

provides the highest HI. Also, in terms stop of irrigation at pollination stage, use of methanol with a concentration of 

30% at stem elongation provides the highest HI (Management practice against irrigation disruption during 

pollination). (Begg and Turner ,1976) reported, the number of fertile tillers decreased with water shortages at during 

between the distinction flowering and heading stages. 
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Table 1. Analysis of variance for experimental characteristics. 

S.O.V. d.f 
No. of 

spikes/m
2
 

No. of 

seeds/spike 
1000seed weight Seed yield Biological yield HI 

Replication 3 0.37 8.70 1.37 813146.8 786497.9 2.83 

Irrigation disruption(I) 2 0.47 892.79** 17.98.14** 10854609.4* 68209489.4** 125.92 

Error (a) 6 0.20 5.21 12.56 999324.2 566312.0 139.50 

Concentrations (C) 2 0.14 284.27** 9.82 1356619.7 13802105.9* 77.68 

I × C 4 0.09 40.36* 11.42 502643.3 6777935.5* 194.96** 

foliar times (T) 2 0.21 4.17 44.45* 514932.1 3773863.0 38.50 

I × T 4 0.10 3.99 34.13* 170287.9 2880308.6 46.24 

C × T 4 0.05 1.33 16.16 482492.1 3131216.4 169.48** 

I × C × T 8 0.49* 7.80 22.68* 1139337.1 2753025.6 168.72** 

Error (b) 72 0.15 8.06 10.85 670211.1 2275180.4 31.27 

* and ** Significant at P=0.05 and P=0.01 level, respectively in F-test. 

  

Table 2. Mean comparison for No. of spikes m
2
, No. of seeds/spike, 1000-seed weight (g), seed yield (kg ha

-1
), biological yield 

(kg ha
-1

), HI (%). 

Treatment 
No. of 

spikes/m
2
 

No. of 

seeds/spike 
1000-seed weight Seed yield Biological yield HI 

Irrigation disruption(I)       

control (I1) 2.67a 11.98c 45.12a 3821.6a 10215.1a 36.76a 

at stem elongation (I2) 2.44a 21.75a 31.36c 2762.0b 7462.7c 37.13a 

at pollination (I3) 2.56a 15.21b 35.43b 3041.8b 8887.8b 34.25a 

Concentrations(C)(%)       

0 (C1) 2.49a 17.61a 36.79a 2995.2a 8733.1a 34.73b 

15 (C2) 2.57a 18.23a 37.29a 3255.3a 8790.9a 36.85ab 

30 (C3) 2.61a 13.09b 37.83a 3374.9a 9041.0a 37.55a 

Foliar times (T)       

tillering (T1) 2.56a 16.54a 38.01a 3343.6a 8972.0a 37.57a 

stem elongation (T2) 2.48a 15.92a 37.87a 3165.5a 8888.5a 35.75a 

flowering (T3) 2.63a 16.48a 36.02b 3116.3a 8704.4a 35.81a 

Common letters within each column do not differ significantly 

 

 
 

 

 

CONCLUSION 

 

 The results showed that, irrigation disruption was significant on number of seeds spike
-1

, 1000 seed weight, 

seed yield and biological yield, so that with increasing in duration of stress, all traits were the decreasing trend and 

the result was reduction in crop yield. (Garcia del Moral et al .,2003), also reported similar results for barley. Foliar 

Figure 1. Interaction effect of foliar times and concentrations 

of methanol on HI. 

Figure 2. Interaction effect of foliar time and irrigation 

disruption on HI. 
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times and concentrations of methanol were not significant on seed yield. Nevertheless, on the basis of the results 

obtained, use of methanol with a concentration of 30% at tillering stage due to an increase in seed yield and 

harvest index, might be suitable for barley productive under the condition similar to the present study. 
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