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In the recent years lack of water supplies and rain average amount around the world had 
become the most important problem of Agriculture. Finding helpful techniques, to resist 
crops from drought, without using expensive genetically activities is the first step to solve 
food shortage, especially in Middle East and Africa. Four different post emergence 
treatments including, non-irrigation at five leaves level (20-30 days after sowing), non-
irrigation at flowering level (65-75 days after sowing), non-irrigation at grain filling level 
(75-90 days after sowing) and normal irrigation were used at three replications to 
understand water stress effects on total yield parameters. To evaluate the effects of seeds 
insemination (Sinolink method), using different microelements solutions and their effects 
on drought resistance in Sorghum, three pre-planting microelements insemination 
treatments, including CuSo4, ZnSo4 and H3Bo3 were selected for the study. Important 
parameters such as grains yield, seeds number in panicle, thousand grains weigh, 
biological yield, plant height, panicle height and harvest index were evaluated in the 
present study. The results indicated that water deficiency has serious effects on grain 
yield. Among the different treatments, sample with Normal irrigation regime in addition 
with ZnSo4 recorded the maximum yield production in all levels. All non-irrigation 
treatments which were treated with ZnSo4 were recorded higher yield production 
comparing to others. H3Bo3 treated samples with non-irrigation regime at flowering 
stage, showed the minimum yield production. The present study indicated that pre-
insemination of the seeds for 12 hours in 5 g/L solutions of ZnSo4 and CuSo4 can increase 
drought resistance in Sorghum. An effective irrigation plan designed on the base of the 
results, for summer cultivation of Sorghum.  
KEYWORDS: Sorghum, Microelements (ZnSo4, CuSo4 and H3Bo3), Drought 
resistance, Yield parameters, Irrigation plan.   

Introduction 

Sorghum bicolor L. Moench is one of the most food sources for humans and animals in 
arid and semi- arid areas around the world (Rakshit et al., 2012). Sorghum is used as 
forage in Europe and USA, but in Asia and Africa it is a source of food for people and 
animals (Koocheki et al., 1993). It is a C4 crop from Poacea family. Photosynthetic 
system, stomata function and its huge fibrous root system is the reason of its resistance to 
drought and water stress (Koocheki et al., 1985). Sorghum needs 332 liters of water to 
produce one kilogram of dry yield, while corn needs 368 liters of water, barley needs 434 
liters of water and wheat needs 514 liters of water. It is a resistant plant to salinity of soil 
and water and it is resistant to intoxication with minerals (Genckel and Pronina. 1963). 
Comparing to wheat, rice and corn it has a higher growth speed and yield production 
(Sing. 1988). In optimal growth condition it can produce more than 11 tones of seed and 
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150 tones of green fodder. Planted area, near to 5.48 million acres and 22 tones silage per 
acre in USA has been reported in 2011 (Crop Production Summary. 2012). Due to water 
shortage and limitation in recent years sorghum has become an important crop which 
many scientist have focused on it.  Topics such as, planting density (Hamidzadeh et al., 
2011) plantation time (Safary et al., 2005), mycorrhiza (Rahimy et al., 2009), variety 
(Forooghyfar. 2009), drought stress (Younesi et al., 2011) and salt stress (Anagholi et al., 
2010) some of the studies on sorghum. By evaluating the effects of these parameters on 
yield parameters, it seems that a serious study is needed to understand the perfect 
irrigation plan with minimum water usage and finding an easy way to increase its 
resistance to drought stress. Surely these findings can help to reach to maximum yield 
production and saving of water and other valuable sources. It has been cleared that 
minerals can effect the plant growth by their key function in enzymatic system. 
Microelements and macro elements’ both are necessary for plants, but in arid soils, 
because of less humidity and less number of irrigation times, distribution equilibrium 
between them will reduce. Genckel and Pronina (1963) increased tomato drought 
resistant by keeping their seeds in water for two days, then dried the seeds at 20-30° C. 
Heidari (2000) and Mehraban (2004)) used Sinolink method (soaking seeds in water) for 
wheat seeds. Water limitation can affect the enzyme activity, which lead to higher 
activity of hydraulics enzymes. This augmentation will increase carbohydrates amount in 
plant tissue that finally results to more ATP-AFE activity, which can strongly affect the 
equilibrium of ATP chain productions (Heidari. 1379). From the other hand, when water 
stress occur, hydraulic activities will increase and starch, carbohydrates and proteins will 
convert to amino acids which can increase osmotic pressure in the cells that can reduce 
cell loss (Kumar et al., 2010). Wetting and drying the seeds will increase protoplasmic 
viscosity and avoid proteins from degradation in heat. This bustle can increase the plants 
resistance to water deficit, mostly when it is supplemented with insemination of seeds 
through microelements. 
Valee and Walker (1970) indicated that Zinc has a key role in dehydrogenase activity, 
RNA production and auxine function. It is a key element in stomata activity during water 
deficit.  Copper is one of the other important elements in plant structure which contain 2 
to 20 mg of 1kg plant dry material. It’s one of the main parts of blastonine enzyme in 
chloroplast that take action in electron exchange system between I and II photo systems, 
also it is an important cofactor enzyme in metabolic enzyme synthesizing (Sarmadnia and 
koocheki. 1989). H3Bo3 is an important element with many functions in plant systems, 
such as flowers and leaves meristematic cell division, vascular tissues revival, calcium 
transferring, calcium and potassium regulator, water adjustment and cell conductivity 
(Salardini. 1995). 

Material and methods 
The present study was done as a kharif crop cultivation (summer cultivation), at 
Agriculture research center of Zahak in south east of Iran. First Irrigation was done 3 
days before sowing the seeds. Sorghum bicolor L. Moench, Payam variety was selected 
for the study, a short growth variety with 70 to 80 cm height. Rain average was zero at 
summer time, with average temperature of 34ºc. Soil physical and chemical analyses are 
given in table 1. 
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Table 1. Soli, physical and chemical analyses. 
Soil 
deep 
(cm ) 

EC  
Ds/
m 

pH  Carbon  
%  

Total 
Nitrogen %  

Phosphorous  
ppm 

Potassium 
ppm  

Sand 
%  

Silt 
%  

Cla
y 
%  

0-30  2.3  8.3  0.29  0.30  11  60  55  32  13  

Seeds of Payam variety were obtained from Agriculture Research Station, Zahak, Iran. 
The collected seeds were kept at -20 oC to retain the viability. Three pre-planting 
microelements treatments, including ZnSo4, CuSo4 and H3Bo3 (Boric acid) were selected 
for the study. Seeds insemination, was done using different microelements solutions 
(CuSo4, ZnSo4, H3Bo3). The elements solutions were prepared at 5 g/l of each one in 
distilled water. Sufficient amount of seeds were inoculated (soaking) in the selected 
microelement solution for 12 hours and dried after inoculations using dry towel. The 
blank treatments (controls) were inoculated only in water with the similar protocol. Four 
different post emergence treatments including, non-irrigation at five leaves level, non-
irrigation at flowering level, non-irrigation at grain filling level and normal irrigation 
(control) were used at three replications. Important parameters such as grains yield, seeds 
number in panicle, thousand grains weigh, biological yield, plant height, panicle height 
and harvest index were evaluated in the present study. The mean values and other 
parameters were derived using Microsoft Excel software. Duncan test was done using 
SAS software for significance of multiple range tests.   

Results and Discussion 
Grain yield 
Water stress is most important reason for yield production. Results indicated that both 
water stress and microelement insemination were effect grain yield production 
significantly at 1% level, but no significant interaction between them was recorded. 
Among the different treatments, sample with Normal irrigation regime in addition whit 
ZnSo4, recorded the maximum yield production (4553 kg/ha). All non-irrigation 
treatments which were treated with ZnSo4 were recorded higher yield production 
comparing to others. Boric acid treated samples with non-irrigation regime at flowering 
stage, showed the minimum yield production comparing to other irrigation regimes. 
Results indicated that 6 to 8 times irrigation as a normal chart is the best plan for getting 
maximum yields (Fig. 1 and 2). Irrigations in 4 stages including five leaves, flowering 
and grain filling stages are very important. Water deficit in the two stages, flowering and 
grain filling stages will reduce grain yield by 50%, so normal irrigation program jointly 
with insemination of seeds before sowing with ZnSo4 can be useful to increase grain 
yield and increase drought resistance. It can be helpful if any water deficit happened 
during cultivation period.    
 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-III, Issue-V, Sept-Oct 2013 

 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

Page 118 

 
Figure 1 and 2. Significant effects of microelements and water stress on grain yield 

(kg/ha) 
Each value represents mean of three replications. Values with the same letter at each 
value are not significantly different at p= 0.01. 
 
 Seeds number in panicle 
Water stress has a direct negative effect on number of seeds. Normally drought is a 
parameter which can reduce number of flowers in plants.  Water deficit had a significant 
effect on seeds number in panicle. The maximum number of seeds was recorded at 
control (967 seeds) and ZnSo4 treated plants (930 seeds). Minimum record was for water 
stressed treatments at flowering stage (763 seeds) and Boric acid treated samples (805 
seeds) (Fig. 3 and 4). This finding can point to the value of water in flowering stage, and 
the farmers should programming to store enough water for this stage.  

 
Figure 3 and 4. Significant effects of microelements and water stress on seeds 

number 
 

Thousand seeds weight  
A significant decrease was recorded in water stress condition comparing to normal 
irrigating regime. Minimum thousand seeds weight was recorded when the irrigation was 
not done at seed filling stage (11 g) and the maximum weight was recorded at normal 
irrigation i.e. control (15 g) and ZnSo4 treated seeds (Fig. 5 and 6). A significant 
relationship was recorded between water value and grain weight. Water can help plants to 
transfer the nutrients trough xylem in all plant parts,  so when this system face any 
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problem, the plant will stop transferring water to upper parts to save roots and lower 
parts.  

 
Figure 5 and 6. Significant effects of microelements and water stress on thousand 

seed weight 
 

Plant height 
Water shortage at earlier growth stage and when plant was at five leaves level, lead to 
minimum plants height. According to physiological growth parameters and meristematic 
cell growth at this level, this phase is an important period for plant growth and height 
increase. Water deficit in this step will push the plant to pass it without height increase 
and going to flowering point. There was not a significant difference between other 
irrigation regimes. A significant difference was recorded between microelements treated 
plants except ZnSo4 and CuSo4, in plants height. Maximum height was recorded at 
control irrigation regime and ZnSo4 treated samples (80 cm) (Fig. 7 and 8). 

 

Figure 7 and 8. Significant effects of microelements and water stress on plant height  
 
Panicle height  
According to analysis, a significance effect was recorded between microelements treaded 
samples and panicle height, but not between water stress and panicle height. Maximum 
height was recorded in plants which were treated with ZnSo4 (Fig. 9). This finding can 
indicate the positive effect of Zinc on auxine metabolism in plants. 
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Figure 9. Significant effects of microelements on panicle height  

 
Biological Yield 
Biological yield is a parameter which closely depends on environmental humidity 
conditions and water quantity. In the present study both water stress and microelements 
showed a significant effect on biological yield. Minimum yield was recorded when water 
stress was at early growth stage, when the plants were at five leaves stage (9132 kg/ha). 
The maximum yield was recorded in control irrigation regime (13100 kg/ha) and ZnSo4 
treated plants (12800 kg/ha). The results indicted that water is a very important factor for 
plant biomass and total weight. If the farmer’s choose the cultivated plants as forage, they 
should do the early irrigation, especially in five leaves period to reach to the maximum 
weight. 

 
Figure 10 and 11. Significant effects of microelements and water stress on total 

biomass (kg/ha) 
 
 

Harvest index 
Relation between economic yield and biological yield is identified as harvest index. The 
results indicated that both water and microelements have a significant effect on harvest 
index. Maximum harvest index was recorded in normal irrigation regime and 
microelements treated samples with ZnSo4 and CuSo4. Minimum value was recorded for 
non-irrigated treatments at five leaves stage and seed filling period (Fig. 12 and 13). It is 
clear that all parameters have their individual and correlated effects on final productions.   
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Figure 12 and 13. Significant effects of microelements and water stress on harvest 

index 

 
Conclusions 
According to positive and significant effects of pre-planting microelements insemination 
and the results, outcome from water stress studies some suggestions are recommended to 
increase sorghum yield in summer cultivation period. Inoculation of the seeds for 12 
hours, before sowing in 5 g/l of ZnSo4 solution and drying it for 12 hours can increase 
plats drought resistance if water deficit occur during cultivation period.  Irrigations should 
be done, 3 day’s before sowing, one week after emerging, before five leaves stage, 
panicle appearance, flowering stage and at grain filling stage. If temperature is too high, 
second irrigation at grain filling stage can increase grain yield.  
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