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ABSTRACT 
An experiment was carried out under field conditions to determine the impact of silicon application with different concentrations 

(20, 40, 60 ppm), on selected physiological characteristics of the leaves of mungbean (Vignaradiata) and cowpea (Vigna 

unguiculata) under different 100%, 75%, 50% and 25% soil moisture regimes. Stock solution (100 ppm) of silicon was prepared 

by MgSi3 salt but apply as 20, 40, 60 ppm solution in both treated and control plants. Results showed that silicon application 

significantly increases total carbohydrate & protein contents in treated samples as compare to control plants. In present study we 

concluded that silicon promoted growth in the drought susceptible species to greater extent & it’s more beneficial for 

carbohydrates and protein metabolism of cowpea (Vigna unguiculata) as compare to mungbean (Vignaradiata) plants. 
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1. INTRODUCTION 
Silicon (Si) is the second most abundant element both on the Earth’s crust and in the soil.1 All plants growing in soils 

take up Si, but Si content in plant tissues varies greatly among plants.2 The beneficial effects of Si on stimulating 

plant growth, however, have recently received increasing attention, particularly in plants subject to both a biotic and 

biotic stresses.3,1,4 Research shows that silicon benefits plants by improving the resistance to wilt, and resistance to 

water stress.5 

Drought continues to be a challenge to agricultural scientists as drought, often causes decrease or 

unsteadiness of crop production. Therefore, studying the drought-tolerance of crops is very significant to solve the 

problem of food supplies.6 Drought stress lead a reduction of xylem vessel diameter and a modification of 

conductivity components of transpiration pathway (root, shoot, stomata) that may contribute to the reduction of water 

flow from root to shoot.7 In turn, a drought stress affects such physiological processes as translocation at the whole 

plant level, leaf expansion and gas exchange at the organ level, and photosynthesis at the sub cellular level and at the 

end, it reduces growth and yield.8 

The reasons for inhibition the growth and photosynthetic abilities of plants by the environmental stress is the 

breakdown of the balance between the production of reactive oxygen species (ROS) and the antioxidant defense 

causing accumulation of ROS, which induces oxidative stress to proteins, membrane lipids and other cellular 

components.8,9 In drought, high activities of antioxidant enzymes and high contents of non enzymatic constituents are 

important for plants to tolerate stresses.10 

Soil moisture is a principal environmental factor limiting legume productivity in the tropics and sub- 

tropics.11-12 The lack of adequate soil moisture affects both vegetative and reproductive growth of food legumes, 

resulting in significant yield losses.13 However, most studies on legumes have concentrated on the impact of moisture 

stress on the growth and development of one species.13-12 Comparative studies on the effect of soil moisture on 

different food legumes have not been carried out, although these species are grown under the same environmental 

conditions.14Mungbean (Vigna radiata L.Wilczek) and Cowpea (Vigna unguiculata L. Walp) are two important 

tropical food legumes grown extensively under marginal conditions. Cowpea is considered a drought tolerant species, 

15-16 while mungbean requires adequate soil moisture for growth and development.17 Silicon application would 

therefore be expected to have different effects on these different food legumes in overcoming moisture stress. 

The objectives of this study were to find possibility of the role of silicon to cut off the effects of water stress on 

carbohydrate and protein contents of plants. 
 

2. MATERIAL AND METHODS 
Experiments were conducted on two different edible beans i.e Cowpea (Vigna unguiculata) and Mungbean (Vigna 

radiata). The seeds were obtained from local Market. Average soil PH was estimated about 7.75 by pH meter 

(Mettler Toledo, mp 220 pH meter).18 Soil E.C was estimated at 0.73 ms by E.C. meter (Hanna instruments, HI 8733, 

conductivity meter).19 Soil organic matter % was estimated 1.4% by “LOSS ON IGNITION METHOD - LOI”.% soil 

moisture estimated 15.31%healthy seeds of Mung bean (Vigna radiate), Cowpea (Vigna unguiculata) obtained and 

sterilized with 1% mercuric chloride solution. Equal sized plastic pots of were filled with approximately equal 

amount of ordinary soil and sterilized seeds were sown in each pot. After seedling establishment silicon treatments 

were applied and watering pattern was changed according to the drought treatments. Leaf samples from both control 
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and treated plants were collected weekly up to a period of 5 weeks in the early hour of the morning and were kept in 

labeled plastic bags. Silicon treatments were applied, as MgSi3100-ppm stock solution of MgSi3 was prepared. And 3 

different silicon treatments were maintained as: S1, S2, S3 having 20, 40, 60 ppm solution respectively. Control 

treatments were applied, as MgSO4100-ppm stock solution of MgSO4 was prepared. And 3 different control 

treatments were maintained as C1, C2, C3 having 20, 40, 60 ppm solution respectively. Drought treatments were 

maintained as D0, D1, D2, and D3 100%, 75%, 50% and 25% moisture in soil respectively. Protein contents 

estimated in leaf samples according to the method of Lowry’s.20The carbohydrates were estimated by Yemm& Willis 

method using anthrone reagent.21  
 

3. RESULTS 
The results obtained by the different combination of drought stress and silicon treatments are shown by Figures (1-4).  
 

 

Changes in the amount of protein of Vigna radiata at different

 drought conditions with silicon (40 ppm) treatment. 
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Changes in the amount of protein of Vigna radiata at different

 drought conditions with silicon (60 ppm) treatment. 
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Control + 100% soil moisture                                       

Si + 100% soil moisture
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Si + 75% soil moisture
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Fig. 1
 

Changes in the amount of protein of Vigna radiata at different

 drought conditions with silicon (20 ppm) treatment. 
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Changes in the amount of protein of Vigna unguiculata at different

 drought conditions with silicon (20 ppm) treatment. 
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Changes in the amount of protein of Vigna unguiculata at different

 drought conditions with silicon (60 ppm) treatment. 
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Fig. 2 

 

Protein contents found to be reduced with the increasing drought treatments weekly in both silicon treated and non-

treated plants. By the silicon application the reduction in protein contents, observed lesser than non-silicon treated 

plants (Fig. 1 & 2). And the second treatment of silicon (40 ppm) is found to be more beneficial for protein contents 

(Fig. 1 & 2).  

Total carbohydrate contents found to be reduced with the increasing drought treatments weekly in all plants. The 

reduction in total carbohydrate contents by the silicon application, observed lesser in treated than non-silicon treated 

plants (Fig. 3 & 4).  
 

 

 

 

 

Changes in the amount of protein of Vigna unguiculata at different

 drought conditions with silicon (40 ppm) treatment. 
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Changes in the amount of carbohydrate of Vigna radiata at different

 drought conditions with silicon (20 ppm) treatment. 
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Changes in the amount of carbohydrate of Vigna radiata at different

 drought conditions with silicon (40 ppm) treatment. 
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Fig. 3 

 

And the first and second treatments of silicon (20, 40 ppm) are found to be more beneficial for total carbohydrate 

contents than the third one (60 ppm). In cow peas, we found a slight increase in total carbohydrate contents with the 

increasing drought treatments on first week only to the moderately drought extend. But with the passage of time these 

contents decreased in comparison with the control in both silicon treated and non-treated plants. By the silicon 

application the reduction in total carbohydrate contents, observed lesser than non-silicon treated plants (Fig. 3 & 4).   
 

 

 

 

Changes in the amount of total carbohydrate of Vigna radiata at different

 drought conditions with silicon (60 ppm) treatment. 
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Changes in the amount of carbohydrate of Vigna unguiculata at different

 drought conditions with silicon (20 ppm) treatment. 

Weeks

0 1 2 3 4 5 6A
m

o
u

n
t 

o
f 

C
a

r
b

o
h

y
d

r
a

te
 i

n
 µ

g
/ 

m
g
 f

r
e
s
h

 w
e
ig

h
t

0

10

20

30

40

  

Changes in the amount of carbohydrate of Vigna unguiculata at different

 drought conditions with silicon (60 ppm) treatment. 

Weeks

0 1 2 3 4 5 6A
m

o
u

n
t 

o
f 

C
a
r
b

o
h

y
d

r
a
te

 i
n

 µ
g
/ 

m
g
 f

r
e
sh

 w
e
ig

h
t

0

10

20

30

40

 
Control + 100% soil moisture                                       
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Si + 25% soil moisture
 

Fig. 4 

4. DISCUSSION 
Drought is a serious global problem and one of the most important factors contributing to crop yield loss. Water 

shortages and soil water losses due to environmental change and land use change are challenges for new agricultural 

society. The dependence of the growth of a plant on its water status makes the measurement of water potential of 

extreme importance. Since anti-transparent increase plant water potential and can thereby increase plant 

growth.22Research shows that silicon benefits plants by improving the resistance to wilt, resistance to water stress 

(heat and drought), silicon, deposited in the cell walls, forms a protective layer reducing transpiration through the 

outer cells.5 

Changes in the amount of carbohydrate of Vigna unguiculata at different

 drought conditions with silicon (40 ppm) treatment. 
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The adverse effects of drought on plant metabolism were repeatedly studied. These include some disturbances in 

carbohydrate metabolism as well as in nitrogen metabolism 23-24 particularly proline accumulation.25-26The contents of 

total carbohydrates (mg gm-1. dry weight) tended, in most cases, to decrease with the decrease of moisture level in 

the different organs of the variously treated plants.  

In present study we observed decreased carbohydrate contents with increasing drought in both species. These 

results are in conformity with those obtained by some other authors.27One of the main effect of environmental stress 

on growth and photosynthetic abilities of plants is the breakdown of the balance between the production of reactive 

oxygen species (ROS) and the antioxidant defense causing accumulation of ROS, which induces oxidative stress to 

proteins, membrane lipids and other cellular component.8-9 In environmental stresses conditions such as drought, high 

activities of antioxidant enzymes and high contents of non-enzymatic constituents are important for plants to tolerate 

stresses.10When subjected to drought stress, plants responded through alteration in physiological and biochemical 

processes. Additionally, enzymatic antioxidant systems including SOD, POD, and CAT played an important role in 

scavenging harmful oxygen species.28 

In some studies it was observed that drought stress inhibited the activities of antioxidant enzymes SOD, CAT 

and GR, enhanced the activities of GO and AP, and induced the accumulation of hydrogen peroxide which caused 

protein decomposition and oxidization, lipid per oxidation and decrease in photosynthetic pigments contents. 

By silicon application the reduction in carbohydrate and protein contents reduced in all treatments of both 

species. This might be due to the beneficial effects of silicon against oxidative damage of macromolecules. As 

previous studies showed that silicon alleviate the oxidative damage.10 

Shu & Liu also shows that silicon may be involved in metabolic or physiological activities in higher plants under 

drought,29 In some researches the results suggested that the improvement of silicon on drought tolerance of wheat 

plants was associated with the increase of antioxidant defense abilities, alleviation in oxidative damage of functional 

molecules and maintenance of many physiological processes such as photosynthesis under drought. 10 

Drought stress causes reduction in growth of the plants. Reduced growth may cause the accumulation of 

secondary compounds, because more carbon becomes available for their synthesis, since photosynthesis is less 

affected, and/or there is less biomass to dilute this compounds.30 
 

5. CONCLUTION 
By the investigation we can conclude that the application of silicon may produces beneficial effects on the primary 

metabolism of plants under the drought stressed condition and these effects of silicon on plant metabolism depends 

upon the applied concentration of silicon and the species selected for application.  
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