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 ABSTRACT 
 Important horticultural crops in temperate zones rainfed and in irrigation condition in semiarid regions are planted, 
subjected to frequent drought periods with little rainfall or deficit irrigation. Drought stress causes detectable changes 
in plants and the destructive effects of drought stress vary depending on the investigation of the physiological 
responses. Ascorbic acid is one of the water soluble reluctant which is very important antioxidant which protects 
plants by suppressing oxidative injury, by affecting many enzymes activities and also is required for regeneration of x-
tocopheral. Treatments included drought stress in three levels (a1: control, a2: Stress in panicle emergence stage, a3: 
Panicle emergence of stress later) and ascorbic acid in three leves (b1: control, b2: 8 and 10 leaves, b3: beginning of 
the emergence of spikes). Analysis of variance showed that the effect of drought stress and ascorbic acid on all 
characteristics was significant.  
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INTRODUCTION  

Under stress conditions, plants experience 
physiological and biochemical changes. These include 
accumulation of ABA, closing up the pores, and reduction 
in leaf surface area (Uzma and Asghari, 2007). Important 
horticultural crops in temperate zones rainfed and in 
irrigation condition in semiarid regions are planted, 
subjected to frequent drought periods with little rainfall or 
deficit irrigation. Drought stress causes detectable changes 
in plants and the destructive effects of drought stress vary 
depending on the investigation of the physiological 
responses (Schultz an Stoll, 2010). Water stress is the 
most influential factors affecting crop yield particularly in 
irrigated agriculture in arid and semiarid regions, it is 
necessary to get maximum yield in agriculture by using 
available water in order to get maximum profit form per 
unit area because existing agricultural land and irrigation 
water are rapidly diminishing due to rapid 
industrialization and urban development. Optimizing 
irrigation management due to water scarcity together with 
appropriate crops for cultivation is highly in demand; the 
cost of irrigation pumping and inadequate irrigation 
scheme capacity as well as limited water sources is among 
the reasons that force many countries to reduce irrigation 

applications. Potential of water stress tolerance and the 
economic value of medicinal and aromatic plants, make 
them suitable alternative crops in dry lands (Ghanbari et 
al., 2007). Water stress is one of the important limiting 
factors of plant growth that has limited the production of 
25% of world lands (Levitt, 1980). Solinas and Deiana 
(1996) reported that secondary products of plants can be 
altered by environmental factors and water stress is the 
major factor affecting the synthesis of natural products. 
Water stress resulted in significant reduction of fresh and 
dry matter, nutrient content and essential oil yield (Mirsa 
and Strivastov, 2000). Ascorbic acid is one of the water 
soluble reluctant which is very important antioxidant 
which protects plants by suppressing oxidative injury, by 
affecting many enzymes activities and also is required for 
regeneration of x-tocopheral (Smirnoff, 1995). Ascorbate 
occurs in the cell wall where it is a first line of defense 
against ozone; Ascorbate also has been implicated in 
regulation of cell division and photosynthesis. Ascorbate 
has benefits for human nutrition and possibly for tolerance 
of plants to photo oxidative stresses (Foyer et al., 1993; 
Smirnoff, 1995 and Abou-Leila 1994). Ascorbic acid is a 
very strong antioxidant that controls free radicals through 
reduction of them (Fecht-Christoffers et al., 2003). Its 
small water soluble molecules act as primary substrate in
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the hydrogen peroxide enzymatic detoxification cycle 
(Beltagi, 2008). Ascorbate exists in cytosol, vacuoles, 
mitochondria, and plant cell walls. Together with some 
other compounds such as α-Tocopherol, carotenoids, and 
phenols, ascorbic acid makes up a non-enzymatic 
antioxidant system in the plant (Smirnoff, 2001). The 
damage caused by ROS is mitigated through 
antioxidants activities (Muhammad et al., 2010). 
Ascorbic acid is a natural product of plants functions 
play a key role as an antioxidant and an enzyme and 
apparently plays a role in ameliorating cofactor. It 
participates in a variety of processes. Ascorbic acid is 
associated with chloroplasts the oxidative stress of 
photosynthesis. In addition, AsA has a number of other 
roles in cell division and protein modification. One 
approach for inducing oxidative stress tolerance would 
to acts as a primary substrate in the cyclic pathway of 
enzymatic detoxification of hydrogen peroxide (Beltaji, 
2008). Ascorbic acid application was also alleviated the 
destructive effects of salinity on osmotic potential, shoot 
and root dry mass, K+/Na+ ratio and contents of 
photosynthetic pigments in wheat seedlings under 
salinity stress was completely affected by exogenous 
ascorbic acid (Kaydan et al., 2007). Sweet sorghum 
(Sorghum bicolor (L.) Moench) is a C4 annual crop 
commonly grown for the production of sugar 
(Gnansounou et al., 2005), but its superior attributes as a 
biofuel feedstock have been shown in many studies. 
Firstly sweet sorghum has high photosynthetic capacity, 
growth rate, productivity, and radiation and water use 
efficiency (Mastrorilli et al., 1995; Steduto et al., 1997; 
Ali et al., 2009; Bibi et al., 2010). Secondly, low 
amounts of nitrogen fertilization are required during 
cultivation for ethanol production (Tamang et al., 2011), 
which may help to mitigate the crises of pollution from 
nitrogen fertilization and/or of desiccation in deep soil 
layers in agro-ecosystems. Thirdly, due to its low input 
requirements and high stress tolerances, sweet sorghum 
can be cultivated on marginal or even non-arable land 
that are unsuitable for major food crops such as rice or 
wheat (Reddy et al., 2005). Planting sweet sorghum on 
semi-arid and other marginal land would thus improve 
the use of agricultural land. Global climate change is 
also likely altering the patterns of precipitation, which 
may increase soil and atmospheric water stresses (IPCC, 
2007). Studies on sweet sorghum, which predominated 
in hot and arid regions, where drought frequently occurs 
may highlight the physiological bases of high 
productivity under drought conditions. These advantages 
have led to studies of the productivity of sweet sorghum 
under field conditions. Steduto et al. (1997) reported that 
sweet sorghum had higher leaf and canopy water-use 
efficiencies than maize and grain sorghum during water 
stress, which may account for the high water-use 
efficiency based on biomass (WUEb) found by 
Mastrorilli et al. (1995). 

 
MATERIALS AND METHODS  

Location of experiment The experiment was conducted at the zahak which is 
situated between 31° North latitude and 61° East 
longitude. 

Table 1: Anova analysis of the sorghum affected by drought 
stress and ascorbic acid 

S.O.V df Dry 
weight 

Wet 
weight 

Node per 
stem 

R 2 0.78 3.16 22.26 
droght stress 2 4.03** 40.48** 3.17** 
ascorbic acid 2 1.99* 10.007* 3.82** 
Droght* ascorbic 4 1.68* 34.11** 1.69* 
Error 24 0.46 1.91 0.44 
CV (%) - 9.58 6.40 9.43 

*, **, ns: significant at p<0.05 and p<0.01 and non-significant, 
respectively 
 
Table 2: Comparison of interaction between different traits 
affected by drought stress and ascorbic acid 

Treatments dry weight 
(ton/ha) 

wet weight 
(ton/ha) 

node per 
stem 

a1b1  7.37abc 21.86cd 6.25b 
a1b2 7.69ab 16.53f 7.25ab 
a1b3 8.35a 21.63cd 7.62ab 
a2b1  7.49abc 19.70de 6.50ab 
a2b2 6.35cd 24.56ab 6.41ab 
a2b3 6.99bc 18.30ef 6.75ab 
a3b1  7.90ab 26.90a 6.50ab 
a3b2 6.29cd 22.70bc 8.75a 
a3b3 5.47d 22.50bc 7.50ab 

Any two means not sharing a common letter differ significantly 
from each other at 5% probability 
 
Composite soil sampling 

Composite soil sampling was made in the 
experimental area before the imposition of treatments and 
was analyzed for physical and chemical characteristics. 
 
Field experiment The field experiment was laid out factorial with 
randomized complete block design with three replications. 
 
Treatments 

Treatments included drought stress in three levels 
(a1: control, a2: Stress in panicle emergence stage, a3: 
Panicle emergence of stress later) and ascorbic acid in 
three leves (b1: control, b2: 8 and 10 leaves, b3: 
beginning of the emergence of spikes) 
 
Data collect Data collected were subjected to statistical analysis 
by using a computer program MSTATC. Least Significant 
Difference test (LSD) at 5 % probability level was applied 
to compare the differences among treatments` means. 

 
RESULTS AND DISCUSSION 

 
Dry weight 

Analysis of variance showed that the effect of 
drought stress on dry weight was significant (Table 1). 
The maximum of dry weight of treatments a1b3 was 
obtained (Table 2). The minimum of dry weight of 
treatments a3b3was obtained (Table 2). Analysis of 
variance showed that the effect of ascorbic acid on dry 
weight was significant (Table 1). The maximum of dry 
weight of treatments a1b3 was obtained (Table 2). The 
minimum of dry weight of treatments a3b3 was obtained 
(Table 2). 
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Wet weight Analysis of variance showed that the effect of 
drought stress on wet weight was significant (Table 1). 
The maximum of wet weight of treatments a3b1 was 
obtained (Table 2). The minimum of wet weight of 
treatments a1b2 was obtained (Table 2). Analysis of 
variance showed that the effect of ascorbic acid on wet 
weight was significant (Table 1). The maximum of wet 
weight of treatments a3b1 was obtained (Table 2). The 
minimum of wet weight of treatments a1b2 was obtained 
(Table 2).  
 
Node per stem Analysis of variance showed that the effect of 
drought stress on node per stem was significant (Table 1). 
The maximum of node per stem of treatments a3b2 was 
obtained (Table 2). The minimum of node per stem of 
treatments a1b2 was obtained (Table 2). Analysis of 
variance showed that the effect of ascorbic acid on node 
per stem was significant (Table 1). The maximum of node 
per stem of treatments a3b2was obtained (Table 2). The 
minimum of node per stem of treatments a1b1 was 
obtained (Table 2).  
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