
Journal of Plant Production Sciences, Suez Canal University, 2013 

Foliar application of ascorbic acid improved drought tolerance and productivity 
of wheat (Triticum aestivum L.) 
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Abstract: Little is known about ascorbic acid (AsA) role in counteracting the adverse effects of water stress on wheat 
growth and productivity under field conditions. Two field experiments were conducted in a sandy soil in the 
Experimental Farm, Faculty of Agriculture, Ismailia, Egypt during 2011112 and 2012/13 seasons. The work aimed to 
study the effect of three levels of AsA (0.0, 100 and 200 ppm) on the response of wheat (Triticum asetivum, L. cv. 
Sakha 94) to three surface irrigation rates (1.00. 0.80 and 0.60 of the estimated crop evapotranspiration, which 
represented 4260, 3408 and 25 56 m3 /ha, respectively. Results indicated that, drought caused a reduction in each of leaf 
area index, total chlorophyll, relative water content, grain and straw yields. However, water deficit increased lipid 
peroxidation (as malondialdehyde, MDA) and protein oxidation as well as induced the activities of some antioxidative 
enzymes, superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT). The activity of SOD, APX and 
CAT was increased by about 74-108%,44-57% and 107-156%, respecdvely in flag leaf compared to the well watered 
wheats. Application of 100 -200 ppm of AsA significantly alleviated the oxidative stress damage of drought, reflected 
by improving above parameters as well as decreasing MDA and protein oxidation, but decreased activity of 
antioxidative enzymes by about I 0-20 %. Consequently, foliar spray of AsA improved productivity and irrigation water 
use efficiency in wheats. Grain yield was increased by about 0.5 tlha in AsA-treated plants under normal irrigation. 
Also, AsA treatments protected about 0.8-0.9 tlha grains from collapse under water stress. Application of AsA saved 
approximately 852m3 /h of irrigation water without yield reduction. Modification of some principle tissues in flag leaf 
and main stem to drought and AsA were also investigated. 
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INTRODUCTION 

The most important environmental factor inhibiting 
photosynthesis, decreasing growth and productivity of 
plants is drought. It is one of the major causes of crop 
loss worldwide, with an average yields loss for most 
strategical crops by more than 50% (Bray, 1997). So 
wheat anti-drought physiology study is of importance to 
wheat production and biological breeding for the sake of 
coping with abiotic conditions as it is the staple food for 
more than 35% of world population (Shao et al., 2005). 
A consequence of soil water deficits and other types of 
environmental stress is the limitation of photosynthesis 
which usually accompanied with the formation of 
reactive oxygen species (ROS) in various subcellular 
organelles of plant cell such as the superoxide, 
hydrogen peroxide and the hydroxy 1 radical (Zhu, 
2000). Increased levels of ROS cause damage to various 
cellular mechanisms, such as enzyme inhibition, protein 
degradation, DNA and RNA damage, and membrane 
lipid peroxidation, which ultimately culminate in cell 
death (Ishikawa et al., 201 0). 

A complex antioxidative defense system, composed 
of both non-enzymatic and enzymatic constituents, is 
present in all plant cells (Foyer et al., 1994). Low­
molecular weight, non-enzymatic, nutrient-derived 
antioxidants are presented by carotenoids, tocopherols, 
glutathione and ascorbic acid (AsA). Apart their 
obvious role as enzyme substrates, they can react 
chemically with almost all forms of ROS. AsA is a 
small, water-soluble antioxidant molecule that acts as a 
primary substrate in the cyclical pathway for 

detoxification and neutralization of superoxide radicals 
and singlet oxygen (Noctor and Foyer, 1998). Also, 
ascorbate has been shown to play multiple roles in plant 
growth, such as in cell division, cell wall expansion and 
other developmental processes (Pignocchi and Foyer, 
2003), gene regulation, modulation of some enzymes 
and redox regulation of membrane-bound antioxidant 
compounds (Horemans et al., 2000). It has also been 
reported that a progressive increase in each of number 
of spikes, leaf area, photosynthetic pigments and dry 
weight (Amin et al., 2008), grain yield and its quality 
(Raafat et al., 2011) in wheat treated with AsA. As well 
as, foliar application of exogenous ascorbate can 
increase plant resistance to salt stress and reduce 
oxidative stress (Shalata and Neumann, 2001 ). 

Anti oxidative enzymes (e.g., superoxide dismutase 
(SOD), catalase (CAT) and ascorbate peroxidases 
(APX) have been related with water deficit and are 
considered the main components of anti-oxidative 
machinery for drought resistance in higher plants 
(Gogorcena et at., 1995 and Bergmann et al., 1999). 
Changes in the activities of various antioxidant enzymes 
under water stress have been reported (Nayyar and 
Gupta, 2006). Hydrogen peroxide is commonly taken as 
an indicator of oxidative stress, because it is induced by 
ROS and also influencing the level of lipid peroxidation 
(Mittler, 2002). Malondialdehyde (MDA), a product of 
the decomposition of polyunsaturated fatty acids in 
biomembranes, shows increased accumulation under 
water stress (Guo et al. 20 12). Osmotic adjustment 
strategy in wheat and cereals under water stress has 
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