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ABSTRACT  
 

A pot experiment was conducted during two successive summer seasons to evaluate the 
potential effect of foliar application of trehalose at different concentrations (0, 100 µM or 500 µM) 
in improving quality and quantity of cowpea plant grown under normal irrigation (95% field 
capacity); moderate or severe drought stress conditions (75% field capacity and 50% field 
capacity) . Treating cowpea plants with two trehalose concentrations resulted in marked increases 
in vegetative growth parameters (shoot height, number of leaves and branches/plant, weight of 
leaves and branches/plant),  photosynthetic pigments (chlorophyll a, b, carotenoids), compatible 
solutes (trehalose, total soluble sugar, proline, free amino acids), phenolic content, components of 
carbohydrate content (glucose, sucrose, starch), activities of some antioxidant enzymes (catalase, 
superoxide dismutase, peroxidase, ascorbate peroxidase), seed yield and yield components in 
normal irrigated and drought stressed plants. It could be concluded that maximum increases were 
observed by treating plants with trehalose at 500 µM either under normal irrigation or drought 
conditions.  

 
Key words: Vigna unguiculata L., drought, trehalose, antioxidant system, seed quantity  

 
Introduction 
 

Cowpea (Vigna unguiculata L.) is one of the most important and popular leguminous 
vegetable crops. It is used as food crop for human and as fodder crop for livestock (Zahedi et al., 
2012). The pods were harvested either at green pods stage for fresh market or at mature stage for 
dry seeds. Moreover, in many parts of developing world and sub-Saharan Africa, millions of 
people depend on cowpea as a primary source of protein. Cowpea has a good tolerance to drought 
and mainly cultivated in tropical and sub-tropical regions (Murillo-Amador et al., 2006). However, 
cowpea productivity is negatively affected by prolonged droughts, meanwhile; it seemed to be 
more tolerant to drought than other crops (Hall, 2012). Moreover, during the vegetative and 
reproductive growth stages, cowpea is sensitive to soil moisture stress (Alidu et al., 2013). 

One of major abiotic stresses is drought that adversely affect plant growth and dramatically 
limits agricultural productivity worldwide (Zalibekov, 2011; Comas et al., 2013;  Hossain et al., 
2013; Lipiec et al., 2013). Moreover, Food and Agriculture Organization (FAO) reported that, on 
earth there were 45% of agricultural land exposed to drought stress (Bot et al., 2000). Extreme 
water shortage negatively affects on physiological, biochemical and metabolic mechanisms in 
plant, and ultimately reduces crop yield and quality (Maqsood et al., 2012; Hasanuzzaman et al., 
2012). It is worthy mention that plant development stage beside intensity and duration of the stress 
occurrence are the factors that determined the drought harmful effects (Riznsky et al., 2002; 
Bartels and Sunkar, 2005; Maqsood et al., 2013). Drought increased accumulation of reactive 
oxygen species (ROS) (Hasanuzzaman et al., 2012; Hasanuzzaman et al., 2014). These ROS can 
harm animated biomolecules (proteins, lipids, and DNA), so it considered the major toxic radicals 
(Vranova et al., 2002). Moreover, different adaptive mechanisms for reducing drought stress 
oxidative damage were developed in higher plants through biosynthesis of various antioxidants. 
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Enhancement of antioxidant defense system is an important strategy to proficiently scavenge ROS 
with non-enzymatic antioxidants such as ascorbate, glutathione, carotenoids, flavanones, and 
anthocyanins and by the activities of antioxidant enzymes such as superoxide dismutase, catalase, 
ascorbate peroxidase, monodehydroascorbate reductase, dehydroascorbate reductase, glutathione 
reductase, glutathione peroxidase, and glutathione S-transferase (Gupta et al., 2009; 
Hasanuzzaman et al., 2012). Accumulation of phenolic compounds-non enzymatic antioxidant- 
protects plants against the damaging effects of ROS via scavenging these free radicals (Petridis et 
al., 2012). In addition, general metabolic adaptation which enables plants to cope with water or 
osmotic stress, involves some increases in the synthesis of osmoprotectants, such as proline, free 
amino acids, trehalose and soluble sugar. These compatible osmolytes not only contribute to 
osmoregulation but they may also protect the structure of different biomolecules and membranes 
(Hare et al., 1998) or act as free-radical scavengers that protect plant cell from damaging effects of 
ROS (Ashraf and Foolad, 2007; Jin et al., 2016). 

The application of osmoprotectants has been considered as a shotgun approach to increase 
plant drought tolerance. Trehalose is non-reducing disaccharide formed by two glucose molecules. 
The presence of the enzyme trehalase that hydrolyze trehalose to glucose is the main reason for 
present trace amounts of trehalose in plants. Moreover, in higher plants, it has been suggested that 
trehalose or its precursor Tre-6-phosphate acts as a signaling molecule and plays important roles in 
metabolic regulation (Lunn et al., 2014; Yang et al., 2014). In plants, trehalose acts mainly as 
osmoprotectant and also has diverse functions (Paul et al., 2008). Trehalose serves as an energy 
source; a stabilizer; carbohydrate storage; a protector for protein and lipid membrane structure 
(Iordachescu and Imai, 2008; Duman et al., 2010; Lunn et al., 2014) and enhances embryo 
development (Eastmond et al., 2002), starch metabolism (Kolbe et al., 2005), sucrose utilization 
(Schluepmann et al., 2003).  

Trehalose can accumulate in response to abiotic stresses in several plant species and 
improves the performance of plants (Fernandez et al., 2010; Yang et al., 2014). Ali and Ashraf 
(2011) mentioned that trehalose is an efficient protectant against water deficit conditions. In 
Arabidopsis thaliana, trehalose utilized to protect it against drought stress, and this achieved 
through increased both cell membrane stability and survival rates, and decreased leakage of 
electrolytes (Stolker, 2010). Exogenous trehalose application was also effective in reducing 
oxidative stress (Ma et al., 2013). 

It is worthy to mention that trehalose is existing in legumes root nodules (Streeter, 1985) and 
its concentration in these root nodules correlates well with whole-plant tolerance to drought 
(Farias-Rodriguez et al., 1998). Furthermore, trehalose concentrations in well-watered nodulated 
legumes are correlated negatively with N2 fixation (Streeter, 1985) on the other hand, these nodules 
in drought-stressed plants, it obtained an efficient N2 fixation with high concentrations of 
trehalose. (Jimenez-Zacarias et al., 2004). In most plants, interior trehalose production is not 
sufficient to mitigate the adverse effects induced by stress. Hence, trehalose must be exogenously 
applied to increase interior trehalose level (Chen and Murata, 2002). 

This work aimed to improve the performance of cowpea plants and increase its drought 
tolerance by exogenous application of trehalose. 

 
Materials and Methods 
 

This experiment was carried out during the two successive summer seasons of 2016 and 
2017 in greenhouse experiment at National Research Centre, Egypt.   
Cowpea seeds (Vigna unguiculata L. cv Tiba) was obtained from Horticultural Research Institute, 
Agriculture Research Center, Giza, Egypt. 
 
Chemicals 
 
Trehalose (C12 H22 O11) was obtained from Sigma chemical Co. USA. 
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Experimental procedures  
 

Cowpea seeds were sown during summer seasons (2016 and 2017) in plastic pots (35 cm in 
depth and 28cm in diameter) filled with 15kg air dried clay soil. Eight seeds were sown /pot at 
equal distances and depth. Plants in each pot were irrigated by tap water till full germination and 
then thinned leaving three plants per pot. 

Foliar application of trehalose (100 µM or 500 µM) on cowpea plants was carried out two 
times at 30 and 45 days from sowing. Control plants were sprayed with distilled water and the 
spraying solution was maintained just to cover completely the plant foliage. All other culture 
practices (fertilization, weed control etc …) were applied as recommended for cowpea cultivation.  
The plants were watered regularly to field capacity (95% FC) till the drought treatments were 
imposed. The plants were exposed to drought stress after 30 days from sowing. The cowpea plants 
were subjected to two levels of drought stress i.e. 75% FC and 50% FC while control plants were 
irrigated with 95% FC (full field capacity). 
 
Data recorded 
 

A random sample of 6 plants from each treatment was randomly taken at 60 days after 
sowing and the following data were recorded: 
 
Morphological characters: 
 

Shoot height; number of leaves and branches/plant as well as dry weight of leaves and 
branches/plant were recorded.  
 
Seed yield and its components: 
 

At harvest stage, number and weight of pods/plant; number and weight of seeds/ plant were 
determined. 
 
Biochemical analysis: 
 

Chlorophyll a, chlorophyll b and carotenoids concentrations were estimated using the 
method of Moran (1982). Indole acetic acid content was determined according to the method 
described by Larsen et al. (1962). Trehalose content in the cowpea leaves was determined 
following the method described by Li et al. (2014) with some modifications. Proline was assayed 
according to the method described by Bates et al. (1973). Free amino acid content was determined 
with the ninhydrin reagent method (Yemm and Cocking, 1955). Total phenolic compounds were 
determined according to the method described by Danil and George (1972). Total soluble sugars 
(TSS) were extracted by overnight submersion of dry tissue in 10 ml of 80% (v/v) ethanol at 25°C 
with periodic shaking, and centrifuged at 600g. The supernatant was evaporated till completely 
dried then dissolved in a known volume of distilled water to be ready for determination of soluble 
carbohydrates (Homme et al., 1992) and determined according to (Yemm and Willis, 1954). 
Glucose estimations were performed using a modification of O-toluidine procedure (Feteris, 1965). 
Sucrose contents were determined by first degrading reactive sugars present in 0.1 ml extracts with 
0.1 ml 5.4 N KOH at 97 °C for 10 minutes (Handel, 1968). The insoluble fraction remaining after 
ethanolic extraction of soluble sugars was used for starch measurement as reducing sugars by 
Nelson's method (Nelson, 1944).  
 
Assay of enzymes activities 
 

Fresh leaf tissues were homogenized in ice-cold phosphate buffer (50 mM, pH 7.8), 
followed by centrifugation at 8,000 rpm and 4-C for 15 min. The supernatant was used immediately 
to determine the activities of enzymes (Chen and Wang, 2006). Superoxide dismutase activity 
(SOD) (EC 1.12.1.1) was spectrophotometrically assayed at 560 nm by nitro-blue-tetrazolium 
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(NBT) reduction method (Chen and Wang, 2006). Catalase activity (CAT) (EC 1.11.1.6) was 
determined spectrophotometrically by following the decrease in absorbance at 240 nm (Chen and 
Wang, 2006). Peroxidase activity (POX) (EC 1.11.1.7) was assayed by the method of Kumar and 
Khan (1982). Ascorbate peroxidase activity (APX) (EC 1.11.1.11) was determined as described by 
Nakano and Asada (1987). The enzyme activities were calculated according to Kong et al. (1999). 

   
Protein extraction:  
 

Fresh leaves were ground in mortar and pestle to be fine mixture, soluble 
proteins of samples were extracted as described by Laemmli (1970). Electrophoresis of extracted 
soluble proteins applied using 12 % polyacrylamide and 1 % SDS (w/v) under denaturing 
conditions. The gel was stained with Commassie Blue Reagent and the detected bands were scored 
and molecular weights were determined against protein marker. 

 
Statistical analysis 

   
Data were analyzed as a completely randomized block design using ANOVA table and LSD 

0.05 test to compare between means according to Sokal and Rohlf (1995). 
 
Results 
 
Vegetative growth parameters 
 

Moderate and severe drought stress (75% FC and 50% FC) caused a markedly decrements in 
growth parameters of cowpea (shoot length, number and dry weight of branches and leaves /plant) 
compared with control plants (Table 1). Since, moderate and severe drought stress decreased dry 
weight of leaves by 10.04% and 27.51% respectively and branches/plant by 1.11% and 17.03% 
respectively relative to control unstressed plant. Furthermore, trehalose treatments were more 
effective in enhancing cowpea plant growth parameters under unstressed, moderate and severe 
drought stressed plants (Table 1). It noticed that 500 µM trehalose applications at unstressed, 
moderate and severe drought stress caused increases in dry weight of leaves by 10.91%, 11.16 % 
and 8.73 % respectively and increases dry weight of branches by 21.85 %, 1.12 % and 6.25 % 
respectively relative to their corresponding controls. 

 
Table 1: Impact of trehalose and/or drought on some vegetative growth parameters of cowpea 

plants (Average of 2016 and 2017 seasons)  
Treatments 

Shoot height 
(cm) 

No. Leaves 
/plant 

No. 
branches 

/plant 

Leaves dry 
weight 

/plant (g) 

branches dry 
weight 

/plant (g) 
Drought Trehalose 

( µM ) 

95% FC 
0 43.33 14.00 7.67 4.58 2.70 

100 46.00 15.00 8.08 4.82 3.11 
500 46.00 16.00 8.33 5.08 3.29 

75% FC 
0 37.67 13.00 6.33 4.12 2.67 

100 39.33 13.33 6.67 4.45 2.67 
500 40.00 13.67 7.33 4.58 2.70 

50% FC 
0 30.33 11.67 5.67 3.32 2.24 

100 31.33 11.67 5.67 3.35 2.27 
500 35.33 12.00 6.00 3.61 2.38 

LSD at 5% 4.19 2.78 1.37 0.53 0.34 

 
Photosynthetic pigments:  
 

Moderate and severe drought stress (75% FC and 50% FC) caused significant decreases in 
all components of photosynthetic pigments relative to control plant (Table 2). Since, moderate and 
severe drought stress decreased total chlorophyll content (chlorophyll a+b) by 19.35% and 31.89% 
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respectively relative to unstressed plants. On the other hand, trehalose treatments at all 
concentrations caused marked increases in photosynthetic pigments in fresh leaf tissues of 
unstressed plants as well as in fresh leaf tissues of plants that exposed to moderate (75% FC) and 
severe (50% FC) drought stress relative to corresponding controls (Table 2). It was noted that 500 
µM trehalose increased total chlorophyll content in moderate stressed plants by 5.33% and severe 
stressed plants by 21.57% relative to corresponding controls. This means that effect of 500 µM 
trehalose was more pronounced in severe stressed plants than moderate stressed plants. 
 
Table 2: Impact of trehalose and/or drought on photosynthetic pigments and indole acetic acid of 

fresh leaf of cowpea plants (Average of 2016 and 2017 seasons) 
Treatments Chlorophyll 

a 
Chlorophyll 

b 
Carotenoid Chlorophyll 

a +b 
IAA 

Drought Trehalose 
(µM) 

mg/g fresh weight 
ug/100 g 

fresh weight 

95% FC 
0 1.97 0.63 0.24 2.79 35.91 

100 1.97 0.70 0.23 2.88 48.79 
500 1.94 0.74 0.25 2.88 63.88 

75% FC 
0 1.60 0.50 0.22 2.25 28.42 

100 1.59 0.52 0.21 2.26 38.20 
500 1.67 0.53 0.19 2.37 42.53 

50% FC 
0 1.23 0.53 0.14 1.90 20.84 

100 1.60 0.49 0.21 2.24 25.62 
500 1.64 0.51 0.20 2.31 31.62 

LSD at 5% 0.15 0.05 0.05 0.19 0.85 

 
Endogenous indole acetic acid  
 

Drought stress (moderate and severe) significantly decreased IAA concentration in fresh 
cowpea leaves by 20.85 % and 41.96 % respectively than that of control (Table 2). On contrast, 
Table 2 indicates that trehalose treatments significantly increased IAA concentrations in unstressed 
plants as well as in drought stressed plants by increasing trehalose concentrations relative to 
corresponding controls. 500 µM trehalose had the highest beneficial effect in ameliorating the 
harmful effect of drought stress on IAA either under moderate or severe drought stress. Since, 500 
µM trehalose increased IAA content by 77.88%; 49.64% and 51.72% in unstressed plants, 
moderate and severe stressed plants respectively relative to corresponding controls. 

 
Compatible solutes 
 

Table 3 shows that either moderate or severe drought stress caused significant increases in 
compatible solutes concentration (trehalose, total soluble sugars, proline and free amino acids) of 
cowpea leaves relative to control plants. Moreover, it is clear that two concentrations of trehalose 
significantly increased concentration of compatible solutes in unstressed plants as well as in 
drought stressed plants (75% FC and 50% FC) by increasing trehalose concentrations relative to 
corresponding controls. These increases were more significant at 500 µM trehalose. 

 
Phenolic content 
 

Either moderate or severe drought stress (75% FC and 50% FC) caused significant increases 
in phenolic contents relative to control unstressed plant.  Regarding trehalose effect, it was noted 
that trehalose foliar treatment at two concentrations (100 µM and 500 µM) caused significant 
increases in phenolic content in unstressed (95% FC) and stressed plants (75% FC and 50% FC) as 
compared with corresponding control. Moreover, it was noticed that, 500 µM trehalose was more 
effective than 100 µM trehalose for enhancing phenolic contents. 
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Table 3: Impact of trehalose and/or drought on compatible solutes and phenolic content of dry leaf 
of cowpea plants (Average of 2016 and 2017 seasons) 

Treatments Trehalose Total soluble 
sugar 

Proline Free amino 
acids 

Phenolic 
compound 

Drought Trehalose 
(µM) 

mg/g mg/100 g 

95% FC 
0 70.33 46.68 29.18 317.56 210.99 

100 83.81 55.63 34.77 378.43 296.63 
500 93.02 61.74 38.60 420.04 324.22 

75% FC 
0 81.52 54.10 33.82 368.08 312.30 

100 93.22 61.87 38.68 420.92 388.10 
500 107.59 71.41 44.64 485.80 426.63 

50% FC 
0 96.95 64.35 40.23 437.80 427.32 

100 108.54 72.04 45.04 490.11 472.62 
500 119.93 79.60 49.76 451.52 512.29 

LSD at 5% 2.22 1.48 0.92 3.35 5.15 

 
Carbohydrates constituents: 
 

Both moderate and severe drought stress (75% FC and 50% FC) caused significant increases 
in components of carbohydrate content as trehalose, total soluble sugar (Table 4), glucose, sucrose 
and starch (Table 4) relative to control unstressed plant.  Regarding trehalose effect, it was noted 
that trehalose foliar treatment at two concentrations (100 µM and 500 µM) caused significant 
increases in components of carbohydrate content in unstressed (95% FC) and stressed plants (75% 
FC and 50% FC) as compared with corresponding control plant. It was noted that, 500 µM 
trehalose was the most promising treatment in enhancement of carbohydrate contents. 
 
Table 4: Impact of trehalose and/or drought on some components of carbohydrate content of dry 

leaf of cowpea plants (Average of 2016 and 2017 seasons) 
Treatments Glucose Sucrose Starch 

Drought Trehalose 
(µM) 

mg/g 

95% FC 
0 11.09 15.56 39.53 
100 13.21 18.54 47.10 
500 14.66 20.58 52.27 

75% FC 
0 12.85 18.04 45.80 
100 14.70 20.63 52.40 
500 16.96 23.80 60.47 

50% FC 
0 15.28 21.45 54.47 
100 17.11 24.01 61.00 
500 18.91 26.53 67.40 

LSD at 5% 0.35 0.49 1.25 

 
Antioxidant enzymes activities: 
 

Data recorded in (Table 5) illustrate the effect of the interaction between drought stress and 
trehalose foliar treatment on various antioxidant enzymes activities in cowpea. Moderate or severe 
drought stress (75% FC and 50% FC) caused significant increases in catalase (CAT), super oxide 
dismutase (SOD), peroxidase (POX) and ascorbate peroxidase (APX). In addition, trehalose foliar 
treatment at different concentrations 100 µM and 500 µM enhanced plant resistance by increasing 
CAT, SOD, POX and APX activities as compared with corresponding control. It is worthy to 
mention that trehalose treatment at 500µM was more effective than trehalose treatment at 100 µM 
in increasing enzyme activities of unstressed or drought stressed cowpea plants.  
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Table 5: Impact of trehalose and/or drought on the activities of antioxidant enzymes of fresh leaf 
of cowpea plants (Average of 2016 and 2017 seasons) 
Treatments SOD CAT POX APX 

Drought Trehalose 
(µM) 

µ/min/g 

95% FC 
0 36.18 52.48 13.70 6.43 

100 43.12 62.54 16.33 7.67 
500 47.86 69.42 18.12 8.51 

75% FC 
0 41.94 60.83 15.88 7.46 

100 47.96 69.56 18.16 8.52 
500 55.36 80.29 20.96 9.84 

50% FC 
0 49.88 72.35 18.89 8.87 

100 55.85 81.00 21.15 9.93 
500 61.70 89.50 23.36 10.97 

LSD at 5% 1.14 1.66 0.43 0.20 

 
Protein electrophoresis 
 

Table (6) reveals that there were 38 reproducible protein bands (total number of bands) 
distributed in 15 molecular weights. However, these bands classified only among 10 polymorphic 
bands and 5 unique bands and there were not any monomorphic bands which can connect 
treatments each with other. Firstly, in general data in Table (6) can be divided to three main groups 
(50% FC, 75% FC and 95% FC) which referred to concentrations of irrigated water and interacting 
with Trehalose (0, 100 µM and 500 µM). However, the severe drought stressed conditions 
included only 2 unique bands (29.77 and 21.12 KDa) appeared in control and disappeared in 
trehalose treatments. On the other hand, there were 2 monomorphic (common bands) at 26.83 and 
15.00 KDa. Moreover, there were 2 polymorphic bands assignable between 100 µM and 500 µM 
trehalose treatments at 28.97 and 20.33 KDa respectively that referred to the effect of trehalose 
treatments.  
 
Table 6: Impact of trehalose and/or drought on proteins fractionation of fresh leaf of cowpea 

plants (Average of 2016 and 2017 seasons) 

M 
50% FC 75% FC 95% FC 

0 100 µM 
500 
µM 

0 
100 
µM 

500 
µM 

0 
100 
µM 

500 
µM 

39.09 - - - - - - - - + 
36.83 + + + + - - - + - 
35.94 - - - - + - - - + 
34.77 - - - - - + - - - 
34.39 - - - - - - -   - 
34.21 - - - - - - + - - 
29.77 + - - - - - - - + 
28.97 - + + - + + - - - 
28.59 - - - + - - + + - 
21.12 + - - - - - - - - 
20.33 - + + + - - - - - 
19.81 - - - - + + + - - 
18.58 - - - - - - - + + 
15.00 + + + + + + - - - 
14.24 - - - - - - + + + 
Total 4 4 4 4 4 4 4 5 5 

 
 



Middle East J. Agric. Res., 7(3): 782-800, 2018 
ISSN: 2077-4605 

789 

 
Fig. 1: SDS- PAGE for the effect of interaction between trehalose and drought on protein bands of 

cowpea.  
M: Marker, A:  50% FC (sever), B:  75% FC (moderate), C: 95% FC(unstressed). 
1, 2 and 3:  0, 100 µM and 500 µM trehalose, respectively. 

 
Moderate drought stress (75% FC) can be illustrated as previous in severe drought stress 

(50% FC) except that it contained more differences and variances in protein pattern under different 
trehalose concentrations. However, there was only one common band (15 KDa) , and 2 
polymorphic bands (28.97 and 19.81 KDa) appeared in 100 µM and 500 µM trehalose treatments 
and disappeared in corresponding control. Moreover, there was more difference between trehalose 
concentrations under this treatment (moderate drought stress (75% FC) and these differences 
translated as unique bands (5 bands) distributed as follow: 3 bands in control of moderate drought 
stress at (36.83, 28.59and 20.33 KDa), 1 band (35.94 KDa) in 100 µM trehalose treatments and 
another 1 band in 500 µM trehalose treatments at (34.77 KDa). 

Under unstressed conditions, there was only one common band (14.24 KDa), 2 polymorphic 
bands: (28.59 KDa) assignable between control unstressed plant and 100 µM trehalose treatment 
and (18.58 KDa) between 100 µM and 500 µM trehalose treatments. This group had a large 
amount of variability that translated and appeared as unique bands (7 bands): 2 bands with control 
unstressed plant (34.21 and 19.81 KDa), 2 bands with 100 µM trehalose treatment (36.83 and 
34.39 KDa), and 3 bands with 500 µM trehalose treatments (39.09, 35.94 and 29.77 KDa).  
On the other side, the comparison between previous groups, the results showed that the 5 unique 
bands in the table appeared in control of sever drought stressed control (21.12 KDa), 500 µM 
trehalose treatment (34.77 KDa), control of unstressed plants (34.21 KDa), 100 µM trehalose 
treatment (34.39 KDa) and 500 µM trehalose treatment (39.09 KDa). These unique bands can be 
used as a marker for each treatment and this consult to the effect of the concentration of both level 
of drought stress and trehalose on gene action of cowpea plants by activation some genes to 
translate to proteins that found under different concentrations of both water and trehalose.  
As an effect of irrigated water concentrations on protein electrophoresis, there was only one band 
(15 KDa) was assignable in sever and drought stressed conditions under all trehalose 
concentrations, moreover it exactly disappeared in unstressed conditions.  Also, there were 
unequalled bands that characterizing one treatment than other, i.e,  unstressed plants had a band at 
molecular weight 14.24 KDa  that do not appeared in drought stressed plants, and this explain the 
role of drought on gene action and appearance of new protein. 
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Seed yield and its components 
 

Table 7 indicates that drought stress at 75%FC and 50% FC significantly decreased seed 
yield/plant relative to control unstressed plants. The decreases in seed yield /plant were 30.7% and 
40.2% due to drought stress at 75% FC and 50% FC respectively relative to control plants. 

Regarding trehalose effect, Table 7 shows that all trehalose treatments caused significant 
increases in cowpea seed yield, either in unstressed or drought stressed plants irrigated with 75% 
FC or 50% FC relative to corresponding controls. It is clear that, utilizing 500 µM trehalose was 
the most effective treatment for alleviating the harmful effects of moderate or severe drought 
stress. The increases in seed yield/plant due to 500 µM trehalose were 37%; 12.84% and 10.03% at 
95% FC; 75% FC and 50% FC respectively relative to corresponding controls. In other words, 
these results indicate that 500 µM trehalose had more effective role in increasing seed yield/plant 
under moderate drought stressed conditions than severe drought stressed conditions. 
 
Table 7: Impact of trehalose and/or drought on cowpea seed yield and yield components (Average 

of 2016 and 2017 seasons) 
Treatments Pods 

number/plant 
Pods 

weight/plant(g) 
Seeds 

number/plant 
Seeds 

weight/plant(g) Drought Trehalose 
(µM) 

95% FC 
0 15.30 12.41 50 10.0 

100 17.00 14.94 65 12.50 
500 19.00 16.00 70 13.70 

75% FC 
0 12.00 8.38 44 6.93 

100 12.00 9.39 47 7.51 
500 12.00 9.80 48 7.82 

50% FC 
0 10.00 7.80 38 5.98 

100 11.00 7.87 38 6.06 
500 12.00 8.02 39 6.58 

LSD at 5% 0.18 0.081 0.54 0.15 

 
Discussion 
 
Vegetative growth parameters 
 

Plant physiological and metabolic processes influenced adversly by drought stress. 
(Hasanuzzaman et al., 2012). In addition, Mahmood et al. (2012); Alam et al. (2014) stated that 
drought could be decrease shoot water contents, inhibit cell expansion and cell division as well as 
growth of plants. The shoot length decrement in response to drought stress might be due to 
reduction in cell elongation, cell turgor, cell volume and eventually cell growth (Banon et al., 
2006). Furthermore, Dawood and Sadak (2014) reported that decreasing water holing capacity 
caused reduction in both fresh and dry weights of canola shoots and referred these decreases to 
disorders induced by stress and generation of reactive oxygen species (ROS). 

On the other hand, it has been found that exogenous application of osmoregulators resulted 
in stronger stems and roots and improved branching due to increasing water use efficiency (Naidu, 
1995). Growth reduction due to drought stress was restored by trehalose treatments by improving 
water status of plant tissues, RWC percentage, fresh weight and dry weight of different plants 
(Duman et al., 2010; Ali and Ashraf, 2011; Alam et al., 2014; Sadak, 2016).  Recently,Ahmed et 
al. (2016) added that the improvement of growth due to application of trehalose combined with 
drought may be due to metabolization of T6P to usable sugars. Hence, trehalose application could 
improve plant growth and alleviate the harmful effects of drought stress on plant. 
 
Photosynthetic pigments:  
 

One of the most sensitive processes to drought stress is photosynthesis (Chaves et al., 2009), 
where plant photosynthetic efficiency reduced and stomatal conductance, inhibition in RuBisCo 
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activity as response to drought (Rapacz et al., 2010); moreover, drought caused reduction in 
chlorophyll content and causing leaf senescence (Yang et al., 2001). Numerous studies reported 
that inhibition of photosynthesis due to drought was attributed to damages of photosynthetic 
apparatus that lead to decrease in photosynthetic carbon assimilation (Din et al., 2011) and 
decrease in photosynthetic pigments due to oxidation of pigments and impaired pigment 
biosynthesis (Pandey et al., 2012;  Alam et al., 2014). 

Meanwhile, stimulatory effect of trehalose treatment on photosynthetic pigments might be 
due to the role of trehalose in stabilizating macromolecules (membrane lipids and proteins) and 
biological structures thereby helping to maintain photosynthesis under stress (Crowe et al., 1992). 
Lunn et al. (2014) reported that trehalose may cause regulation of carbon metabolism and 
photosynthesis process. Sadak (2016) added that photosynthetic pigments of fenugreek plant under 
drought stressed conditions has been enhanced using trehalose by up-regulating photosynthetic 
process and water relation attributes as well as antioxidant defense mechanism. 

  
Endogenous indole acetic acid  
 

Drought caused changes in various physiological and biochemical processes including 
changes in the levels of endogenous phytohormones. It was reported that drought stress resulted in 
decrease in IAA content in canola leaves (Dawood and Sadak, 2014). These decreases may be due 
to increase the destruction of IAA by increasing the activity of IAA oxidase (Bano and Samina, 
2010). Whereas, trehalose treatments could help in facing the drought stress via manipulating the 
level of phytohormones as mentioned by Ahmed et al. (2016). Delorge et al. (2014) reported that 
T6P and/or trehalose or their biosynthetic enzymes are participating in a complex network with 
other crucial plant hormones to improve plant growth and development under stress conditions. 

 
Compatible solutes 
 

By adjusting cells and tissues water content, osmotic adjustment helps in turgor maintenance 
(Chen and Murata, 2002). So, in the case of water deficiency, the cell will maintain water 
absorption and cell turgor, if the accumulation of osmolytes is sufficient to decrease cell osmotic 
potential (Farooq et al., 2016). 

 
Trehalose 
 

Trehalose application and/or drought stress resulted in increasing endogenous trehalose 
levels relative to corresponding controls (Table 3). One of the adaptive mechanisms to deal with 
drought is to maintain turgor pressure by the production of osmolytes, such as trehalose that 
provide secondary protective effects (Ford, 1984). Moreover, Chen and Murata (2002); Ahmed et 
al. (2016) stated that external application of trehalose caused increases or at least maintaining the 
level of endogenous trehalose. 

 
Soluble sugars 
 

Su and Wu (2004) reported that, there was a direct relationship between accumulation of 
soluble sugars and tolerance, stability of performance under stress. Elevated sugar levels in drought 
stressed plants may contribute to the turgor maintenance and stabilization of cellular membranes 
(Hosseini et al., 2014). The accumulation of soluble carbohydrates in plants has been widely 
reported as a response to stress despite a significant decrease in net CO2 assimilation rate 
(Murakeozy et al., 2003). Moreover, Siringam et al., (2011) decided that increasing total soluble 
sugars in rice shoots may be function to prevent loss of water from plant cells during salt stress by 
adjustment osmotic. 
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Proline and free amino acids 
 

Proline has high hydrophilic characteristics, so, it plays as an osmoticum. In addition, it has 
compatible actions in cell cytoplasm without interfering with cellular structure and metabolism. 
During drought, proline can act as a signalling molecule; modulate mitochondrial function and 
influence cell proliferation by triggering specific genes, which otherwise are essential for a 
particular plant to recover from stress (Szabados and Savoure, 2009). Accumulation of proline 
helps to maintain membrane integrity by reducing lipid oxidation through scavenging free radicals 
and protecting cellular redox potential (Ashraf and Foolad, 2007). Also, proline improves drought 
tolerance by up regulating stress-protective proteins (Khedr et al., 2003) and reducing oxidation of 
lipid membranes (Demiral and Turkan, 2004). Proline accumulation may cause an enhancement 
for activity of proline synthesizing enzymes and subsequent decrease in catabolizing ones 
(Alqarawi et al., 2014). An increase in free amino acid in drought stressed plants could be due to 
increased degradation of protein in higher plants (Rajaravindran and  Natarajan, 2012).  

Regarding trehalose effect, Zeid (2009) stated that pre-soaking maize grains (Giza 2) with 
10 mM trehalose alleviated the adverse effects of salinity stress on the metabolic activity of maize 
seedlings through increasing photosynthetic pigments, nucleic acids content and organic solutes 
e.g., sugars, soluble proteins and proline content. Moreover, Ibrahim and Abdellatif (2016) stated 
that trehalose treatment (10 mM) induced water stress tolerance in wheat plants via increasing total 
soluble sugar,proline and free amino acids. 

 
Phenolic contents 
 

In response to drought stress, different physiological and biochemical mechanisms have 
been developed in plants to adapt or tolerate stress. Drought induced disturbances in the metabolic 
process leading to the increase in the synthesis of phenolic compounds. Phenolic compounds play 
an important role as antioxidants in scavenging free radicals arising from their high reactivity as 
hydrogen or electron donors, to stabilize and delocalize the unpaired electron (chain-breaking 
function), and from their ability to chelate transition metal ions (Huang et al., 2005). These 
metabolites may participate in reactive oxygen species (ROS) scavenging mainly through the 
antioxidative enzymes utilizing polyphenols as co-substrates (Sgherri et al., 2003). Another 
mechanism underlying the antioxidative properties of phenolic compounds is the ability of 
phenolic compound to decrease membrane fluidity (Gaballah et al., 2006). 

The Beneficial effects of trehalose may result from its signaling function, through the 
induction of different metabolic pathways and stimulate the production of various substances, 
preferably operating under stress and enhancing their antioxidant defense system (Alam et al., 
2014). Exogenous trehalose application was effective in reducing oxidative stress of other plants in 
different abiotic stresses (Nounjan et al., 2012; Ma et al., 2013). In addition, spraying trehalose 
(30mM) on the maize leaves caused increases in antioxidant activity that reflected by a higher level 
of flavonoids under drought (Ali et al.,2012). Generally, increase in phenolic and flavonoid 
compounds by trehalose treatments may be attributed to the role of trehalose as a signaling 
molecule which induces plants to activate the synthesis of non-enzymatic antioxidants for 
scavenging ROS to reduce the harmful effect of water stress (Ibrahim and  Abdellatif, 2016). 

 
Carbohydrates constituents:
 

Stress conditions do not necessarily lead to carbon depletion and can even increase internal 
carbon availability. For example, photosynthesis is very resilient to soil water deficits, whereas 
growth is extremely sensitive and is inhibited rapidly by drought conditions. This is may be led to 
some increases in carbohydrate contents during moderate drought stress (Hummel et al., 2010; 
Muller et al., 2011). 

Starch is an important component of plant tissues and accumulates in leaves as a temporary 
reserve form of carbon and is the principal component of dry mass accumulated in mature leaves, 
hence the accumulation of starch may be seen as the protective mechanism during plant growth 
and development (Mishra and Prakash, 2010).  
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Our results are in agreement with those obtained by Bae et al. (2005) who reported that 
starch was 3-fold greater in the trehalose treated samples than in the control of Arabidopsis 
thaliana seedlings. Exogenous application of trehalose induces accumulation of starch in 
Arabidopsis, by increasing the activity of ADP-glucose pyrophosphorylase, a major enzyme 
controlling starch synthesis (Wingler et al., 2000) and also by inhibition of starch degradation 
(Ramon et al., 2007). Trehalose may have an indirect effect on carbohydrate metabolism by 
interfering with photosynthetic capacity and utilization of other sugars (Ranwala and Miller, 2009). 
Ahmed et al. (2013) demonstrates that accumulation of trehalose in wheat plant has considerable 
potential for raising sucrose and starch contents in shoots. Trehalose may play an important role in 
regulating carbohydrate allocation in plants during development under drought stress (Eastmond 
and Graham, 2003). Raising trehalose level in the plant tissues was accompanied by increase in the 
sucrose content and starch content of the shoot (Ahmed et al., 2013). 
 
Antioxidant enzymes activities: 
 

Antioxidant defense system has a beneficial role for enhancing plant performance and 
mitigating the effects of biotic and abiotic stresses by overcoming the toxic effects of active 
oxygen species and enhancement their tolerance to stresses(Singh et al., 2010). So, many changes 
have been detected in the activities of antioxidant enzymes in plants under stress (Mahatma et al., 
2009). Enzymatic antioxidants include superoxide dismutase (SOD), catalase (CAT), ascorbate 
peroxidase (APX), and peroxidase (POD) that responsible for ROS-scavenging. SOD acts as a first 
line of defence via detoxification of superoxide radicals to hydrogen peroxide (H2O2) which can be 
scavenged by catalase (CAT) and different classes of peroxidases and ascorbate peroxidase thereby 
preventing oxidative damage (Noctor et al., 2000). APX – a key enzyme in the glutathione 
ascorbate pathway that helps to regenerate NADP+ and converts H2O2 to water (Jimenez et al., 
1998). In addition, POD is one of the major systems for the enzymatic removal of H2O2 efficiency 
in plants (Srivastava et al., 2010). Studies on oxidative stress showed that these antioxidants may 
be higher during the recovery than during the stress period, as observed in pea (Mittler and 
Zilinskas, 1994). Increasing ascorbate peroxidase and catalase activities increased resistance 
against harmful free radicals under stress conditions (Jin et al., 2006). The same results were 
obtained by Pompelli et al. (2010) who reported that peroxidase activity was increased in response 
to drought stress. Higher increments in the activities of SOD, APX, and POX were also recorded in 
resistant varieties of horse gram and common bean under drought stress (Saglam et al., 2011; 
Bhardwaj and Yadav, 2012).  

Moreover, treatment plants with trehalose improved stress resistance by increasing CAT, 
SOD, POX and APX activities as compared with corresponding controls (Aldesuquy and Ghanem, 
2015). Trehalose treatment appeared to be the most effective treatment in counteracting the 
negative effects of water stress on wheat plants, since, trehalose acts as a direct and indirect 
scavenger of ROS (Stolker, 2010). Trehalose has been proposed to be a signaling molecule under 
abiotic stresses (Fernandez et al., 2010) which induce plants to speed up their rate of ROS 
production that sends signal to activate enzymatic antioxidants for ROS scavenging in order to 
counteract stress-associated oxidative stress.  Previous studies prove the roles of exogenous 
trehalose in modulating SOD activity under abiotic stress conditions (Duman et al., 2010; Ali and 
Ashraf, 2011; Nounjan et al., 2012). CAT is one of the most important enzymes of antioxidant 
system having the highest turnover rates among all enzymes (Garg and Manchanda, 2009). Several 
findings are corroborated to our study where CAT activity was increased by exogenous trehalose 
under water stress in Zea mays (Ali and Ashraf, 2011). Exogenous application of trehalose 
enhanced APX activity under salt stress in Oryza sativa (yang et al. (2014). The exogenous 
application of trehalose appeared to mitigate the damage effect of drought with different magnitude 
through stimulation of the enzymatic and non- enzymatic antioxidants (Ali and Ashraf, 2011; 
Aldesuquy and Ghanem, 2015). 

Here, we can say that both trehalose treatments increased drought tolerance of cowpea plants 
by enhancement antioxidant system i.e phenolic compound as non enzymztic antioxidant and 
activities of some antioxidant enzymes. 
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Protein electrophoresis 
 

Protein electrophoresis can be used to determine and evaluate the effect of various 
treatments and stresses on specific crop. Data illustrated that the drought stress leads to reduction 
in protein patterns and subsequently in gene expression that translated to proteins. In addition, 
there were 3 bands (34.21, 19.81 and 14.24 KDa) found in control unstressed plants and 
disappeared by drought and this result emphasizes that the irrigation water deficiency didn’t affect 
only on protein patterns but affected on all characters of cowpea cultivars (Azmirly and Cream 7) 
Nassef et al. (2017). In addition, Jalal et al. (2012) studied the effect of water stress on protein 
electrophoresis pattering band of (Plectranthus tenuiflorus) plants and decided that there were 
induction of new bands (proteins) and reduction other ones. 

Regarding effect of trehalose treatments i.e.  Molecular weight 28.97 KDa was found as a 
concerted band between trehalose treatments (100 µM or 500 µM ) under moderate and severe 
drought stress (75% FC and 50% FC)  This is explained the effect of different trehalose 
concentrations on gene action of cowpea plants and appearance of new protein. Moreover, 
appearance of unique bands consider the ideal evidence for the molecular effect of using trehalose 
at two concentrations and under two levels of drought as appearance and disappearance of bands 
that consult to gene action or gene expression to translate finally to protein. 

 
Seed yield and its components  
 

It is worthy to mention that growth conditions of plant which markedly affected by water 
availability is consider the main factor controlled in plant yields, so, biomass of plant, yield and its 
component in legumes were reduced by moderate to severe drought (Demirtas et al., 2010; 
Baroowa and Gogoi 2013; Ghassemi-Golezani et al., 2013). Moreover, genotypic variability, plant 
development stage, intensity and duration of the stress are determining factors of this reduction 
magnitude. There were negative effects of drought stress especially during flowering and pod 
filling, where,  flower development, pollination, pod setting and grain filling were affected and 
leading to decrement pods number per plant, reduced seed weight and subsequently low seed yield 
(Boyer and McPherson, 1975). 

Regarding the stimulatory effect of trehalose on seed yield, Chrominski et al. (1989) found 
that osmoregulators decreased fruit abscission due to its role in reducing ethylene production, 
leading to increase fruits and seeds number per sliquie and consequently increased seed yield per 
plant. Moreover, application of osmoregulators may be enhancing photosynthetic pigments, 
leading to enhanced dry matter accumulation and increased seed yield (Umar and Bansal, 1995).  

 
Conclusion 
 

It could be concluded that trehalose treatments (100 µM or 500 µM) had pronounce effect in 
alleviating the harmful effect of moderate and severe drought stress (75% field capacity and 50% 
field capacity) on cowpea plant and enhanced its drought tolerance. It is worthy to mention that, 
trehalose treatment at 500 µM was the most promising treatments either in unstressed or drought 
stressed plants. 
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