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ABSTRACT 
 

The present study was carried out during the two successive summer growing seasons of 2015 
and 2016 in a greenhouse of the Agricultural Botany Department at Faculty of agriculture, Zagazig 
University, Sharkia Governorate, Egypt. It aims to investigate the effect of three water salinity levels ( 
ECw 0.70, 3.15 and 6.30 dSm-1), exogenous application of 1 g/L trehalose (Tre) and 2 g/L sodium 
nitroprusside (SNP) and their  interaction on some morphological  and physiological traits as well as 
anatomical structure of the stem and leaflet of cowpea plants (Vigna unguiculata L. Walp.) cv. Doky 
331. The results showed that, all studied morphological growth criteria of cowpea plants significantly 
decreased under salinity stress. Significant decrement in photosynthetic pigments, nitrogen, crude 
protein, phosphorus, potassium and proline content in leaves were  observed  due to salinity stress 
treatments compared with untreated plants (tap water, ECw 0.70 dSm-1). In reverse the salinity stress 
significantly increased the total phenols in leaves. It is also clear that the yield and its components were 
significantly decreased by salinity stress compared with plants irrigated with tap water. Concerning the 
interactions between both Tre at 1 g/L and SNP at 2 g/L improved and overcome the adverse effects of 
salinity stress on the abovementioned characters (morphological, photosynthetic pigments, nitrogen, 
crude protein, phosphorus, potassium and proline content as well as yield and its components). 
Furthermore, Tre was more effective than SNP.Irrigation cowpea plants by diluted sea water salinity 
level (ECw, 6.30 dSm-1) had considerable decrements in anatomical dimensions of cowpea plant stem 
and leaf. Treating cowpea plants with trehalose application at 1g/L increased all anatomical dimensions 
under salinity stress or normal conditions. 
 
Key words: Cowpea plants, trehalose, sodium nitroprusside, sea water salinity, biochemical analysis, 

stem and leaf anatomy. 

 
Introduction 
 

Cowpea (Vigna unguiculata L.Walp.) is one of the most important and popular leguminous 
vegetable crops. It an important seed legume crop used as food crop for human and as fodder crop for 
livestock (Zahedi et al., 2012). It is considered one of the most vegetable legumes. The pods were 
harvested either at green pods stage for fresh market or at mature stage for dry seeds. The protein in 
cowpea seeds is rich in lysine and tryptophan amino acids compared to cereal grains.  

Salinity is one of the most severe factors limiting growth, physiological characters and 
development of plants. It negatively affects on crop production in arid and semi arid region of the world. 
In addition, salinity reduces the ability of plants to take up water, leading to growth reduction as well 
as metabolic processes similar to those caused by the water stress (Munns, 2002). Salinity induces 
osmotic stress (low soil water potential, Na+ and Cl– ion toxicity and oxidative stress). To counteract 
the reactive oxygen species (ROS), plants generate antioxidant enzymatic, i.e. peroxidase (POX), 
superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT) (Sairam and Tyagi, 
2004).  

Trehalose (Tre) is a disaccharide composed of glucose, differing from the dietary sugar known 
as maltose which is also comprised of two glucose molecules due to differing bonds. It has been 
investigated for a variety of therapeutic purposes due to its ability to induce apoptosis (controlled 
cellular death) via an atypical mechanism, and in these therapeutic settings using trehalose injections it 
appears to be effective. 



Middle East J. Agric. Res., 5(4): 672-686, 2016 
ISSN 2077-4605 

673 

Several types of chemicals including compatible solutes such as Tre was successfully used to 
enhance the plants’ ability to counteract a biotic stresses in several plants (Djilianov et al., 2005). Tre 
can accumulate in response to a biotic stresses in several plants. It act as a stabilizer, serves as an energy 
source, an osmolyte or a protector for protein and membrane structure (Iordachescu and Imai, 2008).  

 Sodium nitroprusside (SNP) is used as a releasing compound of nitric oxide (NO donor). It can 
protect plant under oxidative stresses and maintain chlorophyll (Raskin, 1992). Nitric oxide plays an 
important role in different physiological processes that acts like a signal molecule in plant growth and 
development, respiratory metabolism, cell death and ion leakage (Lamotto et al., 2005). Nitric oxide 
can also mediate plant growth regulators and ROS metabolism which is involved in signal transduction 
and responses to biotic and a biotic stress such as salt stress (Fan et al., 2007). 

Leaf blade anatomical characters decreased with increasing salinity levels (Khafagy et al., 2009). 
Applied trehalose was effective in increasing leaf epidermis thickness, vascular bundle area, 

midrib thickness, and number of vascular bundles of radish (Raphanus sativus L.) plants under water 
stress and nonstress conditions (Akram et al., 2016). 

Present study aimed to evaluate the impact of foliar application with trehalose  and sodium 
nitroprusside  on some morphological criteria, photosynthetic pigments, porline content, total phenols, 
N, P and K concentration, yield and its component as well as anatomical structure in the stem and leaf 
cowpea plants (Vigna unguiculata L. Walp.) under  water salinity stress conditions. 

   
Materials and Methods 
 

This experiment was carried out during the two successive summer growing seasons of 2015 and 
2016 in greenhouse of the Agricultural Botany Department, Faculty of Agriculture, Zagazig University, 
Sharkia Governorate, Egypt. It aims to investigate the effect of three water salinity levels, exogenous 
application  of  trehalose (Tre)  at 1g/L, sodium nitroprusside (SNP)  at 2g/L and their  interactions on 
some morphological criteria, photosynthetic pigments, porline content, total phenols, yield and its 
component as well as anatomical structure in the stem and leaf of cowpea plants (Vigna unguiculata L. 
Walp.)  cv. Doky 331.  

This experiment included nine treatments, which were the combinations between three water 
salinity levels and exogenous application, i.e., trehalose (Tre) at 1 g/L, sodium nitroprusside (SNP) at 
2 g/L and distelled water, distributed in split plot design with six replicates, where sea water salinity 
distributed in the main plots, while exogenous application treatments were randomly arranged in the 
sub-plots.   

The three water salinity levels were tap water, ECw 0.70 dSm-1 beside two sea water salinity 
levels which obtained from Balteem branch and diluted with tap water in a plastic tank to reach the 
required levels of (ECw 3.15 and 6.30 dSm-1).  
The nine applied treatments were as follow:  
1. Irrigation with tap water, ECw 0.70 dSm-1 and spraying with distilled water (control), 
2. Irrigation with tap water, ECw 0.70dSm-1 and spraying with Tre.  at 1 g/L, 
3. Irrigation with tap water, ECw 0.70dSm-1 and spraying with SNP at 2 g/L,  
4. Irrigation with diluted sea water, ECw 3.15 dSm-1 and spraying with distilled water, 
5. Irrigation with diluted sea water, ECw 3.15 dSm-1 and spraying with Tre.  at 1 g/L, 
6. Irrigation with diluted sea water, ECw 3.15 dSm-1 and spraying with SNP at 2 g/L, 
7. Irrigation with diluted sea water, ECw 6.30 dSm-1 and spraying with distilled water, 
8. Irrigation with diluted sea water, ECw 6.30 dSm-1 and spraying with Tre.  at 1 g/L, 
9. Irrigation with diluted sea water, ECw 6.30 dSm-1 and spraying with SNP at 2 g/L, 
 
Plant materials 

 Cowpea seeds (Vigna unguiculata L. Walp.) cv. Doky 331 was obtained from Horticultural 
Research Institute, Agriculture Research Center, Giza, Egypt. 
 
Chemicals  

Trehalose (Tre) C12 H22 O11 and Sodium nitroprusside (SNP) Na2 {Fe (CN)5 No} were obtained 
from Sigma chemical Co. USA 

http://www.tandfonline.com/author/Akram%2C+Nudrat+Aisha
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Seeds were sown  on the 20th of March in both season (2015 and 2016) in plastic pots (35 cm 
in depth and 28cm in diameter) filled with 15kg air dried clay soil. Eight seeds/pot for at equal distances 
and depth were sown.  Plants in each pot were irrigated by tap water till full germination and then they 
irrigated with various levels of   salinity, irrigation water added volume was determined by the pot 
weight.  Plants in each pot were thinned leaving three per pot.  

In both seasons, foliar application of trehalose as well as sodium  nitroprusside 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.  

 
Data recorded 

 A random sample of 6 plants from each treatment was randomly taken at 55 days after sowing  
at flowering stage in both seasons of study and the following data were recorded: 

  
Morphological characters:  

Plant height (cm), number of  both leaves and branches/plant as well as average of one leaf area 
(cm2) were recorded.  

 
Leaf Photosynthetic Pigments: 

Disk samples from the fourth upper leaf were taken at 55 days after sowing to determine 
chlorophyll a, b and total chlorophyll (a+b) as well as carotenoids contents according to the method 
described by Wettestein (1957) then calculated as mg/g fresh weight.  

 

Chemical constituents:    
 

Macroelements and protein content: 
Nitrogen, phosphorous and potassium concentrations were determined in cowpea dried leaves 

(70ºC till constant weight) according to AOAC (2002). Crude protein was calculated based on total N 
multiplying by 6.25. 

 
 Proline content: 

It was determined in fresh leaves of cowpea using the method of Bates et al. (1973).  
 

Total phenols content: 
Total phenols were determined in cowpea fresh leaves using the colorimetric method as described 

by Snell and Snell (1953). 
 

Yield and its components: 
At harvest stage, the mean values of dry yield and its components (for each treatment), i.e., 

number of seeds/ pod, number of pods/plant, weight of seeds/pod (g),  weight of seeds /plant (g) and100 
seed weight (g) were determined.  

 
Anatomical study  

According to the morphological and physiological measurement data of cowpea plants in the first 
season (2015) it was found that the best treatment in this regard was trehalose as foliar application. Thus 
for anatomical studies, specimens from plants representing trehalose treatments were collected after 55 
days from sowing during the second season (2016) and subjected to microtechniqe practices given by 
Willey (1971) at Agricultural Botany Dept. Laboratory, Fac. Agric., Zagazig Univ., Zagazig, Egypt. 
Specimens from various treatments of cowpea plants were taken from middle part of the fourth upper 
internode of the main stem as well as from the terminal leaflet of the corresponding leaf. These 
specimens (1 cm long) were killed and fixed at least for 24 h in FAA solution (10 ml formalin, 5 ml 
glacial acetic acid and 85 ml ethyl alcohol 70%). After fixation they were washed and dehydrated in 
ascending concentration series of ethyl alcohol then transferred to absolute alcohol before being 
embedded in paraffin wax (melting point 52-54ºC). Transverse sections were cut using a rotary 
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microtome (EPMA) to a thickness of 14 microns. Paraffin ribbons were mounted on slides and sections 
were clarified in pure xylole for 10-20 min before transferring to absolute alcohol, stained with 
safranin/light green. Sections were mounted in Canada balsam. Selected sections were examined 
microscopically and photomicrographed using light microscope (Olympus) provided with digital 
camera, (Canon power shot S80) connected to a computer. The photographs were taken by Zoom 
Browser Ex program. Dimensions of stems and leaves were measured by using Corel Draw program 
ver.11.     

    
Statistical analysis:  

The obtained results were statistically analyzed. The difference between means was tested using 
Duncan's multiple range test according to Snedecor and Cochran (1990) using COSTAT6311 computer 
programs (2005).  
 
Results and Discussion 
  
Morphological characters: 
 

Results in Table 1 showed that all investigated growth traits of cowpea plants (plant height, 
number of leaves/plant, number of branches/plant and average of one leaf area) were significantly 
decreased with increasing the used water salinity level, especially when  irrigation plants with the high 
salinity level (ECw 6.30 dSm-1)as compared to control plants.  
 
Table 1: Effect of water salinity levels, foliar spray with trehalose (Tre) and sodium nitroprusside (SNP) and their 

interactions on morphological characters of cowpea plants during 2015 and 2016 seasons (average of the 
two seasons) 

Treatments 

Morphological characters 

Plant 
height(cm) 

No. of 
leaves/ 
plant 

No. of 
branches/ 

plant 

Average of 
one leaf 

area(cm2) 
                                                   Effect of water salinity 

ECw 0.70 dSm-1 (tap water  ) 75.89 19.11 9.56 41.08 
ECw 3.15 dSm-1 47.11 12.22 6.44 22.39 
ECw 6.30 dSm-1 32.33 6.56 3.44 15.47 

L.S.D. (0.05) 8.57 1.53 1.18 3.37 
                                                 Effect of foliar spray 

Distilled water 44.89 10.89 5.22 21.97 
Tre 1g/L 59.83 14.44 7.67 31.43 

SNP 2 g/L 51.56 12.33 6.44 25.17 
L.S.D. (0.05) 3.36 1.69 0.84 3.35 

Water salinity Foliar spray Effect of interaction 

ECw 0.70 dSm-1 
(tap water  ) 

 

Distilled water 65.67 17.33 7.67 33.07 
Tre 1g/L 89.17 21.33 11.67 50.99 
SNP 2 g/L 72.83 18.67 9.33 39.19 

ECw 3.15      
dSm-1 

Distilled water 40.33 10.67 5.67 19.15 
Tre 1g/L 53.83 13.67 7.00 25.97 
SNP 2 g/L 47.17 12.33 6.67 22.04 

ECw 6.30 dSm-1 
Distilled water 28.67 4.67 2.33 13.70 
Tre 1g/L 36.50 8.33 4.33 17.32 
SNP 2 g/L 31.83 6.67 3.67 15.38 

L.S.D. (0.05) 9.75 2.83 1.66 5.78 
         ECw: electrical conductivity of water 

 

The reduction in growth characters may be due to the demoralize of cell division and reductive rate of 
cell elongation (Ahanger et al., 2014). In addition Townsend (1980) suggested that the reduction in 
growth parameters under the salinity stress might be due to osmotic inhibitions of water absorption. 
Also, Gomez et al. (1998) found that salt stress increased levels of abscisic acid (ABA) in roots and 
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leaves. Presnted results are in accordance with those obtained by Hashem et al. (2015) who stated that 
cowpea plants subjugated to salinity showed reduction in morphological parameters. 

Results in Table 1 show that plant height, number of  leaves/plant, number of branches/plant 
and average of one leaf area were significantly increased  with exogenous application of both trehalose 
and sodium nitroprusside and gave the highest values, especially with  trehalose followed by sodium 
nitroprusside compared to corresponding control plants (distilled water).  Nitric oxide (NO) is as mall 
and lipophilic gas and a bioactive molecule that plays an important role in different physiological 
processes and acts like a signal molecule in processes such as growth and development (Lamotto et al., 
2005). 

As for the effect of the interaction between salinity stress levels and exogenous application of 
both trehalose and sodium nitroprusside, it was found that these treatments increased all studied growth 
characters. Trehalose proved to be more effective than sodium nitroprusside to reduce the harmful effect  
of salinity. Generally, trehalose and sodium nitroprusside counteracted the harmful effects of salinity 
on the aforementioned studied morphological characters. These results are in accordance with those 
found by  Yang et al. (2014) they concluded  that exogenous application of trehalose had considerable 
potential to release salt-induced restriction on both vegetative and reproductive growth under over salt 
condition. Also, Zeid (2009) showed that pre-soaking with 10 mM trehalose induced enhancement 
effect on  morphological parameters of salt-stressed and unstressed plants. 

 
Photosynthetic pigments: 
 

Data in Table 2 revealed that  significant differences  among  salinity stress levels on 
concentrations of chlorophyll a,  chlorophyll b and  total chlorophyll a+b as well as  carotenoids in 
cowpea leaves were detected. The obtained results showed that the lowest  concentrations of chlorophyll 
a, b, a+b and carotenoids were observed under salinity level (ECw 6.30 dSm-1) and reached to 1.352, 
0.379, 1.731 and 0.766 mg/g FW, respectively compared to non stressed treatment (tap water, ECw 
0.70 dSm-1)  where it reached to 2.251, 0.789, 3.040 and 1.327 mg/g FW, respectively.   

Salinity caused gradual decrease in water content of cell and hence descendant growth. 
Preserving sufficient water content is essential for several plant functions inclusive photosynthesis. 
Salinity causes handicap in de novo synthesis of proteins and chlorophyll ingredients (Ahanger et al., 
2014). Salinity stress causes a reduction in synthesis of chlorophyll pigments and alters functioning of 
pigment protein complex (Rasool et al., 2013). These results were in agreement with those reported by 
Hashem et al. (2015) who found that exposure the cowpea plants to salt stress decreased chlorophyll a, 
chlorophyll b, carotenoids and total pigment content in cowpea leaves. 

It is evident from the data in Table 2 that the effect of foliar spray with trehalose and sodium 
nitroprusside led to an increase in chlorophyll a, b, a+b and carotenoids in compassion with untreated 
plants. Trehalose was more effective than sodium nitroprusside in increasing the photosynthetic 
pigments, where it gave 1.910, 0.614, 2.523 and 1.100 mg/g FW compared to sodium nitroprusside 
which gave 1.808, 0.574, 2.382 and 1.041 mg/g FW for chlorophyll a, b, a+b and carotenoids, 
respectively. In addition, plants foliar sprayed with distilled water recorded the lowest concentrations 
(1.694, 0.526, 2.220 and 0.959 mg/g FW) of chlorophyll a, b, a+b and carotenoids, respectively. This 
results mean that trehalose and sodium nitroprusside reduced the harmful effect of salinity on 
chlorophyll a, b, a+b and carotenoids concentrations. 

These obtained results are in harmony with those obtained by  Zeid (2009) who reported that 
photosynthetic pigments were increased in response to trehalose treatment.   

It is obvious from the same data in Table 2 that the interaction between salinity stress levels 
and spraying plants with trehalose or sodium nitroprusside had a significant effect on photosynthetic 
pigments. The most effective interaction treatment was found between salinity level at ECw 0.70 dSm-

1 (tap water) and foliar spray with trehalose which recorded the highest values (2.294, 0.817, 3.112 and 
1.383 mg/g FW) of chlorophyll a, b, a+b and carotenoides, respectively. While, the lowest values 
(1.194, 0.322, 1.516 and 0.694 mg/g FW) were obtained with the highest level of salinity (ECw6.30 
dSm-1) combined with foliar spray with distilled water). The decrease in leaves pigments concentrations 
could be improved when plants foliar sprayed with trehalose or sodium nitroprusside. Obtained results 
are in a good line with those of   Lunn et al. (2014) they reported that trehalose may cause regulation 
of carbon metabolism and photosynthesis and attachment with a biotic stress tolerance. 
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Table 2: Effect of water salinity levels, foliar spray with trehalose (Tre) and sodium nitroprusside (SNP) and 
their interactions on photosynthetic pigments of cowpea plants leaves during 2015 and 2016 seasons 
(average of the two seasons) 

Treatments 
Photosynthetic pigments 

(mg/g fresh weight) 

Chl. a Chl. b Chl. a+b Cartenoids 
                                                   Effect of water salinity 

ECw 0.70dSm-1 (tap water  ) 2.251 0.789 3.040 1.327 
ECw 3.15     dSm-1 1.811 0.546 2.357 1.004 
ECw 6.30 dSm-1 1.352 0.379 1.731 0.766 

L.S.D. (0.05) 0.053 0.020 0.063 0.019 
                                                Effect of foliar spray 

Distilled water 1.694 0.526 2.220 0.959 
Tre 1g/L 1.910 0.614 2.523 1.100 

SNP 2 g/L 1.808 0.574 2.382 1.041 
L.S.D. (0.05) 0.039 0.012 0.037 0.011 

Water salinity Foliar spray Effect of interaction 
ECw 0.70 dSm-1 

(tap water  ) 
 

Distilled water 2.180 0.757 2.936 1.271 
Tre 1g/L 2.294 0.817 3.112 1.383 
SNP 2 g/L 2.279 0.794 3.072 1.328 

ECw 3.15      
dSm-1 

Distilled water 1.708 0.499 2.207 0.911 
Tre 1g/L 1.936 0.599 2.535 1.095 
SNP 2 g/L 1.790 0.540 2.330 1.007 

ECw 6.30 dSm-1 
Distilled water 1.194 0.322 1.516 0.694 
Tre 1g/L 1.498 0.424 1.923 0.822 
SNP 2 g/L 1.365 0.391 1.755 0.783 

L.S.D. (0.05) 0.076 0.026 0.081 0.025 
        ECw: electrical conductivity of water 

 
Chemical constituents: 
 

Results presented in Table 3 indicated that N, P, K and crude protein content were gradually 
decreased with increasing sea water salinity level. Harinasut et al. (2000) reported that an increase in 
proline accumulation in plants subjugated to salt stress was detected.  Proline accumulation may cause 
an enhancement for activity of proline synthesizing enzymes and subsequent decrease in catabolizing 
ones. (Alqarawi et al., 2014). On cowpea Plants, Hossam et al., (2013) found that increasing salinity 
levels decreased mineral uptake compared to control, while total phenol content and praline were 
increased. Hashem et al., (2015) showed that salinity stress decreased the content of potassium and 
phosphorous in cowpea leaves. El-Sallami and Makary (2001) they stated that N, P, K and crude protein 
content were decreased while proline and total phenol content were increased with increasing salinity 
level.  

Nitrogen, potassium, phosphorous, protein and proline content of cowpea plants leaves were 
significantly increased with foliar application of trehalose and sodium nitroprusside (Table, 3). Treated 
plants with trehalose or sodium nitroprusside showed the highest values of N, P, K, protein and proline 
content, but it gave the lowest values of  total phenols in cowpea leaves.  

Trehalose acts as carbohydrate storage, energy source, osmolyte or a protector for protein 
membrane structure and associated with a biotic stress tolerance (Iordachescu and Imai, 2008 and Lunn 
et al., 2014). Trehalose or its precursor Tre-6-phosphate acts as a signaling molecule in higher plants 
and plays important roles not only in metabolic regulation but also in abiotic stress responses in a variety 
of plants (Yang et al., 2014).  

The greatest values of NPK and crude protein concentration and the lower value of total phenols 
were obtained under the combined treatment between  salinity level (ECw 0.70 dSm-1, tap water) and 
foliar application  with trehalose compared to the other treatments (Table, 3). Moreover, it is clear from 
the same data that high level of water salinity (ECw 6.30 dSm-1)  combined with foliar application with 
distilled water recorded the lowest values of NPK and crude protein content. Zeid (2009) reported that 
trehalose application increased soluble proteins and proline content. It may be ameliorate the adverse 
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effect of salinity stress through stabilization of the plasma membranes, since it decreased the rate of ion 
leakage and increased the ratio of K+/Na+ ions. 
 
Table 3: Effect of water salinity levels, foliar spray with trehalose (Tre) and sodium nitroprusside (SNP) and their 

interactions on leaves chemical constituents of cowpea plants during  2015 and 2016 seasons (average 
of the two seasons) 

Treatment 

Chemical constituents 

N % P % K % 
Crude 

protein %  

Proline 
(µmoles /g 

FW) 

Total 
phenols 

(mg/g FW) 
                                                   Effect of water salinity 

ECw 0.70 dSm-1 (tap water  ) 2.36 0.62 2.78 14.78 4.07 1.88 
ECw 3.15 dSm-1 1.79 0.51 2.34 11.21 5.52 2.63 
ECw 6.30 dSm-1 1.29 0.37 2.02 8.04 7.25 3.35 

L.S.D. (0.05) 0.09 0.56 0.005 0.04 0.01 0.03 
                                                 Effect of foliar spray 

Distilled water 1.67 0.48 2.27 10.42 5.21 2.92 
Tre 1g/L 1.96 0.53 2.50 12.26 6.06 2.36 

SNP 2 g/L 1.80 0.50 2.37 11.34 5.56 2.62 
L.S.D. (0.05) 0.06 0.37 0.006 0.06 0.03 0.10 

Water 
salinity 

Foliar spray Effect of interaction 

ECw 
0.70dSm-1 
(tap water) 

Distilled water 2.17 0.60 2.63 13.56 3.78 2.10 
Tre 1g/L 2.57 0.65 2.93 16.04 4.44 1.65 
SNP 2 g/L 2.36 0.63 2.77 14.73 4.00 1.89 

ECw 3.15      
dSm-1 

Distilled water 1.64 0.50 2.23 10.25 5.08 2.95 
Tre 1g/L 1.95 0.54 2.47 12.17 5.97 2.37 
SNP 2 g/L 1.79 0.51 2.32 11.21 5.50 2.58 

ECw 6.30 
dSm-1 

Distilled water 1.19 0.34 1.93 7.46 6.77 3.70 
Tre 1g/L 1.37 0.40 2.10 8.58 7.78 3.07 
SNP 2 g/L 1.29 0.37 2.02 8.08 7.21 3.28 

L.S.D. (0.05) 0.12 0.76 0.010 0.09 0.04 0.14 
      ECw: electrical conductivity of water 

Trehalose could help salt- stressed plant to retain higher K+ in the leaf and stem. The cellular 
redox state and soluble sugars were all found to be controlled by trehalose to improve salt tolerance. It 
is evidence that trehalose could improve plant salt tolerance and act as an elicit of biological process 
involved in plant salt stress responses (Yang et al., 2014). 
 
Yield and its components: 
 

Data in Table 4 appear that yield and its components (number of seeds/pod, number of 
pods/plant, seeds weight/pod, seeds weight /plant and weight of 100 seeds) of cowpea plants were 
significantly decreased with increasing salinity level.  The significant reduction in pods number/ plant 
could be due to substantial abscission of flowers or young pods due to ethylene induction by salinity 
stress. Moreover, the depression effect of salinity on yield may be due to decreasing the average of one 
leaf area as mentioned in Table 1, resulting in reduction in carbon assimilate supply, due to decreasing 
the net photosynthetic rate (Frederick et.al., 1989) and biomass accumulation (Sinclair et al., 1987), 
and finally seed aborted mostly in apically positioned pods (Wright et al., 1988).  

Exogenous application of both trehalose and sodium nitroprusside significantly increased yield 
and its component as compared with control plants. In addition, Trehalose application gave the best 
results in number of seeds/pod, number of pods/plant, seeds weight/pod, seeds weight /plant and weight 
of 100 seeds which reached to 6.89, 9.33, 1.19, 12.67 and 16.93, respectively compared with control 
plants (foliar with distilled water), where in control treatment these averages reached to lowest values 
5.56, 7.67, 0.95, 8.56 and 15.66, respectively.  The increase in seed yield due to osmoregulators may 
be the result of any of these reasons; increasing potassium content (Farouk, 2000) which enhancing 
photosynthetic pigments, leading to enhanced dry matter accumulation (Umar and Bansal, 1995). It has 
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been found that exogenous application of both osmoregulators lead to stronger stem and roots and 
improved branching due to increasing water use efficiency (Naidu, 1995). Moreover, Chrominski et al. 
(1989) found that osmoregulators decreased fruit abscission due to its role in reducing ethylene 
production, leading to increasing fruits and seeds number per sliquie and consequently increased seed 
yield per plant.  
 
Table 4: Effect of water salinity levels, foliar spray with trehalose (Tre) and sodium nitroprusside (SNP) and their interactions 

on yield and its components of cowpea plants during 2015 and 2016 seasons (average of the two seasons) 

Treatments 

Yield and its components 

No. of 
seeds/ pod 

No. of 
pods/ 
plant 

Weight of 
seeds/ pod 

(g) 

Weight of 
seeds/ 

plant (g) 

Weight of 
100 seeds 

(g) 

                                                     Effect of water salinity 
ECw 0.70dSm-1 (tap water  ) 8.56 12.89 1.38 17.67 18.07 

ECw 3.15     dSm-1 6.00 7.78 1.07 9.46 16.33 
ECw 6.30 dSm-1 4.22 4.33 0.79 4.45 14.41 

L.S.D. (0.05) 0.67 2.58 0.16 0.94 0.64 
                                                 Effect of foliar spray 

Distilled water 5.56 7.67 0.95 8.56 15.66 
Tre 1g/L 6.89 9.33 1.19 12.67 16.93 

SNP 2 g/L 6.44 7.78 1.12 10.30 16.37 
L.S.D. (0.05) 0.74 1.12 0.07 0.82 0.43 

Water salinity Foliar spray Effect of interaction 

ECw 0.70dSm-1 
(tap water  ) 

 

Distilled water 7.67 13.00 1.18 15.14 17.10 
Tre 1g/L 9.33 13.67 1.52 20.11 18.97 
SNP 2 g/L 8.67 12.00 1.43 17.75 18.16 

ECw 3.15      
dSm-1 

Distilled water 5.33 6.33 0.98 7.35 16.14 
Tre 1g/L 6.67 9.33 1.17 11.84 16.49 
SNP 2 g/L 6.00 7.67 1.06 9.20 16.36 

ECw 6.30 dSm-1 
Distilled water 3.67 3.67 0.70 3.20 13.74 
Tre 1g/L 4.67 5.00 0.88 6.06 15.33 
SNP 2 g/L 4.33 4.33 0.79 4.09 14.16 

L.S.D. (0.05) 1.23 3.01 0.18 1.48 0.88 
ECw: electrical conductivity of water 

 
Furthermore, the interaction effect between salinity stress levels and spraying cowpea plants 

with trehalose and sodium nitroprusside treatments reflected significant differences for yield and its 
component, i.e., number of seeds/pod, number of pods/plant, seeds weight/pod, seeds weight /plant and 
weight of 100 seeds (Table, 4). The best values were 9.33, 13.67, 1.52, 20.11 and 18.97 for 
abovementioned characters resulted from treating cowpea plants with salinity level at rate ECw 0.70 
dSm-1 (tap water) and foliar sprayed with trehalose. While the lowest values in this respect were 
recorded by the highest salinity level ECw 6.30 dSm-1 and spraying cowpea plants with distilled water. 
Osmoprotectants and signaling molecules have been found effective in mitigating the salt induced 
damage in plant (Iqbal et al., 2012). These osmoprotectants showed the capacity to enhance plant  
growth, yield as well as stress tolerance under salinity. 

 
Anatomical studies 
  

From the abovementioned findings in this work, concerning the morphological characters of 
vegetative growth, physiological and yield characters of cowpea plants in the first growing season 
(2015), exhibited that foliar spray with trehalose reflected high increment in the studied characters 
compared to sodium nitroprusside, therefore trehalose was chosen for studying the anatomical structure 
of cowpea plant stem and leaf. 
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Stem Structure 
 

Anatomical features of cowpea plants irrigated by tap water or diluted sea water salinity level 
(ECw, 6.30 dSm-1) as well as sprayed with distilled water or  trehalose at 1g/L were shown by Table 5 
and  illustrated in Fig.1. 

 
Table 5: Effect of water salinity levels, foliar spray with trehalose (Tre) and their interactions on counts and 

measurements of certain anatomical features in transverse sections through the middle part of the 4th 
upper internode from cowpea plants main stem during second growing season (2016). 

Treatments Stem parameter 
Stem 

diameter 
(µ) 

Epidermis 
thickn. (µ) 

Cortex thick. 
(µ) 

Fiber strands 
thick. average 

(µ)  

Phloem 
Tissue thick. 

(µ) 
 Effect of water salinity 
ECw 0.70 dSm-1 (tap water  ) 4264.82 18.75 88.57 83.63 95.72 
ECw 6.30 dSm-1   3393.29 22.31 126.03 45.20 73.18 
± % to tap water   -20.44 +18.99 +42.29 -45.95 -23.55 
 Effect of foliar spray 
Distilled water 3470.56 20.00 103.72 58.66 79.63 
  Tre  1 g/L 4187.55 21.06 110.89 70.17 89.26 
± % to spray with distilled water  +20.66 +5.30 +6.91 +19.62 +12.09 
Water salinity             Foliar spray Effect of interaction 

ECw 0.70 dSm-1 
(tap water  ) 

Distilled water 
(control) 

3925.26 17.49 84.17 78.11 91.37 

Tre  1 g/L 4604.37 20.00 92.97 89.14 100.06 
± % to control +17.30 +14.35 +10.46 +14.12 +9.51 

ECw 6.30 dSm-1 
 

Distilled water 3015.86 22.51 123.26 39.20 67.89 
± % to control -23.17 +28.70 +46.44 -49.81 -25.70 
Tre  1 g/L 3770.72 22.11 128.80 51.20 78.46 
± % to control -3.94 +26.42 +53.02 -34.45 -14.13 

 
Table 5: Cont. 

Treatments 

Stem parameter 

Xylem 
tissue 
thick. 

(µ) 

Number of 
xylem rows 
in Vascular 

cylinder 

Number of xylem 
vessels in Vascular 

cylinder 

Diameter of 
xylem vessel   

average 
(µ) 

Pith diameter 
(µ) 

 Effect of water salinity 
ECw 0.70 dSm-1 (tap water  ) 327.72 90.00 362.00 51.69 3632.43 
ECw 6.30 dSm-1   197.03 58.50 188.50 30.92 2916.05 
± % to tap water   -39.88 -35.00 -47.93 -40.18 -19.72 
 Effect of foliar spray 
Distilled water 233.97 60.50 195.00 37.40 2960.32 
  Tre  1 g/L 290.77 88.00 355.50 45.20 3588.16 
± % to spray with distilled water  +24.28 +45.45 +82.31 +20.86 +21.21 
Water salinity             Foliar spray Effect of interaction 

ECw 0.70 
dSm-1 
 (tap water  ) 

Distilled water 
(control) 

316.80 68.00 228.00 49.31 3321.32 

Tre  1 g/L 338.63 112.00 496.00 54.06 3943.53 
± % to control +6.89 +64.71 +117.54 +9.63 +18.73 

ECw 6.30 
dSm-1 
 

Distilled water 151.14 53.00 162.00 25.49 2599.32 
± % to control -52.29 -22.06 -28.95 -48.31 -21.74 
Tre  1 g/L 242.91 64.00 215.00 36.34 3232.78 
± % to control -23.32 -5.88 -5.70 -26.30 -2.67 
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Fig. 1: Changes in cross sections of cowpea plants stem grown under water salinity and application of trehalose 
at 1g/L during the second growing season 2016 

        ECw: electrical conductivity of water 
1- ECw 0.70 dSm-1 (tap water ) + spraying with  distilled water (control)  
2- ECw 0.70 dSm-1 (tap water ) + spraying with  trehalose at 1 g/L  
3- ECw 6.30dSm-1 (tap water ) + spraying with  distilled water 
4- ECw 6.30dSm-1 (tap water ) + spraying with  trehalose at 1 g/L  

 
The main effect of diluted sea water salinity level (ECw, 6.30 dSm-1)  had considerable 

decrement of stem dimensions; where it reached (20.44%) stem diameter, (45.95%) fiber strands 
thickness,  (23.55%) phloem tissue thickness, (39.88%) xylem tissue thickness, (35.00%) number of 
xylem rows in vascular cylinder, (47.93%) number of xylem vessels in vascular cylinder, (40.18%) 
diameter of xylem vessel and (19.72%) pith diameter compared to plants irrigated by tap water. 
Contradictory, stems of cowpea plants irrigated by tap water showed increment in both epidermis and 
cortex thickness (18.99% and 42.29 % respectively). The present results were in agreement with earlier 
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findings reported by El- Hadidi et al. (2007) who reported that stem diameter, number of  vascular 
bundles, thickness of both  xylem and phloem tissues, were decreased with increasing salinity levels,  
meanwhile thickness of cortex was increased. A reduction  in stem diameter may be due to reduction 
in vascular tissue resulted from inhibition of cambial cell activity and/or reduced DNA content resulted 
in reduced cell division and expansion (Wignarajah et al., 1975). In addition, the decrements in xylem 
and phloem tissues thickness were observed (Table 5 and illustrated in Figure 1).  

Concerning the main effect of trehalose application, it is clear from the data in Table 5 that the 
increments in stem parameters due to treating cowpea plants with  trehalose were (20.66%) stem 
diameter, (5.30%)  epidermis thickness, (6.91%)  cortex thickness,  (19.62%) fiber strands thickness 
average,  (12.09%) phloem tissue thickness, (24.28%) xylem tissue thickness, (45.45%) number of 
xylem rows in vascular cylinder, (82.31%) number of xylem vessels in vascular cylinder, (20.86%) 
diameter of xylem vessel average and  (21.21%) pith diameter compared to plants irrigated  by tap 
water. The increment in stem parameters due to trehalose treatment may be attributed to the ability of 
trehalose for alleviate the deteriorative effect of water salinity stress.   

As for the interaction effect, data in Table 6 and Fig. 1 indicate that, spraying cowpea plants 
with trehalose at 1 g/L was effective in decreasing the negative effects of  irrigation water salinity (ECw,  
6.30dSm-1). The percentage of reduction in stem parameters of cowpea plants irrigated by  sea water 
salinity (ECw,  6.30dSm-1) without application trehalose were  (23.17%) stem diameter, (49.81%) fiber 
strands thickness,  (25.70%) phloem tissue thickness, (52.09%) xylem tissue thickness, (22.06%) 
number of xylem rows in vascular cylinder, (28.95%) number of xylem vessels in vascular cylinder, 
(48.31%) diameter of xylem vessel average and (21.74%) pith diameter, but in plants irrigated by  sea 
water salinity (ECw,  6.30dSm-1) and sprayed with trehalose  reached to (3.94%, 34.45%,  14.13%,  
23.32%,  5.88%,  5.70%,  26.30% and  2.67%,% respectively) for aforementioned features.     
 

Leaf Structure 
 

Results in Table 6 show that the main effect of water salinity stress (ECw, 6.30 dSm-1) had 
considerable decrement on cowpea plant leaflet blade dimensions;  (27.52%) midvein thickness, 
(33.32%) midvein width, (34.06%) midvein vascular bundle thickness,  (47.48%) midvein vascular 
bundle width, (35.86%) phloem tissue thickness,  (46.82%) xylem tissue thickness, (45.00%) number 
of xylem rows/ midvein bundle, (60.47%) number of xylem vessels/ midvein bundle,  (30.72%) blade 
thickness,  (31.38%)  palisade tissue thick., (28.95 %) spongy tissue thick.,  (21.39%) upper epidermis 
thickness and (20.09%) lower epidermis as compared to plants irrigated by tap water. The present results 
were in agreement with the findings reported by Khafagy et al. (2009) they reported that the leaf blade 
anatomical characters decreased with increasing salinity levels. The inhibition effect of high salinity 
level on leaf structure may be due to the inhibition of growth vascular elements (Rashid et al., 2004) 
and/or correlation with an inhibition of the procambial activity which form, primary vascular tissues 
and/or decrease in the number and size of mesophyll cells. Akram et al. (2016) reported that water stress 
caused a significant reduction in the leaf vascular bundle area, leaf midrib thickness, leaf parenchyma 
cell area and the number of vascular bundles while water stress increased leaf epidermis thickness of 
radish (Raphanus sativus L.) plants.  

Concerning the main effect of trehalose application, it is clear from the data in Table 6 that 
promotive effect of trehalose on dimensions of cowpea plant leaflet blade parameters was observed. 

These results were similar to those of stem. The present results were in agreement with earlier 
findings reported by Akram et al. (2016) who reported that applied trehalose through both  presoaking 
and foliar spray was effective in increasing leaf epidermis thickness, vascular bundle area, midrib 
thickness, and number of vascular bundles of radish (Raphanus sativus L.) plants under water stress 
and nonstress conditions. 

Results in Table 6 and illustrated in Fig. 2 indicate the the interaction between water salinity 
(ECw, 6.30dSm-1) and sparing plants with trehalose at 1 g/L.  It is evident from data in Table 6 and 
illustrated in Fig. 2 that, trehalose (1 g/L) treated plants recorded similar values of control plants 
regarding anatomical parameters of cowpea plant leaflet blade. It could be concluded that the use of 
trehalose at 1 g/L partially mitigate the negative effects of water salinity stress on anatomical features 
of cowpea plants leaflet blade. Generally, trehalose treatments help to partially compensate the 
reduction in leaflet parameters of cowpea plant caused by water salinity. 
 

http://www.tandfonline.com/author/Akram%2C+Nudrat+Aisha
http://www.tandfonline.com/author/Akram%2C+Nudrat+Aisha
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Table 6: Effect of water salinity, foliar spray with trehalose (Tre) and their interaction on counts and 
measurements of certain anatomical features in transverse sections through the leaflet blade of the 
fourth upper compound leaf on the main stem of cowpea plants during the second growing season 
(2016). 

Treatments 

Leaf  parameter 
Dimensions of the 

Midrib 
Dimensions of the midvein bundle 

Thick. 
(µ) 

width 
(µ) 

Length 
(µ) 

Width 
(µ) 

Phloem  
tissue 
thick. 

(µ) 

Xylem 
tissue 
thick. 

(µ) 

Number 
of xylem 

rows 

Number 
of xylem 
vessels 

 Effect of water salinity 
ECw  0.70 dSm-1 (tap 
water  ) 

1143.26 814.98 275.37 367.06 107.00 161.23 10.00 43.00 

ECw  6.30 dSm-1   828.66 543.46 181.57 192.77 68.63 85.74 5.50 17.00 
± % to tap water   -27.52 -33.32 -34.06 -47.48 -35.86 -46.82 -45.00 -60.47 
 Effect of foliar spray 
Distilled water 866.66 613.18 187.63 213.37 75.18 86.54 6.00 20.50 
Tre 1 g/L 1105.26 745.26 269.31 346.46 100.46 160.43 9.50 39.50 
± % to spray with distilled 
water  

+27.53 +21.54 +43.53 +62.38 +33.63 +85.38 +58.33 +92.68 

Water 
salinity             

Foliar spray 
Effect of interaction 

ECw 0.70 
dSm-1 (tap 
water  ) 

Distilled 
water 
(control) 

1004.23 712.69 197.03 279.83 97.26 92.74 8.00 26.00 

Tre 1 g/L 1282.29 917.26 353.71 454.29 116.74 229.71 12.00 60.00 
± % to 
control 

+27.69 +28.70 +79.52 +62.34 +20.04 +147.69 +50.00 +130.77 

ECw 6.30 
dSm-1 
 

Distilled 
water 

729.09 513.66 178.23 146.91 53.09 80.34 4.00 15.00 

± % to 
control 

-27.40 -27.93 -9.54 -47.50 -45.42 -13.37 -50.00 -42.31 

Tre 1 g/L  928.23 573.26 184.91 238.63 84.17 91.14 7.00 19.00 
± % to 
control 

-7.57 -19.56 -6.15 -14.72 -13.45 -1.73 -12.50 -26.92 

  
Table 6: Cont. 

Treatments 

Leaf  parameter 
Dimensions of the lamina 

Lamina 
thick. (µ) 

Palisade 
tissue thick. 

(µ) 

Spongy 
tissue thick. 

(µ) 

Upper 
epidermis thick. 

(µ) 

Lower 
epidermis thick. 

(µ) 
 Effect of water salinity 
ECw  0.70 dSm-1 (tap water  ) 260.06 99.97 104.12 21.37 26.03 
ECw  6.30 dSm-1   180.18 68.60 73.98 16.80 20.80 
± % to tap water   -30.72 -31.38 -28.95 -21.39 -20.09 
 Effect of foliar spray 
Distilled water 193.15 71.43 82.78 17.86 21.09 
Tre 1 g/L 247.09 97.14 95.32 20.32 25.75 
± % to spray with distilled water  +27.93 +35.99 +15.15 +13.77 +22.10 
Water salinity Foliar spray Effect of interaction 

ECw 0.70 dSm-1 
(tap water  ) 

Distilled water 
(control) 

227.60 77.03 103.66 21.14 25.77 

Tre 1 g/L 292.51 122.91 104.57 21.60 26.29 
± % to control +28.52 +59.57 +0.88 +2.16 +2.00 

ECw 6.30 dSm-1 
 

Distilled water 158.69 65.83 61.89 14.57 16.40 
± % to control -30.28 -14.54 -40.30 -31.08 -36.36 
Tre 1 g/L  201.66 71.37 86.06 19.03 25.20 
± % to control -11.40 -7.34 -16.98 -10.00 -2.22 

 
Therefore, the trehalose overcome the destructive effect of water salinity. These results are in harmony 
with the finding of Arafa et al. (2009). They concluded that glycinebetaine (GB) application (4000 ppm) 
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could minimize the harmful effects of salinity on sorghum plants. Under high salinity level (6000 ppm 
NaCl), applications of GB counteracted the harmful effect of salinity on the thickness of xylem tissue, 
phloem tissue and xylem vessel diameter as well as dimensions of the main vascular bundle. Also, 
Dawood et al. (2014) came to similar results by anatomical structure of the faba bean stem and leaf.  

       
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Changes in transverse sections of the terminal leaflet blade of the fourth upper compound leaf on the 

main stem of cowpea plants grown under water salinity and application of trehalose at 1g/L during 
the second growing season 2016 

          ECw: electrical conductivity of water 
1- ECw 0.70 dSm-1 (tap water ) + spraying with  distilled water (control)  
2- ECw 0.70 dSm-1 (tap water ) + spraying with  trehalose at 1 g/L  
3- ECw 6.30dSm-1 (tap water ) + spraying with  distilled water 
4- ECw 6.30dSm-1 (tap water ) + spraying with  trehalose at 1 g/L  

 
Conclusion 
 

It could be concluded from the results that all studied morphological criteria, photosynthetic 
pigments, nitrogen, crude protein, phosphorus, potassium and proline content in leaves, yield and its 
components of cowpea plants significantly decreased under salinity  stres .Spraying  of trehalose and 
sodium nitroprusside mitigate the harmful effects of salinity stress on the abovementioned characters. 
Trehalose was the most effective than sodium nitroprusside in counteracting the harmful effects of 
salinity on cowpea plant. In addition, application of trehalose induced some structural changes in the 
conductor tissues through increasing the xylem and phloem area leading to a rapid translocation of 
photoassimilates from the leaves towards the developing seeds.  
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