
 

Effect of Drought and Salicylic 

Acid  on Vegitive Growth and 

Prolin  Accumulation of Two 

Cowpea (Vigna unguiculata L.) 

Plants 

 

By 
Dilzheen Sami Awni  

Assistant researcher, Ecology Department, Faculty of Science, 

Univ. of Zakho. 

Diaa Ayoub Ibrahim 

Prof. Dr. Scientific Research Center, College of Science Univ. of 

Duhok 
 

Doi: 10.21608/asajs.2022.228842 

 

 

6266/   6/  2قبول النشر :           6266/ 6/  62  استلام البحث :               
 

 

 

 

  

Awni , Dilzheen Sami & Ibrahim, Diaa Ayoub.  (2022). 
Effect of Drought and Salicylic Acid  on Vegitive Growth 
and Prolin  Accumulation of Two Cowpea (Vigna 
unguiculata L.) Plants ,Arab Journal of Agriculture Sciences 
(AJAS), The Arab Institution for Education, Sciences and 
Art, AIESA. Egypt, (5) 14, 41 – 62. 

 



Dilzheen Awni - Diaa Ibrahim Effect of Drought and Salicylic Acid on ..  
 

ـ ــ ــ  ت

24 

Effect of Drought and Salicylic Acid  on Vegitive Growth 

and Prolin  Accumulation of Two Cowpea  

(Vigna unguiculata L.) Plants 
Abstract: 

Current study was conducted during one growing season 

from March to July, 2021 in local farm under field conditions via 

plastic pots, in Biology Department/ Faculty of Science / 

University of Zakho -Kurdistan Region of Iraq. The experiment 

comprises studying soaking two local cowpea seeds, Iraqi and 

American cultivar in both 250 ppm of salicylic acid and distal 

water for four hours separately before planting. In addition to 

utilizing foliar spraying of 250 ppm of salicylic acid at three 

stages, vegetative (4
th

 true leaf stage), starting flowering stage 

and without spraying as a control treatment. and the effects of 

drought in three levels, control with continuous irrigation, three 

and five days of water deficit at flowering stage, followed by 

continuous daily irrigation (75% from field capacity) till the 

harvest date of the experiment. The results showed that 

immersion the seeds will promote seed germination percentage, 

plant length, number of flowers, shoot fresh weight, roots fresh 

weight, roots length, shoots dry weight, roots dry weight and 

proline accumulation. Moreover, the growth reduced as a result 

of water shortage due to water stress except roots length which 

were increased. Proline concentrations increased by rising the 

period of water withholding from 3 to 5 days compared to 

continuous irrigated treatment (control). Meanwhile, salicylic 

acid stimulates the accumulation amount of proline in stressed 

plant leaves. The Iraqi cultivar exceed the American cultivar in: 

seed germination percentage, plant length, number of flowers, 

root fresh weight, root length and roots dry weight, while the 

American cultivar surpasses the Iraqi cultivar in: number of 

branches, number of leaves, leaves area, shoot fresh weight, 

shoot dry weight and proline concentration. 
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 ص لخستالم

أجشَج انذساست انحانُت خلال يىسى ًَى واحذ ابخذاءً يٍ اراس ونغاَت حًىص 

فٍ احذي انحقىل انًحهُت ححج انظشوف انطبُؼُت باسخخذاو اصص  0202يٍ انؼاو 

كىسدسخاٌ بلاسخُكُت فٍ قسى ػهىو انحُاة، فاكىنخٍ انؼهىو، جايؼت صاخى، إقهُى 

ظًج انخجشبت دساست حأثُش َقغ صُفٍُ َضسػاٌ يحهُا نُباث انهىبُاء هًا  انؼشاق.

جضء بانًهُىٌ نحايط انسانسُهك وانًاء  052انصُف انؼشاقٍ والايشَكٍ فٍ 

انًقطش كلا ػهً حذة نًذة أسبغ ساػاث نكم يُها قبم انضساػت، فعلا ػٍ اسخؼًال 

سانسانُك فٍ ثلاد يشاحم: يشحهت انًُى انشش انىسقٍ بُفس انخشكُض نحايط ان

انخعشٌ )انىسقت انحقُقُت انشابؼت( وبذاَت يشحهت الاصهاس إظافت نًؼايهت انًقاسَت 

وانخٍ حًثهج بؼذو انشش. ايا انؼايم الاخش فقذ حًثم فٍ حؼشَط انُباث انً يسخىٍَ 

يؼايهت  أَاو يٍ انجفاف فٍ بذاَت يشحهت انخضهُش إظافت انً 5و  3يٍ انجفاف هًا 

% يٍ انسؼت انحقهُت نغاَت 55انسُطشة انخٍ حًثهج بانشٌ انًسخًش َىيُا نهىصم انً 

أظهشث انُخائج اٌ َقغ انبزوس فٍ حايط انسانسُهك و َىو انحصاد فٍ َهاَت انخجشبت.

قذ شجغ وحفض كم يٍ َسبت اَباث انبزوس، اسحفاع انُباث، ػذد الاصهاس، انىصٌ 

صٌ انشغب نهًجًىع انجزسٌ، انىصٌ انجاف انشغب نهًجًىع انخعشٌ، انى

نهًجًىع انخعشٌ، انىصٌ انجاف نهًجًىع انجزسٌ فعلا ػٍ صَادة حشكُض 

انبشونٍُ. فٍ حٍُ نىحع اخخضال انًُى َخُجت نفخشاث انجفاف انخٍ حؼشض انُها انُباث 

باسخثُاء اغىال انجزوس انخٍ اصدادث بضَادة يذة انجفاف. كًا وجذ اصدَاد حشكُض 

أَاو بانًقاسَت يغ يؼايهت انشٌ انًسخًش،  5انً  3ونٍُ بضَادة فخشة انجفاف يٍ انبش

ويٍ َاحُت أخشي فقذ حفض انُقغ وانشش بحايط انسانسُهك انً صَادة حشكُض 

انبشونٍُ. وأوظحج انُخائج أَعا حفىق انصف انؼشاقٍ ػهً انصُف الأيشَكٍ فٍ 

، انىصٌ انشغب نهجزوس وكزنك َسبت اَباث انبزوس، اسحفاع انُباث، ػذد الاصهاس

اغىانها وانىصٌ انجاف نهجزوس، فٍ حٍُ حفىق انصُف الأيشَكٍ فٍ ػذد الافشع 

انخعشَت، ػذد الأوساق، يساحت الأوساق، انىصٌ انشغب نهًجًىع انخعشٌ 

وانىصٌ انجاف نهًجًىع انخعشٌ فعلا ػٍ حشكُض انبشونٍُ فٍ الاَسجت انًؼشظت 

 نهشذ انًائٍ. 
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INTRODUCTION 

Cowpea grain nutrition is essential since it is consumed in 

large quantities by millions of individuals whose diets are 

deficient in protein, minerals, and vitamins. In comparison to 

cereal grains, cowpea grain protein is high in the amino acid 

lysine and tryptophan. The grain is very high in minerals and 

vitamins, and it has one of the highest quantities of folic acid of 

any diet, which helps prevent spinal tube abnormalities in unborn 

infants (Hall et al., 2003). Cowpeas can be utilized as a 

vegetable crop at any stage of development, and the leaves have 

a high nutritional value (Ahenkora et al., 1998; Nielson et al., 

1993). The soft green leaves are a staple diet and are used as a 

pot herb similar to spinach. Immature green pods are often 

combined with cooked dry cowpeas or other meals in the same 

manner that snap beans are. Cowpea foliage is a major source of 

high-quality hay for animal feed in many parts of the world 

(Tarawali et al., 2002). 

Drought is regarded as a major limitation to crop 

production in most developing countries and it occasionally 

causes agricultural losses in developed countries (Ceccarelli and 

Grando, 1996). Drought stress has been researched in numerous 

crops, drought stress also affects the availability and transport of 

soil nutrients, as water transports nutrients to the roots. However, 

drought in particular, causes a serious threat to sustainability of 

agricultural production. 

Salicylic acid has a high metabolic and physiological 

activity, allowing it to play a regulatory role in plant 

development and response to biotic and abiotic stress stimuli. SA 

is found in plant tissues in amounts ranging from several mg to 

several ng per gram of fresh mass in non-stress conditions. Its 

concentration rises dramatically in plants that are deficient in 

water. 
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Proline has long been thought to be an innocuous, compatible 

osmolyte that protects subcellular structures and macromolecules 

from osmotic stress (Kavi and Kishor, 2005). Proline buildup, on 

the other hand, can affect stress tolerance in a variety of ways. 

Proline has been proven to operate as a molecular chaperone, 

protecting protein integrity while also enhancing enzyme 

activity. The current study aims to determine the effect of 

drought and salicylic on different vegetative growth and proline 

accumulation in addition to identify the more resistant cultivar to 

water deficiency. 

MATERIALS AND METHODS 
The present study was carried out during one growing 

season from March to July, 2021 under field condition in local 

farm under field conditions in Biology Department/ Faculty of 

Science / University of Zakho -Kurdistan Region of Iraq.  

Two local culturing cultivars were used, local Iraqi and 

American one obtained from local agricultural markets. Plastic 

pots (20cm height, 18cm diameter) were used, each pot was 

filled with 4 kg of mixture of soil and manure (250 mg/ 4kg soil) 

as recommended by farmers.  

Factorial Randomized Complete Block Design (RCBD) 

was used for statistical analysis, the current study includes 

examining effect of four factors. First, two cultivars of local 

cowpea seeds cultured annually by Kurdistan region farmers. 

Second was soaking the seeds into 250 ppm of salicylic acid and 

distal water for four hours before planting. Third represents 

utilizing foliar spraying of 250 ppm of salicylic acid at three 

stages, at vegetative (4
th

 true leaf stage), at the starting of 

flowering stage and the third was without spraying as a control 

treatment. The fourth factor was investigating the effect of 

drought which in three levels, control with continuous irrigation, 

three and five days of water withholding at flowering stage, 
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followed by continuous daily irrigation (75% field capacity) till 

the harvest date of the experiment. 

Four uniform and healthy seeds of cowpea were cultured 

in each plastic pot with three replicates for each treatment in 

March, 8, 2021, which was thinned into two (2) seedlings per pot 

after two weeks of culturing date. The followed parameters were 

measured: Seed germination, branches number, number of 

leaves, leaf area (mm
2
), length of plant, number of flowers, shoot 

fresh weight (gm), root fresh weight (gm), length of roots, shoot 

dry weight (gm), root dry weight (gm) and Proline content 

(µmoles. g) which was calculated according to Bates et al., 

(1973). The data of the experiments submitted to SAS Software 

(SAS, 2016), the differences between means and studied 

characteristics were compared using Duncan multiple range test 

(Duncan, 1955). 

Seed germination  
Findings of Figure (1) illustrate that there are highly 

significant differences between the two cultivars, that Iraqi local 

cultivar exceeds the American which records 59.72% in the 

seeds immersed in water compared with the American which 

records 45.83%. On the other hand, another significant 

difference was found between the same cultivar type and 

immersion treatment interaction at for the Iraqi cultivar when 

they were immersion at water for 4 hours before planting which 

reached 59.72% compared with 52.77% with those seeds 

immersed in 250 ppm of salicylic acid solution. Therefore, it’s 

clear that the water increases the germination percentage 

compared to salicylic acid. Meanwhile immersion the seeds of 

Iraqi cultivar in water beat the American seed immersed in both 

water and salicylic acid.  
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Figure (1): Seed germination as a result of salicylic and drought 

effects: (The significant difference for Cultivar means). 

 

Branches number 

Significant differences were found in the branches 

number as a result to studded factors and its interactions. From 

the data, the cultivar, immersion, and drought affected the 

branches number significantly (Figure 2). Regarding cultivar 

type, the American significantly surpass the Iraqi cultivar by 

recording 7.0 while the Iraqi gain 6.6 branches.  Relating to the 

drought effects, there was generally significant difference 

between control and 5 in addition between 3 and 5 days of water 

shortage. As well, significant effects were found between the 

spraying in vegetative stage and control.  Meanwhile, the 

immersion in water records more branches compared to salicylic 

acid significantly. 
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Figure (2): Branches number as a result of salicylic and drought 

effects: (The significant difference for cultivar, immersion,  

spraying and drought) 

 

Leaves number 

Two significant differences were found concerning the 

leaves number, Soaking in both salicylic acid and drought 

period. From the figure (3) it’s clear that immersing the seed for 

4 hours in water cause significant positive effects by increasing 

the numbers of leaves to 21.54 compares with those immersed in 

salicylic acid (19.65). Otherwise, water deficit for 5 days causes 

significant reduction in the number of leaves to 19.5 compared to 

control (21.6) with continuous irrigation. Furthermore, non-

significant differences were seen between all the interactions of 

examined factors, in spite of the fact, the outcomes indicated that 

the leaves number were decreased when the drought period 

increased to 3 days and 5 days of dryness when compared with 

control treatment in general. 
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Figure (3): Leaves number as a result of salicylic and drought 

effects: (The significant difference for immersion and drought). 

 

Leaves area 
Highly significant differences (Figure 4) were found in 

leaves area as a result of different cultivars, immersion 

treatment, time of spraying and drought. The mean value of 

leaves area in American cultivar records around 50.52 mm
2
 

while the Iraqi cultivar reached 35.02 mm
2
, at the same time, 

seeds immersion in water stimulates significantly increasing the 

leaves area to 49.37 mm2 when compared with immersing in 

salicylic acid (36.17mm
2
). Furthermore, the plant without 

spraying gained large area (49.02mm
2
) contrast to vegetative 

(36.14mm
2
) and flowering stages (43.15mm

2
) respectively. In 

addition, subjecting plants to desiccating for 5 days reduce the 

area significantly to 38.24mm
2
.   
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Figure (4): Leaves area (mm

2
) as a result of salicylic and drought 

effects: (The main significant effect of Cultivar, Immersion, 

Spraying and Drought) 

Plant lengthThe data indicated that all studded factors and their 

interactions are highly significant except (Cultivar × Drought) 

one. Therefore, the Iraqi cultivar exceeds the American which 

they record 17.12 cm and 16.92 cm respectively (Figure 5). 

Furthermore, soaking the seeds in salicylic acid gain higher 

length (17.19 cm) compared with (16.23 cm) in plants with seeds 

immersed in water. On the other hand, significant difference was 

recognized according to spraying time and drought exposing 

period.  

 
Figure (5): Plant length (cm) as a result of salicylic and drought 

effects: (The significant main effects cultivar, soaking, spraying 

and Drought) 
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Flowers number  
Figure (6) illustrates that the immersion, spraying and drought 

appeared significant differences in the flowers number. It looks 

alike that soaking the seeds in salicylic acid records 2.7 flowers/ 

plant while immersing them in the water for the same period 

records 2.29 flowers. Meanwhile, spraying in vegetative show 

higher number 2.8 followed by flowering stage 2.5 and 2.2 at 

control treatment 2.12 respectively. Meantime, rising the drought 

period to 3 and 5 days reduce the number of flowers from 2.5 to 

2.09 respectively. 

 
Figure (6): Flowers number as a result of salicylic and drought 

effects: (The significant main effects of Immersion, spraying 

date and drought) 

Shoot fresh weight 

Fresh weight of the shoots was affected significantly by 

soaking, spraying date and Drought but not affected as a result to 

cultivar type. Figure (7) detected that the seeds immersed with 

salicylic acid increase the fresh weight significantly by recording 

2.77 gm / plant compared by 2.4 gm in the plants with seeds 

soaked in water for same period. Likewise, the spraying at 

flowering (2.69 gm) and vegetative (2.12 gm) stage reduces the 

fresh weight significantly parallel to non-sprayed plants. 

Additionally, valuable significant decrease was clear in the fresh 
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weight to 2.46, 2.05 gm contrast to 3.28gm in control treatment 

by increasing the water deficit for 3 to 5 days. 

 
Figure (7): Shoot system fresh weight (gm) as a result of 

salicylic and drought effects: (The main significant effect of 

immersion, spray and drought) 

Roots fresh weight 

Fresh weight of the roots was affected significantly on 

cultivar type, Immersion, spraying date and Drought. Figure (8) 

clarify that the Iraqi cultivar roots grow better and significant 

than the American by recording 2.04 gm compared to 1.15 gm. 

Also, seeds immersed with salicylic acid increase the fresh 

weight significantly by recording 1.69 gm / plant compared by 

1.5 gm in the plants with seeds soaked in water for same period. 

Additionally, non-significant differences were present between 

spraying at vegetative (1.67 gm) and flowering (1.64 gm) stages 

but were both more than the non-sprayed treatment (control, 1.47 

gm). Furthermore, valuable significant decrease was clear in the 

fresh weight to 1.28, 1.59 gm contrast to 1.91gm in control 

treatment by increasing the water deficit for 3 to 5 days. 
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Figure (8): Root fresh weight (gm) as a result of salicylic and 

drought effects: (The main significant effect of Cultivar, 

immersion, spray and Drought) 

 

Root Length  

All the main factors and their interactions were obviously 

indicated that the roots length is highly affected. Staring on the 

figure (9) which indicate that the Iraqi cultivar exceeds 

significantly the American in the length of the roots which was 

reached 18.22 and 17.42 cm respectively. On the other hand, 

non-sprayed plants (18.1 cm) gain taller roots compared with 

those sprayed at vegetative (17.48 cm) and flowering (17.87 cm). 

At the same time, it was clear that treating seeds with salicylic 

acid will stimulate the plants for forming taller roots by 

recording 18.36 cm which differs significantly on those soaked 

in water only that reached 17.28 cm. Regarding the effects of 

increasing the water shortage period from 3 to 5 days, promote 

the plants to increase the length significantly which reached 

17.77, 18.79 cm respectively in contrast to control  

treatment with continuous irrigation (16.89cm) 
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Figure (9): Root length as a result of salicylic and drought 

effects: (The significant main effects of Cultivar, Immersion, 

Spraying and Drought) 

Shoot dry weight 

Interesting results were documented in shoot dry weight, 

that all main studded factors and all its interactions were highly 

significant. From the Figure (10) which revealed that the 

American cultivar (1.03 gm) exceeded the Iraqi (0.83 gm) in dry 

weight. Meanwhile, it was clear that soaking the seeds in 

salicylic acid will stimulate significantly shoot proliferation 

which records 1gm / plant contrast to immersing in water (0.86). 

Moreover, 1.03, 0.81 and 0.95gm were recorded as a result of 

non-sprayed, sprayed at vegetative and flowering stage 

respectively. At the same time, a significant gradual decrease 

(0.89 and 0.75 gm were obvious due to increasing the water 

stopping for 3 and 5 days respectively parallel to control 

treatment (1.14 gm).  
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Figure (10): Shoot dry weight (gm) as a result of salicylic and 

drought effects: (The main significant effect of Cultivar, 

immersion, spraying and drought) 

 

Root dry weight  

Similar response was showed in the effects of studded 

factors of root dry weight to shoot dry weight that all main 

factors and all its interactions were highly significant. Based on 

the Figure (11) is revealed that the American cultivar (0.6 gm) 

records less amount than the Iraqi (0.75 gm) that exceeded in 

root dry weight. Meanwhile, it was clear that soaking the seeds 

in salicylic acid will promote significantly root mass production 

which records 0.73gm / plant contrast to immersing in water 

(0.63). Moreover, 0.72, 0.61 and 0.72gm were recorded as a 

result of non-sprayed, sprayed at vegetative and flowering stage 

respectively. Meanwhile, a significant gradual decrease (0.7 and 

0.5 gm) and reduced due to increasing the water shortage for 3 

and 5 days respectively compared to control treatment (0.84 gm).  
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Figure (11): Root dry weight (gm) as a result of salicylic and 

drought effects: (The main significant effect of Cultivar, 

immersion, sprayed and Drought) 

Proline Concentration (µmoles/ gram)  

The results revealed that there were significant effects 

according to the cultivar and drought period in proline 

concentration in the cowpea leaves (Figure12). Therefore, the 

amount of proline in American leaves tissue accumulated in 

amount of 0.08 µmoles/ gram which differs significantly in the 

concentration inside the Iraqi cultivar leaves (0.05 µmoles/ 

gram). On the other hand, the concentration was increased 

significantly from 0.03 µmoles/ gram in control treatment to 0.06 

µmoles/ gram when the plants subjected to 3 days of water 

scarcity and 0.11 µmoles/ gram when drought extended to 5 days 

of dryness. 
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Figure (12): Proline concentration (µmoles/ gram) as a result of 

salicylic and drought effects: (The main significant effect of 

Cultivar and Drought) 

DISCUSSION  

Back to previous results regarding the effect of drought 

on cowpea growth parameters, the current study indicate that all 

growth traits decreased as a result to increase the drought stress 

by exposing the plants to gradual increase of water deficiency 

from 3 to 5 days during flowering stage compared with the 

continuous irrigation of 75% of field capacity. This reduction is 

due to decrease of water which cause impaired germination and 

poor stand establishment (Harris et al., 2002). Reduced turgor 

pressure that causes cell proliferation, which is one of the most 

drought-sensitive physiological processes (Nonami, 1998). In 

addition to that, the water shortage will have negative impact on 

grain output when it coincides with the reproductive stage 

(Thomas, 1997). Moreover, the cell division, expansion, and 

enlargement aid growth while also making them vulnerable to 

drought stress. Meanwhile, water deficit will cause leaf 

senescence and abscission by reducing leaf formation and 

growth (Karamonos, 1980).  

Evaluating the effects of soaking the cowpea seeds in 250 

ppm of salicylic acid for 4 hours before planting, the outputs of 
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almost examined parameters clarify that each of: seed 

germination percentage, plant length, number of flowers, shoot 

fresh weight, fresh root weight, roots length, shoots dry weight 

and roots dry weight were stimulated and increase the amount of 

each of them. This increment and these activating effects of SA 

may due to of its favorable effect on plant germination and 

growth of shoots and, in particular, roots of plant species 

(Shakirova, 2007). In addition, it was mentioned that the 

exogenous SA will increases in photosynthetic rates following 

spray treatments due to enhanced enzyme activity linked to CO2 

uptake at the chloroplast level rather than simple stomatal 

opening (Khan et al., 2003). 

Concerning the significant increase of proline under stress 

conditions and referring to the previous results related to the 

superiority of the Iraqi variety in the growth characteristics of the 

root system and the accumulation of a greater amount of proline, 

as well as field observations, it can be considered the most 

drought-resistant variety than the American variety. Thus, the 

plant will develop a physiological mechanism to overcome and 

resist the stressed unfavorable conditions by increasing the 

concentration of accumulated proline which is a low molecular 

weight organic solutes known as suitable osmolytes needed for 

osmotic adjustment (Naidu et al., 1992). 

Concerning the differences between the two studded 

cowpea cultivars, the findings clarified that the Iraqi cultivar 

exceed the American cultivar in seed germination percentage, 

plant length, number of flowers, root fresh weight and root 

length. While the American cultivar surpasses the Iraqi cultivar 

in: number of branches, number of leaves, leaves area, shoot 

fresh weight, shoot dry weight and proline concentration. This 

difference between the two cultivars may be due to diverse 

genetic makeup of them, in addition to acclimatization and well 

adapted to the regional climate environment.  
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CONCLUSION 

According to previous results it can conclude that 

immersing the seeds in suitable concentration of salicylic acid 

before planting will stimulate seed germination may promote 

many other traits while it may be considered as a high 

concentration which will inhibit some vegetative growth traits. 

Furthermore, subjecting the plants at flowering stage to for water 

deficiency will reduce growth parameters and will increase the 

roots length. Meanwhile, Proline concentrations increased by 

rising the period of water withholding and treating plants with 

salicylic acid will increase proline accumulation in stressed plant 

leaves. Finally, each plant species has his own genetic diversity 

which will adapted and grow in different behavior according to 

the regional climate and environment. 
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