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Abstract: This study was conducted in Koya city, Iraq 
on cowpea (Vigna sinensis Savi) plants California 
black eye variety by factorial experiment including the 
effects of foliar spraying of Zinc Sulphate ZnSO4.7H2O 
(ZS) or the plant growth regulator Indoleacetic Acid 
C10H9NO2 (IAA). Analysis of data revealed that ZS and 
IAAapplication affects significantly on the studied traits. 
100 ppm of IAA increased significantly the leaves 
content of each of chlorophylls a, b, and total, although 
it decreased the content of total carotenoids. The 
results showed that the leaf area significantly increased 
by increasing the amount of ZS to 2.0 g/L compare with 
other treatments except 1.0 g/L ZS application. Foliar 
application of IAA increased significantly the dry matter 
percent of shoots and roots as well as the number of 
nodules per plant. It has been found that leaves content 
of zinc is related to the concentration of ZS applied 
significantly compared to the control and IAA 

treatments, however the application of IAA caused to 
decrease K and Zn contents in leaf of the plants 
compared to other treatments. Finally, based on the 
results the best ratio of IAA for increased stomata 
number on the abaxial and adaxial leaves surfaces was 
75 ppm. 
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1. INTRODUCTION 
 
Cowpea plant is a summer crop considered an important 
crop in Iraq which is cultivated for their green pods 
or/and their dry seeds in all Iraqi regions; it belongs to 
Fabaceae family [1]. 
It is well known that nutrient elements are very vital for 
physiological and biochemical processes in plants. The 
use of plant elements as nutrition has a wide application 
all over the worldwide including Iraq. Zinc is an 
important micro-elements used in these fields, for 
example, using zinc at 0, 5, 10 and 15 kg/ha as ZnSO4 
increased significantly each of plant height, branches, 
leaves, dry matter, effective nodules weight and plant 
grain yield of cowpea (Vigna unguiculata) [2]. In a study 
[3], application of ZnSO4 at 25 kg/ ha through soil or as 
a single spray of 0.5% ZnSO4 either at 25 or 45 days 

after sowing (DAS) or two sprays of 0.5% ZnSO4 at 25 
and 45 DAS were seen effective increasing in cowpea 
(Vigna unguculata L. Walp) plant high, number of 
branches and yield components compared to the control 
treatment. Also, it is found that zinc application 
increased the grain yield of pea (Vigna radiate) as a 
result of auxin synthesis, nodules performing, and 
nitrogen fixation, which leads to estimating plant 
growth, and development, thus influenced the grain yield 
positively [4]. The best response of zinc application 
(2.5kg/ha and 5kg/ha) on plant growth parameters 
including plants height, number of nodules/plant, 
number of branches/plant and plant dry weight due to 
zinc effect on the metabolism of growing plants, which 
may effectively explain the observed response of zinc 
application [5], whereas [6] reported that foliar spray 
application at 1.5% ZnSO4 plays a significant role in 
increasing cowpea growth parameters when applied with 
2% urea.  
Another application used widely in agriculture is plant 
growth regulators which have great advantages for 
improving the growth, development and crops 
productivity. The phytohormone auxin is used nowadays 
on the plants for change their response toward different 
physiological processes, auxin is an important regulator 
for many aspects of plant growth and development, it 
promote cell elongation and division in stem, 
differentiation, tropisms and apical dominance, whereas 
it inhibits root growth, bud formation, senescence and 
leaves and fruits abscissions [7,8]. The major natural 
auxin is indole-3-acetic acid (IAA). There are three major 
classes of synthetic auxins, the first one is the aryl acetic 
acids, which include indoleacetic acid (IAA) itself [9]. 
The phytohormone auxin is affected by several factors 
including the microelement zinc, which is considered as 
a stimulating for auxin synthesis. For instance, in plants 
growing in a medium deficient of zinc, the stem fails to 
elongate and fail of leaves to expand to the normal and 
mature size, and elongation of the stem is almost 
reduced. Growth forms can stunt when zinc elements 
inefficient [10]. 
The aim of this study was to make a comparison 
between ZS salt and the auxin IAA on the growth and 
some physiological characteristics of cowpea plants. 
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2. METHODS AND MATERIALS 
 
2.1. Plant material and treatments 

Cowpea (Vigna sinensis Savi) var. California black eye 
seeds were planted in the Faculty of Science and Health, 
Koya University, Erbil-Iraq (44°38 E, 36°4N and 517 m 
of altitude), and a randomized complete block design 
(RCBD) were conducted by using foliar spraying of one 
of the following solutions: distilled water (control), 0.5, 
1.0 or 2.0 g/L of ZS salt or 50, 75 or 100 ppm of the plant 
growth regulator IAA.  
 
2.2. Studies characteristics  

At the end of the stage of vegetative growth three 
separated plants were harvested from each experimental 
unit, and the following characteristics were determined: 
pigments of chlorophylls a, chlorophyll b and total 
carotenoids are calculated as it mention by [11] by 
taking pre-weighted samples with extracting by acetone 
with 1:50 extraction ratio. The samples were grained 
using pestle and mortar and then filtered by filter paper. 
The supernatants were speared and the concentration of 
the pigments was measured spectrophotometrically (721-
2000 SPECTROPHOTOMETER, China). The amount 
of pigments presented in each sample was calculated 
according to the following equations, each of 
chlorophyll-a, b and total carotenoids content in fresh 
materials were determined. 
 

Chl.a = 11.75A662 – 2.35 A645 
Chl.b = 18.61A645 – 3.96 A662 

Car.  = 1000 A470 – 2.27 Chl.a – 81.4 Chl.b/227 

 

where A = Absorbance, Chl.a = chlorophyll a [mg/L], 
Chl.b = chlorophyll b [mg/L], Car. = Total carotenoids 
[mg/L], then for converting the concentrations from 
mg/L to mg/g fresh weight, each value multiplied by 
(extraction volume/ (sample weight*1000)). Leaf area 
was calculated by the method that described by [12] by 
spreading each leaf over a paper, and the outline of the 
leaf was drawn. By using a scissor, the area of the paper 
covered by the outline was cut and weighed on an 
electronic balance. One cm2of the same paper was also 
cut and weighed. The following equation was used to 
calculate the leaf area: 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝑎𝑎𝐿𝐿𝐿𝐿 (𝑐𝑐𝑐𝑐2)=𝑥𝑥/𝑦𝑦, where x 
is the weight of the paper covered by the leaf outline (g) 
and y is the weight (g) of the cm2 area of the paper. The 
percent of shoot, root, and nodules dry matter were 
calculated as it described by [13] by dividing the dry 
weight of leaves or roots or nodules samples by the wet 
weight of them multiplied by 100, number of nodules 
per plant, total potassium determined by using flame 
photometer as it mentioned by [14], total zinc 
determined by using atomic absorption 
spectrophotometer by using acetylene gas at 213.9 nm 
[15], number, length, and width of stomata in the adaxial 
and abaxial leaf surfaces measured by the method of 
lasting impressions [16] by painting approximately 1 
cm2 of leaves surfaces by transparent nail polish. When 
the nails polish was dried, a piece of transparent tape 
was stick to the dried nail, and peeled out gently, to 
represent the leaf impression that contains the stomata 

apertures which were putted on slides to represent the 
abaxial and adaxial leaves surfaces. 400x magnifications 
were used to examine the leaf impressions by light 
microscope. Stomata numbers were counted per mm2 
area. Leaf stomata length and width were measured in 
micrometer by an ocular micrometer. 
 
2.3. The statistical analysis 

An experiment was performed by randomized complete 
block design (RCBD) with three replications was used in 
this study to test main effects. The differences among 
treatments were investigated by analysis of variance 
(ANOVA) using SAS program [17]. The Duncan`s 
multiple comparison test was used to evaluate the main 
effects of treatments that differed when the F-value was 
significant at ≤0.05. 
 

3. RESULTS AND DISCUSSION 
 
Analysis of data revealed that ZS and IAA application 
effects significantly on the studied traits. The results in 
Table 1 show that the foliar spraying with 100 ppm IAA 
increased significantly the leaves content of each of 
chlorophyll a, chlorophyll b and total chlorophylls to 
5.77, 5.94 and 11.71 mg/g fresh weight compared to the 
control and 0.5% ZS for chlorophyll a and in addition to 
50 ppm IAA for chlorophyll b and total chlorophylls. 
Applying ZS and IAA treatments decreased leaves content 
of total carotenoids where the control treatment recorded 
the highest value reached 1.16 mg/g fresh wet followed 
by the lowest concentration of ZS and IAA which were 
1.14 and 1.11 mg /g fresh wet respectively. The increase 
in chlorophylls content at the highest concentration of 
IAA may due to the role of auxin in synthesizing 
chlorophyll and plastids development, whereas it 
decreased the carotenoids content as it mentioned by 
[18], zinc ions are required for many enzymes for 
completion their activities, also zinc may be required in 
some plants for chlorophyll biosynthesis [19]. 
From the results shown in Table 2, it appears that 
increasing the concentration of ZS to 2.0 g/L increased 
significantly the plant`s leaf area to 3281.9 cm2 in 
comparison with other treatments except for the 
treatment 1.0 g/L of ZS. Increasing plant leaf area with 
increasing ZS concentration due to micronutrients 
generally increase the area of leaves, so more assimilate 
in the plant will produce [20], in addition to the role of 
zinc in activating many enzymes, like tryptophan 
synthetase superoxide dismutase and dehydrogenases 
[5], enolase and peptidase and it has an important role in 
synthesizing the amino acid tryptophan which is a 
necessary material for tryptophan-dependent IAA 

biosynthetic pathway in the chloroplast [21, 22].The 
effect of zinc sulphate compared to the IAA is that zinc 
encouraged the graduate synthesizing of IAA which is 
oxidizedenzymatically or by light.  
Recently the zinc metallo proteins which are a new class 
of zinc-dependent protein molecules identified in the 
replication and transcription of DNA, and as a result 
regulates gene expression [23, 24]. [25] attributes the 
low level of IAA in plants poor of zinc caused by 
inhibiting their synthesis. 



17 
 

Table 1: Effects of foliar spraying with ZS and IAA on 
chlorophyll a, b, total carotenoids of cowpea leaves. 

Treatments 
Chlorophyll Total 

carotenoids a b Total 
mg/g fresh weight 

Control 4.51 b 3.54 c 8.05 c 1.16 a 

ZS 
(0.5 g/L) 4.73 b 3.96 bc 8.69 bc 1.14 ab 

ZS 

(1.0 g/L) 5.44 ab 5.64 a 11.09 ab 0.89 bc 

ZS 

(2.0 g/L) 5.43 ab 5.06 ab 10.48abc 0.97 abc 

IAA 
(50 ppm) 5.04 ab 3.74 bc 8.79 bc 1.11 ab 

IAA 
(75 ppm) 5.27 ab 4.70 abc 9.97 abc 0.99 abc 

IAA 
(100 ppm) 

a5.77  5.94 a 11.71 a 0.85 c 

Means in the same column followed by the same symbol are 
not significantly different at p ≤ 0.05 level based on Duncan 
test. 
 
From the same table, we see that foliar spraying with IAA 

increased significantly shoot dry matter percent as 
compared to the control (Table 2), which may due to 
decreasing their leaf area which leads to concentrate the 
photosynthates in less area and increasing their dry 
matter. Increasing the concentration of IAA increased the 
root dry matter percent significantly compared to other 
treatments. Spraying IAA increase the root development 
which reflects positively on water and nutrition 
absorption, and as a result increasing plant growth 
characteristics [26], especially the shoot and root dry 
matter. This result agrees with that of [27] whom 
reported that foliar spraying by 25 and 50 mg/L of IAA 

increased each of plant height, shoot dry weight, number 
of leaves and branches compared to the control 
treatment, whereas 100 mg/L decreased these 
characteristics compared to the control treatment. 
Increasing the IAA concentration to 100 ppm increased 
the number of nodules per plant significantly to 10.67 
nodules/plant compared only to 6.67 nodules per plant 
for the 2 g/L ZS treatment which increased the percent of 
nodules dry matter significantly to 69.39% in compared 
to 75 ppm IAA and 1 g/L ZS that records 55.60 and 
57.50% respectively. This increase in nodules number in 
100 ppm IAA treatment may due to IAA is playing an 
essential role in nodule and nodule bacteria for the 
nodule development and symbiotic relationship between 
that plant and these bacteria [28]. Also, agree with the 
results of [29] who stated that rhizobial IAA biosynthesis 
increased number of nodules/ plant in Medicago 
truncatula and M. sativa plants that nodulated with 
Sinorhizobium meliloti bacteria which is engineered 
genetically to increase the synthesis of IAA auxin or 
control strain.[30] reported that the root nodules of black 
gram Phaseolus mungo plants are considered as 
tryptophan pool which have a role in indoleacetic acid 
synthesis, when the synthesis of IAA increased in the 
treatment of supplementing of l-tryptophan by 2 mg/mL 
by the symbiont compared to the control treatment. 
 

The results of Table 3 show that leaves content of total 
potassium increased significantly to 180.67 when 1.0 g/L 

ZS was applied compared to other treatments, however 
applying IAA decreased the percent of total potassium 
significantly especially the high concentrations 75 and 
100 ppm. The increase in potassium concentration in 1 
g/L ZS treatment may due to the synergistic relationship 
between sulfur and potassium ions, which determined in 
several studies [19]. The decrease in potassium and zinc 
concentration with increasing IAA may due to high 
concentration was used, this result does not agree with 
the results of [31] who stated an increase in cowpea 
leaves content of these elements when sprayed with IAA 

at 12.5, 25 and 50 ppm, which were low concentrations 
compared to ours. 

Table 2: Effects of foliar spraying with ZS and IAA on some of 
the vegetative growth characteristics of cowpea plants. 

Treatments 
Leaf 
area 
(cm2) 

Shoot 
dry 

matter 
(%) 

Root 
dry 

matter 
(%) 

Number 
of 

nodules/ 
plant 

Nodules 
dry 

matter 
(%) 

Control 2022 b 18.72 c 24.67cd 8.33ab 66.70ab 

ZS 
(0.5 g/L) 1837b 20.06ab 24.37cd 8.33ab 61.97abc 

ZS 

(1.0 g/L) 2550ab 19.55bc d22.72  8.67ab 57.50bc 

ZS 
(2.0 g/L) 

a3281 21.16ab 26.52bc 6.67b 69.39a 

IAA 
(50 ppm) 1753b 20.94ab 27.62ab 9.33ab 62.80 abc 

IAA 
(75 ppm) 1799b 21.40 a 28.92ab 8.67ab 55.60c 

IAA 
(100 ppm) 1706b 20.94ab 30.12 a 10.67a 59.21 abc 

Means in the same column followed by the same symbol are 
not significantly different at p ≤ 0.05 level based on Duncan 
test. 
 
From the results of Table 3 it is appear that zinc 

concentration increased significantly with increasing the 
ZS concentration where the leaves content of zinc 
increased to 1.57, 1.77 and 2.27 ppm with increasing the 
concentration of ZS from 0.5 to 2 g/L significantly 
compared to the control and all IAA concentrations. The 
general decrease in Zn concentration in plant leaves for 
all treatments including the control may due to 
increasing the K concentration, where [32] reported that 
macronutrient cations such as calicium, magnesium and 
potassium inhibit the absorption of zinc by plants from 
solutions.  

Regarding potassium concentration, it has both 
positive and negative interaction effects as it has shown 
in Table 3, where increasing zinc concentration 
increased potassium concentration in leaves, which agree 
with [33] who stated that zinc interacts positively with 
potassium, whereas in this study, also the negative effect 
was appeared when the concentration of zinc increased 
to 2 g/L which leads to decreasing potassium 
concentration. 
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Table 3: Effects of foliar spraying with ZS and IAA on leaves 
content of total potassium and zinc of cowpea leaves. 

Means in the same column followed by the same symbol are not 
significantly different at p ≤ 0.05 level based on Duncan test. 

 
From the results of Table 4 and Figure 1 and 2, it 

appears that using 75 ppm of IAA increased stomata 
number on the abaxial and adaxial leaves surfaces 
compared to other treatments, whereas this treatment 
decreased stomata lengths significantly compared to 
other treatments for abaxial leaves surfaces. From the 
same table, it is shown that increasing the concentration 
of zinc and auxin decreased stomata lengths significantly 
on the adaxial leaves surfaces (Table 4). Decreasing 
stomata length significantly in the 0.5 and 1 g/L may due 
to increasing the potassium concentrations in guard cells 
(Table 3) which leads to increase osmotic solute that 
results in water uptake into the guard cells [14]. Neither 
ZS nor IAA had significant effects on stomata width for 
different treatments on each of abaxial and adaxial 
leaves surfaces. The results are in line with [34] and [35] 
who reported that the characteristics of stomata such as 
number, length and width is affected by several factors 
viz. genetic constituents, ecological condition, 
environmental factors, season, physiological process, 
leaf position and leaf surface. 

 
Table 4: Effects of foliar spraying with ZS and IAA on stomata 
number, length and width for cowpea leaves. 
 

Means in the same column followed by the same symbol are not 

significantly different at p ≤ 0.05 level based on Duncan test. 

 
 

Figure 1: Stomata of upper (adaxial) leaves surfaces of Vigna 
sinensis Savi  at 400X for plants of the:  (a) control (b) 0.50 (c) 

1.00 (d) 2.0 g/L ZS(e) 50 (f) 75 (g) 100 ppm IAA treatments. 

 

 
Figure 2: Stomata of lower (abaxial) leaves surfaces of Vigna 
sinensis Savi. At 400X for plants of  the:(a) control (b) 0.50 (c) 
1.00(d) 2.0 g/L ZnSO4(e) 50 IAA(f) 75 (g) 100 ppm IAA 

treatments. 
 

4. CONCLUSION 
 
This study results showed that the application of foliar 
spraying of the salt, ZS and the auxin IAA had a 
significant effects on the characteristics of vegetative 
growth, photosynthesis pigments and stomata 
characteristics of cowpea plants. The IAA application had 
stronger effects on the photosynthesis pigments through 
increasing chlorophylls and decreasing total carotenoids. 
While, leaf area, nodules dry matter and leaves content 
of K and Zn affected more by ZS compared to the IAA. 

Treatments Total potassium 
(ppm) 

Total zinc 
(ppm) 

Control 151.33 b 0.73 b 

ZS (0.5 g/L) 148.33 b 1.57 a 

ZS(1.0 g/L) 180.67 a 1.77 a 

ZS(2.0 g/L) 114.67 c 2.27 a 

IAA(50 ppm) 135.00 bc 0.60 b 

IAA(75 ppm) 52.33 d 0.65 b 

IAA(100 ppm) 52.67 d 0.53 b 
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Control 400d 240bc 10.0ab 12.0 a 7.0 a 4.0 a 
ZS 
(0.5 g/L) 

676ab 270 b 10.0ab 10.0b 8.0 a 4.0 a 

ZS 
(1.0 g/L) 660 b 250 bc 10.0ab c8.0 7.0 a 3.0 a 

ZS 
(2.0 g/L) 

630b 223 c 9.0bc 9.0 bc 6.0 a 4.0 a 

IAA 
(50 ppm) 

600 b 260 b 11.0a 12.0a 8.0a 4.0a 

IAA 
(75 ppm) 

750 a 343 a 8.0 c 9.0 bc 6.0 a 4.0 a 

IAA 
(100 ppm) 

480 c 220 c 11.0a 8.0 c 8.0 a 3.0a 
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