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Abstract

Objectives: This study was carried out with the objectives of determining the growth potential of primed cowpea (Vigna 
unguiculata L.) seeds under different concentration of arsenic treated soil, specifically to ascertain the effects of salicylic 
treatment on growth properties of cowpea seeds treated with varying concentrations of arsenic acid. Methods/Statistical 
Analysis: Locally purchased seeds of cowpea treated with salicylic acid were grown on soil treated for 24 hrs by soak-
ing with different concentrations (0.0, 50, 100 and 150 ppm) of arsenic acid before planting. 200 ml of the arsenic acid 
treatments were also applied immediately after planting and every fourth day for the next weeks of the study to the con-
taminated soil while control received distilled water. Germination percentage was recorded based on protruded radical 
and plumule and growth parameter such as plant height was measure using meter rule from base to the apical bud of the 
plant. The parameters were observed for three weeks. Mean and standard deviations were calculated for the values record-
ed in the study. Findings: Arsenic acid had negative effects on the rate of germination of both the treated and untreated 
seeds. The highest germination rates (50% and 75%) were recorded in the control of both the treated and untreated 
seeds. 20% and 25% germination was recorded for 50 ppm treated and untreated soil while 100 ppm and 150 ppm did 
not show sign of germination. Plant height was affected by the pollutant with control having highest height in both treated 
seeds as well as in the control. This was followed by 50 ppm concentration treatment with 100 ppm and 150 ppm showing 
no growth of plant. The research revealed that cowpea seeds were highly susceptible to the phytotoxic effects of arsenic 
acid and seed treatment with salicylic acid has no effect on germination and growth of cowpea seeds in contaminated 
soil.  Applications/Improvements: This study therefore shows that the plant cannot serve as bioremediator in pollut-
ed environment. Therefore, appropriate measures should be taken to avoid arsenic contamination of cowpea farmlands. 

*Author for correspondence

1.  Introduction
The discharge or introduction of toxic materials into the 
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environment is a problem globally1. Arsenic (As) element 
is believed to have fatal carcinogenic and toxic impact 
on plants, animals as well as humans2. Arsenic is intro-
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duced into the environment through various processes 
either through natural weathering of arsenic associated 
minerals in the zone and through volcanic activity or by 
human anthropogenic activities such as use of fuel wood, 
exploratory/mining, smelting, fertilizers of arsenic based 
materials, pesticides for agriculture purposes and arse-
nic contaminated groundwater for irrigation3. The use of 
arsenicals in agriculture has led to the release of arsenic 
into the environment, hence resulting in oxidation and 
reduction changes in soil as well as negative impacts on 
plants yield and biomass generation4. Concentrations 
of arsenic in plants are low generally5. Arsenic specia-
tion in soil is determined by different reactions and its 
uptake by plant in soil-plant system6. Although arsenic is 
non-essential for other organisms and plants, its uptake 
by different plant species depend to a great extent on the 
concentration, content and presence in the soil.

Being sessile in nature and increased anthropogenic 
activities in the advanced era, plants are exposed to innu-
merable abiotic stresses, such as heat, cold stress, salinity, 
heavy metals, ultraviolet radiation and nutrient changes7. 
Under natural conditions, salinity has a multiple effect on 
plant growth by reducing water absorption, creating ion 
imbalance or turbulence that leads to plant toxicity. This 
negatively affects growth parameter viz. germination effi-
ciency, leaf area, length and roots and shoot dry weight, 
protein synthesis, photosynthesis and chlorophyll, lipid 
breakdown and reactive oxygen species formation8. The 
presence of arsenic in soil affects plant yield, stunted 
growth and disrupt ions of normal physiological and met-
abolic functions1. Earlier studies revealed that arsenic in 
small amount boost or foster growth in plants but at high 
concentration, have provoked fatal or lethal response9 
reported that Helianthus annuus L. had optimal func-
tioning at low arsenic concentration but hindered both 
metabolic and biochemical functions which proved fatal 
to the plant.

The study of10 on the uptake of arsenic and phospho-
rus and the soil arsenic bioavailability at different growth 
stages of wheat and rape showed that winter wheat was 
much more sensitive to arsenic stress than rape. Wheat 

yields were elevated at low rates of arsenic addition (<60 
mg/kg) but reduced at high rates of arsenic concentra-
tions (80–100 mg/kg); while the growth of rape hadn’t 
showed significant responses to arsenic addition. Arsenic 
concentrations in wheat and rape grains did not exceed 
the maximum permissible limit for food stuffs of 1.0 mg/
kg. When soil arsenic concentration was less than 60 mg/
kg, both wheat and rape could grow satisfactorily with-
out adverse effects; when soil arsenic concentration was 
80–100 mg/kg, rape was more suitable to be planted than 
wheat.

Salicylic acid is a phenolic growth regulator that 
assumes conspicuous and expanded role in biochemical 
and physiological reaction to abiotic stress11. It has been 
also revealed that exogenously applications of salicylic 
acid can significantly enhanced overall growth of plant 
under both salinity and non-salinity by adjusting antioxi-
dants scavenging system. Furthermore, salicylic acid also 
reduced the destructive effects of several abiotic stresses 
by regulating proline concentration and other osmo-
lytes production2. However, confirmation regarding the 
lessening of salinity stress by exogenous salicylic acid is 
slightly questioned as Arfan et al.12 recounted that spray-
ing salicylic acid could balance direct salt stress activated 
development restraint, while no change happened at 
high convergences of salt stress. Therefore, the action of 
salicylic acid to suppress salt stress on concentration and 
plant species need to be further clarified. Additionally, the 
defensive role of phytohormones especially role of sali-
cylic acid in ameliorating the detrimental effect of arsenic 
stress on plantsto increase its salt tolerance is mystical. 
The aim of this study is to determine the growth potential 
of primed cowpea (Vigna unguiculata L.) seeds under dif-
ferent concentration of arsenic treated soil.

2. � Materials And Methods

2.1 � Description of Study Area
The work was carried out in the Botanical Garden, 
Department of Botany, Faculty of Science, Delta State 
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University, Abraka, Delta State, Nigeria. The area is a 
typical coastal plain terrain, monotonously lowland and 
flat with a gentle slope towards the Ethiope River. The 
climate is equatorial, hot (23 to 37°C) and high (50 to 
70%). The dry season usually range from November to 
February while the raining season starts or commences 
in March through July to October where the maximum 
is obtained. Vegetation is rainforest, most of which has 
been decimated and replaced with farmlands and second-
ary forest13.

2.2 � Collection and Preparation of  
Materials

Cowpea seeds were purchased from local market and soil 
sample (0-15 cm depth) collected from farm site in the 
study area. Arsenic trioxide AS2O3 salt used were pur-
chased from local distributors. Different concentrations 
(ppm) of contamination were prepared (50, 100, 150) by 
weighing their equivalent using digital balance in a mea-
suring cylinder containing deionized water and stirred 
thoroughly.

2.3 � Seed Priming, Soil Treatment and 
Planting

50 milligrams of salicylic acid was dissolved in one 
litre of deionized water to obtain 50 ppm salicylic acid  
treatment. 

The solution was poured in a beaker and viable cow-
pea seeds were soaked in the solution for two hours 
before planting. A total of 32 polypots containing 3.0 g of 
soil perforated at the bottom to allow flow of water pre-
pared for the experiment. Four replications was setup for 
each treatment and the control (using deionized water 
only). Different concentrations of arsenic contaminant 
(50 ppm, 100 ppm and 150 ppm) were applied to the 
soils and allowed to soak for 24 hours before planting. 
Four seeds of cowpea were sown on both contaminated 
and uncontaminated soils. 200 ml of the treatments were 
also applied immediately after planting and every fourth 
day for the next weeks of the study to the contaminated  
soil.

2.4 � Germination and Growth Measurement
Germination was recorded as radicle or plumule pro-
truded for 14 days and the percentage germination was 
determined using the formula:

Percentage germination = �(Number of seeds that ger-
minated/ Total seeds sown)
x 100

           
Standard metre rule was used to measure the plant 

height from the soil level to the apical bud. This was car-
ried out every week

2.5 � Statistical Analysis
Mean and standard deviations were calculated for the val-
ues recorded in the study. Both the mean and standard 
deviations where performed where appropriate using the 
statistical package Microsoft - Excel Version-2010. One 
way analysis of variance was carried out to ascertain the 
response of the plants to the treatments.

3. � Results
Effects of salicylic acid treated and untreated seeds of 
cowpea grown on different concentrations (ppm) of arse-
nic acid was evaluated in the present study, the results 
obtained from the determination of the effects of varying 
concentrations of arsenic acid on germination percentage 
of both treated and untreated cowpea seeds are presented 
in Tables 1 and 2. The results obtained showed that arse-
nic acid had negative effects on the rate of germination of 
both the treated and untreated seeds. The highest germi-
nation rates (50% and 75%) were recorded in the control 
of both the treated and untreated seeds. 20% and 25% ger-
mination was recorded for 50 ppm treated and untreated 
soil while 100 ppm and 150 ppm did not show sign of 
germination.

Plant height which is a part of plant growth param-
eters required for the determination of the effects of 
pollution showed that the pollutant affected the growth of 
cowpea plant. Figures 1 and 2 shows the effects of the var-
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Conc. (ppm)
Days After Planting

3 DAP 6 DAP 9 DAP 12 DAP 14 DAP

0.0 ppm 15.0±1.14 50.0±0.02 50.0±0.02 50.0±0.02 50.0±0.02

50 ppm 10.0±0.15.33 20.0±2.10 20.0±2.10 20.0±2.10 20.0±2.10

100 ppm 00±00 00±00 00±00 00±00 00±00

150 ppm 00±00 00±00 00±00 00±00 00±00

 Results presented in Mean ± SD

Table 1.  Percentage germination (%) of salicylic treated cowpea seeds grown on different 
concentrations of arsenic acid

Table 2.  Percentage germination of untreated cowpea seeds grown on different concentrations of 
arsenic acid

Conc. (ppm)
Days After Planting

3 DAP 6 DAP 9 DAP 12 DAP 14 DAP

0.0 ppm 25.0±0.11 50±12.01 75.0±1.01 75.0±1.01 75.0±1.01

50 ppm 25.0±0.11 25.0±0.11 25.0±0.11 25.0±0.11 25.0±0.11

100 ppm 00±0.0 00±0.0 00±0.0 00±0.0 00±0.0

150 ppm 00±0.0 00±0.0 00±0.0 00±0.0 00±0.0

Results presented in Mean ± SD

ious concentrations of arsenic contaminated soil on the 
height (cm) of salicylic acid treated and untreated cowpea 
plant. The control recorded highest height in both treated 

seeds as well as in the control. This was followed by 50 
ppm concentration treatment with 100 ppm and 150 ppm 
showing no growth of plant.
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4. � Discussion
The study compared the growth responses of primed 
and unprimed cowpea seeds sown in arsenic contami-
nated soil. It was noticed in the results that treated seeds 
showed no negative signs of growth and germination on 
seeds sown on arsenic contaminated soil as evidenced 

in the percentage germination and plant height. This 
result negates the suggestion that salicylic acid decreased 
the injury of salt stress to the plants, thereby increasing 
the germination rate as reported by14 and15. Application 
of arsenic acid resulted to decrease in the germination 
percentage. However, salicylic acid treatment did not 
improve the germination percentage. This study is in 

Figure 1.  Plant height of salicylic treated cowpea sown in arsenic treated soil.

Figure 2.  Height of unprimed cowpea seed sown in treated soil.
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consonance with the report of16 who observed seeds treat-
ment with salycilic acid and gibberellic acid and reported 
that gibberllic acid decreased germination percentage 
and germination rate to about 38 and 41% in 1 mMol than 
control, respectively.

The study showed that plant uptake arsenic acid 
with high affinity thereby unable to germinate and grow 
accordingly. The affinity to absorb arsenic in plants 
could be low or high, hence it determines whether the 
normal performance of the plant could be disturbed or 
enhanced17. Poor germination and growth performance 
of plants sown in arsenic treated soil could have resulted 
from the toxic attributes associated with arsenic acid 
which when present in soil disturb plant normal func-
tioning, alteration of plant metabolism, stunted growth of 
plant and low crop yield1.

At higher concentrations, cowpea could not germinate 
which shows that the plant could not tolerate certain level 
of arsenic. Also, at low concentration, there was observed 
germination and growth, although arsenic acid affected 
plant height and germination percentage. This is evidence 
in the report of18. The report of19 stated the obvious effects 
of arsenic on the decreased growth of shoots and roots 
of Cicer arietinum L. and Oryza sativa L. The inability of 
plants to germinate, grow and survive could be attributed 
to the fact that the metabolic pathways as well as photo-
synthetic apparatus of the plants are disrupted20 as arsenic 
affects food production in plant, water uptake level, meta-
bolic and biochemical processes. 

The presence of arsenic in tissues of plants gives rise to 
peroxidase production at the early stage of plant growth 
before the visible changes of arsenic on the plant21.

5. � Conclusion
This research showed the poisonous effects of arsenic 
acid on cowpea seeds. The work revealed that seed treat-
ment with salicylic acid has no effect on germination and 
growth of cowpea seeds in contaminated soil. This there-
fore shows that the plant cannot serve as bioremediator in 
polluted environment.
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