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Abstract. One of the environmental risks that threatens us is the toxicity of nickel (Ni2+). Cowpea 

(Vigna sinensis L.) plants require it in trace amounts, while high concentrations of it influence their 

biochemical and physiological processes. In the current study, the effect of various concentrations of nickel 

(100, 200, and 300 mg Ni2+ / kg soil) has been investigated to identify their effects on Vigna sinensis. The 

results revealed the negative effects of nickel on most of the studied physiological and morphological traits 

compared with those of the control. The concentrations of mineral elements and chlorophyll decreased 

significantly. Reducing, non-reducing and total sugar content were affected negatively. Furthermore, the 

activity of studied enzymes (APX, GPX, CAT, SOD) decreased significantly. Moreover, the negative 

effects of nickel concentrations on the root, stem, leaves, seeds, flowers and fruits were obvious. On a 

molecular level, the ISSR markers could not detect any polymorphism, indicating no toxic effect of nickel 

on the DNA at the studied concentrations. It is obvious that the nickel has a toxic effect on Vigna sinensis 

at physiological and morphological levels. The conduction of more investigations on the effects of nickel 

on a molecular level using more molecular markers is highly recommended. 
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Introduction 

Cowpea (Vigna sinensis L.) is a very important leguminous plant throughout the world 

especially in rural areas, as it is a good source of protein and energy (Granito et al., 2005). 

There are many environmental hazards surrounding living organisms that pose a major 

risk to their life, safety and health, including heavy environmental hazards (Panda and 

Panda, 2002). The toxicity of heavy metals is one of the current major environmental 

health problems and is potentially dangerous due to their bioaccumulation through the 

food chain and in plant products that are used for human consumption. Therefore, soil 

and plant pollution with heavy metals has become an increasing problem (Kaveriammal 

and Subramani, 2013), as the important biological processes in the plant are greatly 

affected by the increase in the percentage of heavy metals such as the metabolism process 

and, consequently, the plant traits and yield (Sinha and Gupta, 2005). Increased levels of 

heavy metals in the plant may lead to food poisoning (Macnair, 1993). Nickel is 

considered one of the important and abundant elements in the earth's crust. It is one of the 

basic mineral nutrients found in natural soil with minimal concentrations (Hussain et al., 

2013). It is one of the important heavy metals in the environment, which gains wide 

recognition and is also essential for plants (Harasim and Filipek, 2015). It is also one of 

the essential nutrients needed by the plant and there are many studies suggesting its 

importance and that it has beneficial effects for the plant at low concentration (Sabir et 

al., 2011; Rathor et al., 2014). Despite the primary role of the nickel in the plant, 

toxicologists considered that the toxicity of nickel poses an environmental threat to 

biological systems when these are overexposed to it. For instance: the study of Asagba et 

al. (2019) conducted on Vigna unguiculate L. indicated that there are significant 
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differences when treating the soil with a concentration of 100 ppm of nickel with adverse 

effects on plant height, plant growth rate and leaf Ca2+ ATPase activity. The main reasons 

for the high levels of nickel pollution in the environment are industrial and agricultural 

activities. To understand the role and importance of nickel for plants, it is necessary to 

understand the functional properties and toxic effects of nickel. The amount of nickel the 

plant needs for natural growth and development is very small, however it is considered 

an important component of the different enzymes in plants and a regulator of specific 

enzyme activities that are involved in maintaining the appropriate cellular oxidation state 

and many of the biochemical and physiological responses such as photosynthesis, plant 

pigments, cell membranes and other growth processes. High concentrations of nickel 

affect the morphological traits of the plant and prevent root growth (Hussain et al., 2013). 

There are many sources of nickel in the environment that may cause a problem if the 

nickel element is present in high concentrations because it is toxic to plants and other 

organisms (Harasim and Filipek, 2015). A study of Jagetiya and Bhatt (2007) conducted 

on cowpea (Vigna unguiculata L.) indicated that high concentrations (1000 μm) of nickel 

led to a decrease in fresh mass, dry matter production and chlorophyll contents of 

seedlings. The treatment of cowpea (Vigna unguiculate L.) with high concentrations (1.8 

mM and 2.4 Mm) of nickel led to a significant impact on the performance of seedlings 

growth and the effect on physiological and biochemical characteristics. Moreover, the 

concentration of 1.2 mM affected negatively the number of leaves, length of seedlings, 

fresh weight, and dry weight of seedlings. Furthermore, concentrations of 0.6 mM, 1.2 

mM, 1.8 mM and 2.4 mM showed less influence on leaf area, leaf weight ratio, root fresh 

and dry weight, while having a significant effect on the relative water content and 

chlorophyll A, B, and total chlorophyll, carotenoids and phenols (Mujeeb et al., 2019). 

Rathor et al. (2014) reported that high concentrations of nickel negatively affected maize 

plant. They showed that the dry matter decreased at the concentration of 50 mg/kg. The 

results of many studies confirmed that the high concentrations of nickel become toxic to 

most plant species, as it affects the processes of photosynthesis, respiration, mineral 

nutrition, water relations, transport of mineral, and induction of oxidative stress (Llamas 

and Sanz, 2008; Llamas et al., 2008). The increase in the rates of accumulation of heavy 

metals also leads to a significant change in the genes of the organism and thus affects the 

genetic diversity (Panda and Panda, 2002). The toxicity of nickel caused clastogenicity 

and the aneugenicity in onion (Alium cepa) (Dovgalyuk et al., 2001). Scientists have been 

able to link and produce genetic maps using molecular markers such as AFLP, RAPD, 

RFLP, SSR. The development of genetic maps using molecular markers is one of the 

most important steps in the genome studies of plants (Ma et al., 2001; Nguyen et al., 

2001). Al-Qurainy (2009) in his study on the molecular detection of Al and Ni toxicity 

on the Phaseolus vulgaris plant, concluded that the toxicity of heavy metals in plants is 

due to the stimulation of oxidative stress associated with oxidation of proteins and 

membranous fats and changes in the DNA damage response. The genetic toxicity induced 

by these minerals was evaluated using RAPD and this technique was useful in assessing 

the genetic toxicity. Moreover, a genetic mutation at a concentration of 150 mg Ni / kg 

of soil was detected. The genetic toxicity of nickel was also assessed with RAPD 

molecular marker in a study on Barbados nut (Jatropha curcas) plants (Sarkar et al., 

2010). RAPD analysis produced only 5 polymorphic bands (3.225%) out of a total of 155 

bands from 18 selected primers. Only three primers OPK-19, OPP-2, OPN-08 produced 

polymorphic bands. Gjorgieva et al. (2013) analyzed the biological effects induced by 

bioaccumulation of metals in common bean (Phaseolus vulgaris L.). Their results 
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suggested that mineral nutrient imbalance is involved in changes of antioxidant levels and 

DNA damages of the seedlings, which may help to understand the mechanism of metal 

toxicity in plants. DNA polymorphism detected by ISSR analysis offered a useful 

molecular marker for the identification of mutants in gamma radiation-treated plants and 

demonstrated that the DNA of the hybrid “Doi Tung 554” of siam tulip (Curcuma 

alismatifolia) showed a greater response in induced mutation compared with the other 

varieties (Taheri et al., 2013). Al-Qurainy (2010) utilized ISSR molecular markers to 

study the effect of toxicity of three heavy metals (Zn, Pb, and Cd) on DNA in the Eruca 

sativa L. plant, where 20 ISSR primers were used. The ranking of genotoxic potencies of 

the three heavy metals was in the descending order of Cd2+ > Pb2+ > Zn2+. Among these 

heavy metals, high concentration of Cd (150 mg/l) and Pb (150 mg/l) generated mutations 

along with changed morphology of seedlings. Despite the importance of nickel-polluted 

soils throughout the world, little is known about the activity of nickel required to reduce 

plant growth and the effects that nickel toxicity has on the plant. The aim of this study is 

to identify the toxic effects of nickel on physiological, morphological and molecular traits 

using ISSR molecular markers in Vigna sinensis L. 

Materials and methods 

Plant material and experimentation 

The seeds of “Buff” variety of Vigna sinensis were purchased from the local market 

and the experiment was conducted at the Department of Chemistry, Faculty of Science, 

Shaqra University, Kingdom of Saudi Arabia. Three seeds were planted in each plastic 

pot containing 1 kg of sterilized soil. The concentrations of Ni (NiSO4) used for soil 

treatment were; 100 mg/kg soil, 200 mg/kg soil, 300 mg/kg soil, and the control. There 

were three replicates for all treatments. Plants were grown in a controlled air conditioned 

climate and light of green house (24°C and 13:11 hours dark-light cycle). Three plants 

from each replicate were sampled after 90 days of sowing (fruiting phenophase) and the 

targeted measurements were taken. 

Physiological parameters 

Phosphorous content was determined according to Murphy and Riley (1962). 

Potassium was determined using the Flame photometer according to Allen et al. (1989). 

Estimation of Ca and Mg were performed using the Atomic Absorption Spectroscopy 

instrument according to Stewart (Allen et al., 1974). Chlorophyll A, B and total were 

estimated using Metzner et al. (1965) method. Estimating non-reducing sugars was 

calculated by subtracting the value of reduced sugars from the value of total sugars. 

Determination of total sugars was done depending on Hedge et al. (1962). Reduced 

Sugars were estimated according to Li et al. (2013). Estimation of lipids was performed 

using the Soxhlet method. Total protein was estimated based on the nitrogen content of 

the sample using the Kjeldahl method (Jones Jr et al., 1991). Soluble protein was 

determined according to Bradford (1976). Superoxide dismutase (SOD) activity was 

estimated according to Giannopolitis and Ries (1977). Catalytic Activity (CAT) was 

estimated according to Aebi (1984). Guaiacol peroxidase (GPX) enzyme activity was 

estimated according to Egley et al. (1983). Ascorbate peroxidase (APX) enzyme activity 

was estimated according to Asada (1984). 
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Genomic DNA isolation 

Reagents and chemicals 

The stock solution concentrations were: acetyl trimethyl ammonium bromide (CTAB) 

3% (w/v), 1 M TrisCl (pH 8), 0.5 M EDTA (pH 8), 5 M NaCl, absolute ethanol (AR 

grade). The extraction buffer consisted of CTA B 3% (w/v), 100 mM Tris –Cl (pH 8), 

25 mM EDTA (pH 8), and 2 M NaCl, respectively. The PVP and β-mercaptoethanol were 

freshly prepared and added in the extraction buffer. 

DNA extraction 

DNA was isolated from plants grown in green house using a modified CTAB method 

(Khan et al., 2007). In brief, the plant samples were ground into extraction buffer 

(100 mM tris buffer pH 8, 25 mM EDTA, 2 M NaCl, 3% CTAB, 3% PVP). The 

suspension was gently mixed and incubated at 65ºC for 20 min with occasional mixing. 

The suspension was then cooled to room temperature and an equal volume of chloroform: 

isoamyl alcohol (24:1) was added. The mixture was centrifuged at 12,000 rpm for 5 min. 

The clear upper aqueous phase was then transferred to a new tube and 2/3 volume of ice-

cooled isopropanol was added followed by incubation at -20ºC for 30 min. The nucleic 

acid was collected by centrifugation at 10,000 rpm for 10 min. The resulting pellet was 

washed twice with 80% ethanol. The pellet was air-dried under a sterile laminar hood and 

the nucleic acid was dissolved in TE (10 mM tris buffer pH 8, 1 mM EDTA) at room 

temperature and stored at 4ºC until used. The RNA from crude DNA was eliminated by 

treating the sample with RNase A (10 mg/ml) for 30 min at 37ºC. DNA concentration and 

purity were determined by measuring the absorbance of diluted DNA solution at 260 and 

280 nm. The quality of the DNA was determined using agarose gel electrophoresis stained 

with ethidium bromide. 

PCR amplification and ISSR reaction 

PCR amplification was done with ISSR primers according to the protocol developed 

by Zietkiewicz et al. (1994). Ten ISSR primers synthesized from Sigma Company were 

used to amplify the genomic DNA extracted from untreated and treated plants. After 

screening of the primers, two of them were promised to produce mono/polymorphism 

(Table 1). 

 
Table 1. List of ISSR Primers used in the study 

Sequence Code Annealing temperature 

5’-ACACACACACACACACC-3’ UBC-26 52.4ºC 

5’-AGAGAGAGAGAGAGAGYC-3’ UBC-35 53.9ºC 

 

 

The PCR reaction was carried out in 20 ml volume of master mixture purchased from 

Amerson Company (UK). In master mixture, 30 ng of template DNA and 30 ng of primer 

were added in each tube. Tubes were vortexed and briefly centrifuged after adding 

template DNA and primer in master mixture. The amplification was done on 96 well 

plates on a Primus PCR machine as per the program: First denaturation at 94°C for 3 min, 

segment denaturation at 94°C for 1 min, annealing at 45°C for 30 s, extension at 72°C for 

1 min and final extension at 72°C for 3 min was performed for amplification. 
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Statistical analysis 

Completely Randomized Design was used (Stell et al., 1980). Analysis of variance 

was performed on the collected data using SAS 9.1, SAS Inc., North Carolina, USA (SAS, 

2014). Thus, mean values were rated significant at p < 0.05. The least significant 

difference (LSD) test was used to discern differences among the mean values of the 

treatments and accessions. 

Results 

Effect of nickel on the content of mineral elements in the leaves 

The results showed that there is an effect of different concentrations of nickel on 

phosphorous (P) content in the leaves of Vigna sinensis (Table 2). Generally, there were 

significant differences between all treatments compared to the control, however, there 

were no significant differences between the two concentrations (200 and 300 mg / Kg of 

soil). The results also showed that there is an effect of different concentrations of nickel 

on the potassium (K) content of the leaves of Vigna sinensis. The differences were 

significant at all concentrations of nickel (100, 200, 300 mg / kg of soil). The results also 

showed a negative effect of different concentrations of nickel on the Ca content of the 

leaves of the Vigna sinensis. There were significant differences between the concentration 

of 100 mg / kg of soil and the other concentrations (200, 300 mg / kg of soil), but no 

significant differences between the two concentrations (200 and 300 mg / kg of soil). The 

content of the leaves of Ca treated at concentration of 100 mg / kg of soil reached 

16.6 ppm, and the lowest content was at 300 mg / kg of soil (13.3 ppm). The results also 

showed that there is an effect of the different concentrations of nickel on the content of 

magnesium (Mg) in the leaves of Vigna sinensis. There were significant differences at the 

all concentrations.  

 
Table 2. Effect of various concentrations of nickel on the mineral elements in the leaves of 

Vigna sinensis 

Treatments 

(mg/kg soil) 

P 

(ppm) 

K 

(ppm) 

Ca 

(ppm) 

Mg 

(ppm) 

Control 2.2a   ± 0.6 103.4a  ± 8.1 21.2a   ± 13.3 37.1a   ± 3.4 

100 1.8c   ± 0.4 94.3b  ± 8.4 16.6b  ± 15.2 22.3b  ± 7.2 

200 1.6b   ± 0.9 76.7c   ± 11.9 14.2c   ± 7.8 19.0c   ± 6.5 

300 1.6b   ± 0.8 58.7d  ± 13.6 13.3c   ± 10.3 15.3d  ± 11.6 

LSD 0.05 0.3 5.2 2.5 2.4 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the content of plant pigments in the leaves 

The results shown in Table 3. showed that there is an effect of different concentrations 

of nickel on the chlorophyll a in the leaves of the Vigna sinensis. There were significant 

differences between concentration 100 mg / kg of soil and concentrations 200 and 300 mg 

/ kg of soil, whereas no significant differences can be observed at the last two 

concentrations. It was observed that the concentration of chlorophyll a decreased as the 
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toxicity of the nickel increased, compared to the control. The concentration of chlorophyll 

a in the plants exposed to a concentration of 100 mg / kg of soil is higher than the other 

concentrations of nickel. There is also an effect of different concentrations of nickel on 

the content of chlorophyll b in the leaves of Vigna sinensis. 

 
Table 3. Effect of various concentrations of nickel on plant pigment concentration in Vigna 

sinensis L. leaves 

Treatments 

(mg/g) 

Chlorophyll a 

(μg /g) 

Chlorophyll b 

(μg /g) 

Carotenoids 

(μg /kg soil) 

Control 0.68a   ± 0.15 0.41a   ± 0.12 0.029a  ± 0.01 

100 0.41b  ± 0.15 0.23b  ± 0.07 0.026a  ± 0.01 

200 0.24c   ± 0.15 0.26b  ± 0.11 0.031a  ± 0.02 

300 0.23c   ± 0.17 0.18c   ± 0.09 0.027a  ± 0.02 

LSD 0.05 0.05 0.04 - 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the sugar content in the leaves 

The results showed that there is an effect of the different concentrations of nickel on 

the content of reducing sugars in the leaves of the Vigna sinensis (Table 4). There were 

significant differences between the concentration of 100 mg / kg of soil and the other 

concentrations (200 and 300 mg / kg of soil). It was observed that there is decrement in 

the concentration of reducing sugars as the toxicity of the nickel increases compared to 

the control. In terms of non-reducing sugars, there were significant differences between 

the concentration of 100 mg / kg of soil and other two concentrations (200 and 

300 mg / kg of soil). No significant differences were detected between the two 

concentrations of 200 and 300 mg / kg of soil. The results indicate that the content of non-

reducing sugars in the plants exposed to concentration of 100 mg / kg of soil was the 

highest. Total sugars in the leaves of the Vigna sinensis L. also were affected negatively 

as the plants were exposed to different concentration of nickel. The content of total sugars 

at a concentration of 100 mg / kg of soil was higher than the other two concentrations 

(200 and 300 mg / kg of soil) with significant difference. 

 
Table 4. Effect of various concentrations of nickel on sugar concentration in Vigna sinensis 

leaves 

Treatments 

(mg/kg soil) 

Reducing sugars 

(mg/g) 

Non-reducing sugars 

(mg/g) 

Total sugars 

(mg/g) 

Control 49.2a   ± 15.1 115.4a  ± 17.5 164. 6a  ± 34.1 

100 30.7b  ± 11.2 112.2b   ± 23.7 142.9b   ± 50.4 

200 24.5c   ± 3.8 97.1c   ± 41.4 121. 6c  ± 50.1 

300 23.4c   ± 3.1 99. 4c   ± 45.9 122.8c  ± 51.2 

LSD 0.05 3. 5 7. 4 6.3 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 
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Effect of nickel on lipids, total protein and soluble protein in the leaves 

The results revealed that there is an effect of the different concentrations of nickel on 

the content of lipids in the leaves of Vigna sinensis (Table 5). There were significant 

differences between the concentration of 100 mg / kg of soil and the other concentrations, 

but these differences were not significant between the concentrations of 200, and 

300 mg / kg of soil. Total protein was negatively affected as a result of exposing the plants 

to different concentrations of nickel. There were significant differences between all 

concentrations. The total protein in the plants treated with a concentration of 100 mg / kg 

of soil was higher than at other concentrations. The results indicated that there is an effect 

of different concentrations of nickel on the soluble protein in the leaves. There are 

significant differences between concentration of 100 mg / kg of soil and other 

concentrations, but not the two concentrations of 200 and 300 mg / kg of soil. The soluble 

protein in plants treated with concentration of 100 mg / kg of soil was higher than that at 

other concentrations (200, 300 mg / kg of soil). 

 
Table 5. Effect of various concentrations of nickel on lipids, total protein and soluble protein 

in Vigna sinensis leaf 

Treatments 

(mg/kg soil) 

Lipids 

(%) 

Total protein 

(%) 

Soluble protein 

(mg/g) 

Control 4.43a   ± 1.65 19.4a   ± 3.1 9.2a   ± 0.11 

100 4.12a   ± 1.15 16.2b  ± 3.7 9.1b   ± 0.12 

200 2.21b  ± 0.55 12.4c   ± 6.2 8.9c   ± 0.16 

300 1.94b  ± 0.47 11.0d  ± 4.0 8.5d   ± 0.08 

LSD 0.05 0.25 0.973 0.07 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the activity of enzymes in the leaves 

The results showed that there is an effect of different concentrations of nickel on the 

activity of Ascorbate peroxidase (APX) in the leaves of the Vigna sinensis compared with 

the control (Table 6). However, no significant differences were detected between the three 

nickel concentrations (100, 200, and 300 mg / kg of soil). Guaiacol peroxidase (GPX) 

activity was decreased significantly as a result to exposing the plants to various nickel 

concentrations (100, 200, and 300 mg / kg of soil). Oppositely, no significant differences 

were observed between nickel concentrations. There is a negative effect of nickel 

treatment on the activity of Catalase activity (CAT). It was observed that the general trend 

is a decrement in CAT activity as the toxicity of the nickel increases compared to the 

control. CAT activity in response to 100 mg / kg of soil was higher (47.1 µmol / min / 

mg) than that at other concentrations (200 and 300 mg / kg of soil). Superoxide dismutase 

(SOD) activity also significantly decreased in response to nickel treatments (100, 200 and 

300 mg / kg of soil). The general trend is a decrement in the SOD activity as the toxicity 

of the nickel increases compared to the control. The results showed that the percentage of 

SOD activity in plants treated with a concentration of 100 mg / kg of soil is higher (41.3 

µmol / min / mg) than the concentrations of 200 and 300 mg / kg of soil (38.4 and 38.1 

µmol / min / mg), respectively. 
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Table 6. Effect of various concentrations of nickel on the activity of enzymes in leaves of Vigna 

sinensis 

Treatments 

(mg/kg soil) 

Ascorbate 

peroxidase(APX) 

(µmol/min/mg 

protein) 

Guaiacol 

peroxidase (GPX) 

(µmol/min/mg 

protein) 

Catalase (CAT) 

(µmol/min/mg 

protein) 

Superoxide 

dismutase (SOD) 

(µmol/min/mg 

protein) 

Control 2.6a   ± 0.08 2.15a   ± 0.04 55.2a   ± 0.11 47.2a   ± 2.34 

100 1.3b   ± 0.28 2.08b  ± 0.34 47.1b  ± 2.12 41.3b  ± 0.98 

200 1.3b   ± 0.06 1.92b  ± 0.08 45.9c   ± 1.16 38.4c   ± 4.28 

300 1.2b   ± 0.05 1.91b  ± 0.06 39.5c   ± 4.18 38.1c   ± 4.51 

LSD 0.05 0.13 0.973 0.10 1.28 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on plant height, leaf area, and number of leaves 

The results revealed that there is no significant effect of the different concentration of 

nickel (100, 200, and 300 mg / kg of soil) on the plant height neither comparing with the 

control nor within the different concentrations. However, leaf area and number of leaves 

were significantly decreased as a result of exposing to the different concentrations of 

nickel (100, 200, and 300 mg Ni2+ / kg of soil) compared with the control. Moreover, high 

significant differences between the nickel concentrations were detected as well (Table 7). 

 
Table 7. Effect of various concentrations of nickel on plant height, leaf area, and number of 

leaves in Vigna sinensis 

Treatments 

(mg/kg soil) 

Plant height 

(cm) 

Leaf area 

(cm2) 
Number of leaves 

Control 65.4a   ± 21.1 959.4a  ± 366 15.3a   ± 3.1 

100 64.1a   ± 21.2 798.2b   ± 274 11.1b  ± 2. 6 

200 64.2a   ± 21.3 756.3c  ± 267 10.4c   ± 2. 2 

300 62.4a   ± 22.2 746.4d   ± 254 10.1d  ± 2.1 

LSD 0.05 2.6 36.5 0.62 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the wet weight of plant parts 

The wet weight of the plant and all its parts (stem, leaf and root) were affected 

negatively in response to the different concentration of nickel (100, 200, and 300 mg 

Ni2+ / kg of soil). The statistical analysis of the results revealed high significant 

differences between the nickel concentrations and the control, and within the 

concentrations as well (Table 8). The general trend indicates a decrement in the wet 

weight of the plant and all its part as increasing the toxicity of nickel. The average wet 

weight of the stem ranged from 142.4 g at a concentration of 100 mg / kg of soil to 51.4 

g at a concentration of 300 mg / kg of soil. The average wet weight the root at a 

concentration of 100 mg / kg of soil was greater than at the concentrations of 200 and 300 

mg / kg of soil. It reached 32.2, 24.1, 23.4 g, respectively. The average wet weight of the 

plant at a concentration of 300 mg / kg of soil was 106.6 g. 
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Table 8. Effect of various concentrations of nickel on stem wet weight, leaf wet weight, root 

wet weight, plant wet weight in Vigna sinensis 

Treatments 

(mg/kg soil) 

Stem wet weight 

(g) 

Leaf wet weight 

(g) 

Root wet weight 

(g) 

Plant wet weight 

(g) 

Control 142.4a  ± 65.5 126.4a  ± 45.1 40.3a   ± 10.5 309.1a  ± 124.1 

100 109.2b   ± 44.5 86.2b  ± 24.7 32.2b  ± 7.5 227.6b   ± 73.7 

200 59.1c   ± 27.5 42.1c   ± 8.2 24.1c   ± 2.5 125.3c  ± 36.2 

300 51.4d  ± 9.7 31.8d  ± 10.7 23.4d  ± 1.7 106.6d   ± 19.7 

LSD 0.05 3.5 4.03 2.3 4.6 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the dry weight of plant parts 

The dry weight of the plant and all its parts (stem, leaf and root) were affected 

negatively in response to the different concentrations of nickel (100, 200, and 300 mg 

Ni2+ / kg of soil). The statistical analysis of the results revealed high significant 

differences between the nickel concentrations and the control, and within the 

concentrations as well (Table 9). The general trend indicates a decrement in the dry 

weight of the plant and all its part as the toxicity of nickel increased. The average dry 

weight of the stem ranged from 22.2 g at a concentration of 100 mg / kg of soil to 13.4 g 

at a concentration of 300 mg / kg of soil). The dry weight of the leaf at a concentration of 

100 mg / kg of soil was greater than at the other two concentrations (200 and 300 mg / kg 

of soil). It was 31.2, 17.1 and 14.4 g, respectively. The average dry weight of the root 

ranged from 15.2 g at a concentration of 100 mg / kg of soil to 12.4 g at a concentration 

of 300 mg / kg of soil. The average of plant dry weight at a concentration of 100 mg / kg 

of soil was greater than at the concentrations of 200 and 300 mg / kg of soil. It reached 

68.6, 46.0 and 40.2 g, respectively. 

 
Table 9. Effect of various concentrations of nickel on stem dry weight, leaf dry weight, root 

dry weight and plant dry weight in Vigna sinensis 

Treatments 

(mg/kg soil) 

Stem dry weight 

(g) 

Leaf dry weight 

(g) 

Root dry weight 

(g) 

Plant dry weight 

(g) 

Control 38.7a   ± 4.51 44.3a   ± 9.14 17.3a   ± 4.24 100.3a  ± 13.24 

100 22.2b  ± 4.76 31.2b  ± 5.56 15.2b  ± 1.46 68.6b  ± 9.36 

200 15.8c   ± 3.54 17.1c   ± 2.54 13.1c   ± 1.44 46.0c   ± 6.24 

300 13.4d  ± 1.73 14.4d  ± 1.71 12.4d  ± 1.81 40.2d  ± 2.91 

LSD 0.05 2.2 2.1 1.1 2.7 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the number of flowers and flower weight 

The results showed that there is an effect of the concentrations of nickel on the number 

of flowers. There are significant differences between the concentration of 100 mg / kg of 

soil and the concentrations of 200 and 300 mg / kg of soil, whereas there is no significant 

difference between the concentrations of 200 and 300 mg / kg of soil. The average number 
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of flowers ranged from 18.2 at a concentration of 100 mg / kg of soil and 14.1 at a 

concentration of 300 mg / kg of soil (Table 10). The toxicity of nickel had an effect on 

the wet weight of flowers at all concentrations compared to the control. The results 

showed that there were significant differences between the concentration of 100 mg / kg 

of soil and the concentrations of 200, 300 mg / kg of soil. The wet weight of flowers at 

concentrations of 100, 200, and 300 mg / kg of soil were 8.2, 7.2, and 7.0 g, respectively. 

The average dry weight of flower at a concentration of 100 mg / kg of soil was greater 

than at concentrations of 200 and 300 mg / kg of soil with significant differences. It 

reached 0.52 g at a concentration of 100 mg / kg of soil and 0.42, 0.35 g at concentrations 

of 200 and 300 mg / Kg of soil, respectively.  

 
Table 10. Effect of various concentrations of nickel on number of flowers, flower wet weight, 

and flower dry weight in Vigna sinensis 

Treatments 

(mg/kg soil) 
Number of flowers 

Flower wet weight 

(g) 

Flower dry weight 

(g) 

Control 42.3a   ± 3.5 23.2a   ± 1.4 1.1a   ± 0.11 

100 18.2c   ± 1.3 8.2b   ± 0.6 0.52b  ± 0.01 

200 15.1d  ± 1.1 7.2c   ± 0.3 0.42c   ± 0.03 

300 14.1d  ± 0.1 7.0c   ± 0. 1 0.35d  ± 0.01 

LSD 0.05 3.45 0.11 0.01 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the number of fruits and fruit wet and dry weight 

Treatment of the plants with different concentrations of nickel (100, 200, and 

300 mg Ni2+ / kg of soil) affected number of fruits, fruit wet weight, and fruit dry weight 

in Vigna sinensis negatively. The statistical analysis reflected significant analysis 

between all the treatments compared with the control and among the concentrations of 

nickel (Table 11). The average number of fruits ranged from 10 at a concentration of 

100 mg / kg of soil to 6.5 at a concentration of 300 mg / kg of soil. Average fruit wet 

weight at a concentration of 100 mg / kg of soil was greater than at the other two 

concentrations (200 and 300 mg / kg of soil). It was 12.2, 12.0, and 10.5 g, respectively. 

The average fruit dry weight ranged from 1.7 g at a concentration of 100 mg / kg of soil 

to 1.2 g at a concentration of 300 mg / kg of soil. 

 
Table 11. Effect of various concentrations of nickel on number of fruits, fruit wet weight, and 

fruit dry weight in Vigna sinensis 

Treatments 

(mg/kg soil) 
Number of fruits 

Fruit wet weight 

(g) 

Fruit dry weight 

(g) 

Control 17.6a   ± 2.5 38.2a   ± 3.21 5.6a   ± 0.70 

100 10.1b  ± 1.6 12.2b  ± 2.32 1.7b   ± 0.22 

200 5.3c   ± 0.6 12.0c   ± 2.03 1.4c   ± 0.11 

300 6.5d   ± 1.2 10.5d  ± 1.71 1.2d   ± 0.10 

LSD 0.05 3.1 6.11 0.8 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 
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Effect of nickel on the number and weight of the seeds 

The results showed that there is an effect of different concentrations of nickel on the 

number of seeds in Vigna sinensis. As illustrated in Table 12, there were no significant 

differences between the three concentrations of nickel (100, 200, and 300 mg / kg of soil). 

The seed weight was also affected by nickel treatments. The general trend revealed a 

decrement in the average seed weight as the toxicity of nickel increases compared to the 

control. 

 
Table 12. Effect of various concentrations of nickel on number of seeds, and seed weight in 

Vigna sinensis 

Treatments 

(mg/kg soil) 
Number of seeds 

Seed weight 

(g) 

Control 270.3a  ± 35.5 36.4a   ± 6.1 

100 60.1b  ± 5.5 8.1b   ± 0.8 

200 54.2b  ± 6.5 7.2c   ± 0.4 

300 45.4b  ± 2.7 6.5d   ± 0.5 

LSD 0.05 32.5 5.4 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 

 

 

Effect of nickel on the flowering 

There is an effect of different concentrations of nickel on the beginning of flowering. 

There were significant differences between all treatments (Table 13). The general trend 

showed a delay in the flowering date as the toxicity of nickel increased compared with 

the control. The average flowering initiation period ranged from 55 days at a 

concentration of 100 mg / kg of soil to 56.4 days at a concentration of 300 mg / kg of soil. 

The effect of nickel toxicity on the end-flowering period was also observed in all 

concentrations compared to the control. As presented in Table 13, there were significant 

differences between the concentration of nickel (100, 200, and 300 mg / kg of soil). These 

results showed an effect of different concentrations of nickel on the flowering duration 

compared to the control. There are significant differences between the concentrations of 

100, 200, and 300 mg / kg of soil. It was obvious that the average flowering duration 

decreased as the toxicity of nickel increased. It ranged from 40 days at a concentration of 

100 mg / kg of soil to 37.9 days at a concentration of 300 mg / kg of soil. 

 
Table 13. Effect of various concentrations of nickel on start flowering date, end flowering 

date, and flowering duration in Vigna sinensis 

Treatments 

(mg/kg soil) 

Start date of flowering 

(day) 

End date of flowering 

(day) 

Flowering duration 

(day) 

Control 50.2c   ± 0.0 101.4a  ± 0.0 51.2a   ± 0.0 

100 55.2b  ± 0.0 95.2b  ± 1.2 40.0b  ± 1.2 

200 54.1b  ± 1.0 95.4c   ± 1.0 41.3c   ± 1.7 

300 56.4a   ± 0.6 94.3c   ± 1.0 37.9d  ± 1.05 

LSD 0.05 1.1 1. 7 2. 2 

Values are mean ± SD for three replicates in each treatment. Within the same column, means followed 

by the same letter do not differ significantly (p < 0.05) 
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Effect of nickel on the fruiting 

The results showed that there is negative effect of different concentrations of nickel on 

the beginning of fruiting. There are significant differences between the concentrations 

(Table 14). The average start of fruiting ranged from 76.2 days at a concentration of 

100 mg / kg of soil to 80.2 days at a concentration of 300 mg / kg of soil. The effect of 

nickel toxicity on the end of fruiting date was observed in all concentrations compared to 

the control. Although there was a significant difference between all concentrations of nickel 

compared with the control, there were no significant differences between the 

concentrations. The results also showed an effect of different concentrations of nickel on 

the fruiting duration compared with the control. There were significant differences between 

the treatments. The average fruiting period ranged from 26.9 days at a concentration of 100 

mg / Kg of soil and 21.2 days at a concentration of 300 mg / kg of soil. 

 
Table 14. Effect of various concentrations of nickel on start fruiting date, end fruiting date, 

and fruiting duration in Vigna sinensis 

Treatments 

(mg/kg soil) 

Start date of fruiting 

(day) 

End date of fruiting 

(day) 

Fruiting duration 

(day) 

Control 64.3c   ± 1.0 110.4a  ± 1.2 46.1a   ± 2.2 

100 76.2b  ± 1.2 103.1b   ± 1.5 26.9b  ± 1.9 

200 77.1b  ± 0.6 102.3b   ± 1.2 25.2c   ± 0.7 

300 80.2a   ± 0.0 101.4b   ± 1.7 21.2c   ± 1.4 

LSD 0.05 1.8 2. 3 3. 2 

Values are mean ± SD for three replicates in each treatment (p < 0.05) 

 

 

Effect of nickel on the DNA 

Two ISSR responding primers which produced clear cut and reproducible bands (UBC 

26 and UBC 35) were further used to amplify genomic DNA from all treated and 

untreated plants. The results revealed that all appeared fragments were monomorphic 

(Figures 1 and 2) and no differences were observed between the treatments. These results 

indicated that there is no genotoxic effect of nickel on the DNA of Vigna sinensis at the 

treatments of 100, 200, and 300 mg/kg soil. 

 

Figure 1. ISSR fingerprints for Vigna sinensis treated with various concentrations of nickel with 

primer UBC 26. Lane M: 1 kb DNA ladder; Lane c: control; Lanes 1, 2, 3: plants treated with 

nickel at concentrations of 100, 200 and 300 mg/kg soil, respectively 
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Figure 2. ISSR fingerprints for Vigna sinensis treated with various concentrations of nickel with 

primer UBC 35. Lane M: 1 kb DNA ladder; Lane c: control; Lanes 1, 2, 3: plants treated with 

nickel at concentrations of 100, 200 and 300 mg/kg soil, respectively 

 

 

Discussion 

Nickel (Ni2+) is one of the essential nutrients for plants, but it is toxic to plants at high 

concentrations. Plant species differ greatly in their ability to mineral absorption and 

accumulation, and these differences often help in the explanation of the plant's tolerance 

to mineral toxins (Yang et al., 1996). In this study, the toxic effects of nickel on 

physiological, morphological and molecular traits of cowpea (Vigna sinensis). were 

investigated. Three concentrations of nickel were used (100, 200, and 300 mg / kg of 

soil). The results showed that the three nickel concentrations (100, 200, 300 mg / kg of 

soil) affected the physiological traits negatively. It was observed that the P, K, Mg, and 

Ca content of Vigna sinensis leaves decreased as the concentration of nickel increased 

compared with the control. These results are consistent with Harasim and Filipek (2015) 

who stated that nickel causes toxicity to the plant if it is present in high concentrations. 

However, it is inconsistent with the results of Piccini and Malavolta (1992) in their study 

on the bean plant (Phaseolus vulgaris L.). They found that when the concentration of 

nickel increased the levels of N, P, K, and Cu elements increased. Whereas there were no 

significant changes in the concentrations of Ca, Mg, Mn and Zn in the plant tissues. The 

results also revealed that there is an effect of the three nickel concentrations (100, 200, 

300 mg / kg of soil) on the concentration of chlorophyll a & b, and carotenoids in the 

Vigna sinensis L. plant. It was obvious that the general trend is a decrement in the 

concentration of chlorophyll a, b and carotenoids as the concentration of the nickel 

increases compared with the control. This may be attributed to the fact that the exposure 

of the plant to the toxicity of nickel leads to a negative effect on the growth of 

chloroplasts, which leads to a noticeable effect in the process of chlorophyll synthesis as 

a result of reducing photosynthetic pigments. These results are in alignment with several 

studies. For instance: Piccini and Malavolta (1992), who found that the nickel toxicity 

had a significant impact on the reduction of chlorophyll in the bean leaf (Phaseolus 

vulgaris L.). Ewais (1997) who investigated the effect of heavy metals on the decrement 

of chlorophyll content in three herbaceous plants (Cyperus difformis, Chenopodium 

ambrosioides, and Digitaria sanguinalis). Kaveriammal and Subramani (2013) who 

studied  the effect of nickel chloride (NiCl2) on peanut (Arachis hypogeaea L.) and 

observed a negative effect of NiCl2 on chlorophyll a & b, total chlorophyll, and 

carotenoids. Stanisavljevic et al. (2012) who investigated the effect of nickel on Alyssum 

markgrafii and found toxic effects of nickel on chlorophyll a & b, total chlorophyll, and 
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carotenoids. Singh and Pandey (2011) who investigated the nickel toxicity on chlorophyll 

a & b in Pistia stratiotes. Hussain et al. (2013) who concluded that nickel inhibits the 

activity of plant pigments. The results indicated that the sugar content (reducing, non-

reducing and total sugars) of Vigna sinensis leaves were affected negatively by the 

toxicity of nickel at all studied concentrations (100, 200, and 300 mg / kg of soil) 

compared with the control. The reason behind may be due to the accumulation of nickel 

in the leaves and to the small leaf area where the sugars are manufactured. These results 

are in parallel with what was indicated by Ashraf et al. (2011) in their experiments on 

sunflower (Helianthus annuus L.). They observed that treatment of the plant with various 

levels of nickel led to a disturbance in the metabolism of the chemical and, consequently, 

affected the availability of sugars that produce metabolic energy due to the toxicity of 

nickel. Our findings found that there is an effect of nickel various concentrations (100, 

200, and 300 mg / kg soil) on lipid ratio, total protein and soluble protein in the leaves of 

Vigna sinensis. They indicated the effect of nickel toxicity on the percentage of fat as the 

concentration of toxicity of nickel increased compared with the control. The ratio of total 

protein and soluble protein in the leaves was affected by the toxicity of nickel at high 

concentrations (300 mg / kg of soil) compared to the control, and this may be due to the 

accumulation of nickel in the leaves and the decrease in the dry matter of the vegetative 

and root parts of the plant, which negatively affected the protein content. These findings 

are consistent with Stanisavljević et al. (2012) who indicated that high concentrations of 

nickel lead to oxidation of fats in Alyssum markgrafii plants. The results of our study are 

also in alignment with those of Kumar et al. (2011) in their study on barley, where they 

observed a significant decrease in the protein thiol content of leaves. Several researchers 

also reported that the toxicity of nickel in the leaves of plants affects the physiological 

characteristics and works to decrease the contents of protein and fats (Ewais, 1997; Ashraf 

et al., 2011; Kumar et al., 2011; Singh and Pandey, 2011; Stanisavljević et al., 2012; 

Kaveriammal and Subramani, 2013). The results showed that nickel concentrations (100, 

200, 300 mg / kg of soil) negatively affected the antioxidant enzymes including Ascorbate 

peroxidase (APX), Catalase (CAT), Guaiacol peroxidase (GPX) Superoxide dismutase 

(SOD) in the leaves of Vigna sinensis. The activity ratio of all enzymes decreased at 

different treatments of nickel and the decrease was significant at a concentration of 300 

mg / kg of soil followed by the two concentrations (200 and100 mg / kg of soil). The 

reason may be attributed to the fact that the nickel toxicity has the ability to bind with the 

enzymes, which leads to changes in their potency and performance. These results are in 

parallel with Shahzad et al. (2018) who indicated that nickel is a toxic pollutant in 

agricultural environments and excessive concentration of nickel disrupts the nature of 

biological enzymes. It also agrees with the results of Ashraf et al. (2011) who noticed that 

the toxicity of nickel leads to a disturbance in the chemical metabolism in sunflower 

(Helianthus annuus L.). which leads to a shortage of amino acids necessary for the 

production of proteins and enzymes needed for fetal growth due to inhibition of activities 

of α - Amylase and protease. However, our results are in contrast with the results of 

Kumar et al. (2011), who observed a significant increase in the activities of Guaiacol 

peroxidase (GPX), Ascorbate peroxidase (APX) and Superoxide dismutase (SOD) and 

Glutathione reductase (GR) Catalase (CAT) when treating Barley malt plant with two 

concentrations of nickel (200 & 400 µM). The results of Maheshwari and Dubey (2009) 

in their conducted-on rice seedlings (Oryza sativa L.) showed an increase in the activity 

of guaiacol peroxidases (GPX) and ascorbate peroxidase (APX). Whereas our results 

agree with them in that the toxicity of nickel significantly reduces Glutathione reductase 
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(GR) enzyme in the treated seedlings. Our results also showed that there is an effect of 

nickel various concentrations (100, 200, 300 mg / kg of soil) on the morphological traits 

of Vigna sinensis. Stem length, leaf area, and number of leaves decreased in response to 

high toxic concentration of nickel (300 mg / Kg of soil) compared with the control. This 

may be due to the fact that the nickel toxicity affects the processes of cell division, and 

thus this affects vegetative growth and the dry and fresh weight of the plant. The nickel 

toxicity might lead to the disruption of metabolic processes such as photosynthesis, 

respiration, protein synthesis, enzyme activity and other processes that lead to a decline 

in plant growth and yield. These results are in alignment with many findings of previous 

researchers who noticed the symptoms of nickel toxicity that resulted in a decrease in the 

average plant height, leaf area, and necrosis of the leaves (Piccini and Malavolta, 1992; 

Yadav and Aery, 2001; Al-Qurainy, 2009; Maheshwari and Dubey, 2009; Kumar et al., 

2011; Singh and Pandey, 2011; Hussain et al., 2013; Kaveriammal and Subramani, 2013). 

However, these results are inconsistent with Asagba et al. (2019) who noticed that there 

are no significant changes in the plant height and growth rate when the plants were 

exposed to low concentrations of nickel. The results of the current study indicated that 

there is an effect of nickel concentrations (100, 200, and 300 mg / kg of soil) on the 

decrement of root weight and total plant weight. This decrease was significant at 

concentration of 300 mg / kg of soil compared with the two concentrations (200 &100 

mg / kg of soil). This indicates that high concentrations of nickel affect the processes of 

cell division and thus this affects the weight of fresh and dry plants and the roots. The 

results of our study are in agreement with many previous studies which indicated that the 

exposure of the plant to the toxicity of nickel in high concentrations resulted in affecting 

the plant weight, root growth and length, and reducing fresh and dry weight and the length 

of the root tip (Yadav and Aery, 2001; Al-Qurainy, 2009; Maheshwari and Dubey, 2009; 

Kumar et al., 2011; Hussain et al., 2013; Kaveriammal and Subramani, 2013; Rathor et 

al., 2014). However, the results are in contrast with the findings of Asagba et al. (2019) 

who reported no significant changes in fresh weight and growth rate when the plant was 

treated with low concentrations of nickel. Regarding the seeds, results indicated that there 

was a negative effect for nickel treatments on the number of seeds and seed weight. This 

effect was increased by increasing concentrations of nickel (100, 200, and 300 mg / kg of 

soil). These results are in alignment with the findings of Yadav and Aery (2001) who 

reported that the toxicity of high concentrations of nickel affects seed production. 

Whereas it does not agree with the findings of Shahzad et al. (2018) and Ahmad et al. 

(2009) who concluded that low concentrations of nickel led to improved and stimulated 

seed germination, seedling growth and improvement in fresh and dry weights of seeds. In 

the means of flowering and fruiting, our results revealed that there is a negative effect of 

different concentrations of nickel on flowers and fruits, as the toxicity of nickel increases 

at a concentration of 300 mg / kg of soil compared with the control. These results are 

consistent with Hussain et al. (2013) who reported that the toxicity of nickel affects the 

activity of many morphological characteristics. At the molecular level, our ISSR 

molecular marker did not reveal any polymorphism neither between treatments of nickel 

(100, 200, and 300 mg / kg of soil) on Vigna sinensis nor with the control and all bands 

seem monomorphic. These finding is in contrast with other studies that used RAPD and 

ISSR molecular markers and showed genotoxicity of heavy metals on plants (Al-Qurainy, 

2009, 2010; Taheri et al., 2013). 
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Conclusion 

In the current study, the effect of various concentrations of nickel (100, 200, and 

300 mg Ni2+ / kg soil) has been investigated to identify their effects on Vigna sinensis. 

The results revealed the negative effects of nickel on the concentrations of mineral 

elements, chlorophyll a, reducing, non-reducing and total sugar content. Furthermore, the 

activity of studied enzymes (APX, GPX, CAT, SOD) decreased significantly. Moreover, 

the negative effects of nickel concentrations on the root, stem, leaves, seeds, flowers and 

fruits were obvious. On a molecular level, the ISSR markers could not detect any 

polymorphism, indicating no toxic effect of nickel on the DNA at the studied 

concentrations. It is obvious that the nickel has a toxic effect on Vigna sinensis at the 

physiological and morphological levels. The conduction of investigations on the effects 

of nickel on a molecular level using more molecular markers is highly recommended. 
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