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Abstract 

Nickel is essential element in low concentration for maize plant growth while at high concentration it is toxic. The level of 

nickel toxicity on root, shoot length and dry biomass of maize was studied, compared to control.  A pot (60days) and solution 

culture experiment (20 days) were conducted to study the effect of nickel concentration on maize plants. Seeds of maize were 

exposed to a range of nickel levels (0, 10, 20, 30 and 40 mg L
-1

) prepared in Hoagland nutrient solution and in pot 

experiments black soil were spiked with the (0, 50, 100, 150, 500 and 600 mg kg
-1

) metal solution of different concentrations 

of nickel.  The study revealed that dry matter yield of maize was decreased at 10 mg L
-1

 nickel in solution culture, while in 

pot culture study, 50 mg kg
-1

 nickel concentration recorded reduced dry matter weight and also chlorosis symptom was 

observed at nickel dose above 100 mg kg
-1

. The aim of this study was to determine how to nickel reduces maize growth. We 

examined Ni accumulation and distribution in maize plants and the effects of toxic concentrations on growth and biomass. 
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Introduction  

Nickel is essential element for plant in low concentration but 

high concentration is toxic. Nickel is naturally occurring in soil 

and surface water with concentration lower than 100 and 0.005 

ppm, respectively
1, 2

. Nickel is released into the environment 

from various anthropogenic activities, like metal mining, 

smelting, vehicle emissions, fossil fuel burning, and disposal of 

household, industrial and municipal wastes, fertilizer and 

organic manures
3, 4

. In soil or culture solution, nickel is usually 

absorbed in ionic form (Ni
++

). There are a number of reports 

that nickel is easily absorbed by the plants when supplied in the 

ionic form and is not as strongly absorbed when chelated
5,6

.  

Turina investigated that the absorption of nickel by roots is 

through the root caps in some monocots like rye (Secale cereale 

L.), wheat and corn (Zea mays L.)
7
. Soil pH values to favor the 

absorption of nickel is below 5.6 seem, while values above 5.6 

do not.  Increases the exchangeable nickel content of the soil 

with the increasing soil acidity
8,9

.  The main toxic symptom 

produced by nickel is the chlorosis or yellowing of leaves 

usually followed by necrosis. Other toxic symptoms of nickel 

include deformation of various plant parts, short growth of root 

and shoot, unusual spotting and a host of other growth 

abnormalities. At extreme cases nickel may cause the death of 

the whole plant. Kucharski et al., found that the soil 

contamination with nickel had a negative impact on the activity 

of soil enzymes
10

.  

 

Material and methods  

Pot experiment: To study the effect of nickel on plant growth 

of Maize, pot culture experiments were conducted in the net 

house. Plastic pots initially rinsed with dilute hydrochloric acid 

to remove mechanically adhering metals, followed by through 

washing with water.  15 cm plastic pots were filled with 8 kg 

black soil (Vertisol). Before seeds sowing 3000 mL metal (Ni) 

solution of different concentrations (0, 50, 100, 150, 500, 600 

mg kg
-1

) was added separately  in each pot. It was found the 

amount (3000 mL) was sufficient for the homogenous 

distribution of metal solution in 8 kg of soil. Pots receiving 

distilled water in place of metal solution served as a control. 6 

seeds of maize were sown in each pot. All treatment was 

replicated two times. The pots were placed on greenhouse 

stands. Plants were thinned to 4 in each pot after one week.   

After two months when plant were completely or fully grow it 

was harvest and then plant growth (root and shoot length), 

biomass (fresh and dry weights of shoot and root) and yield 

were determined. 

 

Hoagland culture experiment: A solution Culture experiments 

were conduct to study the effect of nickel on growth of maize 

plants. Seeds of maize were germinated in Petri plate for about 4 

days after sterilization and water soaking. Uniform seedlings 

were selected and transplanted to test tube containing deferent 

concentration of nutrient solution after 4 days plants were 

transferred in 1500mL plastic container containing 1200mL of 

nutrient solution
11

. Composition of the nutrient solution (1 

strength Hoagland solution and Ni 0, 10, 20, 30 and 40 mg L
-1

 

from NiCl2). In order to eliminate iron deficiency, 1mL 0.5% 

Iron tartarate was added in nutrient solution. The final solution 

pH was 6.5.  

 

Collection of plant samples: After harvesting of the crop 
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through washed Plants were dried in a hot air oven at 70-80°C 

for 24 hr and dry matter was recorded.  Leaves and roots were 

grinded separately in a stainless steel grinder to a make coarse 

powder.  

 

Analysis of plant sample: In a 100 ml conical flask 0.5 gram of 

plant dry matter was taken. Using a pipette 5mL of HNO3 was 

added and swirled to thoroughly wet the sample. 25 mm reflux 

funnels were placed over samples and allowed to predigest over 

night. Next day added the mixture of HNO3 and HClO4 (3:1, vv) 

and conical flask were placed into a digestion block port for 3 

hours at 200ºC after the HNO3 fumes have evolved. The funnels 

were removed 10 minutes before the end of the digestion. The 

flasks were taken out of the digestion block, left for 20 minutes 

in a hood. Thereafter 10mL deionized water was added in the 

flask on hot plate (90ºC). The contents of the conical flask were 

mixed, cooled and quantitatively transferred into 50mL 

volumetric flask and diluted to the final volume, and the Ni 

contents of plant digest were made using ICP-OES (Perkin 

Elmear Optima DV 2100) 

 

Results and Discussion 
Pot experiment: Plant growth: The effect of dry-matter 

production to Ni application generally decreased with increasing 

rate of Ni dose applied in soil (r= -0.975) (table 1). Higher level 

of Ni decreased the crop growth as compared to control. Ni also 

decreased the shoot length with the increasing the Ni 

concentration in soil (r= -0.874) (table 1)
 3,4

. 

 

Nickel content in shoot: Nickel concentration in shoots of 

maize grown in spiked soil range from 32 to 62 mg kg
-1

 dry 

weight (table 1). Addition of nickel to soil with normal 

background level markedly increased the Ni content in plants 

(r=0.898). Application of higher dose of Ni (600 mg kg
-1

) in soil   

increased shoot Ni concentration up to 62 mg kg
-1

. 

 

Hoagland culture experiment: Plant growth: The effect of 

dry-matter production to Ni application generally decreased 

with increasing rate of Ni dose applied in water (table 2). Higher 

level of Ni decreased the crop growth as compared to control 

(figure 1 and 2). Also decreased the shoot and root dry weight 

with the increasing the Ni concentration in water (r= -0.832 and 

r= -0.944 respectively) (table 2). Similar observations in crops 

had been observed by Barceló and Poschenrieder
12, 13

. 

 

Nickel content in shoot and root: Nickel concentration in root 

and shoot of maize grown in spiked water range from 39.5 to 

4139.4 mg kg
-1 

and 19.1 to 1445.3 mg kg
-1 

dry weight 

respectively (table 2). Addition of Nickel increased the Ni 

content in plants. Application of higher dose of Ni in water   

increased root and shoot Ni concentration (r= 0.983 and r= 

0.979 respectively).  Hewitt showed the nickel toxic for maize 

plant
14

. A Ni-induced reduction of mitotic activity in root tips 

was observed in Zea mays
15

. 

 

Conclusion 
Nickel is essential element for plant in low concentration but 

high concentration is toxic. Green house study revealed that dry 

matter yield of maize was decreased at 10 mg L
-1

 nickel in 

Hoagland solution culture, while in pot culture study conducted 

in black soil (Vertisol) with maize crop, 50 mg kg
-1

 nickel 

recorded reduced dry matter weight and chlorosis symptom was 

also observed at nickel dose above 100 mg kg
-1

.  This reduction 

could come either from a decrease in the sink root effect or 

from an inhibition in the leaves of starch degradation into 

sucrose and then of the transport of this later to the root. 
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Table-1  

Pot experiment: Effect of Ni on maize crop 

S. 

No 

Treatment  

of Ni 

(mg kg
-1

) 

Shoot 

length 

(cm) 

Dry wt. of 

shoot 

(g) 

Ni content 

in 

shoot 

(mg kg
-1

) 

1 Control 40 18.35 28 

2 50 36 18.01 32 

3 100 31 17.18 38 

4 150 28 16.26 42 

5 500 26 13.87 44 

6 600 23 10.84 62 

 

Table-2 

Hoagland experiment: Effect of Ni on maize crop 

S.  

No 

 

Treatment 

of 

Ni 

(mg L
-1

) 

Dry 

wt. of 

Shoot 

(g) 

Dry 

wt. of 

root 

(g) 

Ni 

content 

in Shoot 

(mg kg
-1

) 

Ni 

content 

in Root 

(mg kg-1) 

1 Control 0.460 0.168 19 39 

2 10 0.196 0.124 287 1514 

3 20 0.165 0.100 509 1637 

4 30 0.150 0.096 1164 3311 

5 40 0.120 0.012 1445 4139 
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Figure-1  

Effect of Ni on shoot (Maize) 

 

 
Figure-2  

Effect of Ni on root (Maize) 
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