Asian Journal of Chemistry Vol. 21, No. 2 (2009), 1475-1482

Effect of Nitrogen and Zinc Application on Nickel,
Lead and Cadmium Contents of Maize Plant in
Typic Xerochrept and Calcixeroll Soils

Seving AbpiLocLut and Avypin ADILoGLU*
Soil Science Department, Faculty of Agriculture, Namik Kemal University, 59030 Tekirdag, Turkey
Fax: (90)(282)2931454; Tel: (90)(282)2931442
E-mail: a_adiloglu @ hotmail.com

This research was carried out in order to determine the effects of
nitrogen and zinc fertilizers on the nickel, lead and cadmium contents
of maize plant in typic xerochrept and typic calcixeroll soils. The
experiment was done in greenhouse conditions with three replications
and maize plant was grown. Three different doses of N (Ng:0; N;:50
and N»:100 kg N ha) were applied to each pot as NH,NOs. Four differ-
ent doses of Zn (Zn:0; Zn,:5; Zn,:10 and Zn,:20 mg kg™) were applied
to each pot as ZnSO,-7H,0. According to the results, dry matter amount
and Ni content of maize plant increased with increasing of N and Zn
doses. Lead and Cd contents of maize plant decreased with increasing
of N and Zn application doses. Increasing of dry matter amount and Ni
content and decreasing of Pb and Cd contents of maize plant were
determined significant at the level of 1 %, statistically.
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INTRODUCTION

There is growing concern worldwide surrounding issues of soil contamination
from alarge range of pollutants including heavy metals. On the other hand, more
and more fertilizer has been applied to soil and plant for maximum yield production.
Zinc and other trace el ements deficiency isamajor problem intheworld, particularly
in the recent years. Generally, deficiency of these elements is seen in calcareous
soils’.

Nitrogen application to the soil accelerates vegetative grow of plant and this
may lead Zn and Ni deficiency in soil. This adverse effect is more severe in the soil
with low available Zn and low organic matter amount®*. The effect of increasing
rates of Zn application to maize plant was investigated by Adiloglu®. Cadmium
contents of plant decreased with increasing Zn application.

tMuratli Vocational School, Namik Kemal University, Tekirdag, Turkey.
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Adiloglu® investigated the changes of nutrient element contents of maize plant
in calcareous and zinc deficient soils under greenhouse conditions. According to
the results, N fertilizer application increased dry matter amount and N content of
maize plant. While these increases were found statistically significant for dry matter
amount and N content of plant. Gray and McLaren® reported that Ni, Pb and Cd
were not uptaken in sufficient levels by plants in calcareous soils, because these
elements precipitated in these soil conditions. Therefore, these elements deficiency
may be seen in plants. Lead and Cd contents of plant decreased with increasing Zn
application to Zn deficient and cal careous soils™. Application of N and Zn fertilizers
in the increasing rates to Zn deficient, low organic matter containing and cal careous
soils decreased Pb and Cd contents and increased Ni contents of plants®.

Inthisresearch, the effect of N and Zn application to typic xerochrept and typic
calcixerall soils, which contain low organic matter, Zn deficient and high calcareous,
on Ni, Pb and Cd contents of maize plant was investigated.

EXPERIMENTAL

Typic xerochrept and typic calcixeroll™ soil sampleswere used in thisresearch.
Soil samples were analyzed for pH*, lime™, organic matter™®, extractable Ni, Pb and
Cd™ and texture™. Nickel, lead and cadmium contents of plants were also analyzed
with ICP-OES".

Pot experiment was carried out under greenhouse conditions. For this purpose,
soil sampleswere sieved through 4 mm and then packed into 2 kg pots. Experiment
was done 3 N doses x 4 Zn doses x 2 soils x 3 replications. 72 pot according to
factorial experiment design. Nitrogen doses were 0, 50, 100 kg ha* (as NH4NO),
Zn doseswere 0, 5, 10, 20 mg kg™ (as ZnSO,-7H,0) in solution forms and Zn only
once, N two times applied to the pots. Additionally, 70 kg P,Os ha® phosphorus
were applied to each pot. Pioneer 3377 MF hybrid maize seed was used in this
experiment. Two plants were left on each pot after the germination. Then plants
were harvested after 45 d and prepared for analysis. Required analyses of plants
were carried out and results were eval uated statistically™.

RESULTSAND DISCUSSION

Physical and chemical propertiesof soils: The physical and chemical prop-
erties of soil samplesare given in Table-1, showing that the organic matter contents
arelow and Zn contents are deficient in xerochrept and cacixeroll soils.

Effect of nitrogen and zinc application on dry matter amount of maize
plant: The effect of increasing rates of N and Zn application on dry matter amount
of maize plant are given in Table-2. According to Table-2, dry matter amount of
mai ze plant increased with increasing rates of N and Zn application. Increasing of
dry matter amount was higher in typic xerochrept soil than in typic calcixeroll soil.
These increases were significant statistically at 1 % confidence level. Average dry
matter amount for xerochrept and calcixeroll soilswere determined 3.43and 2.94 g



Vol. 21, No. 2 (2009) Effect of Nitrogen and Zinc on Maize Plant 1477

TABLE-1
SOME CHARACTERISTICS OF THE SOIL SAMPLES

. Organic Available 1
pHH%Z.S mgt?er Ca§O3 Zn(mg I.Extractable(mg kg) Texture
2 ) (%) ( °) kgl) Ni Pb Cd
Xerochrept  7.60 1.02 9.16 0.34 117 0.67 0.038 C
Cacixeroll  7.90 125 14.05 0.22 0.52 0.63 0.032 LS

Sail

TABLE-2
EFFECT OF INCREASING RATES OF N AND Zn APPLICATION ON
DRY MATTER AMOUNT OF MAIZE PLANT*

-1
Soil N doses Dry matter (g pot’) Average
Zn, n, Zn, Zn,
N, 2.65a 2.76a 2.91b 2.95b 2.8la
N, 3.10a 3.18a 3.30b 3.42c 3.25b 3.43b
Xerochrept N, 3.90a 4.10b 4.32c 4.54d 4.21c
Average 321a 3.34b 351c 3.63d
3.42b
N, 2.26a 2.44b 2.78c 3.10d 4.32a
N, 2.52a 2.80b 2.97c 3.26d 5.21b 2.9%4a
Calcixeroll N, 2.90a 3.15b 3.42c 3.64d 5.89c
Average 2.56a 2.7% 3.05¢c 3.34d
2.93a

*Soils, N doses and Zn doses are evaluated individudly and the same letter signs no
statistically significant differences between them at the confidence level of 0.01.

pot™, respectively, with increasing N application. Asfor the increasing Zn application,
average dry matter amount were determined 3.42 and 2.93 g pot™* for xerochrept
and calcixeroll soils, respectively. The similar resultswere aso found by Fayigaet al 2,
Adilogluw®, Peralta-Videaet al.*® and Agyarko et al ..

Effect of nitrogen and zinc application on nickel content of maize plant:
The effect of increasing rates of N and Zn application on Ni content of maize plant
are given in Table-3. Table-3 shows that Ni contents of maize plant increased with
N and Zn applications. The effect of Zn and Zn application on Ni content of maize
plant was found to be statistically significant at the level of 1 %. The N fertilizer
was more effective on increasing Ni content of the plant when compared to Zn
fertilizer for xerochrept and calcixeroll soils (Table-3).

Same results were found by Gray et al.°, Wang et al.”, Reeves and Adiglizel#,
Montagne et al. in Zn deficient and low organic matter containing soils. They
attributed this to the increase in vegetative growth with N and Zn application and
therefore increase of Ni transportation to plant.

Effect of nitrogen and zinc application on lead content of maize plant:
Lead content of maize plant decreased with N and Zn application (Table-4), which
is significant statistically at the level of 1 %. Decreasing rate of Pb content was
determined higher in xerochrept than calcixeroll soil.
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TABLE-3
EFFECT OF INCREASING RATES OF N AND Zn APPLICATION ON
Ni CONTENT OF MAIZE PLANT*

H -1
Sail N doses Ni (mgkg') Average
Zn, n, Zn, Zn,
N, 1.10a 1.18b 1.30c 1.52d 1.27a
N, 2.80a 2.92b 3.01b 3.19¢ 2.98b 2.58b
Xerochrept N, 3.30a 3.41b 3.52c 3.68d 3.47c
Average 2.40a 2.50a 2.61b 2.79%
2.57b
N, 1.12a 1.19%b 1.32¢c 1.48d 1.27a
N, 2.76a 2.92b 3.03c 3.14d 2.96b 254a
Calcixeroll N, 3.14a 3.28b 3.46¢c 5.59d 3.36c
Average 2.34a 2.46b 2.60c 2.73d
2.53a

*Soils, N doses and Zn doses are evaluated individudly and the same letter signs no
statistically significant differences between them at the confidence level of 0.01.

TABLE-4
EFFECT OF INCREASING RATES OF N AND Zn APPLICATION ON
Pb CONTENT OF MAIZE PLANT*

-1
Sail N doses Pb(mgkg) Average
Zn, n, Zn, Zn,
No 0.35¢ 0.22b 0.19% 0.10a 0.21c
N, 0.26¢c 0.20b 0.11a 0.07a 0.16b 0.16b
Xerochrept N, 0.19c 0.13b 0.09b 0.04a 0.11a
Average 0.26d 0.18c 0.13b 0.07a
0.15b
No 0.23c 0.20bc 0.17ab 0.13a 0.18b
N, 0.20b 0.19b 0.12a 0.09a 0.15b 0.15a
Calcixeroll N, 0.14c 0.11bc 0.088b 0.05a 0.09a
Average 0.21b 0.17b 0.12a 0.09a
0.14a

*Soils, N doses and Zn doses are evaluated individudly and the same letter signs no
statistically significant differences between them at the confidence level of 0.01.

It was also stated that Pb uptake of plants decreased with Zn application to Zn
deficient soils'®#%,

Plant vegetative growth increased with N application to soil. This situation is
hindering Pb transportation in plant; consequently, Pb uptake decreased by plant®°%.

Effect of nitrogen and zinc application on cadmium content of maizeplant:
Table-5 showsthe effect of increasing N and Zn application on Cd content of maize
plant in xerochrept and calcixeroll soils. A statistically significant (at 1 % confident
level) decrease was obtained for Cd content of maize plant with increasing rates of
N and Zn application to the soils. Therate of this decrease was higher in xerochrept
than calcixeroll soil.
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TABLE-5
EFFECT OF INCREASING RATES OF N AND Zn APPLICATION ON
Cd CONTENT OF MAIZE PLANT*

-1
Sail N doses Cd (mgkg) Average
Zn, n, Zn, Zn,
N, 0.98d 0.82c 0.69b 0.52a 0.75¢
N, 0.86d 0.71c 0.62b 0.48a 0.66b 0.65b
Xerochrept N, 0.71d 0.60c 0.51b 0.42a 0.56a
Average 0.85d 0.71c 0.60b 0.47a
0.66b
N, 0.89d 0.72c 0.60b 0.48a 0.67c
N, 0.76d 0.63c 0.51b 0.40a 0.57b 0.56a
Calcixerall N, 0.61d 0.49c 0.38b 0.31a 0.44a
Average 0.75d 0.61c 0.49b 0.3%
0.56a

*Soils, N doses and Zn doses are evauated individudly and the same letter signs no
statistically significant differences between them at the confidence level of 0.01.

Cadmium content of plants decreased with increasing N application to low
organic matter content soils**"#, Similarly, Cd content of plants also decreased
with Zn application to Zn deficient soils>®829%,

Conclusion

According to the results of this experiment, dry matter amount of maize plant
increased with increasing rates of N and Zn application to xerochrept and cal cixeroll
soils. Nickel content of maize plant increased, but Pb and Cd contents of maize
plant decreased, with increasing rates of N and Zn application to zinc deficient, low
organic matter containing and xerochrept and calcixeroll soils. Theseincreases and
decreases were statistically significant at the level of 1 %. Increasing of Ni uptake
is seen frequently in these soilswith increasing N and Zn applications. Thissituation
isvery important of plant nutrition, food quality, human health and the environment
pollution. Therefore, care should be taken in the interaction and dynamic equilibrium
between nutrient elements and heavy metalsin Zn deficient and low organic matter
containing xerochrept and calcixeroll conditions.
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