i, Journal of

- L]
the Serbian
£ . .
T Chemical Society
: \}
%%m;m . w\k\r-“*@ JSCS@tmf.bg.ac.rs » www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 74 (8-9) 1009-1017 (2009) UDC 631.42:633.15+546.74
JSCS-3895 Original scientific paper

The effects of some agrotechnical measures on
the uptake of nickel by maize plants

BRANKA M. ZARKOVIC and SRDJAN D. BLAGOJEVIC*#
Faculty of Agriculture, University of Belgrade, Nemanjina 6, 11081, Belgrade, Serbia
(Received 21 January, revised 11 March 2009)

Abstract: Nickel is a non-essential element in the nutrition of the majority of
plant species and can be toxic to plants when its concentration in soils is high.
Several soil properties have an effect on the uptake of this heavy metal by
plants. The purpose of this investigation was to determine the effect of ferti-
lization, soil acidification and liming on the uptake of Ni by maize plants
grown on some alluvial soils. A pot experiment with maize plants grown on
soils having various properties and elevated content of Ni was set up. The
experiment lasted six weeks. The roots and shoots were analyzed for the con-
centration of Ni. From the results of the experiment, it can be concluded that
the roots had higher concentrations of Ni than the shoots. The addition of
mineral fertilizers (without application of other measures) mainly decreased the
concentration and uptake of Ni by the roots and the transport of Ni to the
shoots. Soil acidification (to pH 4.5) caused an increase in the Ni concentration
in the plants and in its removal from the soil. Liming of acid soils had a posi-
tive effect on the uptake of Ni by young maize plants. The obtained results are
important from the standpoint of reducing the pollution of plants by potentially
toxic heavy metals.
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INTRODUCTION

Nickel is a heavy metal that is not essential for the growth and development
of the majority of plant species. Under normal conditions, plants take up small
quantities of Ni from soils. However, Ni can be toxic to plants when its concen-
tration in the soil is high. This is the case with severely polluted soils. It is well
known that the main sources of Ni and other heavy metals in a soil are the sub-
strate from which the soil was originally formed and anthropogenic pollution.
Significant amounts of Ni can be introduced into soils through application of
high doses of sewage sludge and certain mineral and organic fertilizers.
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1010 ZARKOVIC and BLAGOJEVIC

The most common symptom of Ni phytotoxicity is chlorosis, which seems to
be Fe-induced. In plants under Ni stress, the absorption of nutrients, root deve-
lopment and metabolism are strongly retarded. Before acute Ni toxicity symp-
toms are evident, elevated concentrations of this metal in plant tissues are known
to inhibit photosynthesis and transpiration.! Both plant and pedological factors
affect Ni uptake by plants, but the soil pH has the most pronounced influence. As
Berrow and Burridge? found, increasing the soil pH from 4.5 to 6.5 decreased the
Ni content in oat grain by afactor of about 8. Apart from the soil pH, soil organic
matter and clay minerals have significant influence on the uptake of Ni by plants.

Agrotechnical measures can change some of the soil properties and, in this
way, affect the uptake of Ni and other heavy metals by plants. Liming and addi-
tion of organic matter result in a decrease of both the available Ni and the amount
taken up by plants.3 In Serbia, here have not been many studies in which this
problem was addressed. Zarkovié¢ and Blagojevi¢4 studied the effect of some ag-
rotechnical measures on the uptake of lead (Pb) by maize plants. They found that
the application of mineral fertilizers decreased the uptake of Pb by the roots and
its transport to the shoots.

The purpose of the present investigation was to determine the effect of fer-
tilization, soil acidification and liming on the uptake of Ni by maize plants grown
on some aluvial soils.

EXPERIMENTAL

A pot experiment was set up with maize (hybrid ZP 704) that was grown on alluvial soils
collected from the following locations in Serbia: Salinac, Velika Plana, Lipe, Osipaonica,
Mala Krsna and Kragujevac. Before the experiment was set up, the soil samples were ana-
lyzed for the following chemical properties:

—the soil pH inwater and 1.0 M KCI (potentiometrically with a glass electrode);

— the humus content (the Tiurin method modified by Simakov);

—thetotal N content (the Kjeldahl method modified by Bremner);

— the available phosphorus and potassium (the AL-method according to Egner—Riehm);

— total Ni content (atomic absorption spectrophotometry after digestion of the samples
with amixture of nitric, perchloric and hydrofluoric acid).

All the aforementioned methods are described in detail in the Laboratory Manual in
Agrochemistry.’

After determination of the pH, it was decided that the pot experiment would be perfor-
med with 4 neutral to weakly alkaline soils (pH in H,O from 7.16 to 7.58) and 2 acid soils (pH
in H,0 5.76 and 6.36).

The following treatments were applied on the neutral and weakly akaline soils:
control (without fertilizers);

NPKI (50 mg N/kg, 50 mg P,Os/kg and 50 mg K,O/kg);
NPKII (100 mg N/kg, 100 mg P,Os/kg and 100 mg K,O/kg);
NPKI (soil acidified to pH 5.5in 1M KCl);

NPKI (soil acidified to pH 4.5in 1M KCl).

he following treatments were applied on the two acid soils:
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NICKEL UPTAKE BY MAIZE PLANTS 1011

control (without fertilizers);

NPKI (50 mg N/kg, 50 mg P,Os/kg and 50 mg K,0/kg);

NPKII (100 mg N/kg, 100 mg P,Os/kg and 100 mg K,0/kg);

NPKI + 1/2 of the amount of CaCOg3required for soil neutralization,;
NPKI + the amount of CaCOs required for soil neutralization.

Nltrogen was added as NH4NOj3, phosphorus as Na,HPO,4-12H,0 and potassium in the
form of KCI. All three nutrients were added as solutions of the aforementioned sats. Soail
acidification (to pH 5.5 and 4.5 in 1.0 M KCl) was performed with 5.0 M H,SO,. Partial and
full neutralization of the two acid soils was redlized by means of calcium carbonate, the
amount of which was calculated on the basis of the value for hydrolytic acidity.

Each experimental treatment was repeated three times. The soil moisture was maintained
at 60 % of the water holding capacity during the experiment. The experiment lasted for 6
weeks. At the end of the experiment, the yield of young maize plants was measured. The roots
and the aeria part of the maize plants were analyzed for the concentration of Ni by atomic
absorption spectrophotometry, which was performed after digestion of the samples with nitric
and perchloric acid.®

The obtained analytical data were subjected to statistical analysis (analysis of variance
and correlation analysis). It is important to mention that the LSD test was performed only in
cases where statistical significance of the corresponding F values was found.

RESULTS AND DISCUSSION

The results of the determination of some chemical properties of the aluvial
soilsare presented in Tablell.

RN R

TABLE |. Some important chemical properties of aluvia soils

Soil-location pH Humus Tota N Available Total Ni
H,O nKCl % % P (mgP,05/100 g)K (mg K,0/100g) mg/kg
1-Salinac 742 6.76 2.09 0.134 8.1 21.7 116
2-VeikaPlana 758 6.70 270 0.200 52 36.0 148
3-Lipe 7.16 6.27 355 0.228 35.0 40.0 115
4-Osipaonica 7.22 618 325 0.275 17.5 21.6 144,5
5-MaaKrsna 6.36 528 3.37 0.216 1.4 225 122,5
6-Kragujevac 576 466 249 0.171 41 14.9 45

According to the pH values in water, four soils (Lipe, Osipaonica, Salinac
and Velika Plana) are neutral to weakly alkaline, while the soils from Mala Krsna
and Kragujevac are acid. The content of organic matter in the soils is medium.
The obtained values indicate that soils 1, 2, 5 and 6 have low content of available
phosphorus, while it is high in soil from Lipe. All soils are well supplied with
available potassium. It can be seen from the Table | that the total Ni concentra-
tion isin the interval from 45 to 148 mg/kg. The highest value was found in the
soil sample from Velika Plana. Maximum allowed Ni concentration in agricul-
tural soilsis 50 mg/kg.”

The concentration of Ni found in the roots is shown in Tables Il and IlI.
Statistical analysis of data (analysis of variance) indicates that the treatment as an
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experimental factor had a significant influence on the concentration of Ni in the
roots of young maize plants that were grown on neutral and weakly alkaline soils.
Namely, the corresponding F-values were significant at the 0.01 probability
level. The average Ni concentration in the roots ranged from 52.1 to 78.1 pg/g,
while corresponding removal of Ni from the soil ranged from 37.1 to 64.1 pg/pot.
The highest average value for Ni concentration in plant tissues and its removal
from the soil was found with the treatment NPKI (pH 4.5), while the lowest was
found with the treatment NPKII. From the results presented in Table |1, it can be
seen that the higher dose of mineral fertilizers (treatment NPKII) caused a signi-
ficant decrease in the Ni concentration in the plant roots and its removal from the
soil by the roots. It can be assumed that part of the available Ni was transformed
into less soluble compounds under the influence of the applied phosphate ions.
Soil acidification (to pH 5.5 and 4.5) increased the root Ni concentration and its
remova from the soil. This effect was especialy pronounced with treatment
NPKI (pH 4.5), which can be explained by the considerably higher mobility of
Ni at this pH value. It is well known from the literature that the mobility and
availability of Ni ishigher in acid in relation to neutral and weakly alkaline soils.
Ni phytotoxicity occurs when highly contaminated soils are strongly acidic.® Soil
as an experimental factor also exerted a statistically significant influence on the
uptake of Ni by maize roots. Comparison of the average values for the uptake of
Ni from the investigated soils indicates that the highest average removal of Ni
from the soil was found for soil 3 (70.2 pg/pot), while it was the lowest for soil 1
(42.3 pg/pot). There was no significant difference between soils 3 and 4 with
respect to Ni removal from the soil.

TABLE Il. Concentration of Ni in the roots and its removal from treated neutral and weakly
akaline soils; results of the LSD test for Ni concentration: treatment — LSD (0.05) = 13.8 and
LSD (0.01) = 18.4; results of the LSD test for Ni uptake: treatment — LSD (0.05) = 16.7 and
LSD (0.01) = 22.3, soil —LSD (0.05) = 13.6 and LSD (0.01) = 18.2

Treatmert Soil 1 Soil 2 Soil 3 Soil 4 Average value

ug/g pg/pot pg/g pg/pot ug/lg pg/pot pg/g ug/pot ug/g ug/pot
Control 475 311 505 273 755 852 78 674 629 528
NPKI 735 481 765 629 64 66 78 669 730 610
NPKII 46 301 48 256 45 419 695 509 521 371

NPKI (pH 5.5) 60 50 545 378 79 915 76 652 674 611
NPKI (pH45) 685 522 84 625 745 666 855 749 781 641

Average 591 423 627 432 676 702 774 651 66.7 552

Only soil as an experimental factor had a statistically significant influence on
the concentration of Ni in maize roots and Ni removal by roots from acid soils
(Table 111). This was determined by statistical analysis. The average values for
the Ni concentration in plant roots and Ni removal from the soil were higher for
the treatments of soil 5 than of soil 6. This was connected with the fact that soil 5
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NICKEL UPTAKE BY MAIZE PLANTS 1013

had a higher concentration of total Ni than soil 6. From the Table I11, it can be
seen that with treatments NPKI and NPKII, root Ni concentration and Ni removal
from the soil were lower than in the control. Full neutralization of the acid soils
increased Ni remova from the soil by the roots in relation to al other
experimental treatments. However, it must be bear in mind that the registered
changes in the root Ni concentration and Ni remova from the soil were not
significant at the 0.05 probability level.

TABLE I1Il. Concentration of Ni in the roots and its removal from the treated acid soils;

results of the LSD test for Ni concentration: soil —LSD (0.05) = 16.8 and LSD (0.01) = 22.8;
results of the LSD test for Ni uptake: soil —LSD (0.05) =23.2and LSD (0.01) = 31.5

Treatment Soil 5 Soil 6 Average value
ug/g ug/pot ug/g ug/pot ug/g ug/pot
Control 105.0 78.8 53.5 26.0 79.3 52.4
NPKI 745 76.9 455 19.9 60.0 484
NPKII 57.5 55.9 46.0 17.9 51.8 36.9
NPKI +1/2 CaCO;q 66.0 57.4 55.5 21.0 60.8 39.2
NPKI + CaCO; 102.0 132.8 57.0 325 79.5 82.7
Average 81.0 80.4 51.5 235 66.3 51.9

The found values for the Ni concentration in the shoots and for the uptake of
Ni from treated neutral and weakly alkaline soils are given in Table IV. The ave-
rage values (according to treatments for all 4 soils) for the Ni concentration in the
shoots ranged from 6.8 to 12.0 ug/g, while the corresponding values for Ni re-
moval ranged from 8.8 to 16.7 pg/pot. Analysis of the variance showed that none
of the experimental factors had a statistically significant influence on the shoot
Ni concentration and its remova from the soil. In other words, the differencesin
the Ni concentration and its remova (in shoots and by shoots, respectively),
which existed between the treatments and the soils were not significant at the
0.05 probability level.

TABLE V. Concentration of Ni in the shoots and its removal from the treated neutral and
weakly akaline soils

Treatment Soil 1 Soil 2 Soil 3 Soil 4 Average value
ug/g pg/pot ug/lg pg/pot ug/g pg/pot ug/g pg/pot pg/g pg/pot
Control 140 153 115 104 80 150 85 122 105 132
NPKI 60 65 65 89 75 129 70 100 68 96
NPKII 70 76 70 62 75 116 80 98 74 88

NPKI (pH55) 6.5 9.0 7.5 8.7 70 135 6.0 8.6 6.8 10.0
NPKI (pH4.5) 6.0 76 100 124 80 119 240 350 120 167

Average 7.9 9.2 8.5 9.3 76 130 107 151 87 117

Comparison of the treatments with fertilizers and the control showed that the
Ni concentration in the shoots and its removal were lower for soils to which only
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mineral fertilizers were applied. Soil acidification to pH 4.5 increased the shoot
Ni concentration and Ni removal from the soil in relation to the control and other
treatments on neutral and weakly akaline soils. However, as mentioned earlier,
the registered changes were not significant at the 0.05 probability level.

Differences between soils with respect to the total Ni concentration did not
have a significant effect on the concentration and transfer of Ni into the maize
shoots. The highest average values for the Ni concentration and uptake were
found for the treatments of soil 4.

The results presented in Table V indicate that treatment, as an experimental
factor, did not have a significant influence on the concentration of Ni in the
plants (aerial part) and its transfer to the shoots in the experiment with the acid
soils. On the other hand, soil, as an experimental factor, did exert asignificant in-
fluence on the uptake of this metal. The average value of Ni removal from soil 5
was 13.5 pg/pot, while the corresponding value for soil 6 was 6.4 ug/pot. The
reason for this lies in the fact that average maize yield on soil 5 was two times
higher than that on soil 6.10 The highest average value for Ni removal from the
soil by maize was found for the treatment NPKI + CaCOs3. However, this in-
crease, with respect to the other treatments, was not significant at the 0.05 pro-
bability level.

TABLE V. Concentration of Ni in the maize shoots and its removal from the treated acid
soils; results of the LSD test for Ni uptake: soil —LSD (0.05) =5.0 and LSD (0.01) = 6.7

Treatment Sail 5 Soil 6 Average value
ug/g ug/pot ug/g ug/pot ug/g ug/pot
Control 7.0 8.8 9.0 7.3 8.0 8.1
NPKI 75 129 9.0 6.6 83 9.8
NPKII 6.5 10.5 95 6.2 8.0 84
NPKI +1/2 CaCO; 10.0 14.5 85 54 9.3 10.0
NPKI| + CaCO, 9.5 20.6 7.0 6.7 8.3 13.7
Average 8.1 135 8.6 6.4 8.4 10.0

The results that are presented in Tables [1-V indicate that the concentration
of Ni was higher in the roots than in the shoots of maize plants. Thus, for ex-
ample, the average Ni concentration in the roots of maize plants on neutral and
wesakly akaline soils was 66.7 pg/g, while the corresponding value for the shoots
was 8.7 ng/g. The results obtained by Radulovi¢!! also indicated that the con-
centration of Ni was higher in the roots than in the shoots. These investigations
refer to oat plants that were grown under controlled conditions on the brown and
aluvia soils of the Zeta Plain in Montenegro. This author found that the ratio
between Ni concentration in roots and shoots of oat grown on brown soils was
1:0.12, while the corresponding value on the aluvia soils was 1:0.15. Investi-
gations carried out by Sauerbeck and Heinl2 showed that the concentration of Ni
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NICKEL UPTAKE BY MAIZE PLANTS 1015

was the highest in the roots. Namely, they investigated the uptake of Ni by 13
plant species grown on two types of soil containing Ni in different concentrations
and forms.

Correlation analysis was employed to investigate the relationship between
the Ni concentration (in roots and shoots of maize) and the chemical properties of
the investigated soils. For the calculation of correlation coefficients, results re-
ferring to all three replications of unfertilized treatment (controls) were used. The
results of the correlation analysis are presented in Table V1.

TABLE VI. Correlation coefficients between the Ni concentration in maize and some impor-
tant chemical properties of soil

Correlation coefficient

Soil property Roots Shoots
pH (H,0) ns® 0.530"
pH (1M KCl) ns 0.624°
Humus 0.821° -0.860°
Total N 0.619° -0.708°
Available phosphorus ns ns
Available potassium ns ns
Total Ni ns ns

*Not significant; bstatistically significant at the 0.05 probability level; Cstatistically significant at the 0.01
probability level

The results presented in Table VI indicate that only the content of humus and
total nitrogen had a significant influence on the concentration of Ni in the roots
of young maize plants. Therefore, it can be supposed that the Ni present in the
roots originated partly from its organic forms in the soil. In other words, the
fraction of Ni bound to the organic matter of the soil contributed to the supply of
plants with this element.

Concerning the concentration of Ni in the shoots, medium and statistically
significant correlations were obtained with pH (in H>O and 1 M KCI), the humus
content and the total soil nitrogen. It can be seen that an increase in the humus
and nitrogen content bring about a decrease in the Ni concentration in maize
shoots. A good explanation for the positive effect of soil pH and the negative ef-
fect of humus content on the Ni concentration in maize shoots cannot be given at
present.

There is a negative and statistically very significant correlation between
concentrations of Ni in the roots and shoots (r = —0.811).

Multiple linear regression was employed to determine the simultaneous im-
pact of severa soil properties on the Ni concentration in maize roots and shoots.
The investigated chemical properties were assumed as independent variables for
the equation constructed by progressive stepwise regression. The following soil
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characteristics were considered in the equation describing the Ni concentration in
the roots and the aerial parts of the tested plants:

Niroots = —24.712 + 40.477humus — 120.956N
Nishoot = 11.226 — 0.660pHH,0 + 2.207pHi ¢y — 3.161humus — 4.836N

where humus is the humus content in % and N is the total nitrogen content in %.
CONCLUSIONS

Based on the results obtained in this investigation, the following conclusions
can be drawn:

— The addition of mineral fertilizers (without application of other measures)
mainly decreased the Ni concentration in maize and Ni removal from the soil by
the plants.

—Soil acidification (to pH 4.5) caused an increase in the Ni concentration in
the plants and its removal from the soil.

— Liming of acid soils had a positive effect on the removal of Ni from the
soil by young maize plants.

— The concentration of Ni in the roots was on average 8 times higher than in
the shoots. The obtained results are important from the standpoint of reducing the
pollution of plants with potentialy toxic heavy metals.

— Correlation analysis indicated that some of the chemical properties of the
investigated soils had a statistically significant influence on the concentration of
Ni in the roots and shoots of young maize plants. The strongest effect was ex-
pressed by the humus content.

M3BOJ

YTULAJ HEKNX ATPOTEXHUYKHNX MEPA HA YCBAJAILE
HUKIIA BUJBKAMA KYKYPY3A

BPAHKA XXAPKOBU'R U CPHAH BJIAT'OJEBUR
Howotipuspeonu gakyaitieiti, Hemarourna 6, 11080 Beozpao

Hukn Huje HeonxolaH €IEeMEHT 3a MCXpaHy BehuHe OMIJPHHMX BpcTa M OH MOXKE OWUTH TOK-
cH4aH 3a OWJbKe Ka/ia je HeroBa KOHIEHTpAlMja Y 3eMJBHIITY BHCOKa. Hekommko ocoOuHa 3eMIbH-
Ta ¥Ma yTHUllaja Ha ycBajame OBOT MeTana Oribkama. [{iuib oBor ucTpakuBamba je 610 1a ce yTBp-
I yTuIaj hyopema, 3aKicesbaBarma 3eMJBHIITA U KaJlU3alrje Ha yeBajambe Ni Onsbkama Kykypysa
rajeHNM Ha HEKHM allyBHjaJHUM 3eMJbHIITHMA. [TocTaBibeH je oriel y cyJjoBuMa ca Ouibkama Ky-
Kypy3a Koje Cy rajeHe Ha HOMeHyTUM 3emsbumTuMa. Orinen je Tpajao 6 Henespa. KopeHoBu u Haz-
3eMHH JeJIOBH Cy aHAIM3UpaHH Ha caapixkaj Ni. Moxe ce 3aKJbyduTH U3 pe3yiTara orjiesa a Kope-
HOBH MMajy Behe konneHtpauuje Ni y oqHOCY Ha Haj3eMHe Jenose. JlofaBambe MHHEpATHHUX By-
OpuBa (6e3 mpuUMeHe IPYrux Mepa) YIiaBHOM je CMambWII0 KOHLICHTpalujy U ycBajame Ni kopeHo-
BAMa Ka0 W IbEroB TPAHCIOPT A0 HAJ3EMHHUX JENOBa. 3aKucesbaBame 3emipminta (mo pH 4,5)
nosehaio je ycajame Ni KOpEHOBMMA U H-ETOB TPAHCIOPT JI0 HAI3EMHHUX JiefioBa Onsbaka. Kamm-
3alMja KHCeInX 3eMJBHIITA je UMana MO3UTHBaH yTHIa] Ha ycBajambe Ni MiaaauM GHibKama KyKy-
py3a. JloOujeHn pe3yiraTu Cy 3HAYajHH 32 CMambCHe 3araljuBama Ousbaka MOTCHIUJATHO TOKCHY-
HHM TELIKUM METallMa.

(Mpumsbeno 21. janyapa, pesuauparo 11. mapra 2009)
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