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1 89: ; <=>? Soil contamination with nickel, liming, red clover, lead, manganese. 

! @>A<BCA? In general, industrial pollution contributes to deeper degradation of agricultural production space. 
which leads lo accumulation of heavy metals in soils. Nickel is a heavy metal. At small amounts, it is neces­ 
sary for the growth and development of living organisms, while it is toxic in excess. The influence of soil 
contamination with nickel (50, I 00, and 150 mg Ni/kg of soil - NiSO,7H,O) on Pb and Mn at red clover was 
studied in four-year pol experiments on a background of varied liming levels (according to 0.5, I, and 1.5 Hh 
or soil - CaCOJ Metal contents were determined by means of I CP-AES technique after sample dry diges­ 
tion in muffle furnace at 450°C and dissolution or ash in I 0% HCI. The results were statistically processed 
using variance analysis and F-Fishcr-Snedecor's distribution according to F.R. Anal. ver, 4.1. software, while 
LSD

11
_,,, values were calculated according lo Tukey's lest. To find interactions between studied traits, a linear 

correlation analysis was performed. Both metals concentrations at plants grown on polluted soils were higher 
as compared to those cultivated on non-contaminated ones, which may indicate the synergism between nickel 
and both discussed heavy metals. Applied liming (regardless the amount ofCaCO) caused significant decrease 
of both metals contents at a test plant. The studies revealed synergistic dependencies between nickel and lead 
and manganese. 

INTRODUCTION 

Contamination of agricultural production area due to heavy metals has been the subject of 
many studies for over twenty years. The elements contents at vegetables, namely in their 
parts for direct consumption, are of special interests. However, there are few works upon 
the heavy metals content in general crop species cultivated under production conditions 
[2, 8, 12, 14, 15]. 

Soil is a principle source of heavy metals for plants. Due to the soil, majority of met­ 
als are incorporated into the trophic chain p, 11 ]. The process of their uptake by plants 
depends on a variety of factors: their total contents in the soi I, sorption capacity, acidity, 
organic matter content, humidity [6, 9, 12], and other heavy metals the up taken element 
can enter the antagonistic or synergistic reactions with [I, 3]. 

The aim of the present study was to evaluate the influence of soil contamination 
with nickel on lead and manganese contents at red clover (Trifolium pratense L.) on a 
background of varied liming. 
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Fig. 6. Lead content (mean for cuts) in red clover depending on different liming [mg/kg D.M.] 

Table I. Four-year mean lead content in red clover [mg/kg D.M.] 

Cut 
Doses of nickel Liming according to Hh 

Mean 
[mg/kg soil] 

o Hh 0.5 u, I Hh 1.5 Hh 

o I.SO 2.00 2.01 1.24 1.69 

I 
50 2.33 2.13 2.35 1.32 2.03 

100 2.42 I.SO 1.71 1.32 1.81 
150 1.93 1.88 1.84 1.62 I.SI 

Mean 2.05 1.95 1.98 1.37 1.84 

o I.IS 1.07 I.OS I.OS 1.09 

Il 
50 I.SI 1.35 1.42 1.42 1.42 
100 1.64 1.6 I I.SI 1.40 1.54 
150 2.05 1.89 1.52 1.56 1.74 

Mean 1.59 1.48 1.38 1.34 1.45 

o 1.19 1.29 1.23 1.21 1.23 

III 
50 2.07 1.86 1.94 1.6 I 1.87 

100 2.32 2.04 2.00 1.63 2.00 
150 1.98 1.75 2.05 1.60 1.84 

Mean 1.89 I. 73 I.SO 1.51 1.73 
o 1.65 2.09 2.37 2.12 2.06 

IV 
50 2.53 2.30 2.18 2.05 2.26 

100 2.32 2.26 2.11 1.97 2.17 
150 2.03 2.09 2.09 1.84 2.01 

Mean 2.13 2.18 2.19 1.99 2.12 
I cut II cut 111 cut IV cut 

LSD00; for: 
doses of nickel 0.210 0.178 O. 183 0.107 
liming 0.210 0.178 0.183 0.107 
interaction: doses of nickel x liming 0.4 I 9 n.i. 0.365 0.214 
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The statistical analysis revealed significant dependencies between soil contamina­ 
tion with nickel and mean value (for four years) of lead content at particular cuts of red 
clover. The correlation coefficients were: for the 2nd cut r = 0.83" ("- significant at 0,01 ), 
for the 3rd cut r = 0.70", for the 4'11 cut r = 0.89". Positive values of these coeffi cients may 
prove the synergism of nickel and lead. The analysis also revealed significant interactions 
between soil liming and content (mean for experimental years) of lead at particular cuts 
of red clover. The correlation coeffi cients amounted to: for the I" cut r = -0. 78'", for the 
2nd cut r = -0.72", for the 3rd cut r = -0.67", and for the 4'11 cut r = -0.51' ('- significant at 
0,05). Negative values of these coeffi cients confirm well -known fact that the solubility of 
heavy metals as well as mobility decreases with the increase of pH value [4, 7, 9, 10). 

Contents of the second studied heavy metal -manganese-at red clover of particular 
cuts are presented in Figures 7-1 O. In the first experimental year (Fig. 7), in 2nd cut plants 
grown on soils not contaminated with nickel, lower level of the metal was found than at 
those cultivated on polluted soils; the differences were statistically significant in relation 
to those grown on soils where 150 mg Ni/kg of soil was introduced. Similar dependence 
was observed for the 3rd cut, for which in plants cultivated on soil contaminated with 
nickel to the highest extent, significantly higher content of examined metal was recorded 
as compared to red clover grown on less polluted soils (50 and I 00 mg Ni/kg of soil). At 
the same time, considerably lower manganese concentration was recorded in the 2nd cut 
plants cultivated on non-limed vs. limed soils, regardless the amount of the calcium fer­ 
tilizer introduced into the soil, which was not consistent with other authors' findings [2, 
3, 5], and which can be attributed to slow transformations of calcium fertilizers in soil. In 
plants of 3rd and 4'11 cuts in the second year (Fig. 8), I", 2nd, and 3'" cuts in the third year 
(Fig. 9), as well as 2nd, 3rd, and 4'11 cuts in the last experimental year (Fig. l O) cultivated on 
non-nickel-contaminated soils, lower levels of manganese in relation to those grown on 
polluted soils were found, and in most cases, the contents of the metal in plants increased 
along with the increase of nickel amounts introduced into the soil. At the same time, at 
plants of the I st and 4th cuts in the second year (Fig. 8), l ", 2nd, and 4'11 cuts in the third 
year (Fig. 9), and 3rd and 4'11 cuts in the fourth year (Fig. I O) cultivated on non-limed soils, 
higher contents of manganese were recorded, and in majority, its concentration at plants 
decreased along with the increase of calcium rate introduced as a fertilizer. 
~------------------------------- - --- 
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doses of nickel 
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n.i. 
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3.759 
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Fig. 8. Manganese content in red clover [mg/kg D.M.] (second experimental year) 

I cut li cut Ill cut IV cut 
LSD

0
_
05 

for: 
doses of nickel 
liming 
interaction: doses of nickel x liming 

n.i. 
5.333 

n.i. 

n.i. 
n.1. 
n.1. 

4.396 
n.1. 
n.i. 

5.018 
5.018 
n.i. 
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Fig. 9. Manganese content in red clover [mg/kg D.M.] (third experimental year) 

I cut li cut Ill cut IV cut 
LSD0_05 for: 
doses of nickel 
liming 
interaction: doses of nickel x liming 

3.783 
3.783 
n.i. 

5.055 
n.1. 
n.i. 

4.415 
4.415 

n.1. 

n.1. 
3.793 
n.1. 
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! o mg Nitkg 

" so mg Ni/kg 
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0150 mg Ni/kg 

I cul li cut Ill cut IV cut 

Fig. I O. Manganese content in red clover [mg/kg D.M.] (fourth experimental year) 

I cut II cut III cut IV cut 
LSD0_05 for: 
doses of nickel n.1. 3.781 3.033 5.860 
liming n.i. n.1. 3.033 5.860 
interaction: doses of nickel x liming n.i. n.i. n.1. n.1. 
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coeffi cients achieved from the statistical computations revealed significant dependence 
between nickel content in the soil and mean manganese concentration (for experimental 
years) in plants of the l " cut (r = O. 74 .. ), 2nd cut (r = 0.61 '), and 3rd cut (r = 0.50"), as we! I 
as between soil liming and mean value of manganese content for years in red clover of 
the I st cut (r = -0.71 .. ). 
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( 

It may be suggested that both studied experimental factors (soil contamination »ith 
nickel and liming) significantly differentiated lead and manganese contents at red clover. 
Both metals concentrations in plants grown on polluted soils were higher as compaed 
to those cultivated on non-contaminated ones, which may indicate the synergism ie­ 
tween nickel and both discussed heavy metals. Applied liming (regardless the amouruo f 
CaCO,) caused a significant decrease of both metals contents in test plant, whereas the 



! " # ! " # $# %&' (" ) * %# +* $# , (* - # . %# - " ) ! # * #

/01 2345 267 86/923 0: 4; 25 1 2<2 :097= >7 ?/6743 @<01 7 07 30>/3 />5 2= 6AA0<=>7@40 BCD
E

BB
0: 30>/+1 ; >A; 1 63 A073>342741 >4; 04; 2<694; 0<3 349=>23 FG+H+ ( $ %&

I J , I - &* (J , *

(C * 0>/ A07465 >764>07 1 >4; 7>AK2/ A6932= 4; 2 >7A<2632 0: /26= 67= 5 67@67232 A0742743
>7 <2= A/082<C

LC - >5 >7@A6932= 3>@7>:>A674 =2A<2632 0: /26= 67= 5 67@67232 A07A274<64>073 BBB 4234
?/674C

MC * 49=>23 <2826/2= 3N72<@>34>A >742<6A4>073 O241 227 7>AK2/ 67= /26= 67= 5 67@67232C

P" Q" P" , I " *

F(R S<TUK>21 >AV) CW! " #$% &'( )* &+ +" +,+-./-/0 $&-1-$23&$ ,/0 )'&4 . >6=C70<C+38, BXL+GGYZ[ \ BHH[ ]C
FLR Q>/>?2KY) 6V9< !CW!$0- 5" / %+&'1 ' -/ (0$23&/ 67 8 1-+)' 2'59( '2: 1 0,/ ; / %'0(* " ,3$,/ ; &'23$8 4 < '+=&/ 0>

-$(+ =)1? ' ,/ 0)'& % ,/ )&'2@%'1 3,/ %&/ %+9/&$8 4 ) 070@<6:>6 , <D[ + . N=61 7>A41 0 # ^ * >2=/A2+ BB_YBM̀
\L` ` [ ]C

FMB a <6AVNK # C+ %C P6=05 3K6+ ) CS/9@63V2KWA$&1,='38 ' +&-+=/ &'3&B8 '5; 3$ ?'/ " '1,%'+0-(+8 ' ' 8 1-+)+8 '
-/ (0$23&$8'4 ^034C, 69K P0/ 7C+5, bYc _ \ BHHH]C

F[ R d63>21 >AV I VC+ dC# 7407>21 >AVW ! C4)$% / ; 23$&* =)1?$ &+ " /? '1,+&'1 8 1-+)' 2'59( '2: ",313 ,/ 0)'&$4 ' A3V+
^<0OC^034C, 69KCP0/C+482, LBDYLDM\L` ` L]C
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