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INTRODUCTION

Soils surrounding non-ferrous metal smelters are usually contamina-
ted simultaneously with certain metals, and most often also with sulfur
compounds. Trace metals might also simultaneously contaminate soils due
to several other technological processes such as coal combustion, oil refi-
niing etc., as well as to agricultural use of various wastes.

Plant response to excesses of several metals can either differ from
a summation of effects of individual metals or can be similar to simple
additive effects. In most cases, however, synergic or antagonistic effects
are present. These phenomena have been recently studied and reviwed
by several authors [1, 2, 6, 9, 12]. Still mor experimental data and veri-
fications are needed for better understanding and asseeement of threshold
multiple metal toxicity to plants.

EXPERIMENTAL PROCEDURE AND METHODS

The experiment was donducted with corn Zea mais L, oats Avena
sativa L. and lupine Lupinus luteus L. growing succesively (during two
seasons) in the same pots, filled with 1 kg light loamy soil. Trace ele-
ments were added in both single and combined treatments: Cd, Cu and
Zn as sulfates, and Pb as nitrate.

Plants were grown for about a month and were harvested before bud
development. The first crop of corn suffered greatly, therefore corn was
also grown as the last succesive crop the next summer (Fig. 1). There
were four replicates of each treatments and results given are average of
anlyses of mixed plant materials. Plants were washed with deionized wa-
ter, dried, ignited in a furnace at 450°C, and prepared for analyses by
ASA flame methods.
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Fig. 1. Effects of singly- and simultaneously-added metals on growth of corn
seedlings, 5 weeks old. Doses of the metals are given in ppm (in parentheses).
Simultaneous doses

a — Cu, Zn, and Pb — 100 ppm, Cd — § ppm, b — Cu, Zn and Pb — 300 ppm, Cd — 15 ppm

Parallel to the pot experiment, soil samples were treated with simi-
lar doses of metals, and prepared for obtaining soil solutions by centri-
fugation [7].

RESULTS AND DISCUSSION

Symptoms of injury and reduction of yield were observed in all plants
grown in the soil contaminated with metals, and in the pots with Zn at
900 ppm plants did not germinate. Yield reduction varied highly for both
crop and metal (Fig. 2). The greatest yield reduction was observed for
the first crop of corn which decrecased under treatment with Cu, Zn,
Cd and Pb a factor (YR) of 0,1, 0,3, 05, and 0.6, respectively. The
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Fig. 2. Metal concentrations, relative uptake and yield reduction of various plants
as influenced by addition of those metals to the soil at levels of 300 ppm for Cuj,
Zn, and Pb, and 15 ppm for Cd

1 — metal concentrations in plants tops (ppm dried weight), 2 — index of metal uptake by
plants (IU) expressed as the ratio of metal content of plants to the control value, 3 — yield
reduction (YR) expressed as the ratio of plant yield from the contaminated soil to that of

the control '

severely harmful effect of a 300 ppm Cu dose on the growth of corn
was also observed (Fig. 1). Only the yield of oats did not decrease in
soil treated with Pb and Cd. However, the yield reductions might also
reflect an influence of SOs?~ and NOs;~ anions introduced with metal
compounds into the soil. Doses of associated anions affected the pH of
both soil and soil solution (Table 1 and 2). Only the highest dose of
ZnSOy, increasing the SO42~ content of the soil up to 0.1 percent, brought
a significant acidification of soil and soil solution to about 5.2 pH. Che-
mical reagents used as additives to the soil obscured effects of metals on
plant yield. However, soils contaminated with metals by industrial emis-
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sions are most often also polluted with sulfur and its compunds. Thus,
conditions of the experimental soil might be comparable with those occu-

ring in other contaminated soils.

Table 1
Effecta of heavy metl additicn into the 3oil on their solubility
ard concentrations in various planta /before bud stage/
. . iéetal concentrations
Metal Treatasnt Metal added JSoil pH e
ppa 112 <olution corn oat lupine
R/l ppa
Zn in sgl 300 5e4 105 500 450 1500 1200
sgl E) 1 500 0GO NeYe Neye n.ye.
sml a 15000 1700 150 162,
cnt [¢] 500 40 48 99
Cu Ce sgl 160 6.0 133 21 19 44
ssl 300 SeT 671 T2 50 70
oml a 5e2 100 46 23 14
cnt [¢] 6.1 250 3.8 6.4 9,4
Pb Pb 85l 100 6.2 Bl 12 3.5 10
551 300 6.0 31 2y 7 13
azl a 5.2 40 25 5 2
cnt ¢ 5.4 o3 6.9 3.7 3
cd Ccd sl 5 a2 6 3197 44 205
agl 13 5.2 12 112 74 245
sml e 5.2 1750 13X 156 20
crt ¢ 6.1 7 <5 C.4 i3
Fe Zn anl 300 B to) 1.3 110 110
Cu  egl a0 G.2 1.7 94 69 106
ko sl 00 6.6 [t 74 74 147
Cd o5l 1< Te2 63 L5 72 165
All s8ml a 544 120 T4 s 155
cnt 4 (%] 5 84 17 124
Mn in 2zl 300 6.2 1209 706 230 T
Cu  egl 300 6.3 1250 v29 930 1160
¥b sgl 368 6.6 67 134 650 2100
Cd sl 15 e 31 Ghn 52C 1550
All sml a 6.4 4536 520 800 193G
cnt ¥ 6.1 206 200 390 216
a = dosca of all met~lu in ppm: In - X0, Cu and Pb - 100, Cd = 5
Treatments: sgl - sincle, sml - simult-neoua, cnt - control

The Cd, Cu, Pb and Zn, when applied singly, resulted in a slightly
smaller reduction of yield than when applied simultaneously, but the
variation was not significant. Pb(NOs)s resulted in a slight yield increase

of oats only, but also was not significantly (Fig. 2).
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Table 2
Effects of heavy metal compounds on major cations in the soil solution
Associated S0il solution
Metal a d 3
al an o8e anion added PH Ca l g l X ]’ Na
=g/kg mg/kg mg/1
ca 5 505~ 4 7.3 17 1.7 29 3.8
15 13 T3 128 2.0 33 4.3
cu 100 505”150 6.3 254 5.9 53 4.2
300 454 6.6 358 12.2 85 6.3
Zn 300 02 440 6.2 363 11.6 80 5.7
900 1322 5.2 383 16.0 100 6.0
Pb 100 no3™ 29 6.6 188 2.7 33 3.7 :
200 57 6.7 44 | 5.7 57 3.4 .
—
Simultaneous a sof‘ 558 H
2 6.4 400 12.7 90 6.2
NOg 29
Control - O 6.0 370 7.5 34 T4
Control - NPK 7.0 109 1.8 262 4.7
a - dose of metals as given in Table 1

Trace element content of plant tops show a strong relation to the
‘concentrations of these elements in the soil (Table 1). The highes index:
of uptake (IU) of metals was calculated for Cd and all plants (IU values:
range from 150 to 200), whereas a much lower IU value (from 3 to 5)
‘'was obtained for Pb, being the lowest for oast (Table 3). In each case,
however, higher contents of metals were in roots than in tops (Fig. 3).,
The high doses of Cd and Pb resulted also in elevated concentrations of
these metals in leaves and nodes of corn (Fig. 3).

The uptake of metals by plants seems to be related to the metal
content in soil solution, although it is not a linear relationship (Table 1).-
The highest relative solubility is observed for Zn, whereas all other!
metals entered into the soil solution in variable amounts.

A strong mobilization of heavy metals in acid soils, particularly in
soils acidified due to sulfur deposition, has already been observed [8, 11].
Itoh and Yomura [5] reported the relationship between Cd, Cu, Zn,
Cr, Ni and Pb concentrations in the soil solution, and the absorption
of these metals by plants. Although the authors did not relate the metal
availability to the soil and the solution pH, increasing acidity due to
applied sulfates of Cu, Cr and Zn (and also Pb nitrate) was most pro-
bably an important factor.
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Concentrations of heavy metals in corn grown in s0il convaminated

with these elem2nts
/3econd yoar of the experiment/

Table

3

. de t2l ~dded Yetal content of cocrn - 2pn
Ketal ‘ireatment
pom lenves rcots
Za Zn 3gl 300 1850 5063
851 900 2375 8560
gnl a 450 185¢C
cnt o 40 166
. Cu Cu agl 100 23 360
. Lo8 360 40 330
: sal a k) 259
i cnt [} 3 6
;
H Po Pb 853 100 3.5 18
H N 331 X0 T 281
; ! ol a 3.8 33
| i cnt o) 2,3 5
'
: cd cd scl 5 82 125
; sl 1% 128 155
E sl a 102 83
: ent 0 -0.5 0.8
]
: Fe Za sgl 300 115 1150
Cu sgl 300 53 795
b sgl 300 T2 975
ca sgl 15 120 575
All snl 2 58 355
ent (o] (] 596
Mn Zn gl 300 300 440
Cu sgl 300 205 250
Pb 8zl 300 440 625
cq sgl 15 540 495 .
Al sml a 500 240
cat ] 233 254

a - do3ze of motila a8 given in Tablz 4

Interactions of simultaneously-added trace metals are known to cause
either additive and synergistic or antagonistic response in plant tissues
or adjacent to the roots. The most pronounced antagonism observed in
this experiment was between Fe and trace metals. However, a slight Fe
deficiency occurred also in control plants (Table 1). A significant reduc-

tion of Fe solubility in the soil solution under the influence of trace

metals might be also responsible for a reduction in Fe uptake by plants.
Such an antagonistic effect of trace metals on Mn solubility and uptake
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was not observed in this experiment, although this interaction has been
often reported for both plant tissues and root surroundings [6]. All well
confirmed antagonisms reported by F oy et al. [3] between trace metals
occurred in this experiment but at different degrees, depending on plant
species.

The addition of metal sulfates (and Pb nitrate) into the soil resulted
in variable mobility of Ca, Mg and K. Major cation concentrations in the
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Fig. 3. Lead and cadmium distribution within corn plants as influenced by high

doses of these metals

1 — roots, 3 — leaves, 3 — stems, 4 — sheaths, § — nodes, 6 — male inflorescences
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Fig. 4. Relationship between the Ca/Zn ratio in the plant tissues and this value
for the soil solutions
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soil selutions do not show any regular effect of the metal addition (Tab-
le 2). However, the ratio of Ca to micro-cations in the soil solution and
in the plants tissues indicates that Ca is involved in the uptake processes
of trace metals. The Ca/Zn ratio in the plants show a negative relation
to that value in the soil solution (Fig. 4). On the other hand, the rela-
tionship between the Ca/Pb ratio in plants and solutions indicates positive
actions of Ca on relative uptake of Pb. Such a phenomena have been
often reported by various authors {4, 10]. The values of the Ca/Cu and
Ca/Cd ratios were quite variable, depending on the metal concentrations
and on plant species, but general trends indicated a positive function
between these pairs of elements occurring in plant tissues and in soil
solutions.

0071

01

Ca/Pb ratio in plant tissue

102 0° 10*
Ca/Pb ratio in soil solution

Fig. 5. Relationship between the Ca/Pb ratio in the plant tissues and this value
for the soil solutions

An additive nature of simultaneous trace metal effects in soils aci-
dified by sulfate anions is of considerable importance, especially, for
a proper assessment of threshold toxicily of metals contaminating soils
in industrial regions.
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A. KABATA-TIEHOAHAC, K. BMOHIIEK

YPE3MEPHOE YCBAMBAHHWE TAXEJILIX METAJUIOB PACTEHHSIMU N3
3ATPABHEHHBIX ITOYB

WIBCTATYT pacTeHMEBOACTBA, yA0GpeHHs H nousoBencHHs B ITynaBax

PesroMme

B 3acOpeHBbIX I0YBaX B PE3yNbTaTe KaK BO3NCHCTBES IMPOMBILIJICHHbIX IMHCCEN TaK M BCiIEy-
CTBEE HCOOJNL30BaBMS Da3HBIX OTXONOB B 3eMJIENEJMM B IOYBE OOBIMHO IPOHCXONMT HaKarIH-
BaHEE OJHOBPEMEHHO HECKOIbKHX TSDKEJIbIX METaJUIOB. PacTeHmsi pearmpyloT pas;ld9HO HA Ype3-
MEpPHYI0O KOHIIEHTPALHIO METANJIOB.

B3aAMOJEHCTBYE MOBBIUCHHBIX KOHLEHTPALMil TAXEIbIX METAJUIOB M Omonormuyeckee mno-
CIIEOCTBHA OO CHX IOD BE HM3yYEHBI.

CocynHble ONMBITH C TpeMsA pacrenHsvE (Zea mais L., Arena satira L. u Lupinus luteus L.)
HA DOYBax C BEICOKMMH no3amu Cd, Cu, Zn ¥ Pb cumysmipoBani nNpapOmHEbIE YCJIOBHS pOCTa pa-
CTEHHM Ha MOYBAaX CHILHO 3arpA3HEHHBIX TKEIBIMH MeETaUlaMH.

VcranoBieRa CHIIbHAsA 3aBHCHMOCTh KOHLEHTP2UWH TSKENbLIX METAJVIOB B pacTeHMsX (Mx
HaI3eMHBIX 9acTeif M XOpPHEH) OT CONepKaHHA ITHX MCTAJUIOB B TI09BE, @ B NEPBYIO OYEPEdb OT
HMX paCTBOPAMOCTH B NOYBEHHOM pacTBope. Bce pacrtervs Hanboyiee MHTEHCHMBHO YCBaMBaJIM Kaj-
Muit (150-200 pa3 Oonbme B CpaBHEHHH C KOHTpOJieM), a HaubGonee cnab6o cemueu (3-5-kpaTHO
GoybIne B CpaBHEHMH C KOHTPOJICM).

3axucienye OCYBEL B NOYBOBEHHOTO PacTBOpa B Pe3y/bTaTe BHECEHHS aHHOHOB SO m NO;
BMECTE C COJIMH TSKEJBIX METAJUIOB NPHBOIKIO K 3aMETHOMY MOBBILICHHIO PaCTBOPMMOCTH
METAJUIOB ¥ HX yCBaWBaHHE pacTeHHsMH. KOHLEHTpaLHs KAl B IOYBEHHOM PacTBOpE OKa3blBaja
TaKke BIMSHAE HA WHTERCHBHOCTH YCBAWBAHMA TSDKEJLIX METAJUIOB H 3aBHCENAa OT BAAA METANI0B
H ¥X XOHUEHTPAUHEM, a TAaKXKe OT BUIA PAaCTCHHH.
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NADMIERNE POBIERANIE METALI CIEZKICH PRZEZ ROSLINY
Z GLEB ZANIECZYSZCZONYCH

Instytut Uprawy Nawozenia i Gleboznawstwa w Pulawach

Streszczenie

W zanieczyszczonych glebach, zar6wno w wyniku oddzialywania emisji prze-
mystowych, jak i wskutek stcsowania réoznych odpadéw w rolnictwie, nastepuje
najczesciej réwmnoczesne nagromadzenie kilku metali ciezkich. Reakcje roslin na
nadmierne stezenia metali sa zréznicowane.

Wzajemne oddzialywanie podwyzszonych zawartosci metali ciezkich oraz skutki
biologiczne nic sg poznane.

Doswiadczenia wazonowe z trzema roslinami: Zea mais L., Avena sativa L.
oraz Lupinus lutcus L., na glebach z duzymi dawkamj Cd, Cu, Zn i Pb na$lado-
watly warunki naturalne rozwoju ro$lin na glebach silnie zanieczyszczonych me-
talami cigzkimi.

Wykazano duza zaleinos$é stezenia metali ciezkich w roslinach (w nadziem-
nych czesciach i korzeniach) od ich zawartosci w glebie, a przede wszystkim od
ich rozpuszczalno$ci w roztworze glebowym. Wszystkie roSliny pobieraly majin-
tensywniej kadm (150- do 200-krotnie wiecej od kontroli), a najstabiej otow (3- do
5-krotnie wiecej od kontroli).

Zakwaszenie gleby i roztworu glebowego w wyniku wprowadzenia anionéw
SO.2- i NO3~ wraz z solami metali ciezkich wyraZnie zwiekszylo rozpuszczalnos$é
metali oraz ich pobieranie przez rosliny. Stezenie wapnia w roztworze glebowym
wptywalo takie na intensywno$é pobierania metali ciezkich wykazujac zaleznosé
od rodzaju metali i ich stezenia oraz od gatunku roslin.

Prof. dr Alina Kabata-Pendias Woptyneto do redakcji w czerwcu 1984
Osada Patacocwa — IUNG
24-100 — Putawy



