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Interactions of Lead and Cadmium on Metal Uptake and Growth of Corn Plants’

Jeseph E. Miller, Jehn J. Hassett, and D. E. Keeppe?

ABSTRACT

Short term plant accumuiation and gowth aifacts of ?9 and Cd
added 10 sodl separarelv and in combination were nvestigated with
corn (Z2a mays L., W9 X M14) grown n a loamy sand under
greenhouse conditions. A tendency for soil Ph to increase both the
plant Cd concantration and the tomi Cd yptake of the com shoots
was chservad. Conversely, soil Cd reduced the wovai ?h uptake ind
in some cases the Pb concentration in the corn shoows. Both PH
{125 and 250 ug/g soil) and Cd {2.5 and 3 ug/g soil) reduced the
vegatative growth of the corn shoots, ind 31 positive interaction of '
the two metais on gowth was notad.

Additional index Words: jon yptake, plant toxicity.

Accumulation of the elements Pb {Cox imd Rains, [972;
Johnand Van Laerhoven, 1972) and Cd {Page et al., 1972;
Turmer, 1973) has been documented for sumerous piant
species. Of the two elements. Cd is more readily taken up
by plants from soil as indicated by the studies of Giordano
et al. (1975) with com (Zes mays L.) and Lagerwertf
(1971) with radish {Raphanus sativus L.). That Cd is
more readily translocated than Pb from root to shoot is
also apparent by comparison of the work of Rooc et al.
{1975) on Cd uptake by com and Broyer etal. (1372) on
Pb uptake by bean (Phaseolus vuigaris L.}, barley (Horde-
um vulgare L.) and tomato {Lycopersicon esculentum L.).
Lagerwerft {1971) made similar observations with 1 root
crop (radish).

The potential for plant toxicity is probably as great for
Pb as for Cd as illustrated by its effects on isolated mito-
chondria (Bittell et al.. 1974); however, the tendency for
Pb to be immobilized in the soil (Hassett, 1974) and piant
(Malone et al., 1974) reduces the hazard of Pb 1o olants.

With the exception of recent studies dealing with Cd
and Zn interaction {Haghiri, 1974) and the uptake of
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the sajt cowgcnam of irrigation drainage watcrs. Soil Sci.)
Soc. Am. Proc. 31:770-774. :
21. Sillen, L. K., and A. E. Martell. 1964. Stability constants o’}
metal-ion complexes. Spec. Publ. No. {7. Chem. Soc., §
London. A
22. Tanji, K. K. 1969. Solubility of gypsum in aqueous clectro-
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0.15M and at 25C. ]. Environ. Sci. Technol. 3:656-661.
13, Tmp,K K., and L. D. Doneen. 1966. A computer rccnmque k..
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Soil 3ci. Joc. Am. Proc. 30:53-53.
24, Y=eo M. 3., H. L. 8ohn. and $. Mivamoto. 1975, Sorpuon
ot sulfur dioxide by calcareous soils. 3ou Sci Suc. Am. Proc.
39:263-270.

trace metals from sewage sludge {Dowdy and Larsom, g
1975; Giordano et al., 1975; Sabey and Hart, 1975), the ;
majority of pubiished repeorts deal with the uptake and *
effects of a single metal. It is rare in cases of trace =le-
ment contamination of soil that only a single metal is ob- ;
served to be elevated. Knowledge of the behavior and ef-
tects of the individual metals is an integral part of under-
standing their importance as environmental contaminants;
however, in view of the known interactions of mineral nu-
trients (Gauch, 1972) and elements in sewage siudge
(Hinesty et al., 1974)° with regard te uptake, it is im-
portant that studies be undertaken to reveal possibie inter-
actions.

Earlier work concerning a Pb and Cd interaczion on
com root growth {Hassett et al,, 1976) suggested that a %
study of possible interactions of these metals with regard
to uptake and plant growth was warranted.

METHODS AND MATERIALS

Corn plants (Zea mays L., WF9 X M14) were planted in 15.2 by 2
15.2 cm plastic pots containing Bloomfield loamy sand (Pxam- 3
mentic Hapludaif) which had 2 cation exchange capacity of 2.3 -
meq/100 g soil, a Bray Pl test of 140 kg P/ha, und 1 pH of 6.0. -
After emergence the plants were thinned ta 10 per poc. The plants i
were grown in a greenhouse with a l4-hour controiled dayiength,
and were watered daily with 2 measured amount of distilled water A
taking care that the metals were not leached from the sail.

The expeniment was a factanal design with idaed soi Cd con- 4
centrations of 0, 2.5, and 5 /g of soil and soil Pk concentrations
of 0, 125, and 250 ug/g of sodl. Each treatment was rplicated 3
three times. The metals were added as solutions of the chloride
salts and were thoroughly mixed with the soil. The soils were
brought close to field capacity and aillowed to drv four times to
ilow reaction of the merals with the sod prior to planuny.

The corn shoots were harvested at 10, 17, 24, and 31 davs after
emergence and washed with deionized water to remove iy surface
contamination. At 10 davs, four plants were harvested and two
were narvested at the remaining time periods. Plants were iried at -

3T. D. Hinesly, O. C. Braids, R. L. Rick, R. L. Jones, and {. E.
Mohna, 1974, Agricuitural benefits and environmentu <hanges "e-
sulting irom the use of digested sludge oa tield crops. A repart
prepared for the Metropolitan Sanitary District of Grearer Chicago, ﬁ
Catv. of (llinois, Urbana. p. 213-226. o
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Table 1—The effects of wo lavel,,/soil-applied Pb on the
concentrations of Cd and the uptaka of Cd in corn shoots
at 10, 17, 24, and 31 days aftar emergencs

1A 1B
. Da:
50“ SOI] J‘
- d 10 17 4 31 10 17 24 N
ag—— aant Cd, /g
3 25 33 41 4 14 4 12 15 18
3 07 W02 58 M 3 4 28 13
15 15 16 2 7w 3 18 2 04
3 264 169 35 32 AN TR " BT
250 23 0 T 929 7 5 0w
) 3 159 127 R il .0 2 4
[

50C, weghed 10d ashed at 450C for 4 aours, dlowmg 4 hours for
.ne sven io 1eat from the ambient room temperature. Previous
sgperiments DV Ruot et al. (13751 established that wet ishing gave
wrmlar results. The ash was dissolved in 1) ml of 3.V H] ;rcpdred
rom <coastant boiing HCL  Metal concentrations were determined
5y atomic absorpdon bv the procedure 3f Root et al. {13751,

RESLULTS AND DISCUSSION

The concentrations of Cd in com shoots (ug/g dry
weizht) were increased at all harvest times by Pb umend-
qent of the seit (Table 1A). In most cases the nighest
shoot Cd concentrations occurred at the 125 ug Ph/g soil
‘evel. Variance analvsis 1ndirﬂ;nific:mce for the soul
oh effect na shoot Cd concent? s for ail ume pernods,
white she interaction of sou Pb and Cd was sigmificant at
10. 17, and 24 days {Tabie 3}. Shcot Cd concentrations
Jeciined with time even though total Cd uptake {ug/
shoot) was greater at each successive harvest {Table 1B).
This is 4n indication that Cd uptake was not Xeeping pace
with plant growth or Cd was becoming less available with
cime, since ‘t was determined thar soil Cd concentrations
were not substantiaily reduced by the plurdts during the
course of the experiment.

Since che soil ?b concentrations used in this exper-
ment caused stunting of the com shoots {Table 4), it
might be inferred that the Pb effect on plant Cd concen-
trations was only the result of decreased plant size result-
ing in greater concentrations of Cd in the nssue. That this
is not the total explanation is illustrated by the fact that
soll Pb tended to increase Cd uptake on an individual plant
basis (Table 1B). This effect of sod Pb was significant at
the 10-, 17-, and 31-day harvest periods, while the nter-
action of soil Pb and Cd was significant at 10. 24, and 31
days {Table 3).

Conversely, when considering the effect of soil Cd on
plant Pb uptake and concentration a general reduction is
evident (Table 2). The reduction in Pb uptake due to soil
applied Cd (Table 2) was significant at all harvest tdmes,
wiule :he soil Pb and Cd interaction was significant at 17
and 3: days (Table 3). This effect of soil Cd was oroba-
bly, in large part, a secondary effect due to Cd stunting
of corn shoot growth and the concomitant reduction of
ion uptaxe. However, when shoot Pb was ¢xpressed on a
concentration basis the tendency for lower tissue Pb con-
centrations was still evident in the 250 ug Pb/g soil treat-
menss iTable 2A). Variance analvsis of these f‘ata dlone
showed significance at the 3% level for the 10, 17, and 31
day hdrvest periods. This is especially mtereatmg' since

1

Table 2—Th.c i of two levels of soi-apptied Cd an the «
concantration of Y and the uptake of Ph in com shoots
at 10, 17, 24, and 31 days after smergence

1A 28
Soil 3oil Day
Cd 3.} (0 17 24 3t () 17 24 3t
— R plant Py, /g
b 128 353 294 42 152 43 W7 2200 217
130 266 396 372 452 4 30 0 41)
13 125 10 35 228 185 25 "8 107 130
250 88 165 374 182 “+ ] 15 267
3.0 125 01 350 180 a2 % 33 4 116
150 {54 331 362 299 11 31 118 260

stunting »f nlapt growth often leads to a concentration »f
mineral etements in plant tssues (Gauch, 19725, No con-
sistent effect of soil Cd on shoot Pb concentrations was
evident in the 125 ug Pb/y 5ol treatments «Table 2Aj.

Analysis of the data from both soil Pb treaiment levels
w‘[mn harvest times indicated signiticance ot the Cd ef-
et ocnivoan 31 davs, and significancs for the Phoand £4
nceractien at L7 and 3i davs {Table 3;. [t s micresuny
to note that plant size across soil Cd levels was more uni-
form with the 250 ug Pb/g sod treatment and, thus, the
Cd effect 1t this Pb level may have 1 more direct bearing
on the congideration of Cd eifects on ?b uptake.

Plant Cd concentration and uptake were not significant-
iv arfected by Pb in soils not amended with Cd, nor did
Cd atfect plant ?b levels in soids not amended with Pb.
The Cd concentrations ranged between 0.4 and 1.3 ugiy
dry weight, and Pb between 2.5 ind 3.1 ug/g drv weight
in plants grown on soils not amended with the metuls.
Also, it should be noted that the concentrations of the
metals in the plants grown on metal-amended soils are
nigher than rhose commonly teported in the 'iterature.
Tme reason for this is that the loamy sand used iz -his ex-
periment had 3 relatively low cation exchange :upacity
{2.3 meqg/100 g soil) which resufts in greater plant aptake
of Pb and Cd at 2 given metal concentration than wculd
occur from finer textured soils (Miller et al., {975: Miller
et al., 1976).

The early stage at which the plants were sampled was
also a congsideration, as it can be seen that Pb and Cd con-
centrations within the plants generally declined with time
‘Tables | and 2).

Although it is not true for all metal levels or growth
penods it appears that there is a tendencv for soid Cd to
reduce the shoot concentration of Ph and for soil Ph
increase the shoot concentration of Cd in soils amended
with Pb and Cd. Elucidation of the mechanisms resultng
in these observations is difficult in that events in the soil,

Table 3—-Significance of sail Pb, soif Cd, and their interaction on ?b
and Cd uptake, concentration, and the dry weight of corn shcers

Time pertod. days
18 17 24 31
Ph Cd M CCd PHh CadPHh(Cd PbCd Ph¥Td ™ Cd ™ (Cd

Cd uﬂ‘lh 2 By - " sa - P ] LI T -
Cd concentration ** ** = sx om - " oew s s -
M uptake LD - = - - e - " e =
M concentration ** - - . s e - o oam au
Drv veight . . = e - 2«2 x “x o

4, *» Jgnificant st 5% and 1% level, rexpectivety.
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at the soil-root interface an.  ithin the plant are all rele-
vant considerations. It is not difficult to understand the
effect of one metal in reducing the uptake of the other
due to competition for uptake, as this is well documented
{Gauch, 1972). Although Cd was present in the soil at
much lower concentrations than Pb, it would likeiv be an
effective competitor with Pb for uptake due to its greater
soil “availability” {Lagerwertf, 1972). Also, Cd has been
shown to reduce transpiration of com leaves (Bazzaz ot
al., 1974\, which mav resuit in less transiocauon of Pb
irom the soil wd reats to the shoots.

The reasons Jor the observed endency {or sod Ph to in-
crease com shoor Cd concencauons and dprake are less
obvious and -niv speculacive. One mighe sneculate that
Cd concentmitions n the sol selution, 1ad thus in the
ptant. are elevated bv Pb as it has been shown that Pb
more effectivelv competes for exchange sites on coilodial
surfaces than Cd (Bicreil and Miller. 1974, Pravicus ex:
perimentation with 2?b-Cd interacticns on growth and
meral accumulir, ica by 3-day-old corn plants wndicated
thar both metals ~ad 1 tendency o neroase the ther’s
conceniration n the roots \H.‘LS:C[L et .11'., 1978). If that
were the case m these experiments, it would be reasonabie
to expect greater Cd concenirations in the shoot due to
2b treatmens, in that Cd is eelarively mobile in the plant.
Oune wouid not expect Pb concentratiens o be similarly
higher in the shoot, even though it mav be m the roots,
due to its known mnmotdity in the piant. Unfortunartely,
metal analvsis on toot material were not ootamed in the
experiment since previous experience indicated serious
errors due o surface contamination of the roots.

With the =xcepr"on ot Pb at the l0-dav pertod, both 2h
and Cd ugmnc anily { 1% level} reduced the gowth of cormn
shoots [ Table 4). The aegative interaction which was pre-
viouslv observed in the case of corn ot cicngation (Has-
sett et al., 1378} was nor found with corn sheot growth.
In fact, positive mteractions {37 level} on shcot growth
were observed at 17, 24, and 31 davs. [t might be in-
ferred that the soil Cd reduction of Pb uptake is selated
to the apparent positive interaction on growth, except
that shoot Cd was elevated by soil Pb. 1t is more likely
that the explanation lies in the fact that piant growth was
severely retarded by either of the metais singly, and the
added burden of the other metal did not cause 1 growth
inhibition comparable to its effects on a heaithy plant.
The cesponse of plant growth to heavy metals is rarely a
lirear function of metal concentration, over an extended
range of concentrations (Root ¢t al., 19753). One might
aiso speculate, in view of observed similarities in the mech-
anisms of physioclogical action of Pb and Cd (Bittell et al_,
1974), that there is a competition between the two merals
for paysiologically active sites.
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