
'· j· 
f.,... ,, 

f. 

:,:-. 

~ 

17. 

. ......... 
the saft ~ODS cH ~OD ~ .nto:n: SoiJ 
Soc ....... hoc. 31!770-774. 

MgC03-{;()1 solution syw:Dl. ~-Eng. Data 16:173-181. 
Oster, J. D., and j. D. Rhoades. 1~75. Calculat~d drainage 
wat~r compositions and salt burdens n:mlting from irrigation 21. Sill~, [.. K., and A. E. Martell. 1964. Stability constanu 
with west~m U.S. river wa~n. J. Environ. Qual. 4:73-i'8. 
Oventreet, R .• J. C. Moutin, and H. M. King. 1951. Gypsum, 18. 

metal-ion complexes. Spec. Publ. ~o. 17. 
Loa don. 

mifur and !ulfuric acid for reclaiming on alkali ioil of the 22. Tanji, K. K. 1969. Solubility of gypsum in aqueous electro­
lytes u iliected by ion usociation and ioruc ltrengths up to 
0.15M .111d at 25C. J. Environ. Sci. Techno!. 3:656-661. 
Tmji, K. K., and L. D. Don~. 1966 .. \ ::ompu~r technique 
for predicnon of CaC0 3 precipitation in HC0 1- ~oluuons • 
Soil Sci. ~oc. \m. ?roc. 30:53-55. 

Fresno Series. Hi1gardia 21: 113-127. 
19. Rao, T. S., A. L. Page. :md N. T. Coleman. 1968. The in-

:luence of ionic Hren~h and ion pair formation between 23. 
1ik:liine~arth metals md sulfat~ on :-./a-divalent •:anon...,x-
. :han~Se .,qUJiibria. Soli Sci. Soc. \m. i'r'lc. J:?:SJq-043. 

:!0. :l:1oades. J.D. R. D. !n~alson, j. \f. T Kker, mJ \1. C:ark. ~4. Y ~e. vt. 5 .. H. L. Sohn. md S. \1iy·1motll. i ·rs. 
: '} ~ 'J. Sans :n ir!"tgation dram age waters: L E:ffects Di :rnga-
.:ion water ·:CJmposmon, ceachmg ::'racuon. ~n<i c!ffie •lf ·Je:U ·10 

,J( ~utfur Jioxu:ie bv calcareous ioils. :)oil iLL iuc. \.m. P':"oc. 
!9: ~5<i- ?70. . 

~)3/\C\l(.p 

Interactions of Lead and Cadmium on \Jietal Uptake and Growth of Corn Plants1 

Jose?h E. \IIiller,JchnJ. H.tssett, J.nd D. E. Koeppe 2 

ABSTRACT 

Short t11rm plant :tCCUmulation and ifowth 'lffilcts at ?b md Cd 
ldded to roil ,.,oaratelv and in combination were ;nvestiqated ·o11ith 
corn (Z!!a mays l., Wf9 X M14) 1rown :n a 1oamv tand <mder 
lfllltnhou• <:anditions. A tandency lor lOil Pb to ;nc:rease both !he 
plant Cd concantrat.ion arid !he 10Ui C4 uptake o1 !hit com Jfloots 
was obsel"'ed. Conver:~&IY, soil Cd reduc:ed the total ?b uptaKe ~nd 
in some .:a•s the ?b -:oncentration in the .:om shoots. Both ?b 
(125 md 250 ,UJ)/g soil) md Cd {2.5 md 3 ,tqjg sotll teduad !he 
tegetativtt growth at the com shoots, ~ J ,Jositiva intenletion al' 
the two metals on yowth was notlld.. 

AdditiOIMY lndlx Words: ion aptab, pl.,t toxicity. 

.-\ccumulation of the elemenr.s Pb (Cox .l_Jild R.tins, l9 7''2; 
John and Van LJ.erhoven, 1972) and Cd (P:115e ~t :1L, i972; 
Turner, 1973) has been documented for numerous plant 
species. Of the two elements. Cd is more re:uiily taken up 
by plants from roil as indicated by the studies of Giordano 
et al. ( 1975) with corn (Zea 1ft41S L.) and Lagerwerlf 
(1971) with radish (Rapluznus Slltivus L.). That Cd is 
more readily translocated than Pb from root to shoot is 
-1lso J.~parent bv comparison of the work of R,Jot et .1!. 
( 19:7 5) on Cd uptake by corn and Broyer et al. ( 19 72) on 
Pb uptake by bean (Piuzseolus vulga-ris L.). barley (Horde­
um vulgaTe L.) and tomato (Lycoper:ricon escu/e-ntum L). 
Lagerwerff i !9 7 l) mar:!e similar obserVJ.tions with 1 ro<Jt 
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 (Bittdl et aL 1974); however, the tendency for 
Pb to be immobilized in the soil (Hassett, 197-!c) J.nd plant 
(:\Ialone et al., 1974) reduces the hazard of Pb to ?bnts. 

With the exception of recent studies dealing with Cd 
and Zn interaction (Haghiri, 1974) and the uptake of 

1Contribution from Dep. of :\gran.. md mst. for Environ. Stud., 
Univ .. of illinois, Urbana, IL 61801. Research mpport from NSF­
RA.'I/N GI-3llro5 ~~c. F.xp. Stn. is .~t~fully acknowl­
eJ~!''i. Re<:e!ved(_3 .\lar. t9!'>:.J 

·Forme~ l'ost·•~r:rl~\3soc:ate,l'niv. nf lllin<>is. :tow .\;sistant 
Ecologist, .-\rgonne :-.lat. Lab .. \rgonne, Ill.; .\ssociat~ Professors, 
.\gran. Dep .. l'niv. of [liinots. respectivelv. 
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tu..:e metals from sewage :>ludge (Dowdy and Larson. 
1975; Giordano et <lL. 1975; Sabey and Hart, 19 75), the 
majority of published report5 deal with the upt.ake and. 
effects of a sin~Je metaL It is r:ue in cases of trace de­
ment contamination of roil that only a single metal is ob­
served to be devated. Knowledge of the hehavior and ef­
fects of the individual metals is e~n integral part of under­
standing their 1mportance as environmental contaminants; 
howev'=!', in view of the known interactions of mineral nu­
trients (Gauch, t972) and elements in sewage >ludg~- .. 
(Hinesly et al .• 1974)3 with regard to uptake, it is :m­
portant that studies be undertaken to reveal possible inter­
actions. 

£.:u-lier work concerning a Pb .md Cd interac:ion on 
com ,root growth (Hassett et al., l976) suggested that a 
study of possible interactions of these metals w1th regard 
to •1ptake and plant growth was warranted. 

METHODS AND MATERIALS 

Corn planu (Zea 1JW1S L, Wf9 XMH) were planted in 15.2 by 
15.2 em plastic pots containing Bloomfield loamy !:Uid i.Plam­
mentic Hapludalf) which had 3 cation exchan~ c:~pacitv of 2 . .1 
meq/ 100 g soil, a Bray l' 1 test of 140 kg P /ha, .md :1 ?H of 6.0. 
.~er eme~nce the plants wett ~d to 10 per pot. The plants 
Wf!'r11: grOWB in a grccnha.sc wid! a I~ controlled dayi~gth. 
and wc:rc watered daily with a measured amount 'Jf distilled wa~r 
taiun>; care that the metals wer" not leached fr•Jm :he ;oil. 

The expcnment was <l fa.ctonal de:ugn with ~daA:d :lOU Cd con­
centrations of 0, 2.5, and 5 /JIIIg of JOil <1nd soil Pb ':onccntntiona 
of 0, 125, and 250 Jlf,/r; of soii. Each treatment was replie<~ted 
three times. The metala were .ldded as solutions of th.e chloride 
salu and were thorough.ly mixed with the soil. The mils were 
brought close to field capacity and allowed to drv fqur times to 
.J..i!ow reaction of the m~tals with th" soil prior to planun~. 

The corn shoots were harvested ~t 10, 17, ~4. wd 'll ,J:Ivs ~fter 
em"r'!ence .md washed with deionized water to remove my surface 
contamination. .-\t 10 davs, four plants were harvested ~nd tWO 
·ve:--: :-'\.lrvt!sted J.t the re~aining time pe!"~nds. ?!:.1.'1 ts w··:-~ .ined J.t. 

3T. D. Hinesly, 0. C. Braids. R. I. Riclr., R. L Jon~s. md J. E. 
.\lolina. [9~4 .. \~!cultural benefits anti ~nvir.lnmcnt:il -:~ . .tn'\es ·e­
'iuittn~ (rom r.ne use of digested sludge t)O rielJ (P>9S· .\ :-e?~Jrt 
prepared for the Metropolitan Sanitary District of Greater Chicag-o, 
l'niv. of !llinois, Urbana. p. 213-2~6. 
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""'"""' table 1-The effects of two ~so•l--i.O Pb OD N 
concentrations of Cd and the uptolke of Cd in com shoots 

3t 10, 17, 24, and 31 days after emergenCI 

LA 1. 
:loil 

Days 
:loll 
l'b Cd 10 17 24 31 10 17 24 31 

-;.e.·g -- piant Cll, !C/1 

•) 2.5 53 •7 24 14 ~ l:l !5 16 
i07 C02 38 :J4 9 !4 !8 13 

: .~5 ~ .. ) l6 32 •7 JO ~ :s :.!:! !4 
~64 169 ~5 ~2 t':' !9 10 43 

·:StJ '.!.,j ]() ·~ \9 :!9 ~5 21 '17 
~59 t:.!':" ,'6 :1 L:. !0 .!·1 n 

)i)C. wel-shed wet ~shctl .1t 450C for + ,'w•Hs. 1llowm~~; 4 71ours :.,r 
:'1c: ,ven :u ·,e:lt frnm the ambienr r0om cempcr:1ture. p ... ~vtous 
,x:Jeriments 'JV ~.Jot et al. (U 751 established that ·.vet 1shm~ .~ave 
,,~al.lr results. f'cte ash was dissolved :n l f) :nl of 3S HCl :Jrepared 
·rom ,:onst~n t bc.;ilin~ HCl. .\-it! tal .::)nl:entr:.nions were de~e~mined 
:yv 1 tomic 1bsorption bv tile procedure Ji Re>ot et al. i i•Ji'j';, 

RES:..:L T.S AND DISCUSSION 

The concentrations of Cd in com '!hoots {j!g/'!, dry 
wei·~hll were. increased at ail harvest times by Pb .liilend­
:nen( .Jf che solt <,T .1ble L\l. In most c:ases che hu~hest 
;hoot Cd concentrations vccurred at die 125 ,:.tg Pb/g ~oil 
'e~·d. V .1r:ance 1nalvsis indir~ific:mce for the soil 
?b effect ·':.O ;hoot Cd concen~~ :or all time penods, 
Nhile 'he tn tencion .Jt mii ?b md Cd was signific:mt at 
tO. l ~- ,wJ 24 davs I'T.1bie 3}. Shoot Cd concentrations 
kciineo ·.vnh :ime ~ven though total Cd uptake (;lg/ 
-;hoot) was -5T~ater at e:J.ch mccessive harvest (T1ble lB). 
fhis is in indication that Cd uptake was not keeping pace 
wlth pl:1nt p-~1w1:h .Jr Cd was becomin~ ~ess 1vailable with 
',ime. -;ince :,t ·.v:1.s der,ermtned that -;oil Cd cmcentrations 
were not subsuntiailv 'educed bv che ?larlts durin~ the 
course •Jf the experiment. 

Since che soil Pb concentrations used <.n, this experi­
ment caused stunting of (he com shoots (Table -\-), it 
might be inferred that the Pb effect on plant Cd concen­
tr:uions was only the result of decreased plant size re~JUlt­
:ng in greater concentrations of Cd in the tissue. That this 
is not the total explanation is illustrated by the fact that 
soLI Pb tended to :ncre:1se Cd uptake 0n .1n individual plant 
basis (Table l B). This effect of wil Pb was 3ignificant at 
the 10-, l7-, :md 31-day harvest periods, while the intcr­
Ktion of soil Pb and Cd was ngnificant at 10. 24, and 31 
days (T1ble 3). 

Conversely, wbcn considering the effect of soil Cd on 
plant Pb uptake and concentration a general reduction is 
c:vHlent (Table 2). The reduction in Pb uptake due to soil 
.1pplied Cd (Table 2) was significant at all har1est cimes, 
whde ~he soil Pb and Cd interaction was significant at 17 
1nd ) ~ davs (T .1ble 3). This effect ,Jf soil Cd was proba­
bly. In large part, a secondary effect due to Cd stunting 
of corn -;hoot growth and the concomitant reduction of 
ion uptak-e. However, when shoot Pb was cxprc:s.sed on a 
concentration basis the tendency for lower tissue Pb con­
centrations was still evident in the 250 /J.g Pb/g soil treat­
mencs iT.lb!e 2.\). V.lfiance an:.1!vsis •)f ~l,t>se data .1lone 
;hewed >ignifionce at che j J7o level for che it). l 7. md 3 l 
dav harvest periods. This is especially imeresting· since 

/'It><~ 

T ~ole 2-Th~ ~of two ~Is of so•l~tic<i Cd ;Jn me ... 
~ conantnt1on ot ¥lid ttle ~ of P'b in com li!Qo'ts 

at 10, t7, 24, and 31 ~after emerqence 

u 2B 

:lool :loil Days 

Cd l'b lO 1 '1 24 31 10 17 24 .11 

-CCJC-- :HaM I'll' iJiil 
:) ~~5 359 294 !42 Ui2 43 !07 200 H7 

~50 266 396 J72 ~l l4 80 210 UJ 

~-j ::!5 no 155 225 l85 25 ·s 107 150 
~50 :ti8 165 .374 .!82 : .. :s lS; ~67 

),0 ~::!5 ~1 .!50 ~liD t42 lti );! i4 i.l6 
~50 l54 J31 .l62 !99 \1 ol 1'1.8 ~60 

stcmt:ng; ·:.f ?bf"t ·~O'Nth often !eads tn a concentrauon ,,f 
minc:rai e!ements in plant tissues \Gauch, l97"::;. :\u C<Jn­
sisrent effect of 30il Cd on shoot Pb concent~ations WlS 

e'JH!ent in the l25 ;;.g Pb/·~ 'i•Jtl treatmenu ·T.1bk 2A.I. 
A.nalyr,is of the data from both soil Pb rre:J.t;nent levels 
wi.tnin har-est times indicated sigruficance •Jt the Cd et· 
:·,_,.: --r:~;. .l~ '!.1 .~J.vs. :1nd ~1T11!~c:tnc~ fr-r '"~~"' Ph ·1~·~ ('rl 

.meracti•Jn .lt l i and 3 l days (Table 3 J. lt ts m cc:resbn~ 
to note that plant size across $Oil Cd levels w:1s more uni­
fonn with the 250 llg Pbfg soiJ treatment and, thus, me 
Cd et'fect <t this Pb level mav have ~more direct be:u-~ng 
·.m !he con!nderation of Cd effects on Pb uptake. . 

?!ant Cd concentration and uptake wee not significant-
- iy .u'fected i:>y Ph in 1oils not .!mended with Cd, nor did 

Cd :1ffect plant ?b levels in sotls not amended w\th Pb. 
The Cd concentrations ranged between 0.4 and !.3 JJ.rt,/:~ 
dry wei~t, and .?b between 2.3 .1nd 5.1 JJ.g/g dry weight 
[n plants srown •Jn soils not amended with the metals.· 
.~lso, it should be noted that me concentrations of che 
metals in rhe olants grown on metal-amended ;oils :ll'e 
~igher than rhose commonly reported m che 1 i•·~rature. 

<)ne re;LSon for this is that the loamv sand ased :n ·.his -:x· 
periment had a relatively low cati~n exchange :::.tpacity 
{2.3 meq/100 g soil) which resulu in greater pianc '"pta.ke 
of Pb :md Cd at a givm metal concentration tl'1an would 
occur from finer textured roils (Miller et ai., [9i5: \Iiller 
eta!., i976). 

The early stage at which the plants were =pled was 
also a consideration, as it can be seen that ~ and Cd con­
ce:1tr:nions within the planes generallv declined 'N'r.h time 
.Table!i l and 2). 

Although it is not true for all metal levefs or growth 
periods it appears that there is a tendencv for sou Cd to 
reduce t!-le shoot concentration of Pb Jnd t-;r ,,)ii Pb •. , 
increase me shoot concentration of Cd in soils .unended 
with Pb and Cd. Elucidation of the mechani5Tils resulting 
!n these obser;ations is difficult in that events in ~.he soil, 

Table 3-Significance of ;oil Pb, ;oil Cd. and their interaction on :>b 
Jnd Cd uptake, concentration, and the dry we1ght of :orn ;hoots 

Time ~nod. day5 

17 31 

P!> Cd ?!> '( Cd Pb Cd Pb 'I Cd I'!> Cd I'!> 't C'd ?"! Cd Pb < Cd 

Cduptab • -
Cd \!ODeefttDCiotl .. .. •• 
~~ ... . ... 
Ph -:-onN!'ntntion ... - •• -
Drv ·:vf>!(ht 
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,...... 
at the roil-root !oterl.lCr an._ )dun die plant are ill rdc­
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, a.s this is well documented 
(Gauch, 19 72). Although Cd was present in the soil at 
much lower concentrations than Pb, it would likely be an 
effective competitor with Pb for uptake due to its greater 
soil "availabilitv" (Lagerwerff, !972). Also, Cd has been 
shown to reduce tnnspiration •)f com \e:lVes tBazz:u: d 

J.L. 19741. Nhich mav .result in tess t::ansloclr:on .Jf Pb 
,·rom the ;oil mll :oocs tu the ;hnots. 

The ~e:J.sons :'or :he ,)bse!'Veri ~encienc;v for sod ?b to in­
GeJ.se c::>m ;hoot Cct conc~:uranons lnd 'lD r.;.tke Jre ;ess 
obv10us md )niv mecu!acive. 011e mi~hr ·meculate that 
Cd --.:::)ncent::-·l:-:;:ofls ·n ~he sod sciution. -l"ld ~~1us ln ::te 
piant. are eie·;ace:i bv Pb as tc has been show~ that Pb 
mo:-e et'fcctivelv ccmpetes for exc:1an~e sites ')fl .:oilodia1 
sur£J.ces th;:tn Cd '3-.I-cdl and \ldler. i9 7 t ~- Pr·~vious ex· 
per;mentation w~th ?b-Cd interac:ions on growth and 
;neral accumutar.:on bv 5-day-old corn plants indicated 
~~:J.~ bot~ me~J.~s '"'.J.i .l tc::.~-:r::..(:~..,· :.) :r.<:- ::.1~•.· :;~(~ ;l;l~----·, 

cvncenrrac.,m in :he <'JOCS (H.J.Ssett et li., i9 7o). rf thac 
were the ase m these e.1'-~riments, it would be reasonabie 
to expect ?eater Cd concentrations in the >hoot due to 
?b creatm~ in that Cd is r~btiveiv nobde in the plant. 
One would not expect Pb concentratwns co be :>imilariy 
higher in the ~hO<:J.t, even thou~ ;t mav be m the roots, 
.iue t,> its known ;mmobiliry in ;:he plane. :_· nfortunatdv, 
metal a.nalvs1s on ro<)t material were r10t obtained in the 
ex~1eriment ;ince previous experience ;naic:ued lerious 
errors due w mrface ;:ontamination •>f che mots. 

With che <".xception ,Jf .Pb at the lO-dav i_Je~wd, both ?h 
.md Cd il£5!llfic:mrly ( l% level) reduced the :~owth •>f com 
shoors :Tl.b[e 4). The negative ~ntcractwn which <.-vas pre­
viuuslv •.Joserved in ::he case ot' corn root dcnlf<ltiun !Has-
3ett et al., L 9-:' S'; ·Nas nor. found with corn shoot g-owth. 
In fact, posinve inte~acuons (5"'0 [evd) on >hoor grQwth 
were observed at t 7. '2{, md :3 i davs. Ir might he in­
ferred that the soil Cd reduction of Pb uptake is related 
to the apparent positive interaction on growth~ except 
that shoot Cd was elevated by soil Pb. it is mort: likeiy 
that the explanation lies in the fact that piant growth was 
severely retarded by either of the metals >in~y, and the 
added b•1rden of the ;)r.her metal did not cause .1 -srowth 
inhibition comparable to its effects on a healthy plant. 
The response of plant growth to heavy metals is l.lrl!ly a 
linear function of metal concentration, over an extended 
ranl!e of concentratinns (~:Jot eta!.. !975). One m:ght 
aiso ~culate, in view of observed similarities in the mech­
anisms of physiological action of Pb and Cd (Bittdl et al., 
197·!), that there is a competition between the two metals 
for physiologically active sites. 
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Table 4-~ iQenCe of~ ..a Cd on ltle dry -iqtrt of corn 

snoots (Nil( time 

TIRM period, dAys 

:\(eQI, 1'\.01 10 17 24 

- ... 11..,.._ dry nitbt, it plantt 

()-') 0.11 o.u 1.19 
<1-J . .; 0.(}8 0..26 -~.53 
J-5 0.08 0.24 •1.49 

::!5-J ').12 •l.J6 U<i 
c~5-! . .> :).08 1.21 U7 
~:.!5-.) !l.\)6 0.11' ·lJ6 

~50-i) J.J9 '!.20 1.54 
.!5{1-~.5 0.08 ·l.21. 1).{3 

.!!it)-,; 1).07 d.l5 O.J2 

\...:J.D. (O.Jll • •) J2 g "'').rJ7 ~ "'0.17 ~ 

~ .Talues ll'e o:he -neans of three re?licate5. 
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