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The Elfect of Soil-added Cadmium oa Sn'enl Plant Spedes1 

L. J. MILES AND G. R. PAllKER1 
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J~aeasing Cd concentrations !lave be:D associat.:d 'irith 
....-non in plant growth. measured as dry weight yield 
(Bqhiri, 1973; last. Environ. Stud., 1972; Turner, 
tm; Bingham et al .• 1976; Bingham et aJ., 1975), and 
.U iOOt damage (Turner, 1973). These effects are, in 
:n, species-dependent (Turner, i 973; Bingham et aL, 
~'175; Bingham et aJ., 1976; Page et aJ., 1972), some 
~es being more tolerant of Cd than others. 

The above effects have, for the most part, been de-

"Contribution from Purdue UDi•. Aaric- &p. Stu., Wesa Way
-. IN 479f17 • . l\BS J. DO. 6933. This .vorl!: was Jll1lii)OI1ed by fedcni 
-... ~ the Nad. Sci. Found.-R.\.\lN Prosram. R=ived 2J Dec. 
r 

P'l . .:>. Student and ..usistant Professor of .forestry, rapectively, 
~-of Forestry and Natural RC$0UfC:S, ?urdue Univ. First author, 
- PQSt ;)oc., ~pt. of Bionuc!eonic, Purdue C.:niv. 

termined from controlled experiments using cuJture 
solution {Hag.hiri, 1973; lost. Environ. Stud., 1972; 
Turner, 1973; Jarvis et al., 1976; Pace~ al .• 1972) . . -'\1-
most exclusively they bave utilized vegetable or other 
,tant .species of economic importance (Hagbiri. 19'73; 
Turner. 1973; Jams et al, 1976; Bincham et aJ., !9'7!1; 
Pace et al .• 19'72), rather than the Dative species of im
portance in terrestrial ecosysterM. 

.~ost tieJd itud.ies on heavy metals to date have jealt 
w\th pfant ~ommunities adjacent to ore smeiters 
(Buchauer,' 1973; USEPA, 1972; Burkitt et al., 19'72)3 

where heavy metal concentrations are quite mp. Many 
greenhouse o:perimcDU abo bave llliJi:zed DiP heavy 
metal concentntioos. These hiah coocmtratioos do 
show dramatic ~ but they are DOt representative at 
the more moderate enviroDJDeDtal concentrations to be 
fo~d in IDO'Jt urban-industrial repons • 

The urban-industrial region of nonhwestern Indiana 
has been .iubjected to atmospheric contaminatioa of 
heavy metals for about 80 ~- Tlle concentrations of 
Cd, Zn, Pb, and Cu averaged 10, 2,-456, 463, and 119 
p.glg soil, respectively, in the top 2 . .S em of soil, ;n a 
relatively undisturbed 11rbaD ~ approximately 
5.3 km south of Lake Midligan (Parter et al., 19'71) . 
These levels compare to 0.2, 29, 20, and 4 ,~&g/J for the 
same metals, respectively, m the top 2.5 em of son, at a 
similar, 1.1though uncontaminated, site 67.2 km to the 
south. 

The major emphasis of this research was on the po
tential effects of Cd on native plant species, and, by im
plication, on native plant communities. ~'1 experiment 
was performed to determine if Cd in moderate concen
trations can affect germination, survival, height, and 
yield of xveral gound-<aver 1pedes native ~o the 
urban-industrial region of northwestern Indiana. 

'F. F. Munsbower. i'1'72. ~um companmentation and ·:yclins 
in a vassland c:cosystem in the Deer Lodge Valley, ~ontana. Ln
pubtished Ph.D. Thesis, Univ. of Montana, .Bozeman. 
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Seven plant speda nati~ to the llrllu-indusuial felioa of JJOrth.. 
watem !ndiaDa were cholea: R'lldbe:kM 1tinll {black~ Susan), 
Androporon scopGritls (little bluestem1 Montll'dll jiSIIIJQfll (wild 
berpmot), RlrKJ radictut3 (Poiaoa-ivy), A.-mOM cy/iltdrtctl (loac
fruited thimbleweed), Lkltri.r Ipblfl Crouch 3lazinc-uar), md POll 
f)Mtnt.Jis (JCeuruclty btuqrass). These ~. lterufter referred to ~ 
genus, .:om.,~..se a wide rante Gf Cd aa:umuJation dJaracter'..stia IDd 
represent about \Otlllt Gf :1le ~es :ompositicn and ~ of the June 
itomass :·or ground-<.."'ver ipedes for .an tlJ'ban ~osystem (Chaney '!t 

~ .• '9'7~). 
3c:ed {or Listris :md Rhus "'~ ;oUec:ed ~·or tse ;n d!ese aperi

.nents. Seea :·or ·:he :Jtner species w~ purchased :"rom leed su0piy 
~omoanies. .-\11 Jced were nratified in moist .lllllci t!eiore plantiJlt 
(.·~ . ..-)(ier.leJl. i%&; USDA. 1948).' 

:-'te l!)pc:r \4 ·.-m of the sml oroftle (i.~ .•. ". 'lol"'.zon) were coUected 
fr'lm m 'mcontaminated me 1t che WUiow Sloutp~ Fish and C-ame 
Area f)7 . .2 km 10utb of Llke Micllipn. The scil (Plainfield Wld 
(sandy mesic •y-pic L:d.ipsamment)) is similar to those found in che 
northwestern 1nd.iana urban-mdustriai region with 0 . .33 !&& Cj;g scd, 
1.93"'• 0 .• \lf., 6.2.8 meq CEC!OO g sod. i.8 iJH, 56.6 kg achanaeable 
Piba sod, l&.O kg ~'lchanpable K/ba soil. !7.0 kg total :.,j, ba scil. 
and 24.3 or. case ;arunuon. 

Soil was 1ir dried md pa.:!Kd tllroucit 1 0.64-:m (0.~-indl) .11ainJess 
3teef wire mesh .sile'Ye to r1:111qve orp.nic residue bdOI'e pladq ill 11.4-
cm <•.5-inc:nt standard ,-,iastic: pou. The potS, contaiJUnc equal 
weights of ""'- (_800 J1 J)Ot), were plaad in 13.3-<."Dl (S .!S-indl) iquare 
plasuc trays wtUCh were used to >Ubirripte the ,ot.s. This Qtcriq 
:stratqy w:u illiCd to prevent splash conramiDaticJa of adjlant ;xn. 
washout of ~. and :eac.biJic loss of Cd. u wdl as to provide .. 
faster, more ·.mlform waterinl re;ime. 

The ?Ots ;vere uneuded witb 1), 10, 30, and !00 111 Cd/s of air dry 
lOil. Cadmium d1ioride Kliutioo was added to the to.,. of adl ;101 in• 
:unounts iuificiem to briq eadl pot to its respective Cd coocmtra
'Joo. ibe 'IOJ.i.s were watered to fidd capacity md incubated ill the 
greenhouse for ; to !0 days to allow the Jail .:hemic~~ rac:ioaa co 
~uilibrate before seedin&· :'oro autriem sclutioiUI or other additioos 
were made. 

Forty seeds -.ere planted in each j)Ot for l.il ;pedes except Pot/, fer 
·.vluch '.0 ·leeds ·Nere :)ianted. Germination .vas recsrded fill" eadl pot 
every 2 ro .3 Jays. ~en $C11lination ~to be :::>mpl.ere. tlae "o 
day'" ·!Vas -:atcu.l.ued. This was taken tO :Jc the day mdw;ay berllf~ 
the da]l the initial 1ennination was >:eeorded and the :iay tlae final 
germination was recorded. This •u :jone 3epiiJ'ately (01' e:ICh pot md 
was •lSed to ~ the bqinnina of Yqetati"R growth for :ach pot. 
Plants were thinned to ~ muimum tJf!iw J)er pot I week alter ~ 
tive jrl)wth started. l'!ro to cbree days later the plants M:n: tbinaed to 
a maximum af three per pot aod for ideutilicaticm each pwn wu 
labeled. 

Two weeks 1f1er growth irutiation. u weeldy 'ntervals, plant 
numDe::s and lleiints wa:e measured. Heilbt was talten to be: lcqtla 
from dle ni surface to the dp of the loqat blade for an iadiYidual ol 
A~ Lilltri.f, or 1'fJrr. to 1le ~for .VONUdll ~ Rlal.r; 01' 
the maximum width ( circ-o~mference) from leaf tip :o lcai tip across a 
basai ~;Jsette for Rudb«kill >Jr AncmoM. The experiment wu lGJDi.. 
oate&.i .aft« 6 weeks of gowda. The l,1iaDu were baf'lc:sud. separated 
into 'ops .md roots. dried at 80"C, md ~ (1). 

Sampies were coDected from the top 2.5 em and base 2.5 em (9 to 
11.5 ~) -Jf soil aod oven dried at 30°C. Metals were extraCted from 5-
to iO-g '!Oil samples l7y addiq 5 ml of 16N HNO, and .tilowina the 
mixture to nand for 10 tnin. After NO, fumes disappeared, an addi
tionai 10 mJ of 16N HNO, were added. This suspension was !Ieated for 
2 !tours and allowed :o 5tand overnipt. Tbe nitrate was ~aporated to 
I:S TDi, then brought to volume with double-distilled H,O. Samples 
·.ver~ ·malyzed for Cd ·Jsing atomic absorption spectroscopy. 

T:le ~ was a .:ompletely random .Jesicn with two factors: 
species and JOiJ-added C.i treatments trith 9eveD IOd fOUY Jcycfe, re
spectively (the 100-4 Cdts sod treatmeut, IJoweYer, was ~ 

'1. Clinebell. i·r~s. ?'!rscnai communicanon. Prairie Suoshlne 
Seed Co., Wyomina. Ill. 
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J.~ 
i0,0H41 
).3417 
0.00831 

AMIIIDM ey~ be ·J.J667 
O.H81) f0.tll'i01J 

Ylotwrda ,isrui.oSG e ·1.;!~17 0 . .;!!!5il ).~250 ....... 
0.0601) IO.J9461 <O.!J~ ~ 

tvw& .'Udictuu d ,g:g~so ,g·~~~~ .~:= ::; 
A verap <M!!All5pi!Cl&S 0. 4583 :). 4083 ·1.283:1 ~). 
Sipificance. ·r : 0.01 a •o o -~ 
*" 9iJr-lifieant di~ce. or : O.Ot. !or 3pecies J"erage •:!:.:luding . 

·.:-~tment. Speces wit.h t.he ~ letter il1"l! aot .ucnificandy 
t "N-t -:t ~ tOil,...,.~ >1 iD-ea-. n
: o.q tirO NpiicatM Car tllia C8ll. 

fro• IDGil ttatiRic:al malysa .siDce it i.a:um:d ilmoBc 
5lllfiscical !Cdlniques ·ued to analyze the data ;ndad!d 
ilomoaeueity • .malysis <lf variance, anat,sis of covariaJJct. 
~ 

RESt.Jl .. TS 

Genaiutioa 

Germination results (Tabfe t) >how 
ences among species and treatments. 
Poa had the highest germination rates and 
ioweSt. Sucb results are to be expected and 
innate species germination tate differences. 

A.a examination of the analysis of variaace.~ 
(over the 0- to 30-J&& Cdla soil ranae) does not 
validity for the hypothesis of species differt:Dit'ltsl 
nitude of response to Cd. Thus. the null ~., ........ ....., 
common response to Cd among the various 
not be rejected here. 

.-\t 100 J.&8 Cdlg soil germination was 
aisteut. No germination was recorded at this 
levd tor AnemoM and PDQ. Two of the soeciei: 
and Liatris, which did germinate at this 
star.ed from seed collected within the 
regioa of northwestern Indiana. Only two , 
species, Andropogon and Lilltris, which did 
at this level produced seedlings which survm:d 
than 1 or 2 weeks past germination. 

Resuits were also affected by the method of Cd 
tions. The Cd added in aqueous solution to r.be 
surface did not disperse evenly throughout t.be 
instead was bound by the top 2.5 em soil layer ( 
Thus. the aetual soil concentration at the surface .. 
germination takes place. is approximately twice 
ported concentration. A common linear 
response coefficient (slope) for Cd, adjusted fer ·t~ ~.m
-!Ven Cd_ dispersion. is estimated to be: g = go - tl.~ 
Cd applied (pg/ g). · · ·· · 



~ () 10 .JO 100 
~ --- ,., 

dll 

; !.5 l.~ 20.87 S6.il7 173.J3 
0.'.!61 12.031 ;8.121 !27.281 

..-;.l . .i •J.J~ O.lO 1).;):.1 il.76 
0.~:!1 !0.051 IO.lll (0.191 

~ae was no significant difference \n plant survival 
:..,~n the 0- and 10-l'g Cd/g roil treatments (Table 3). 

~t ;o..ug Cd/g treatment, however, caused decreased 
JU~Yivai not only wu.h respect to the control treatment 
~ a1so ever time. No differences among the ~pecies 
_ found in the experiment for survival. Tbe test, ...... 

.;..,ever. was conservative and, therefore, nay accept 
:~~cau.U nyyothcsis when it shouJd be rejectc:U. 

__ DrJWeipt 
--..... 

Growth data were collected on dry weight at the 
.rmiJtation of the aperimcnt. The data were analyzed 
'IIUll 1 3ubsampie of the originaj data. AlremoM was 
#OPpcd from consideration because it grew very litt!e 
~ the course of the experiments and was close to the 
imit of accuracy of the measurement. 

The 5pecies' weights (top and root dry weight) ex
babited a iignificant response to soil-added Cd (Table 
4). R.~orded weight decreased with increasing Cd con
.::ntr3tion. The weights for the 10- and 30-l'g Cd/g soil 
:restments were not significantly different and lower 
dWJ the control, respectively. 

The root/shoot ratio was not significantly affected by 
C4 treatment. For this variable, species was the ooly 
Greet that did show signi.fic:aDce. 

For the other variables {shoot, root, and total weisht) 
-1 weight response to Cd was indicated. A reasonable 
cstimate of this response for top, root. and total weipt 
•as: log weight (g) = log Wo - 0.02S Cd applied 
IH/IJ· 

Htipt 

Height was not considered as good an indication of 
pwth as was weight, because it measures only one 
aspect of growth and is quite variable. Height, however, 
b:s give a Ltondestructive estimate of growth over time. 

It was noted for several species, especially 
..tndropogon, that regression on soil-added Cd at each 
·.une produced parallel regression lines. It was hypothe
llled that <:he effect of Cd upon height was an initial 
effect which was merely sustained over time and not in
J.si!1ed or abated. 

To test this hypothesis, an analysis of covariance was 
nm with the initial height measurement used as the co
'fttiate. This anaJY!is negated all the treatment effects 
:.: .. :to effect for treatment when the data had been ad

!USted for initial height) for Poa, Rudb«kia, MoNUda, 
Rhus, and Atrdropogon. 

() :o .JO !00 

l.OO l.OO ().96 1.30 
0.99 i.OO 0.77 !).JI 

II 33 ;o 58 ~ 
69 'l6 69 ~9 

Table 4-Average (yl sb<)Ot 11FIIJicht ud root weight per 
individua.l plant lstan~ -!!'!!'Or, s-), and number 11f 
samples ~111 for eadl tpedes u .eaci treatment levoeL 

SoiJ.•ddeo. Cd. '411" 
Speca Sipifi ... ..- 0 10 30 

~ 

Shoot.,...n& 

1W prtltlnUU • ' O..l.l88 0.0887 o.ou.a 
a; (0.03M) (0.01899 10.0038l 
II 3 3 3 

Alldropo,_~ • j O..lltrl O..OS'73 tl0907 
-; 10.~ (0.012:Jt !0.061'7) 

" 3 3 3 
LMurU qicata • ; !ll032 IJ.0771 0.0201 

r, !O.Ol:zot \0.01:&:11 (0.00261 

' 
ll 3 J 3 

iEAu 1'lldiaalu • ; 1}.8483 0.069'7 0..01'70 
r, iO.OCJ83t i0.00631 i0..()()3$ 
II 3 2 3 

Rud/Ndia.W. b 1 0.0531 0.0114 0.0008 
r, {0.02411 !0.00411 (I.GOOJt .. l 3 2 

Morlfll'fiiJ jUtultna c 1 :).1)298 :).0227 0.0096 
"7 !0.001-4l {0.00171 iO..oo731 
.'I 3 2 3 

A.-~ cl ' tJ.OOD 0.0011 0.0011 
-; ~ iO.oootJ ..... 
• a 3 s 

A.,.,..._a~t .,....,.. (kiJIYM UISI 
Slpificwm difl'&&&& ar a CLOt • • b 

Roocwwipc 

Poa ptVmlllia • y 0.1569 0.1371 0.019 
7 (0.06291 .O.ll6321 (0.00401 

" 3 3 3 
A.adrv.-.-.-periu • j G.l-411 UMI 0.0401 

-; 10.&411)- IO.CJ09tt e.fl'l'Cit 

" 3 .:1 3 
Li4fri# ~pic:~Ura • 1 •1.1192 il.olSQO 0.0212 

s; l0.0478t iQ.lll90t to.Gal .. 3 2 3 
R/uu 1Wdlt:tuu • ' 0.0417 l.04~ 0.010'1 

s; !0.01511 i0.00'71Jt 10.()():1$ 

" 3 2 3 
Rudb«J&U~ Airta b ;; 1.06:MI 1.0066 0.0004 .., .o.0-407! .0.00271 (0.0001) 

II 3 3 2 
Morlfll'fiiJjUtvitno c ;; ?.0186 a.Ot72 0.0070 

'V (0.001•1 10.006:.11 10.00<461 

II l 2 3 
AMIIIDIW eylilodria cl j 0.0012 ().0010 0.0008 

!0.00011 10.0002) 10.0001) 
"7 3 3 s .. 

Avoerage over si% speciest :).:)897 l.J~';" ').1)1.)9 

5~nt diffCII'ellc:ll. , = 0.01 ~ .I IJ 

• Speciee .nth the - ietter ant aoC sipiflc:antly ·liffer<!at. <X .. ().06. 
,. .4MnaoM cylindnca. :a <lot il1cluded. 
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DISC'!j;,dON 

While the desiln and setup used for this experiment 
wu as much to genente a data base for native species, 
wbich is absent from the literature, u it was an attempt 
to determine actual effects upon these species, differ· 
ences amona ~es for mapituc:lc of response to Cd 
couJd not be conclusively determined. Species differ
ences have, however, been reported by several investiga
tors (Page et aJ., 1972; Turner, 1973; Bingham et al.., 
t976; Bingham et aL, :97~; Petter:sson, !9'76). 

The results presented here indicate that soil-added Cd 
at moderate .:oncentntion \ev~.ls (1 0 to 30 1'8 Cd/ g :;oil) 
can advter:seiy a:ff.e::t the ~ermination, survival, and yield 
of native species. Yieid reductions have ~ concluded 
to be caused by Cd diret:tly (Bingham et aL, 1975; 
Turner, 19'73) and not indirectly through an induced de· 
ficiency. For economic 5-pecies Cd toxicity has been 
shown to occur at 2 . .:5 ;.~g Cd/g soil for soybean and 
wheat (Haghiri, 1973) and 2.Sf!t yield reductions have 
~ reported for ipinacb, wybe:m, curieycress, lettuce, 
corn, carrot, turnip (Bingham et al., 19iS), 3ud.angrass, 
and aifalfa (Bingham et a.t., 19'76) at Cd addition 1cveis 
of 4, S, 8. 13, 13, 20, 28, l.S, and 30 ppm, respectively. 
These are all within the soil Cd addition range uti1ized 
for this-~ent and found to cause adverse effects 
on native :Jpecics. 

Some species (or ecocypes), such as AndroPQtort and 
Liatris, are more toierant of Cd tban other species. 
While we did fmd innate .il'Ccies differ-ences for 
germination rate and yield. we could not conciude tbat 
species differ in iate oi response to Cd. There are, how
ever, indications in the data that this is so. 

Only Andropogon and Lilltris germination u 100 
.!'&li could be consickred as significantly greater than 0. 
Germination for rome spe.:ies such as Andropogon and 
Liatris, therefore, may not be as sensjtive to Cd as for 
other species, such as Rudbet:kia and Poa. This provides 
circumstantial evidence that the hypothesis of species
dependent JCflllination r~nse to Cd is still a viable 
h thesis. ypo . .:-:t Gcrm.inatioa and survival effects are qurte ;:u.uwar. 
They can be grouped as a single type of effect-viabili
ty. Cadmium can affect a species' viability and certain 
species. such as R:Jdbet:Jda, Monarda. and Poa, may be 
more susceptiable to this type of effect, while other 
species, such as Andropogon and Litltri.s. which were 
the only species that had individuals at 100 1'1 Cd/g son 
survive to the end of the experiment, may be less sus
ceptible. 

The ecological consequences of viability effects may 
be quite different from the consequence of growth ef
fects. growth effects are continuous data and would be 
·!xhibited as differences in magnitude rather than by the 
i)resence or absence of an event (germination or mortal
ity). 

It can be hypothesized that Cd may aff~"t two con
ceptually different types of response-viability and 
growth. As species may differ in tolerance to soil-added 
Cd for yield (gowth), they may also differ in tolerance 
to soil-added Cd for germination (viability). In addi· 
tion. for any given S))e\.ies the growth tolerance and the 
v~ability tolerance to soil Cd may be different. If viabili
ty response is more tolerant of Cd than is growth. the 
main Cd effect may be seen in the growth data. If viabil-
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ity is more ...,....ri~ to Cd tban.is JTO'Wth, 
little or no effect noted for wil-added Cd on 
sensitive individuals being culled out at the 
and seedlina establishment stqe. 
· Almost exclusively Cd research has dealt 

effects. Viability effects may also be quite 
ecoiogically. After all. if a species can't ..... .,. • .-
icy) it cannot reproduce. Ecologically, the maiD 
Cd !Jpon a plant community may, in fact. be 
ty. Germination takes place at the wil rurface 
Cd ·.:oncentrations are highest (Antcno'lf!cs et 
Bachauer, 19'71; John et al .• 1972). 1 lf a iee:fiil 
survive and become established. it may !).: 
cover a aorma! growth rate by root ........ - ........ ~, 
subsurface soil layers ~th lower Cd "'"''"'"' ......... . 
This ability wH! vary with species (Hemphill. i9i2) •. 
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