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TECHNICAL REPORTS 

Heavy Metal Interaction for Andropogon scopariw and Rudbeckia hirta Grown oa Soil 
from Urban and RnnJ Sites with Hea"'f Metals Additiou• 

L. J. ~ILES A.ND G. R. P.~R· 

.USTRACT 

Ulde btueste• (.41fdrqpor011 Jenptll"iiu) ad w.dl--t7ed · S.... 
~ill l!inll) •en powa ia fWQ .toila .nt11 .II _.._do• tlf 
CL z.. 1'. aad Ca U two lPN acll for 11 •eela. Germiaadoa md 
_.,.luaeat "'eft rompletety Marded by lhe Jddltioa of !~000 ;&&/ 1 
z. • ·laCI,, w!lid1 .,.. iue to a ·.Wt effect. ~ather C4 - Ca addi­
... affected ~aadoa • . ~ .tdcllt dec:ra!Je \a prm.i .. dotl ""' aoted 
.. "'tddidoM of 91)0 -""'1 wllia 111aJ allo be 'MOI:iafd -.ita! a .taJt 
..._ C~.lli .. '' 1~ 11M 21-q/a addidoa ra~c~61 ..e dhct to, 
• ...c 4ry weipt. lad alld Ca 'lddido• redBUd iiiOCIC ud ""'4rJ 
.,.... yieMts 11f .4ndrtJporota x,_.a..r. root •apa MiBc 110re 

II'WifJ atfected tllu -*CNJt •eitllls.. Mdal lddltloas to die ultu .site 
.. 61 aot reduce ride~~ to tile exteat tllcy did liB the f'U'ld .site sofL 
s.--rer. yields 1111 tile arbaa site JOil <:oatrol !mltmeat were lower 
-..red to 111- for tiM I'V1If Jiee .:oalr1M treat.~~~~Ht. 

DTP A estnc:no. w.• of ~~~a.., !lleUib •en aoc "d condated ta 
,._. cot~Ca~tnldoes for cvm,utsoaa lldwea tile two sols. It wns 
-"Ned !hat DTP.-\ soa estnctloa lllaJ lOt be aa:qRabte for metal 
~lliUry cocaparisoas 111110111 MCJs of dlfferia1 ~H. 

Ornautaadal e'¥idnce - foalld fOtr tlodt sy~ u4 
~ effects a--a tile lila"J llldals.. 1'llew •en of a low lnel 
•" coasisteat repoue cOliN M detenaiaed o•el' Jpedes or solk. 

.4ddlrioNlllndu W:Jntr: odlllium, lad. coppel'. ziac. 

ID a previous experiment with Cd {Miles, 1978) the 
p-;;wth of several s;xcies grown in the greenhouse was 
Kunted on a heavy metal-<:ontaminai.ed urban site soil. 
T\is was especially true for little biuestem (Andropogon 
Jroptuius) which wa:s shown to have growth tolerance to 
Cd additions in an un~.:cnraminated r.uaJ site soil. Total 
:nctaJ -:oncentrations found in the urban site soil were 
U, 442.5 , 78.5, and 16.9 .u.g/ g for Cd, Zn, Pb, and Cu, 

respectively. These are not unusually high values and 
perhaps could not individually aa:ount for the large re­
duction in plant dry weight noted for the urban ute soil 
as compared to the rural site soil containing 0 . .3. 99 .0. 
12.6, .md S .6 i'g/g for Cd, Zn, Pb, and Ca • .-especwe!y. 
This, however, needed to be empirically tested. 

Several recent papers have investigated the ?Ossible 
interaction effects of heavy metals on each other. Oijk­
shoom et il. (19iS) found some evidence of a. Zn oy Cd 
interaction effect on srowth. Carlson and Ba.z:zaz {1977) 
found a positive Cd by Pb intenction (synerJistic ef­
fect) on srowth parameters for American sycamore 
(Platanus ocddentalis). Hassett et al. (1976) also found 
a synergistic effect for Cd and Pb on maize r'~Ot ·-!ionga­
tion and root dry weight. Miller et al. (1977) have aLso 
studied interactions of Pb and Cd and found significant 
interactions. 

Other researchers have found interactions among 
metals which affect their availability or 'lpta.ke 
(Findenegg and Broda, 1965; lindsay, 1m; Brar and 
Sekhon, 1976; Chaudhry et al., 1971; Bingham et aL, 
1976; Haghiri, 1974). 

Hassett et al. ( 1976) explained the ;ynergistic Pb by 
Cd response they found as partially due to the .:tevated 
accumulation of metals in combination treatments. 
Such elevated metal accumulations may imply root 
damage (Turner, 1973). Competition between metJ..ls 
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for pbysiol()lic:aJiy attive sites beat speculated to 
be a possible factor ia antaaor;Ustic metal interactions 
(Miller et al., 1 977). 

The research reported here was conducted to deter­
mine interaction effects of Cd, Zn. Pb, and Cu on plant 
lfOwth. 

METHODS 

.4. factoria! experiment 'iftl set 11p ill the ~owe atiliziq two 
;pecies. !itt!e oluestem (AiU/roptJfOPI fCOPQriusl mci biack-~ed Susan 
:.Ruab«kill irirral. md two soals ·'"t.b all ~omlnnauons .>f C.i. Z:.t. ?b, 
and Ca •t :wo teveis eadt- i1us resulted in :1 2' tac:onal ~xpe:iment 
:·or e3Ch ~iJ. Five :,ioc.i:s {replicate e.'t~mentsl ·.were ;er 'JP •&sinK 
P'ainridd ;and (Mesic T)'l)ic IJdipsammentsl collected from :1 rural 
me .wnh heavy metai lddirjon levels of Cd at J md 20 J'C/ 1, Zn at 0 
and 4.000 .llifj, P':l1t I) and 900 ~&&i&. and Ca a I) and 100 ~IJ.' l· Two 
blocks were ;et •Jp ·uinc Oakville sand •.1'ypic Udipsamments) col­
tec.:ted from an urban site with heavy mc:tai ·~ciition levels <>f Cd at 0 
an 10 I'Jt'J, Zn lt 0 -md 2,000 ji.JI a. Pb at 0 and 4~0 -'ell. and Ca at 0 
and 100 1'111· Cne pot for each of the speccs and each of the metals 
mdividually ~ 1.11 intermediate addition levcl (Cd ~ 10 "" 1. Zll at 
2,000 1'1/s. Pb 1t •~ ;&Cis. and Cu at 100 ,q/1) wu also set up wit.bin 
the rirst thr~ r.Jr:li iite soil olodcs :o prov:de more inior:naticn on the 
Jbape of the res~nse .:urve for each !DeW. More .:Jcwled descriptions 
of tbc two soils were pven ia ID earticr p!q)a' (Pvker ~ al., 1971). 

la ·a previous e:qlcrimcnt (Miles IDd Pvker, 1979) little bluestem 
was found to'1M. ~e most tolennt to :10il--idded Cd of seven species 
tested Uld olad-<Yed Susan was the least tolerant. Therefore. u'lese 
two ipecles ·.were ll5ed ia !.Ilia experiment to n:prcsem the l'lUlp o( 
1leavy metal ~nscs tor species utiYe to 1le urbu :Ate :soil · 

Metai concentrations Jiven for the :wo SCJils ill the :mroduction 
~n:sent the mean .:oncentration •.>f •.he A borizon (top 14 em). The 
:op 2 • .5 .:m of tbe •uban Jite ~il were ie'ieral times ji'Qter than the 
mean "f the A honzon ,Pvker ~ ti .• 1978). Since ·.we were <Utemptinl 
to simulate the potential effects of the ·.uban site soil on plant species, 
and since Ute top 2.5 .:m of soil is believed critic:ai ror establishment 
and srowt.ll "f plants. heavy metai addition levels were dlosen to ap­
;woximate the 1verqe concentrations (mtennediare ~Oft lnel) 
md tbe maximum ;oncentrarions (hich addition !eve!) found for these 
metals in !he top 2.5 em of ~il on the urban site. ,. 

Except for C11 .whicb was added u swpbate., ail tbe metals were 
ldded as chlorides. To uscss the potentia! effects of the high 'l&it con­
-=entratioas of the iDcW ldditions, several pots lritb caa. additions, 
of comparable a- coocmtrations to those eucountcred ill the heavy 
metal additioas, were run concurreDlly wit.b the experiment. 

While pat ~ ience indiated that blocXinc over arel:llboaae 
beDc:b position did oot coauibute to a reduction in experimental error, 
:bil apcri.melll .,. bqun ia wiDtcr •JSinc supplemental anirlcial 
lichtiac to .:reate a 16-bour pbotoperiod- Blockin& was therefore 
utilized to remove variabilitY due to variation in Iicht intensity a.ssoci­
aed wit.b ar=mowe ~position. 

A pre:ipitarc formed wbaa tbe four metals were mixed ill the sola.­
tioll aad .,. putic:u.larty heavy f« tile Zn aod Pb stock solutiou. 
This aecessitated addition of each metai be made separate!y to the 
soils in ~uence. '' 1-week illcubation period was allowed to follow 
tbc ~of,_ metal before aootllcr wu added :so that IDY aaoci­
atcd soil ractions 1fOUid have time to equilibrate. Alter the iina.l 
meta! additions were made the soil was allowed to completely dry out. 
The :soil wu tben ranoved fro111 eadt pot. mecbaninlly milled. md 
repotted. After mixiDa aod repottinl in 11 .4-Qn standard plastic 1)0t:l. 

the soil was apia saturated usinl deionized water and allowed to 
incubate and partially dry before plantina. Each pot containing 300 1 
of soil was ;Jiacl:d ill a IJ.J-QI!l plastic tray whicb was used to subirri­
pte, thereby minimizinc wastout of seedlioas and leachinc toss of 
metals. 

After sa:din& each pot With 40 seeds, the Dumber of aenninatioos 
were recorded ~ery 2 to J days. When JerllliDation appeared :u be 
complete the "Q day" was .:aJculatcd. This W'U taken to be the day 
midway between :be day the initial JerminatiOD was .reaxded and the 
day the final g=inarion was recorded. This ;was done 1eparatcly :·or 
each pot an4 was used (0 ic:prescnt the beiJI.QJlinl of vqc:tative ifuwth 
for each pot. Each pot was thinned to a maximum of five plants per 
pot I week after vc:ge--..ative growth started. Two to 3 days later ;he pot 
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wa tJWmed 10 I 
labeled to • rroaa tbe oc.ben iD daa pol. Bqia.illlll 
.,. JI'OWG !eitiodon aad ...tfy tbcreatter, wd 
tenllilwed, tile Dllllibcr of IDdividuals per pot .,.. 
weeks tbe pkau were separated iDto top11Dd rooa. 
ized water, dried at sere, IDd wei~Jled to !.be aearest IJ.oor 

Soill were aaalyzed for available heavy :ueWJ usina nT"aor··:a 
tiala (Vi. L. Liadsay IDd W. A. Norvdl. 1969. l)ev.doa.Bi 
DTPA. lllicronuuient toil tesL A.1ro1L A.bllr. p. 14) . 
ti"'CWWt to toil ratio IDd a 2-llour sbatiq time. Plalll 
samples -.ere also malyzcd for heavy metals :uinl 
·jon. Determinations •ere made '.lSiqa V'lrian -\A6 . 
tion spearopftotometer. ·' ltydrocen iamp 'Jaclti!'ound .:orired._c.-. 
'Jsed for CJ. Z;~, ma Pb. Extr:ICtion, ·:tigesuon, md 
:uns were 'llociceci <>n ~eplicatcs in arder to :eauc: the 
samples handled ~ ;Jne wne. 

RESt:L TS AND DISCt:SSION 

GEllMLI'IiA TION .... 'iD Sl.iRVIV AL 
. : .-·4~-;:;.:· 

Germination for both species m both ~ 
negligible at 2,000 and 4,000 14gl ~ Zn additioct ' ·• _, . >.1 
The iew ~which did germinate ;lied :,erore ::nOILQII:i.., 
ment. Similar germination occurred foe the --.­
tioo pou. Thus the Jack of germination roc 
ment is conc!uded to be a salt effect resultiq 
being added as Z.o.Clt. 

With the possible exception of Pb there was 
siStentfv discernable effect of Cd. Pb, aDIII 
germination. Since ZnCl1 at 2.000 "'gig Zn 
retarded germination due to a possible 33.it 
germination effect noted for ;)()() ,u.g/ g P~ as 
may be a salt effect. 

Seedling survival was essentially COID\)oleb~,41"1! 
treatment combinations except Zn at 2.000 
l'gl~ on the urban -rite soil. This is consistent 
lack of :nortality noted in a previous :xperimc:m ror 
soil (Miles, 1978). Mortality did occur for ~~~a- ... --=: 
on the rural site soil wbicb can be acco•Jnted few 
by tre~tment differences between the 
Intermediate IC'Yds for tbe sin&fe dement 
additions (i.e., Cd, JO; Pb. 450; Cu, 100 
.rural site soil are comparable to tbe lcvds 
the urban 1ite soil. little bluestcm oo the 
at these intermediate levels. !flee the urban site 
ments, showed no mortality effa.'"t. Bladc~ed Sw~~··':"f 
however, did show mortality effectS at the 
levels on the rural site soil. Thus. while part 
differences for survival can be accounted for 
ences in metalleveis between the two soils. there 
other soil factor, such as CEC or pH or 
antagonism, which is counteracti.n& the 
effo:ts of heavy metals on survival for the 
soil. Characteristics of the two solls are given in 

Black-eyed Susan mortality on the rural site 
total with 900 ;tg/ g Pb or 200 l'g/ g Ca adiCbbC,. 
Mortality occurred within 3 weeics, · 
effect for black-eyed Susan is on seedling est:ilbilisbl~ 
Cadmium (20 JLg/g) did not affect survival of 
Susan. 

No mortality of little bluestcm occur:n:d with 
,ugl g in the rural site soil. Addition of Pb i900 
Cu (200 l'g..'g)•did decrease survival, l:111! not 
Copper had a greater effect on SW'Yivai r..i::um ;;;~.T:M-~1~ 
Changes in survival over time were due -;oiety to 



Rural st. Urbas st. 
JOil 

~-------------------------------r.-.i JOil Cd. ppm o.33 

JOil .. t 

2.32 l 
_JI 4.80 
,.~ ba 54.8 
,_._ .._ 88.0 ,.__ 
'4. )l}{, ~NO. ppm 16.21 
~~ ;natter. "'I 1.93 
-sc. :z,eq tt28 
;..,.. .Jaturar.ioa. 'II ·J·US 

7.82 4 
24.4 4 
lU 4 
25.38 • 2.48 4 
1:.!..22 • ':t7.35 

•So.>Ji.mP.iell. 

at R.\L SITE SOIL-i"U,'IjT WDGH'T UTI:<.;-rs 

c1dmium additions to the rural site soil had no s1g­
nifi,ant :ffect on biack-eyed Susan top, root, or total 
dry weight ig per plant), or on root/shoot ratio, w'th 
'"eraH averages ot OAO, 0.2S, 0.65, and 0.63, respec­
tively. for the 12-weeic growth period. A Pb addition or 
~50 ppm {the only Pb or Cu treatment surviving) did · 
1~r to redu~ dry weight ~eld data by one-half to 
two-thirds. but 3tnce thiS result ts oased on only one sur­
tiWl& Pb treatment pot it .:an serve as no more than Ul 
iJidjcation of ~ potential effect. 

Little bluestem. gn the rural site 'ioil showed a iig-
111ticant Pb ~ffect for ail four ~etght "lariables analyzed 
Nt a >ignificant Cd effect (a = O.QS) only for top and 
:otal dry •weight. Cadmium i)y Pb interaction (possible 
:nteractions with Ca being uninterpretable due to empty 
.:eils) was not significant t'or any pLant weight var.abie. 
Effects of Cd and Pb thus appear to be additive for little 
'luestem on the rural site roil. 

Linear regression equations were obtained (Table 2) 
for additions of each individual metal to the rural site 
10il for little bluestem. From an absoiute standpoint 
·Tabie .!. 251rTo reduction concentration ::olumn) Cd ;s 
:nore effective in reducing yietd than !s a compa'i-ab!e Cu 
.:oncentration. L~d is much less toxic than either Cd or 
Cu. Relative to the actual addition !evds utilized in this 
experiment, however. Cu is more toxic than Pb, which · 
is more toxic than Cd. Both Ph and ·cu affect root 
weight more than top weight. Cadmium has no signifi­
cant effect on the root/shoot ratio. however. 

l'UA.'i SITE SOIL-PUNT WEIGHT EFFECTS 

Analysis of the urban site soil data would appear to 
of!er a better test of metal interactioos since there is no 
missing data, and thus all metal interactions can be 

llecaJ Weipt vviabk. C " Inten:8pt 

Cd Shoot 13 0.7279• 
!loot 13 0.9163 
Total t3 LS-142 
Root/ shoot ratio 13 

?'J Shoot 13 .).3267 
!!.oot 13 J .9455 
Total 13 1.1722 
Root/shoot ratio 13 1.2201 

Sbooc 9 0.7044 
Root 9 0.3-151 
row 9 L5495 
aootJslwot ratio 9 U060 

' IJI l"egresaion M1! .11~cant at the et = ().05 ievei, ~:o:cept SS. 

analyzed. This · the case, however, due !0 low repli­
cation and sipilicauf bloc% etfecu. Tbis is particalarly 
true for black·eyed Susan because only for top dry 
weight are the block by metals interactions poolable to 
allow an estimate of experimental error with 4 degr~ 
of freedom, which in itself is not adequate. While top 
weight .-\.1\lOVA results do show rome sianificant (a = 
0.05 levet only) interactions, Student-Newman-lCeuLs 
tests on these interaction effects do not ~how my ;ig­
nificance. lt is therefore concluded from the results of 
this ·!Xpe~..mc:nt ~hat black-eyed Susan weight results are 
:10t ~ignii:icandy ·lffected by metal additions to ::1e 
urban me >oil. Over:ill 1verages .;an be .:aiculated for 
blacic-~yed Susan en the urban >ite ;oil f)( 0.54, 0 . .32, 
1).86, and .}.59 for top, root, tctal 1ry weil!ht per t'iant 
(g), and :ne root/shoct ratio, respec~v-:iy. 

Uttle bluestem on urban site soil showed no effect en 
~oot/ shoot ratio from any added 111erai treaunencs 
i overall average, 0.51). The other variables (top. root, 
and total dry ·-¥eight) all show signifi~ant Cd-Pb-Cu 
interactions fTabte 3). Ovenll, Cu ap~n ~o have 1 

negative effect on dry weight, which is not ini1u~nced by 
Cd and/ or Pb. Cadmium llld Pb both nqatiniy ilulu­
ence arowtb sin&lY but whcD a:mbincd have u 
antagonistic effect. For the urban site iOii, effects of the 
three metais are not additive but antagonistic {C.i and 
Pb) or llCUtral (Cd and Pb with Cu). 

Cu had the greatest negative effect on dry weight yieid 
for little btuestem on the urban site ,;oil. A comparaole 
!cvei of Cu in the t"'.ual site iOil resuited in a dry ·•eight 
yield (Table 3) ~imilar to the urban site soil. These re­
sults warrant a doser look u Cu as t possible causative 
agent for the stunting effect noted for little bluestem in 
tbe urban site soil compared to tbe rural site ~il for 
control treatmentS (Table 3) and ~ a pre'llous a.,eri­
menqMiles, 1978). 

MET.U AV.ULAIIUTY 

DTPA extraction shows a linear increase in metal 
availability with increasing ad<!itiom of ~ Pb, and Cu 
to the rural site soil (Table •>· It was 15SWiled that 
species bad no effect on metal availability, so e:nraaed 
metals {Tables 4 and S) represent averages over species 
and analysis blocks. 

Zinc additions decreased the availabilicy of Pb md 
Cu for both soiLs and sli&hdy increased Cd availability. 
Since there was no germination and growth on the Zn 
treatments, there are no plant analyses to ·: ndicate 

%5 .. ~ 
Slope R' ~tioa.4C 

-1).00fi6 1).238 r..s7 
-~).0123 0.262 :il.ci2 
- •).:)189 O.J03 21.75 

NS 
-0.0004 O.l99 .ne.d9 
-O.JI.'08 0. 7-13 .:96. >7 
-0.0013 O.a:Je Jo4().;jl 

-0.0009 0.660 :J:JS.n 

-o.oo.w 0.385 ~.02 
-<).0056 0.756 17 . ~3 

-).0100 0.5l:l :)1! . . '4 
-0.0064 0.992 47.11 
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-rr. .... 
Soil Cd Pb ,.,, 
Urbu.t 

10 
460 

10 -460 

10 
-460 

;o l50 

~ 

lO 
450 

OCu 

100 
!00 
lllO 
100 

too 

I).J77 •• 
1).21-4 b 
J • .:l04 b 
!}.324. 
.U-46b 
o),l30 b 
i).l51l b 
•). ~60 0 

0.741 
o.a11J 
0.326 
0.1-43 

10.0181 
10.1011 
10.01121 
!0.11681 
:O.v981 
10,()701 
:0.0621 
:0.0641 

(0.0661 
10.0721 
IO. l2ll 
10.0561 

RoaC 

1 3f 

I 
o.:.~. •0.0921 •l.I2Ca 
l).l32b :O.!l631 1),348 c 
1).J96 0 .O.Jl81 :) . .:99 c 
•1.136 b •0.0321 <U69!J 
1J.061ll] 0.;!251 ·}.201 d 
:).070!1 '0.i>441 1.201 d 
0.0710 :O.J281 O.:l2fl d 
11.0~6 b •0.0391 :).237 d 

1).902 O.llfl) 1.844 
().341 '0.!!131 ~ - •57 'O.l~ 
•1.708 :O. l-481 1. 034 :~=:~:~.~; 0 ; 1),091 ;O.J4JI 3 . .!33 

•• 0 ~ ~ 

. ... . . • M•ns follo•ed by :he same ietter do .30t differ Jignificandy ilt the ~ = 0.05 levei. 
t II"" 2. <~t': o: 

." · 14'·~ 
Va!ley, Montana. Ph.D. Thesis, Cniv . of ~fontana. 1' · 

0 

:"- 3. 

whether this :s 1 real effoect on availability or merely a 
Zn effect operating on the extractant. 

A companson of ,a (Tables 4 and 5) ~eats that 
there is about a three-unit difference between the two 
30ils and that. for both soils metal additions depress pH 
slightly. Comparable metal additions to each soil (10 
_l.Lg/J Cd, -'SO J.lg/J Pb, or 100 J'g/J Co) result in com­
parabie availabilities for CJ, Pb, and Cu. This is in spite 
of the great difference between t.tie two soils with respect 
to pH. which nas been reported to affect availability 
(Lagerwerif, 1971; Fuikerson and Goeller, 1973; 
Unrunan et al., 197'3; Miller et al., l97~a. 197~1>. 1976; 
DuP!essis and Burger, 1971; John, 1976; Street et al., 
!977; lindsay, 1972; Hemphill, 1972; Singh, 1974; F. F. 
Munshower. 1972. Cadmium compartmentation and 
cyding ~n a grassland >!Cosyo;tem in th~ Deer lodge 

published.). 
Similar metal availability for the two soils 

co buffering .:apacity of the extr.ldant mil:WIIIiziiil 
ability differences between the two roils due to 
attribute of the DTP A e.ura~Jon procedure 
to. reduce its utility for c;omparisons at 
among >Oils of differing reaction. For such 
an ex~.ant wbich could reflect availability 
due to the natural acidity oi the 30il woullt 0 

(Symeonides and McRae, 1977). 

MEI'AI.S IN PLANI"S 

The trUe test of metal availability, howevw:r.­
piant (Hemphill, l972; Forescue and Marten. 

0 

Plan' analysis (Tables 6 and 7) indicates that 

TabAe 4--0T? A atractabAe 111etala aad pH for al"'lnnl tite soil. neq• aad ~ ~ 

Metala~ 

Zll Cd Pb Cia pHt .II 

~· 4.90 8 ').!0 9.18 3.S. 
•0.011 11.&41 :0.;!71 

20 <1.85 8 10.113 11.18 :l.-'6 
10.7ot (L.L$ !O.JU 

900 4.40 5 o.l3 11..3& S20..0 
~0.011 (LUI i:rl'.&ll 

20 900 4.45 5 13.:!4 12.70 'i-41.20 
(0.561 12.541 :28.751 - '-ao 4 0.08 ~.32 U2 
(0.011 (1.47) •O.lll 

2 200 uo 4 10.90 9.80 3. 40 
;0.52) 11.9$ !0.1-tl 

900 200 4.30 4 1).14 12.86 506.50 
10.01) {0.871 (25.31! 

20 900 200 4.-&0 4 11.12 ~.58 -480.00 
,0.701 i!. :J51 127.34) 

10 6 5.30 10.112 3.78 
10.271 (1 .341 (0.151 

-450 .'i 1),!0 9.30 24 l.J6 
'(0.02) (1.a81 i13.191 

100 5 0.119 8.06 3.18 
to.02) (1.511 (O.Jll 

2.000 3 3.09 7119.33 -0.15 
i0.031 .77.711 IO.:Jtil 

4.JOO OS 3 J.ll !.087.3.'J - IJ.l8 
10.081 1107.921 10.0el 

~ 11 : l for .Ul ;~H :neasurement.!. :'o<o 3y ,Pven due to no variability in 10me cells. 
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able metal additions to the two soils, even though pro­
ducing com~ble DTP A extracted metals, did not 
~roduce .:omparable plant metal concentrations 
!)etween the two soils. Plant metal concentrations were 
much lower on the urban site soil with ·:omparable 
metal additions. This could well be a function of soil pH 
.,0 metal anilability to the plant. The Cd•• md Z.nl• ac­
tivitY in soil .:an decrease tOO-fold for each unit increase 
in i'H (Lindsay, 1972; Street et aJ., 1977). The 1bility of 

........... 
" Cd Ia ,... Cu .... 
4 •).78 .... 12.n 4.34 

10.031 tl ..... 10.36t !0.181 
4 s.~s ~0.00 13.10 4.82 

<O.J21 f3.241 :0.1'2) '0 .J61 
) • .:!8 58.50 17'7.48 4.:!4 
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(0 . .J31 \ 1 . ~1 (0.161 11..:!81 
:UO -~9.26 12.34 48. ~0 

•0 . .291 ·3.JOI iO.o7l "! .J6l 
J.9-4 tl5 . .!5 1&8.50 ... 7.55 

(0 .021 •3.J51 (2.:>91 •1. 731 
5 U-4 70.00 196.12 48.20 

10.33) (3.001 111.391 l.871 
l.04 580.00 1.23 LS2 

10.041 !6.581 (0.17) "0.07) 

a soil to sorb heavy metals is a major influence on plant 
act'Umuiation of heavy l1ldab and is predominately a 
function of CEC and pH (Miller et al., 197Sa, 1975b, 
1976; John et al., 1972). ne added metals were more 
available than the native soil metals. The effects that 
can be associated witb mc:h metal additions therefore 
probably represent an overestimate of the effects that 

· could be obtained <¥ith a comparable total :n.nate con­
. .:entration of that metal. This points out that care must 

l'uAe &-Shoot ud lOOt avenge -cal eo-uao.m. ud ~•ta.lldard «!'CCift) r,. two ........ ~etA~ ICOpl1"iiu 
md .Rudbctc.tia .\ina eD ID ubtm Jite JGil. 

!detais added AndropocoD 
?'.ant 
,art. Cd Pb Cu Cd ZD "" Cu Cd Za ~ r:u 

41 
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i 2.~0l ;30.501 :3 .. )81 iO.~l '.oj .:l51 (5.J.JOI 132.251 ~ -; . 0 2~ 

100 14.00 5-48.80 43..44 209.50 Ut 1.021.00 182.60 388.60 
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Cd ~ Cu " Cd ZD ,... 

Sboo& 3 0.47 ~86.63 
\0.07) i39.711 

20 3 :10.50 i89.33 
<l..ztll !lii.J21 

300 !00 2 t.J2 i4.2& 
•0 . .)411 U61 

~0 900 2 ~19.50 . 76.30 
•3.001 il3.301 

10 3 i ·'UII 161.<10 
f3.ol01 '62.::01 

-l50 :J-t 0.99 t-45.-47 
!0.271 •2.1.36i 
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tO.JOI f72.JOI 

Root J ;i, &<t :lJ.:i.30 
(1.591 .96.i>U 

20 3 236. ~ ll4.J3 
131.121 147.02) 
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be ~aken in choosing the form in which to add a metal! 
Dijkshoorn and Lampe ( 1975) found Zn and Cd about 
twice as available from sulphate forms than from sew­
age sludge. Results may be more meaningful if ex­
pressed on a soil available or a plant t~ssue concentra­
tion basis rather than on a total (or added) concentra­
tion basis which is not a necessarily reliable guide ro the 
amount that is available to plants (Hemphill. 19'n). 

Metal additions increased the concentrations of the 
metal in both the tops and roots of both species on 
each soil (Table 6 and 7). Accumulation of metals 
was usually peater for black~yed Susan than for little 
bluestem. irrespective of the soil. Accumulation of 
added metaJs at comparable addition rates was much 
greater for top and root concentntions on the rural site 
soil than on the urban site soil with the possible excep­
tion of root Cu. This helps to explain why survival was 
affected more for the rural site soil than for the W'ban 
site soil with comparable metal addition for black-eyed 
Susan. This difference in accumulation characteristics 
between the two soils can probably be accounted for by 
soil differences in pH. CEC. etc. 

While Pettersson (1976) found vast differences in the 
mobility of metals within the plant for different species, 
most r~chers have reported restricted transport 
from roots to top (Pettersson. 1976; Jarvis et al., 1976; 
Fulkerson and Goeller, 1973). This is not the case for 
black-eyed Susan where Cd is readily translocated from 
roots to shoots, with a root/ shoot ratio < 1. On the 
other hand tittle bluestem retains most of the cadmium 
in (or on) the roots, with a root/ shoot ratio > I . While 
there is no noticeable difference in the Cd root/shoot 
ratio between the soils or addition levels for black-eyed 
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~ Cu ,... 
1o.oe U2 Ul !61.67 37.15 
10.991 •O.a&a {1.031 !246.561 122.111 
:o.Ja 5.02 511.73 ~ •• )10.67 :3.99 
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Susan. Cd is more readily transported to--the 
little bluestem on the rural site soil than OD 
site soil. This iJidic:ates thai either differCDCQ 
tors (pH. CEC) are influencing transpor! 

;:. :.~ .. 

~ . 
~ ,.'*: 

<·11:~ , 

~~~~?-. 
:i1i ~~ 

plant or u~ influencing root uptake or metai ~lOll~ 
to the root.: Lagerwerff (l'Yll) hypothesized 
physiolo~ of plant uptake and translocatioA 
metals might be a tuDctioo of soil pH. 

All the metaLs seem to bave a more equic.abe . 
tion within the plant on the rural site soil · 
urban ,ite soil. Copper is the only metal dtat · 
definite difference iD the ratio between Cu-aiiDC:a. 
unamended treatments, the amended Cu 
.strongly associated with the root 3ystems. 

Copper content Qf the little biuc:nem root 
comparable between the two soils witb COIIIPIII'i 
additions (Tables 6 and 7). Both of these 
stated previously, had similar dry weight 
3). A power curve ~ • ab) can be fit through 
site soil data for Cu additions relating top 
function of root Cu concentration (a = 
-0.6815}. This gives a good estimate oft~ 
the root Cu concentrations of little btuestem 
urban site soil (0.43 and 0.16 g estimates for the. 
amended and Cu-amended urban site 30il tre&bl~~-~­
res9CC(ively, as compared to recorded m<251ili'C:tDI~rJI~;} 
0 . .38 and 0. l5 g) . 

CONCLUSIONS 

With the possible exception of C il f :10 data was 
tained for Zn). neither soil nor plant metal ~~­
!ions adequately account for the stunting of ~"" 



noted on ~e ur~ site ~ . . ~ only be used ~ 
eJtplain thlS waght reduction 1f a nonlinear response IS 

assumed. Nonlinear response is a valid representation \lf 
hei"Y metaJ response (Miller et al., 197'7}, but consider­
ing the e:"tent of the data presented here it is still ooly an 
assumpuon. 

Some evidence of synergism and antagonism could be 
iound. As these did not seem to be consistent but varied 
·Nith ;pecies. soil, and plant variable analyzed w~ do not 
:'ed !hat ~he results provide .:oncfusive proof that :netai 
,nceraction effects occurred for the metal, ~il. :>~.:les 
_.,.,111bination :1sed !tere. More work needs to be .jone to 
;;tine the mechanisms of synergistic responses. It .:10d 
not ap~ar that the stunting noted for little bi1Jestem vn 
:he urban >ite soil can be :.:xplained by either 1 linc:ar 
-:ombination of or a synergistic interaction among the 
metals investigated here. This cannot be adequateiy de­
termined however until the possible effects cf ;oil pH 
wd CEC on metal uptake and transport can be ~uanti­
tied. 
· A synergism is defined as the tctal eff:!ct of an ;nter-
~.:tion c=."C:ceeding the sum of the effects of eacb. sub­
stance (Odum, 1971). The technique proposed by 
Carlson and Baz:zaz (1977) to quantify synergistic inter­
actions is notbascd on a summed effect, as ~ergism is 
defined, but on a multiplicative effect. This is not neces­
sarilY wrong. What is important is that the experi.mcter 
identify the criteria he uses to test for synergistic re­
soonses. ldeally there should be some .:onceptual basis 
for this criteria. With the recent in"-rease in the number 
<Jf papers presented on possible heavy metaJ interac­
tions, perhaps concommitent work on the theoretical 
aspects \lt and the mechanisms of synergistic effects is 
also .;aJied for . 
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