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ABSTRACT

gyversl species (Andropogon scopartus, Rhus radicans, Rudbeckia
wo Anemone ¢ylindrics, Monarda istuioss. Pos prarensis, sed
Lapr Tpicatd) aative to aorthwestern Indiana were zrown from seed
§ ®e grecaloase for § wexks. Aa uncomraminsted iandy sod was
gived ® 'he Tubsirate with four leveis of soil-sdded Cd. The concen-
“-jdedmgedfm.’w 108 ig Cd/g ol amed were com-
10 surfsce soil Cd concentration Jevels found in the arban-
adwerial region of 2oriAwesters Indiana.
Oea I8 germination. survival, deight. and dry veight were col-
soud. Germination, sarvival, 1nd weight wvere {found to exhibit 2
wmmtohauﬁusodcammﬂuovudm
Saght, Yowever, was 3ot found 10 de a cossistendy pood indicator
& Cf response. While sversll species’ differences were aoted, ae
Aiwences couid be coschmsively shown 1moung the species for C4
shwssce, 1ithough there were mdications that this was the case. Al
= dieen soted were of 8 Jow level for e 10i-edded Cd concrsirations
afiued.

Additional index Words: srasa ecosysiems, germinstion, secdiing
:l powlh, dry weight.

£ ocreasing Cd concentrations have been associated with
. sduction in plant growth, measurad as dry weight yield
(aghiri, 1973; last. Eaviron. Stud., 1972; Turmer,
1973; Bingham et al., 1976; Bingham et al., 1975), and
with root damage (Turner, 1973). These effects are, in
am, species-dependent (Turner, 1973; Bingham et al.,
¥7S; Bingham et al., 1976; Page et al., 1972), some
oecies being more tolerant of Cd than others.
The above effects have, for the most part, been de-

'Contribution from Purdue Univ. Agric. £xp. Stn., West Lafay-
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P10, Student and Assistant Professor of Forestry, respectively,
3m. of Forestry and Natural Resources, Purdue Univ. First author,
ww Past Doc., Cept. of Bicnucleonic, Purdue Lniv.
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The Effect of Soil-added Cadmiam on Several Plant Species?
L. J. MILES AND G. R. PARKER®

termined {rom controlled experiments using cuiture
sofution (Haghiri, 1973; Inst. Eaviron. Stud., 1972;
Turner, 1973; Jarvis et al., 1976; Page =t al., 1972). Al-
most exclusively they have utilized vegetabie or other
piant species of sconomic importance (Haghiri, 1973;
Turaer, 1973; Jarvis et al., 1976; Bingham et al., 1975;
Page 2t al., 1972), rather than the native species of im-
portance in terrestrial ecosystems.

Most field studies on heavy metals to date have deait
with plant communities adjacent to ore smeiters
{Buchauer, 1973; USEPA, 1972; Burkitt et al., i972)°
where heavy metal concentrations are quite high. Many
greenhouse experiments also have utilized high heavy
metal councentrations. These high concentrations do
show dramatic results but they are not representative of
the more moderate environmental concentrations (o be
found in most urban-industrial regions.

The urban-industrial region of northwestern Indiana
has been subjected to atmospheric contaminaticn of
heavy metais for about 80 years. The concentrations of
Cd, Zn, PY, and Cu averaged 10, 2,456, 463, and 119
#g/g soil, raspectively, in the top 2.5 cm of soil, 0 a
relatively undisturbed urban ecosystem approximately
5.3 km scuth of Lake Michigan (Parker 2t al., 1978).
These levels compare to 0.2, 29, 20, and 4 xg/g for the
same metals, respectively, in the top 2.5 cm of soil, at a
similar, aithough uncontaminated, site 67.2 km to the
south. ‘

The major emphasis of this research was on the poc-
tential effects of Cd on native plant species, and, by im-
plication, on aative plant communities. Aa experiment
was performed to determine if Cd in moderate concen-
trations can affect germinatiom, survival, height, and
yvield of several ground-cover species native to the
urban-industrial ragion of northwestern [ndiana.

*F. F. Munshower. {972. Cadmium compartmentation and <ycling
in a grassiand ccosystem in the Deer Lodge Valley, Montana. La-
published Ph.D. Thesis, Univ. of Montana, Bozeman.
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METHODS

Seven plant species native o the urban-industrial region of north-
western {ndummthom.kmm(bhck-eyedSuun),
Andropogon scoparius (little bdluestem) Monarda fistuiasa (wikd
bergamot), Rhus radicans (Poison-ivy), Anemone cylindrica (long-
fruited thimbleweed), Liary spicata (rough diazing-star), and Pog
pratensis (Kentucky biuegrass). These pecies, hereafter referred to by
genus, comprise a wide range of Cd accumulation characteristics and
represent ibout (0% of :he species zompasiticn and 50% of the june
B1omass or ground-cover species for an urban scosvsiem (Chaney =t
ai., 1975,

3eed ‘or Latris and Rhus were coilected ‘or 1se :n rhese xperi-
memnts. Seeq ‘or he drher species were purchased ‘rom seed suppiy
:ompanies. Ail sesd were siratified in moist sand »efore plaating
{Aadersen. :1968; USDA, :948).*

Te ipper 14 om of the sai profile (i.e., A Yorizon) were coilected
from in uncontaminated site it the Willow Slougn Fish and Game
Area 57.2 km south of Lake Michigan. The scil (Plainfield sand
{sandy mesic rvpic {dipsamment)] is similar 10 those found in the
northwestern {ndiana urban-wdustrial region with 0.33 4g Cd/g sol,
1.93% O.M.. §.28 meq CEC. 100 g soil, 1.3 oH, 56.6 kg exchangeable
P/ha soil, 38.0 kg exchangeabie K-'ha wil, (7.0 kg total N ha soil.
and 24.3% rtase saturacion.

Soil was air dried and passed through 2 0.64-<m (0.25-inch) stainiess
steel wire mesh sieve 10 remqve organic residue hefore placing i 11.4-
cm (4.5-inch) sandard plastic pos. Thepots containing equal
weights of seil (300 3/ pot), were piaced in 13.3-cm (5 25-inch) square
plastic trays which were used to subirrigate the pots. This warering
strategy was used 0 prevent splash conramination of adjacent pots,
washout of seedlings, and !eaching loss of Cd, as weil as to provide a

faster, more 1niform watering regime.

The pots were amended with 0, 10, 30, and 100 ug Cd/'g of air dry
soil. Cadmium chioride sclution was added o the tops of each »ot in:
amounts surficient 0 bring each pot io its respective Cd concentra-
10on. The soiis were watered to fiedd capacity and incubated in the
greenhouse for 7 (0 {0 days to ailow the 30il :hemical reactions two
squilibrate hefore seeding. No putrient solutions or other additions
were made,

Forty seeds were planted in 2ach pot for ail species except Pog, for
winch 10 seeds were sianted. Germination vas recorded far each pot
svery 2 10 3 days. When germination appeared to be compiete, the “‘a
day’" was caiculared. This was taken 'o de the day mdway between
the day the initial germination was recorded and the day the Gpal
germination was recorded. This was done separately for esch poc and
was used to represent the beginning of vegetative growth for sach pot.
Plants were thinned to 2 maximum of five per pot | week after vegeta-
tive growth siarved. Two to three days later the plants were thinned to
a2 maximum of three per pot and for identification sach plant was
labeled.

Two weeks afier growth immiation, at weekiy intervals, plant
sumbers and heignts were measured. Height was taken :0 de: length
from the soil surface to the ip of the longest blade for an individual of
Androvogon, Liatris, or Poa; 10 the apex for Monarda and RAus; ot
the maximum width (circumference) from leaf tip :0 leaf tip across 2
basai :aserte for Rudbeckia ar Anemone. The experiment was tefnmi-
nated after § weeks of growth. The plants were harvened, separated
into ops 4nd roots, dried at 30°C, and weighed (g).

Sampies were collected from the 2op 2.5 cm and base 2.5 cm (9 to
11.5 om) of soil and oven dried at 30°C. Metals were extracted from 5-
to i(0-g soil samples by adding § ml of 16V HNO,, and iilowing the
mixture to stand for (0 min. After NO, fumes disappearad, an addi-
tonai 20 mi of 16N HNO, were added. This suspension was heated for
2 hours and allowed 10 stand overnight. The filtrate was evaporated to
{5 mi, then brought 0 voiume with double-distilled H,O. Samples
were analyzed for Cd using atomic absorption spectroscopy.

The experiment was a completely random design with two factors:
species and soil-added Cd reaunents with seven and four levels, re-
spectively (the 100-¢g Cd/g 301l ireatment, however, was dropped

*R. Clinebeil. i375. Parscnai communicaton. Prairie Sunshine
Seed Co., Wyoming, il
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M!—Aw
replicates of seven spod- sk h Jevels of Cd
Solf-edded Cd.
Species Significance** 0 10
Poa pratensis a 1.0000t 0.8000t Q.94
{0.9) {0.10000
Rudbeckia hirta ab 1.3333 0.5583
0.0417) 0.0646) |
Aadropogon scopanus ¢ J.4000 0.3500 9.
i0,0144) 10.0250) 0.
Liatris spicata be 13417 1.4000T 2.
'0.0083) :0.:1250) ‘0.
Anemonae cylindrica be 1.3667 1.4000
0.1481) 0.9500) 0. Py
Monarda fistuiosa [ 1.2417 0.2250 ).:2 Ly
0.0601) {0.0945) 0.U38 %
Rhus radicans d 0.0250 0.0250 1.0583 anqmy
0.0 i0.0144) :0.01873
Average gverail species 0.4583 1.4083 ).2833 ' g gamess?
Siguificance, x = 0.01 a a0 2 %

** Sigmificant difference. x = 0.01. for species 1verage axciuding
treacment. Species with the same letter are not significantly
t Waed seed 1 i0il gave resuits > 1 in some cases. These wesn
1 Only two repiicates far this cell.

from most statistical anatyses since it incurred aimost toeak
Sutistical techniques ised to analyze the data incloded
Bomogeneity, analysis of variance, analysis of covariance,
RESULTS
Germination

Germination results (Tabie 1) show significant
ances among species and reatments. Rudbec
Poa had the highest germination rates and A%
iowest. Such results are to be expected and r
innate species germination rate differences.

An examination of the analysis of variance
(over the 0- to 30-xg Cd/g soil range) does ax ¢
validity for the hypothesis of species differences§
nitude of response to Cd. Thus, the null hypoth
common response to Cd among the various
not be rejected here,

At 100 ug Cd/g soil germination was ale
existent. No germination was recorded at tlns

started t‘rom seed collected within the urban-id
region of northwestern Indiana. Ouly two
species, Andropogon and Liatris, which did ges
at this level produced seedlings which survived ¥
than { or 2 weeks past germination.
Results were also affected by the method of Cd
tions. The Cd added in aqueous solution to the pot soif:
surface did not disperse evenly throughout the pot'b
instead was bound by the top 2.5 ¢m soil layer {Table
Thus, the actual soil concentration at the surface, w
getmination takes place, is approximately twtce
ported coucentration. A common linear germi
response coefficient (slope) for Cd, adjusted for "he 1
sven Cd dispersion, is estimated to be: g = go — b5
Cd apolied (u2/3). o




L

z__Avmgeud(MdeCdneov‘ndln-
pot soil sampies.

— Soil-edded Cd. 4g'g
Secc00 9 10 E%) 100
— -
'3 2.34 20.87 55.87 173.33
¥ = 0.96) {2.09) 16.12) (27.28)
s 2.32 0.20 0.52 2.78
i 0.2 10.05) 0.11) 10.19)
Sarvival

] rmere was no significant difference in plant survival
* g,'.,egn the 0- and 10-ug Cd/g soil treatments (Tabie 3).
~ve j0-ug Cd/'g treatment, however, caused decreased
" _ival not only with respect to the control treatment
sut aiso cver time. No differences among the species
@ .. found in the experiment for survival. The test,
,wever, %as comservative and, therefore, may accept

$e auil nypothesis when it should be rejected.

- Dry Weight

Growth data were collected on dry weight at the
wrmination of the experiment. The data were anatyzed
ing 2 subsamople of the original data. 4aemone was
fropped from consideration because it grew very little
gver the course of the experiments and was close to the
smit of accuracy of the measurement.

The species’ weights (top and root dry weight) ex-
S  abited a significant response to soil-added Cd (Table
N #). Recorded weight decreased with increasing Cd con-
satration. The weights for the 10- and 30-ug Cd/g scil
reatments were not significantly different and jower
:han the control, respectively.

The root. shoot ratio was not significantly affected by
Cd wreatment. For this variable, species was the oaly
dfect that did show significance.

For the other variables (shoot, root, and total weight)
s weight response 0 Cd was indicated. A reasonable
atimate of this response for top, root, and total weight
vas: log weight (2) = log o - 0.025 Cd applied
/8-

.

Height

Height was not considered as good an indication of
gowth as was weight, because it measures oniy onme
apect of growth and is quite variable. Height, however,
does zive 3 aondestructive estimate of growth over time.
B It was noted for several species, - especiaily
S {ndropogon, that regression on soil-added Cd at each
:3 } 1me produced parallel regression lines. It was hypothe-
wzed thar :he effect of Cd upon height was an initial
dfect which was merely sustained over time and not in-
ensified or abated.

To test this hypothesis, an analysis of covariance was
ran with the initiai height measurement used as the co-
wariate. This analysis negated all the treatment effects
2., Do sffect for treazment when the daia had been ad-

i@ usted for initial height) for Poa, Rudbeckia, Monarda,
3 Rhus, and Andrepogon.

ek

Tabie 3—A verage proportion of plants for oil
at the nitial W«kaandﬂnd(weekﬂmw
the number of plants (n at week 0} that these raguits are
based on, and the potantial xumber of plants (n)

that could have been preseat.
Soil-added Cd, xg'g
Time 9 0 30 100
Tnitial 1.00 1.00 0.956 2.50
Finai 0.99 1.00 0.17 .28
A 43 38 58 3
n 39 46 8 39

Table 4— A verage () shoot weight and root weight per
individual piant (standard srror, 33), and aumber of
samples (n) for 2ach species at sack treatment level

Soil-addea Cd. s31g

Species Significance® Q9 10 30
£
Shoot weight
Pog pratunsis [ b4 0.1189 0.0967 0.0118
5 10.0356) 0.0169) 0.0036}
n 3 3 3
Andropogon scoparius a y 0.1107 00873  0.0907
5 00246 090123 100827
L) 3 3 3
Liatris spicata a y 0.1032 2.09727 0.0201
5 0.01200 ©0.0123) (0.00285)
. » 3 1 3
RAus radicans a ¥y 020483 00897 0.0170
5 {0.0063) 00063 i0.0038)
" 3 2 3
Rudbechia hirts b y 0.0531 0.0114  0.0008
5 {0.0241) 10.0041) 19.0007)
[ 3 3 2
Monarda fistulosa c y 1.0296 2.0227  0.0098
N 5 0.0014 0.0017) 0.0073)
L 3 2 3
Anemone cylindrica d b4 0.0023 00011 00016
5 09006 0.000% 0.000%)
= 3 3 3
Average over ix speciest 20T 00634 09290
Significant, differencs. a = 0.01 a a b
R igh
Poa pratensis a 3 0.1569¢  0.i371  0.0159
53  10.0529) :0.0532)  (0.0040)
. 3 3 3
Anrdropagon scoparius a ¥y 0.1416 2.0682  1.0401
;105451 0.0097) 001N
A 3 3 3
Liaoris spicata a y 9.1192 2.0890 0.0212
5 00478 0019 0.0028)
» 3 2 3
RAus radicans s y 01.0417 3.0453  0.0107
s 0.0151) 0.0070) {0.0028)
A 3 2 3
Rudbeckia hirta b y 1.0539 1.0066 0.0004
53 0.0407  .0.0027) (0.0001)
s 3 3 2
Monards fistuioss e ¥ 9.0138 2.0172 0.0070
w (00014  (0.0062) 10.0046)
v b
A b] 2 3 poad s
Anemone cyéindrica d 3 Qw012 00010  0.0008 ;
0.0001) (0.0002) (0.0007)
;; 3 3 3 By
Average over six speciest 13.0897 1.0587 2.0159
Sugnificant difference. « = 0.01 E a 2

? Jpecies with the same ietter are aot significantly -tiffersnt, « = 0.08. H
* Anemone cylindrica \s aot included.
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DISC+...810N

While the design and setup used for this experiment
was as much to generate a data base for native species,
which is absent from the literature, as it was an attempt
to determine actual effects upon these species, differ-
ences among species for magnitude of response to Cd
couid not be conclusively determined. Species differ-
ences have, however, been reported by several investiga-
tors (Page et al., 1972; Turner, 1973; Bingham 2t ai.,
1976; Bingham et al.. 1979; Pertersson, 1976).

The rasuits presented here indicate that scil-added Cd
at moderate conceatraticn levels (10 to 30 xg Cd/g soil)
can adversely affect the germination, survival, and yield
of native species. Yieid reductions have been concluded
to be caused by Cd directly (Bingham et al., 197§;
Turner, 1973) and not indiractly through an induced de-
ficlency. For economic species Cd toxicity has been
shown to occur at 2.5 ug Cd/g soil for soybean and
wheat (Haghiri, 1973) and 25% vield reductions have
heen reported for spinach, soybean, curieycress, lettuce,
corn, carrot, turaip (Bingham et al., 19735), sudangrass,
and aifaifa (Bingham ¢t ai., 1976) at Cd addition leveis
of 4, 5, 3, 13, 18, 20, 28, 15, and 30 ppm, respectively.
These are all within the scil Cd addition range utilized
for this” experiment and found to cause adverse affects
On native species.

Some species (or ecotypes), such as Andropogon and
Liatris, are more toierant of Cd than other species.
While we did find innate species differsnces for
germination rate and yield, we couid not conclude that
species differ in rate of response to Cd. There are, how-
ever, indicaticns in the data that this is so.

Only Aadropogon and Liatris germination at 100
48/¢ could be considered as significantly greater than 0.
Cermination for some species such as Aadropogon and
Liarris, therefore, may aot be as sensiive 10 Cd as ior
other species, such as Rudbeckia and Pog. This provides
circumstantial evidence that the hypothesis of species-
dependent germination response to Cd is still a viable
hypothesis.

Germination and survival effects are quite similar.
They can be grouped as a singile type of effect—viabili-
ty. Cadmium can affect a species’ viability and certain
species, such as Rudbeckia, Monarda, and Pog, may be
more susceptiable to this type of effect, while other
species, such as Aadropogon and Liatris, which were
the only species that had individuals at 100 ag Cd/g soil
survive to the end of the experiment, may be less sus-
cepnble.

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
2xhibited as differences in magnitude rather than by the
presence or absence of an event (germination or mortal-
ity).

it can be hypothesized that Cd may affect two con-
ceptually different types of response—viability and
growth. As species may differ in tolerance to soil-added
Cd for yield (growth), they may aiso differ in tolerance
to scil-added Cd for germination (viability). In addi-
tion, for any given species the growth tolerance and the
viability tolerance to soii Cd may be different. If viabili-
ty cesponse 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 __sitive to Cd than-is growth, ¥
little or no effect noted for soil-added Cd on grog
sensitive individuals being cuiled out at the g
and seedling establishment stage.
* Almost exciusively Cd research has dealt with’

effects. Viability effects may also be quite img
ecologicaily. After ail, if a species can’t survived
ity) it cannot reproduce. Ecologicaily, the main of
Cd z2pon a plant community may, in fact, be ca
ty. Germination takes place at the soil surface
Cd concentrations are highest (Antcnovics =t al,,
Bachauer, 1973; John et al., 1972).) If a seedlin
survive and become established, it may be atle
cover a acrmal growth rate by root penetratiog
subsurface soil layers with lower Cd concentrasd
This abitity wiil vary with species (Hemphill, i972).;
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