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SUMMARY 

(Glycine max L. var. Williams) were grown for six weeks in a greenhouse in quartz sand 
C!O,pfaiJiling 0, 0.5, 1, 2, 4 or 8% (w/w) sterilized peat moss. The cation exchange capacities of the 
-~matter-sand (OM-S) mixtures ranged from 0.01 to 8.88 meq/100 g dry weight. Imposed on 
taCh OM-S mixture was a treatment of 0, 1.25, 2.5, 5.0, 10.0 or 20.0 ppm Cd applied as 

· CdCI2 ·2!H 20. Height growth was measured weekly and at harvest plants were separated into 
bn,~. stems and roots for dry weight and tissue Cd determinations. For plants grown in sand alone. 
height growth and dry matter accumulation in all tissues were reduced and Cd content was increased. 
These effects were correlated with increasing Cd concentration in the rooting medium. Inhibitions in 
growth by Cd were reduced by addition of organic matter; the amount of alleviation was dependent 
on both the level of organic matter and the cadmium treatment. In the 0, 0.5 and 1~-~ OM-S mixtures, 
C<i content in the various tissues was correlated with metal treatment. Tissue levels were markedly 
red~ for Cd treatments in the 2, 4 and 8~~~ OM-S mixtures, although there was a positive 
correlation between tissue Cd and the 1.25 and 2.5 Cd treatments. The order of Cd accumulation in 
the tissues was roots ;;>- stems > leaves. 

INTRODUCTION 

Ti1is study was part of a large interdepartmental project to study the en
vironmental flow of cadmium and other trace elements in a relatively un
disturbed site in the industrialized area of East Chicago, Indiana, U.S.A., and to 
determine the effects on plants of heavy metals which impact the site 13 . Soils at 
the site are deep, medium to fine sands with little profile development, contain 
2-3~~ organic matter in the surface 3-4 inches, have a cation exchange capacity 
of approximately 12 milliequivalents per 100 grams in the A horizon, and 
contain an average of 10 ppm Cd in the upper 2.5 em of the soil 11

' 
13

. 

l~ i:; well established from numerous greenhouse pot studies that Cd has a 
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I 

marked effect on growth and development of a wide variety of plants grown in 
sa~d c~lture with incorporated CdCI 2 • Reductions in growth of both top and 
root systems are very dramatic and usually result from concentrations ofCd one
ha~fto one-quarter of that monitored at the East Chicago site 2 ·

4
•

9
·

14
. However, 

plants grown in soil from the East Chicago site apparently are affected very little. 
Po~sible explanations for this lack of toxicity ofCd on the East Chicago Site are: 
1) thepresence ofCd in an insoluble form (i.e., CdO, Cd(OH)2 , CdC03 ) or 2) the 
binding of Cd to cation exchange sites with a concomitant reduced availability. 
We hflve unpublished results which show that CdO affects growth of soybeans 
noticeably less than the highly soluble CdC1 2 and CdSO 4 . The objective of the 
studyj reported here was to investigate the second possibility above and to 
deterV.ihC if organic matter binds Cd, thereby reducing its detrimental impact on 

plant ~~rowth. 

METHODS 

Soil mixlllres containing 0. 0.5. 1. 2. 4 or 8 percent organic matter (OM) were prepared (w/w basis) 
fliom sterilized shredded peat moss (passed through a 2 mm soil sieve) and white silica sand. Each 
OJ'ganicrtiatter-sand (OM-S) mixture for each of the five replications was prepared individually. The 

f' C1M and sand were placed in a polyethylene bag and 1 horoughly mixed before placing the bag inside 
the J8cm diameter pots (1400cmJ). The polyethelenc bag served as a pot liner. Cation exchange 
capacity (CEC) and quantities of exchangeable Ca 2 

', Na +and K + for the various OM-S mixtum 
were dc!termined by the Purdue University Soil Testing Laboratory using ammonium acetate 
elltmction und subsequent atomic absorption analysis. The extractable acid fraction <lf exchange 
capacity was determined using the BaCI 2 and triethanolamine method 1. The laboratory also 
determined pH from a I: I OM-S and water mixture. Table I summarizes the chemical and physical 
properties of the OM-S mixtures. 
'~posed on each OM-S combination was a treatment ofO, 1.25. 2.5, 5, 10 or 20 ppm Cd applied as 

Cd¢1 1 • ,2! H 20 based <'ll the weight of the sand; 2400 g used in pots containing no organic matter. 
Cadmium treatments were applied to the surface of pots in sufficient deionized water to JUSt saturate 
the soil, and after treatments all OM-S mixtures were allowed to equilibrate with the added Cd for 24 
hot~rs before planting. 

Table I. Physical and chemical characteristic' of organic matter and 'and mixtures 

~Y. Organic Water Base Milliequivalents/IOOgd~ weight 
.~patter pH sat. -· ··----- ---··-
(w/w) Ca Mg K Na Ext. CEC 

acid (sum) 
,_ - ··-

0 6.4 100 0.01 0.0 0.0 0.0 00 0.01 
0.5 5.9 93.9 0.25 0.0'1 0.01 0.01 0.02 0.38 
J 5.9 91.7 0.60 0.16 0.01 ().05 0.08 0.90 
2 5.7 67.4 0.85 O.IR 0.01 0.00 0.50 1.54 
4 5.6 68.9 1.95 0.41 0.01 0,07 1.10 3.54 
8 5.2 6l.R 4.46 () 95 0.01 0,07 3.39 8.88 ------- ----

'-

--~ 
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Soybeans (Glycine max L. var. Williams) were planted three/pot and after emergence thinned to 
oae/pot. Plants were fertilized weekly with half-strength Hoagland's solution and watered as 
teeded with deionized water. Each pot had holes punched through the plastic bag and was placed on 
2Scm' ofaluminum foil fashioned to collect any kachate. While some of the leachate undoubtedly 
evaporated, the majority was reabsorbed into the pot. Occasionally plants were watered from below 

to solubilize any cadmium and nutrients foJI reabsorption. 
Height was measured weekly to the nearest half centimeter beginning one week after seedling 

emergence. Six weeks after planting or after five measurement periods, plants were harvested and 

teparated into leaves, roots and stems. . 
Roots were thoroughly rinsed with tap ~ater tn remove adhering sand and/or organic matter. 

Tissues were dried at 70"C prior to dry weigli~detennination and then ground in a Wiley mill to pass a 
20mesh screen. Leaves, stems or roots for all replications of each OM-S and Cd combination were 
pooled for Cd analysis by atomic absorption following nitric acid digestion. There was no re-4, 

plications of the Cd analyses. Pooling of the rephcates was necessary to provide enough tissue 1'01\ 

analysis in some of the treatments. ' 
The experimental design of this study was a randomized complete block with five blocks each 

rontaining 36 different OM-S and Cd combinations. Growth and dry weight data were examined by 
analysis of variance with blocks. OM concept ration and Cd treatment considered fixed effects. Main 
eiTectsofCd and OM were examined using all the data while significant interactions between OM and 
Cd were more clearly investigated, becatise of the large number of treatment combinations, by 

holding one factor constant and examining variation in the other fact<•r. 
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Fig. I. Combined dry weight (g) of roots, stems and leaves of si~·week-old soybean seedlings 
grown in organic matter-sand mixtures treated with various concentrations of Cd. Each point is the 
mean of five replications. Percent organic matter rOM lin the rooting medium is shown on tht graph. 
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RESULTS 

.. Dry weight of leaf, stem and root tissues were a II markedly reduced by even the 
·lowest concentration of Cd applied to pure sand. Since reductions in dry weight :~ 
.o( t~c roots, stems and leaves were proportionally similar even though they 
:differed in absolute amounts, only the summation or the total dry weight of the 
seedlings is shown in Fig. I. The drastic reduction in dry weight of the seedlings 
at:l.25 ppm Cd was significantly lacking in seedlings grown with 0.5~~ or greater 
a~ounts of OM. The relationship between OM content and toxicity ofCd was 
very. quantitative. For example, when 20 ppm Cd was incorporated into the 
ropting medium, 2~.;; OM only slightly ameliorated the detrimental impact on 
growth whereas 4~~:, OM completely eliminated the effect of Cd. However, 2% 
OM was effective in eliminating the growth impact of 10 ppm of applied Cd. ! 
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Pig. 2. flt'ight (em) of six-week-old soybean st·cdlings grown in OM-S mixtures treated with 
various concentrations of Cd. Each point is the mean of five replications. Percent OM in the rooting 

medium is shown on the graph. 
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Relationships established after the first week between seedling height, Cd 
treatment and OM content of the, rooting mixtures were retained throughout the 
experiment and were similar after six weeks of growth. Height of seedlings was 
affected by Cd, but the reduction.was mitigated by OM (Fig. 2). For example, the 
markedly reduced height growth of six-week-old seedlings grown in pure sand 
with 2.5 ppm Cd was not evident in seedlings grown in sand and 0.5% or higher 
OM. The detrimental effect of 40 ppm Cd was overcome by 2% OM. 

Analysis of variance showed';that height and dry weight of all components 
(leaf, stem, root and total) were signincantly (P < 0.01) influenced by both OM 
and Cd. The main effect of OM becomes even more evident if the data ~ 
averaged over all Cd treatments for OM effects (Table 2). The reverse could at .. 
be done; average over all OM treatments for Cd effects. It is clear from Table 2 
that height growth and dry weigpt accumulation in root, stem and leaf tissues of 
six-week-old soybeans were all ,improved by increasing amounts of OM in the 
rooting medium. The interaction between OM and Cd also was highly significant 
(P < 0.01). 

Tissue concentrations ofCd (~g/g dry weight) for each Cd-OM treatment are 
shown in Figures 3-5. A gradient of concentration was evident with roots 
accumulating the greatest amount of Cd and leaves the least with stems in
termediate. Concentrations of Cd in roots were about an order of magnitude 
greater than that in stems and 'leaves. No determinations of Cd content were 
made for seedlings grown in the 20 ppm Cd - 0% OM treatment because the 
seedlings were so small that enough tissue was not available for analysis. 
Increasing amounts of OM markedly reduced the concentration of Cd in the 
tissues. Two percent OM appeared to be a threshold level for the concentrations 
of Cd applied in this study since tis~ue concentration in seedlings grown in { 

Table 2. Organic matter ell"ccts over all cadmium treatments* 

",Organic Height Dry weight (g) 
matter (em) 

Leaf Stem Roots Total 
.. _ 

0 15.6a .84a .35a .65a l.8Ia 
0.5 22.9b ' 1.47h .77b .92b 3.17b 
I 24.5c 2.1Sr l.04c 1.39c 4.58c 
2 27.7d 2.S9d l.20d 1.67d 5.46d 
4 28.5d 3.40c 1.51 e 2.02e 6.94e 
8 29.8e 3.841' 1.68 f 2.00e 7.51 f 

' Each mean based on 30 observations. Means within columns followed by diffrrent letters are sij!nificantly 
different (P < 0.05) by the Newman-Keuls 5equential ranp,e test. 
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Fig. 3. Cd'' content (J.lg/g) in roots of six-week-old soybean seedlings grown in organic matter
sand mixtures treated with various concentrations ofCd. Percent organic matter (OM) in the rooting 

· medium is shown on the graph. 

ppm Cd were similar to that in untreated s\.'cdlings if 2'1;, OM was present in the 
rooting medium. Four and 8~~;, OM further reduced tissue Cd content. The 
aberrant concentrations measured in root tissue of seedlings grown in pure sand 
with 5 and 10 ppm Ccl (Fig. 3) can only he explained as experimental nror. It is 
very inter•:sting and noteworthy that if Cd in the various tissues owr all the 
treatments is expressed in terms of absolute amounts ofCd (}lg) rather than ~tg/g 
of tissue, the difrcrences evident in Figures 3 5 arc minimized or even reversed. 
For example. in treatments with 0% OM and 10 ppm Cd, leaves contained 
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Fig. 4. Cd' + content (J.lg/g) in stems of six-week-old soybean seedlings grown in organic matter- . 
sand mixtures treated with various concentrations ofCd. Percent organic matter (OM) in the rooting 

medium is sho\11 n on the graph. 

approximately 2 ~tg Cd whereas leaves from seedlings grown in l 0 ppm Cd with 
8~~ OM contained approximately '6.8 J.l~ Cd. Obviously the greater biomass of 
leaf tissue diluted the absorbed metal and a toxic concentration was not attained 
in the seedlings. The greater biqmass of tissue accumulated only in those 
treatments which apparently moderated the availability of applied Cd by bind
ing it in some manner in the rooting medium. Determination of cation exchange 
capacity of the 0, 0.5, I, 2, 4 and 8% OM ··sand mixtures showed O.ot, 0.38, 0.90, 
1.54, 3.54 and 8.R8 milliequivalents per l 00 grams, respectively (Table I). 
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., 

Mitigation of availability of applied Cd to seedling roots and the dramatic effect 
o'f.OM on growth possibly ~ere due to the binding of Cd to the exchange sites. 
Theoretically, because of its high molecular weight and valence, cadmium 
should have a strong affinity for cation exchange sites on the peat. 

DISCUSSION 

A similar gradient of decreasing Cd content from roots to leaves found in this 
study also has been reported for seedlings of honeylocust 8 and red oak

10
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Haghiri 4 applied radioactive cadrhium to soybean leaves and determined its 
translocation into other tissue. The percent of applied label in plant parts 
decreased in the following order; stems > leaves > pods > beans. Since walls of 
vessels and tracheids are negatively charged, they may act much as cation 
exchange sites in soils and this phenomenon may explain the gradient in con
centration observed. An exceptid.n to this pattern of distribution has been 
reported in radish which shows greater accumulation ofCd in the leaves than in 
the roots 7 • A similar accumulation of Cd in leaves has been shown for quaking 
aspen 13 . ' 

This study demonstrates the importance of soil organic matter in reducing the 
growth impact of Cd. The appare~t complexing and slow release of Cd to roo( 

~ 

systems alleviates its toxicity even though the absolute amount absorbed may be 
greater in the larger and more vigorous plants. This is probably a result of 
dilution of the absorbed Cd in a large biomass of plant tissue. Severe stunting of 
growth and toxicity occurs when the Cd in the rooting medium is readily 
available in the soil solution or when the concentration exceeds the complexing 
capacity of the soil. Furthermore it seems reasonable that toxicity lnay occur 
when the capacity of cell walls or other inert structures to absorb or accumulate 

> 
Cd is exceeded. Cutler and Rains 3 demonstrated a strong, irreversible binding of 
Cd by barley roots and suggested that the binding occurred at cell wall exchange 
sites. They suggested that such binding may reduce phytotoxicity. 

Results of this study suggest that th0 minimal impact on plant growth of 10 
ppmCd in the upper layer of soils in the East Chicago area is partially due at least 
to the organic matter content (2-3~,) of the soil with its associated cation 
exchange capacity (12 meq/1 00 g). Similar results have been reported for soils 
at other sites. John er a/. 6 showed Cd content of lettuce and radish to bf 
correlated with amounts of exchangeable Cd in the soil rather than to the tot~ 
amount ofCd added to the soil. CadmiUm content of oat shoots also was found 
to be decreased by increasing the cat1on exchange capacity of the soil 5 . In a 
recent study Miller et at. 12 reported that Cd uptake by soybeans was correlated 
with the ratio of cadmium added to the cadmium sorptive capacity of soils. 
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