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The uptake of several radioactive fission products from contaminated soils by crop plants
through the root system, the distribution of the absorbed radioisotopes within plants, and
some factors that modify the uptake and distribution of these radioisotopes in plants are

discussed.

The relative order of magnitude of uptake of fission products by plants
appeared to be Sr¥?% > 131 > Bal4? > Cs'¥7, Rul% > Cel?4, Y%, Pm'4", Zr®-Nb®,

There

were considerable differences in uptake among different plant species and conditions of

growth.

Accumulation of each of the fission products studied was greatest in leaves of

plants, but comparatively low in seeds, fruits, or edible roots. Fission product contents of

plants may be altered by certain soil management practices such as cultivation, fertiliza-
tion, and organic matter application.

CONTAMINATION of natwural environ-
ments by radioactive fission prod-
ucts has aroused considerable concern
in relation to the health and welfare
of mankind. The concern arises from
the fact that sooner or later, some of
these radioactive fission products will
become involved with man and his
food supply.

One of the important steps in the
movement of radioactive fission products
through the food chain to man is the
transfer of these substances from con-
taminated soils to plants. In natural
environments, these radioactive fission
products can get into plants both through
the aboveground parts of the plant from
external surface contamination and
through the roots growing in contam-
inated soils. Leaving aside uptake
through the aboveground parts of the
plants, this paper is concerned with the
uptake of fission products by crop plants
through the root system, the distribution
of absorbed fission products in various
plant parts, and certain factors that in-
fluence fission product uptake from con-
taminated soils.

Plant Uptake of Fission Products from
Soils Contaminated by Fallout

A nuclear fission reaction produces
many radioisotopes. According to Blo-
meke (2), 170 isotopes of 35 elements,
ranging in mass number from Tb!®
to Zn™, are known to result from slow
neutron fission of U?%  In additon,
during nuclear detonations, radioactive
elements of higher and lower atomic
masses may be produced by neutron
induction. Of these numerous fission
products, relatively few have been studied
with respect to uptake by plants. To
date, most experiments have been con-
cerned with fission products that have
fairly long half lives, that represent ap-

Table I.

Uptake of Fission Products by Radishes from a Soil Contaminated

by Fallout from a Subsurface Detonation at Nevada Test Site

Roots Total

Total
Soil
Harvest  Activity
Time at
after De- Harvest Tops
Crop fonation, Time, Yield, B3-Activity,
No. Days  pc.[Flat*  g. upc./g.
1e 48 19.1 7.0 327.0
2 139 8.45 23.3 95.5
3 216 3.25 12.1 19.5
4 251 2.58 231 5.7
5 296 2.15 33.5 N.S.
14 48 33.8 6.6 460.0
2 139 15.0 7.0 155.0
3 216 5.77 7.5 23.2
4 251 4.58 11.8 4.3
5 296 3.81 26.7 N.S.

Uptoke, Yield,

B-Activity, Uptake, Uptake,

1073 9%p g. uuc./g. 1073 %k 1073 %P
12 6.3 322.0 11 23
26 23.3 119.0 33 59

7 11.0 20.8 7 14
5 13.6 15.9 8 13
.S. 13.9 N.S. N.S N.S.
9 4.5 427.0 6 15
7 9.3 140.0 9 16
3 4.9 10.5 1 4
1 7.4 10.8 2 3
N.S. 14.6 N.S. N.S. N.S.

@ Total surface area of the soil was 3.33 sq. feet.

b Per cent of total soil activity at harvest time.

©12.2 miles from ground zero; initial activity, 164 pc./flat.
¢ 12.3 miles from ground zero; initial activity, 291 uc. /flat.
N.S. = Not significantly above background activity.

preciable percentages of the total fis-
sion product activity at a given time,
and/or those that may have consequences
biologically if present in significant
concentrations.

The uptake of fission products by
plants has been studied in the field and
in the greenhouse. With plant samples
from the field, difficulties have been
encountered in differentiating between
the radioactivity resulting from ex-
ternal surface contamination and that
taken up through the roots from con-
taminated soils. This difficulty was
encountered  particularly when the
radioactivity of the plant samples was
low. In keeping with our objective,
only data clearly showing uptake of
fission products through the root system
were selected for this paper.

Several investigators have studied
fission product uptake by plants from

soils contaminated by fallout originat-
ing from nuclear detonations. Table I
shows the typical results obtained by
Larson et al. (73). The radioactivity
of the plant material on a unit weight
basis was the greatest in the first of the
series of successive cropping and de-
creased to insignificance in the fifth
crop even though the residual activity
in the soil was still appreciable. The
total uptake of fission products expressed
as per cent of total residual activity in
the soil at harvest time ranged from 0
to 0.069%. In an experiment similar
to that described above, Lindberg e al.
(75) studied the uptake of fission prod-
ucts by red clover from soil contam-
inated by fallout from a 500-foot tower
detonation (Table II). The total up-
take of fission products by clover ex-
pressed as per cent of total residual soil
activity at harvest time ranged from 0

VOL 9 NO. 2, MAR-APR 1961 '|0'|



Uptake of Fission Products by Red Clover Grown on a Soil Con-

taminated by Fallout from a 500-Foot Tower Detonation

Table II.
Distance Harvest Total Soil
from Ground Time ofter B-Activity ot
Zero, Detanaticn, Harvest Time,
Miles Days pe./Flate
7 41 15.53
70 8.38
95 5.59
107 4.97
133 4.66
231 1.86
48 41 4.85
70 2.62
95 1.75
107 1.55
133 1.45
231 0.61

Clover
B-Activity, Total uptake,

Yield, g. pue./g. 10-3 9

8.0 1.62 0.08
19.3 3.00 0.69
21.5 3.51 1.36
20.7 2.43 1.01
21.2 N.S. N.S.
20.0 N.S, N.S.

7.3 6.22 0.09
13.8 3.7 1.99
17.2 3.52 3.46
19.2 4.60 5.70
22.9 5.14 8.12
18.6 N.S. N.S.

¢ Total surface area of the soil was 1.5 sq. feet.
b Per cent of total soil activity at harvest time.
N.S. = Not significantly above background activity.

to about 0.008. These data showed that
fission product uptake by plants grown
on soils contaminated by fallout was a
small percentage of the total residual
activity in the soil and varied over a
wide range. These variations in the
uptake of fission products by plants
are to be expected, because the avail-
ability of fission products to plants de-
pends on the physical and chemical
properties of fallout and on many factors
involved in soil-plant interrelationships.

Some Properties of Fallout

A detailed discussion of the properties
of fallout is beyond the scope of this
paper, so only a brief statement will be
made here. The chemical and physical
properties of fallout originating from
nuclear detonations are highly depend-
ent upon the conditions of the detona-
tion. Near-surface bursts (less than
300 feet) studied at continental test
sites produced predominantly siliceous
particles. This suggests the incorpora-
tion of the soil into particles. Particles
from bursts at higher elevation reflected
more the mass of inert material im-
mediately surrounding the device. The
median particle size of fallout generally
decreased with increasing distance from
ground zero. The beta radioactivity
decay rate of fallout material from
nuclear detonations studied at the
Nevada Test Site approximated the
7712 relationships to about D 4 250
days (7 refers to time after detonation
and D refers to the day of detonation)
and 77! relationship from D 4+ 250
days to D + 417 days. The solubility
of fallout material collected in the en-
virons of the Nevada Test Site ranged
from a trace to about 319, in distilled
water, and from 2 to more than 909
in 0.1 HCI (74).

Relative Plant Uptake of Fission
Products and Plutonium

Once the fallout materials become
solubilized, the fission products react
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with the soil and become potentially
available for uptake by plants through
the root system. Figure 1 shows the
uptake of fission products in the leaves
of five different plant species grown to
maturity in Hanford sandy loam (78).
Each carrier-free radioisotope was ap-
plied individually at a dose equivalent
to 100 distintegrations per second (d.p.s.)
per gram of soil at the end of 120 days
after planting of crops. The uptake
of 8r% was much greater than that of
other radioisotopes. The uptake of
Cs¥ and Ru!® was much lower than
Sr%,  but considerably greater than
Ce! and Y®. The uptake of Cel#
and Y®, being in the order of 1 w0 3
d.p.s. per gram of dry plant leaves,
was very small. The bars are arranged
in descending order of uptake of Sr%
by different plant species (bean >
radish > carrot > lettuce > barley).
The uptake of the other isotopes did
not follow the same order. For example,
the uptake of Cs®" was about the same
or greater than that of Ru'® in the leaves
of barley, lettuce, and carrot, whereas
it was lower in bean and radish leaves.
Thus, although growing under identical
soil and climatic conditions, at harvest
time different plant species contained
very different proportions of the varjous
radioisotopes taken up from the soil.
Auerbach et al. (7) have shown dif-
ferences in the uptake of fission products
among native plant species.

Besides Sr%, Cs®7, Ru'®%, Ce!*, and
Y, the uptake of several other fission
products has been studied. In a com-
parative study of Pm™7, Ce!*, and Y*' at
our laboratory, using contaminated Han-
ford sandy loam and the five plant spec-
ies (bean, radish, carrot, lettuce, and
barley), the uptake of Pm™" was found
to be of the same order of magnitude or
less than that of Ce' or Y9I. Jacobson
and Overstreet (70) grew dwarf peas
for 3 months in a contaminated sandy
soil and found that the amount of Zr%-
Nb® in the leaves was much less than
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Ce¥or Y¥, Rediske, Cline, and Selders
(24) grew barley seedlings in several
different soils by a modified Neubauer
technique and found that the uptake
of Zr®*-Nb% was about equal to Cel#
or less. Their results also indicated that
the uptake of Ba? was less than I3
which in turn was less than Sr9.

Although Pu®® (half life, 2.4 X 10¢
vears) is not a fission product, its up-
take by plants has bezen studied because
it may be produced by neutron induc-
tion of uranium, or it may be dispersed
in an unfissioned form during a nuclear
detonation. At our laboratory, ladino
clover was grown in soil contaminated
with fallout containing Pu®? and was
found to contain only trace amounts of
Pu®? in the above ground parts. Selders,
Cline, and Rediske (37) grew beans, bar-
ley, tomato plants, and Russian thistle
in soils that were contaminated by fall-
out from an atomic detonation, and
observed a trace amount of transloca-
tion of alpha activity in tomato plants
[< 1 distintegration per minute (d.p.m.)
per gram|, but none in the other plants,
although the soil contained 35 d.p.m.
of alpha activity per gram. Jacobson
and Overstreet (70) studied the uptake
of Pu®? using barley seedlings in con-
taminated bentonite suspensions for a
24-hour absorption period. Their re-
sults showed that, although very small,
some activity was translocated to the
leaves. The accumulation occurred
primarily in or on the surface of the
roots. The amount adsorbed on the
clay or taken up by the plant depended
on the valence state of Pu®®.

In general, these and other available
data in the literature (7, 3, 8, 9, 27)
show that the relative order of mag-
nitude of uptake of fission products and
plutonium by plants from contaminated
soils is Sr##-9%0 >> 18 > Bagl0 > CsW7,
Rul® > CeM' Yo, Pm¥, Zr%.Nb* >
Pu®. Where difficulty was encountered
in determining the relative order of
magnitude of uptake, commas are in-
serted among the isotopes.

Variation in Uptake Associated with
Soil Type

At comparable dose levels in a par-
ticular soil, the relative order of uptake
of radioisotopes by plants does not vary
much, but the absolute magnitude of
uptake may vary considerably with dif-
ferent soils. Figure 2 illustrates the
relative difference in fission product
uptake by barley plants grown in dif-
ferent soils. The bars represent the
radioactivity of a unit weight of plant
material. The numbers above the bars
represent concentration factors. A con-
centration factor is obtained by dividing
the radioactivity of a unit weight of dry
plant material by that of a unit weight
of soil. The factor gives an indication
of the availability of different radio-
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Figure 2. Uptake of Sr%, Ru'%, and Cs'* in above-

isotopes to plants grown under similar
conditions. The uptake of Sr by the
plants from the soils is arranged in de-
creasing order—i.e., Sassafras > Han-
ford > Sorranto, Aiken, Vina > Yolo.
The concentration factor for Sr% ranged
from about 23 for Sassafras down to
about 1 for Yolo. The order of uptake
of Rul® and Cs¥ with respect to soils
was not the same as for Sr*%. The greatest
uptake of Rul® by the plants was from
the Sorrento soil. The uptake of Cs®7
was greater from Vina than from Sor-
rento or Aiken soil. As shown in Figure
3, these variations result from the dif-
ferences in the reaction of these radio-
isotopes with different soils (27). For
example, the water-soluble fraction
(529%) of Sr?® in the Sassafras soil was
much greater than that (<8%) in the
other soils studied. Except in Sassa-
fras soil, the water-soluble fraction of
Ru!% was greater than that of Sr% or
Cs? in the various soils. The water
soluble fraction of Cs¥*" was very low.
The exchangeable fraction of Cs¥7
was much greater than that of Rul?,
but was considerably less than that of
Sr%.  In general, the nonextractable
fractions of Cs®® and Rul% were much
greater than that of Sr%. Thus, the
chemical properties of the radioiso-
topes as well as those of the soils in-
fluence the uptake of mineral ions by
plants.

Distribution of Fission Products in
Plant Parts

Only certain parts of many crop plants
are used as food. Therefore, knowledge
of the distribution of fission products in
different plant parts is necessary in order
to assess the potential hazards that might
arise from eating plant produce grown
in heavily contaminated areas. Ex-
ternal surface contamination of plant

ground part of barley grown in different soil types

foliage by radioactive fallout is an im-
portant means by which fission products
are transferred from plants to animals
in the food chain leading to man (73,
29). Aside from the external surface
contamination of the various plant parts,
the distribution of fission products in
the plant following uptake through the
root system will be discussed.

Table IIT illustrates this distribution
of fission products within some crop
plants. The table presents a composite
of typical results obtained by various
investigators under different conditions
of plant growth such as different soils,
contamination doses, methods of growth,
and climatic conditions. Although the
amount of Sr% accumulated varied
markedly with plant species and the con-
ditions of growth, the greatest accumula-
tion of Sr®® invariably occurred in the
leaves. The accumulation of Sr% in
the fruits was comparatively low, and
its accumulation in the seeds was much
less than it was in the other parts. The
Sr¥ contents of edible roots of the root
crops studied were considerably lower
than that in the tops of the same plants.
As for Cs', the greatest accumulation
occurred in the stems of some plants,
but in most cases it was the greatest
in the leaves. Cesium-137 appeared to
be more uniformly distributed among
the different plant parts than Sr®0
A greater proportion of the absorbed
Cs¥" accumulated in the edible roots
and the fruits of plants in comparison to
leafy tissues than was observed for Sr®0.
In general, Ru'%, Ce!*, Y%, and Zr®-
Nb? also accumulated in the leaves in
the greatest amount relative to fruits
and stems.

The data of Table IIT show the com-
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and Cs'*¥ in contaminated soils

position of the mature plants only.
The content of the fission products will
vary with the stage of plant development.
Working with bean plants, Romney
et al. (28) found that Sr%, Ru!%, and
Cel** increased steadily in the leaves
during the plant development. In the
stems, these radioisotopes increased rap-
idly during the first 20 days and then
remained fairly constant during the
remaining growth period of 60 days.
The CsB" content increased rapidly
in both the stems and the leaves for the
first 20 days and then remained fairly con-
stant during the remaining growth pe-
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riod. Working with rye, Russell ¢t al.
(30) found that on all occasions the Sr9
content greatly exceeded that of the other
fission products, but with the passage
of time, the content of Rul'%® and Ce!#
increased relative to Sr%. This effect
was much greater with Ce!* than with
Rulﬂﬁ.

Since soils react chemically with
radioactive contaminants and influ-
ence their uptake by plants, it is of in-
terest to compare the distribution of
fission products taken up through the root
systems with and without the influence
of the soil system. Data in Table IV
reported by Klechkovsky and Gulyakin
(72) show that, in all cases, the uptake of
Sr#=%0 Cs¥7, Rul®, and Zr®-Nb% was
greater from water culture than from

soil, but that the relative distribution
of these radioisotopes within the plant
was similar in the two media. In water
culture the uptake of Cs'" was greater
than Sr%, whereas it was much less
than Sr®® from the soil system. Thus,
the uptake of Cs' was more strongly
influenced by the soil than was Sr®o,
The accumulation of Ru!% and Zr%-
Nb% in the aerial parts was very small
whether the plants were grown in the
soil or in water culture. The largest
percentage of these radioisotopes was
in or on the surface of the roots, whereas
comparatively large proportions of Cs!¥7
and Sr% were translocated to the above-
ground parts of the plant. These re-
sults, aside from the modifying effect
of the soil, further illustrate that uptake

Distribution of Fission Products in Different Parts of Crop Plants

Radioisotope, D.P.S. per Gram

Table Il
Dose in
Plant Soil,
Parts uc./Kg. S0 Cs137

Maize

Leaves 243 4,683

Stems 633

Panicle 1,023

Husk 220

Cob 283

Grain 18
Wheat

Leaves 156 11,422  63.3

Stems 1,817 18.3

Grain 638 10.0
Pea

Leaves e 2,605

Stems 1,905

Pods 1,115

Seeds 73

Roots 3,530
Bean

Leaves 2.7 1,945 13 6

Stems 1,002 7

Fruits 320 13
Lettuce

Leaves 2.7 757 65

Stems 424 29
Radish

Leaves 2.7 1,813 22

Roots 455 21
Carrots

Leaves 2.7 910 20 7

Roots 297 24

@ Dose in soil (uc./kg.): Sr® = 244, Ce!*

Ry 108 Celit ys1 Zr-Nb% Ref.
5.0 16.7 (73)
1.7 1.7
3.0 3.3
0.3 1.7
0.5 3.3
0.17
11.7 (70)
3.3
1.7
17.0 10.0 7.00  (17)
3.68 1.55 2.30
1.98 0.80 2.28
0.13 0.02 0.30
662.0  385.0  418.0
7 10 6 (32)
3 3 2
6 3 2
9 2 3
2 1 1
9 10 5
4 6 7
3 2 4
1 1 3
= 233, Y% = 216, and Zr-Nb% = 180.

Table IV. Comparison of Distribution of Fission Products in Parts of Wheat
Plants Grown in Soil and Water Cultures (12)-

Plant §r89-90b Cs187 Ru106 Zr-Nb%

Part Soil Water Soil Water Soil Water Soil Water
10® Counts per Minute

Straw 1.65 54.1 0.28 208 .4 0.08 1.13 0.04 0.36

Chaff 0.65 16.9 0.08 143.6 0.03 0.95 0.01 0.13

Grain 0.08 2.3 0.02 29.1 0.00 0.03 0.00 0.02

Roots 0.73 56.3 7.80 807.1 1.10 368.5 0.18 31.6

2 Contamination level was 50 uc./liter of solution or 50 uc./kg. of soil.
b Sr% was used in soils; Sr3° in water cultures.
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of radioisotopes by plants may be
greatly influenced by the chemical prop-
erties of the individual element.

Some Factors That Influence Uptake

While the relative uptake and dis-
tribution of fission products generally
may be expected to follow patterns sim-
ilar to those described, the absolute
amount of uptake through the roots
depends on a number of modifying fac-
tors, which may either enhance or in-
hibit uptake. Thus far, it has been
shown that the uptake of fission products
by plants varies with the physico-
chemical properties of the ions, the
plant species, and the soil type under
which the plants grow. Besides soil
type, there are other environmental
factors that influence the uptake of min-
eral ions by plants. The environment
of living organisms is so complex that
it is extremely difficult to make a com-
plete analysis of these modifying factors.
Thus, further discussion in this paper is
restricted to certain soil factors that
influence the uptake of fission products
by plants and that may be changed
quite readily by certain soil manage-
ment practices such as the addition of
organic matter, mineral fertilizers, and
other amendments to soils.

Fertilizers are added to soil to re-
plenish mineral nutrients exhausted by
heavy cropping or leaching by rain or
irrigation. Other amendments may also
be applied to alter the natural mineral
nutrient content in order to bring about
a nutrient balance in the soil that is
more conducive to crop production.
When mineral elements with similar
chemical properties are introduced into
the soil exchange complex, they tend
to compete with each other for the same
chemical reactions and often can replace
cach other to a limited extent in this
category; the cations of these elements
are termed ‘‘complementary ions.”
Based on the premise that an excess of
one of two complementary ions would
tend to suppress the entry of the other
into a given chemical reaction, a num-
ber of investigations have been con-
ducted to study the influence of stable
calcium and potassium on the transfer
of Sr® and Cs¥’, respectively, to plants
through the root system. Several in-
vestigators (4, 6, 7, 72, 26, 32) have
shown that the application of Ca amend-
ments [Ca(NQy)s, Cag(POy)., CaCOy
or CaSQ,] to acidic soils low in avail-
able Ca reduced the uptake of Sr%
by plants; however, these treatments
did not effectively reduce Sr® uptake
from soils that contained sufficient levels
of available Ca for good crop growth.
Romney ¢t al. (26) found that the ap-
plication of CaCQO; and CaSOy at levels
equivalent to 2 to 5 tons per acre re-
duced to about one fifth the transfer of
Srf to beans from an acidic soil low in



available Ca. Although there were some
differences due to accompanying anions,
Ca appeared to be primarily responsible
for reduced uptake of radicactive Sr
(26, 32).

The application of K to soils showed
analogous effects on the uptake of radio-
active Cs. The added K inhibited the
Cs!7 uptake by plants from soils low in
available K, but it had no appreciable
effect in reducing the uptake of Cs%7
from soils that contained high levels
of available K (5, 22). In untreated
soils, Menzel (76) found the transfer
of Cs®7 to plants was inversely cor-
related with the level of available K.
In agreement with this result, Nishita
et al. (22, 23) found that the uptake of
CsB7 increased as the potassium was
depleted in the contaminated soil by
prolonged cropping.

Klechkovsky and Gulyakin (77) re-
ported that the addition of nitrogen
(as NH4NO3) to soil increased the ac-
cumulation of Sr*® and Cs®7 in the straw
and grain of oat plants. This effect
was much less on Sr® uptake than on
Cs®¥7, The addition of P[as Ca (HsPOy),]
reduced the uptake of Cs¥*7 and increased
the uptake of Sr® in the straw, but had
no appreciable effect on their accumula-
tion in the grain. Under the influence
of these fertilizers, the straw/grain ratio
of Cs®®" was markedly lowered, whereas
the straw/grain ratio of Sr% was greatly
increased. Thus, by adding certain
amendments to the soil, the relative
amounts of radioisotopes distributed
in different plant parts may be altered.

Several investigators conducted ex-
periments with the premise that the ad-
dition of a stable isotope of a radioiso-
tope to soils would dilute the amount
of radioisotope available to the plant
by mass action effect and thereby reduce
its uptake. Contrary to expectation,
the addition of moderate amounts of
stable Sr to soil did not reduce Sr9¢
uptake significantly, but rather, in
several cases, caused a slight increase in
the amount of Sr% uptake through the
roots. The addition of small amounts
of stable Cs markedly increased the up-
take of Cs®7 by plants (5, 22). This
effect was still apparent even when the
amount of stable Cs applied was toxic
to plants. This increased uptake of
Sr®® and Cs®’ from the addition of
carrier to the soil is attributable largely
to the increased displacement of Sr%
and Cs®? from the exchange complex
into the soil solution by the stable ele-
ment where they could be more readily
absorbed by the plant (22, 25). The
reduction of the uptake of radioisotope
by plants could be achieved by adding
relatively high levels of its stable isotope
to the soil (4, 25); however, these levels
are economically impractical for Sr,
and for Cs these levels are definitely
toxic to plants.

In adding stable Sr to soils, several

anionic forms have been used. As might
be predicted from the solubility of the
salts, Uhler (32) found that the avail-
ability of radioactive Sr from the
slightly soluble forms [SO,;™% C,0,72,
F~, OH-, CO;7% HPO;™?] was less
than one tenth of that from the soluble
forms (Cl= and NO;~). In the cal-
careous soils studied, the relative order
of availability of radioactive Sr was
Cl=, NO;~ >> 80,7% C,0,7 2> F~ >
OH~ > CO;~% > HPO,2 In an
acidic soil, the availability of radio-
active Sr from the slightly soluble forms
studied was not significantly different.

Another factor that may influence the
uptake of fission products is the soil
organic matter with its associated micro-
organisms. The number of studies of
the influence of the addition of organic
matter to soils on the uptake of fission
product by plants is quite limited.
Nishita et al. (79), in a short term ex-
periment, found that the addition of dry,
nondecayed ground lettuce at a level
of 19, by weight of soil reduced by 129
the Sr% uptake by barley seedlings
grown by a modified Neubauer tech-
nique. Progressively higher levels of
organic matter reduced the uptake of
Srf¢. The addition of dry, nondecayed
lettuce at a level of 109, by weight re-
duced the uptake of Sr® about 789.
In a longer term experiment, in which
tomato plants were grown in pots, the
addition of organic matter up to about
29, by weight increased the uptake of
Sr® and then decreased it upon further
addition of organic matter (20). From
a practical point of view, the point
to note here is that large amounts of
organic matter were required to reduce
the uptake of Sr%. One per cent by
weight represents roughly 10 tons per
acre (mineral soil) of dry organic matter.
Another effect of organic matter was
observed by Milbourn, Ellis, and Rus-
sell (77). They found 259 greater up-
take of Sr* by sugar beet, rye, and
barley when the land was under stubble
at the time of contamination than when
it was bare. It appeared that the ap-
plied Sr® adsorbed on herbage which
was subsequently plowed into the soil
was more readily available to plants
than contamination applied directly
to the bare soil.

Inasmuch as the distribution of fission
products in the soil profile may be al-
tered by mechanical movement, cul-
tivation and plowing are other common
soil management practices that may af-
fect plant uptake of fission products.
Milbourn, Ellis, and Russell (77) showed
that the effect of cultivation on the plant
uptake of Sr®® from contaminated soils
depended on the depth of cultivation,
plant species, and kind of soil. In gen-
eral, deep plowing (12 inches) was more
effective than shallow cultivation. The
variable effect of cultivation on dif-
ferent plant species was considered

VOL 9 NO. 2, MAR-APR 1961

w reflect differences in the depths of
their absorbing roots.
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