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REDUCTION IN THE PLANT UPTAKE OF Sr-90
BY SOIL MANAGEMENT TREATMENTS

By M. H. ¥rexg, R, G. Menzer, H. Roserts, Ji., D. L. MyHRE, M, AMEMITA, 0. W,
BeaLE, D. R. Tranxons, and E. I, Woon, Soil end Waler Conservation Research
Divigion, Agriculiurel Research Service®

Fallout from intentional or accidental nuclear explosions leads to
undesired concentrations of certain radioactive materia) in agricultural
products. Sr-90 is one of the more important radiozctive components
of fallout, because of its relatively long half-life, 28 years, and its
similarity to the nutrient element caleium. Becanse Sr-90 in fallout is
rather soluble (1),® it is readily available to plants. Its chemical
similarity to calcium means thaf it is concentrated in high-calcinm

lants such as legumes, secreted inio milk, and finally deposited in the
nes of man and animals. The long residence time of radioactive Sr
in bones involves the hazard of radiation-indweed bone cancer and
Jeukemia. The need for investigating methods of reducing the Sr-90
contamination is pressing because of this potential health hazard. The
entire problem of controlling the content of Sr-90 in food may be seen
in sharper perspective with a Imowledge of the possibilities offered by
soil and ¢rop management practices.

The present study was conducted to evaluate the effectiveness of deeg
plowing in conjunction with irrigation and additions of caleium an
potassium in the surface soil for reducing uptake of Sr-80. Calcium
and potassium were selected for this study because there is ample evi-
dence in the literature that they decrease Sr uptake and because they
are commonly used by the farmer. The uptake of Sr-90 was determined
from field experiments utilizing Sr-90 already deposited in worldwide
fallout. Because of continuing fallout, it was necessary to estimate the
amount of Sr-90 deposited directly on the crops.

REVIEW OF LITERATURE

Numerous studies report decreased Sr-90 uptake from deep place-
ment. In studies (75) on wheat grown in 2-gallon pots, the same
amount of uptake occurred when the Sr-90 was applied at & 5-cm.
depth as when it was applied throughout the soil. When the Sr-90 was
applied at a 15-em. dell)th, 2 50-percent reduction in uptake was ob-
served. In lysimeter cultures of barley (30), it was observed that as
the band of Sr-90 was placed deeper in the soil there was a sharp
reduction in uptake until the 24-inch depth was reached. Below this, to
a depth of 48 inches, there was little change, with the uptake being
about 10 percent of that at the 2-inch depth. Injection of radionctive
Ca at different depths () also has shown a lower uptake from the
greater depths. .

The effect of different tillage practices has been investigated. Deep
plowing to 50 em. in Russia (Z2) always reduced uptake, but the
amount of reduction was highly variable. In England a number of

* This study wae snpported in part by the U.8., Atomic Energy Commission.
* Italie numbers in parentheses refer to Literature cited, p. 29.
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studies have shown that, in general, the deepest plowing (12 inches)
gave least uptake with shallow-rocted crops such as ryegrass and a
arass-clover pasture (2, 25, 29). However, placement had little effect
on the Sr uptake by deep-rooted crops. In the United States, plowing
4 inches deep increased Sr-90 uptake as compared with leaving the
Sr-90 on the surface (3). In anotler experiment it was found that the
uptake of Sr could be moderately reduced by placing lime with the
contaminant at the 15-inch depth (29). It was speculated that the
uptake of buried Sr could be further reduced if shallow root develop-
men were encouraged by applying abundant nutrients and water
the top 12 inches of soil (19).

There is little information in the literature on what effect a moist
topsoil might have on the uptake of Sr-90 from a buried layer. Several
investigations {3, 32) have indicated }ittle or no effect of soil moisture
on Sr-90 uptake. However, a greenhouse study (17} showed more Ca
uptake by soybeans from the moist part of the rooting zone than from
the dry part.

From the chemical similarity of caleium and strontium, it is Jogical
to expect that calcium additions should reduce Sr uptake. This has
been observed in feld experiments (24), greenhouse studies (7),
nutrient solution culture studies {27), and in short-term ion uptake
studies (6). In general, the Sr-90 uptake is inversely related to the
exchangeable caleium in the soil (I8, 7). Since soils have finite
exchange capacities, overliming has little additional effect; a fourfold
reduction of Sr-90 uptake by liming acid soils is generally the most to
be expected (28},

It has been known for o number of years that potassium reduces the
caleium uptake of some plants. It has been reported that potassium
also reduces Sr-80 uptake {(I6). Although the results of different
experiments are variable, the reduction is usually not so large as with
Ca additions. Some plants are more responsive than others, with wheat
showing a greater reduction in Sr-90 uptake than peas (15). Different
potassium salts have different effects (8, 87}, This may be a result of
chemical reactions in the seil or in the plant (8, 33).

Direct contamination of plants with fallout contributes greatly to
their Sr-90 content dnring periods of moderate to heavy fallout. For
pastures in England and Wales, it was estimated {2) that Sr-80
derived from direct contamination would be about equal to that taken
up from the soil if the annual fallout rate was only one-eighth to one-
fourth of the cumulative deposit in the soil. Wheat grown in Maryland
(22) retained about 3 percent of that deposited daring crop growth
and took up about 0.2 percent of thatin the soil.

EXPERIMENTAL PROCEDURE

Field experiments utilizing the Sr-00 already deposited in world-
wide fallout weve sturted in May 1960. It was recognized that the Sr-00
content of the crops could result from direct deposition of fallout on
the growing plant as well as uptake from the soil. At the time this
study was planned, the rate of fallout deposition was expected to be
small in 1960 and later years; thevefore, most of the Sr-90 content of
the crops was expected to result from uptake from the soil. The specific
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activity (Sr-90/Sr) of soil, stubble, and grain was determined for each
crop to estimate the contribution of foliar deposition.

The experiments were conducted at four locations with the coopera-
tion of local TU.S. Department of Agriculture and State experiment
station personnel: The Southern Piedmont Conservation Research
Center, %’atkinsville, Ga.y the Ankeny Experimental Farm, Ankeny,
Towa.; the North Central Soil Conservation Research Center, Morris,
Minn.; and the Pee Dee Bxperiment Staticn, Florence, 3.C. Thess
locations represent widely varying soil and climatic concitions. The
sites selected for the experimenis had been in grass for at least 5 years.
Because Sr-90 movement is slow through undisturbed seil (10), the
deposited Sr-80 was concentrated in the top few inches.

The same plots were used in 1960, 1961, and 1962. Cultural and
fertilization practices common to each crop and location were used,
except when they conflicted with experimental variables.

Russian nuclear tests began in the fall of 1961; this led to o large
amount of fallout during the 1962 growing season. Since this would
obscure most of the treatment effects, only three of the treatments
from the 1962 crops were analyzed for Sr and Sr-90.

Design

A modified split-plot design was used at each location, with shallow
and deep placement of the surface soil as the two main plots. Minimal
and frequent irrigation gave two subplots, and combinations of ealoium
and potassium at two levels each gave four sub-subplots, The dimen-
sions of the sub-subplots were as large as could be fitted within a 20- by
90-foot areq with the equipment that was available for each ¢crop and
location. As an example, the plot layout at Ankeny in 1860 is shown
in fipure 1. The experiment was replicated twice at each location with
two series of crops. An outline of the analysis of variance for one crop
at one location is as follows:

Degrees

a
Jreedowm
Scurce of variation:
Replication
Placement
Replications x placement (Lrror A)
Irvigation
Irrigation x placement
Replieations » irrigation -
Replications x frrigation x placcmcnt} (Brror B)
Calcinm
Placement x ealeium
Irrigation % caleium
Plaeement x irrigation » calclum
Polassium
Placement x potassium
Irrigation x potessium
Placement x irrigation x pelassium
Caleinm » potassium
Placement x ealeium x potassium
Irrigation ¥ calelum x potassium
Plncement x irrigation x caleinm x potassium
Residual {Brror C)

T s b ot e bt e b S e b B P e e e

[
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CROP SERIES A CROP SERIES B

s,

ot

REPLICATION [
gt

RERLICATION 2

IRRIGATION PLACEMENT FERTILIZER

[CILIGHT OR RONE S SHALLOW 1 LOW Ca + LOW K
HIGH (LOW TREATMENT LEVEL) 3 yi6H Co + LOW-K

D DEEFP .
(HIGH TREATMENT LEYEL) 3 LOW Ca +HIGH X,
4 HIGH Co + HIGH K

Foure 1.—Field plot design. Ankeny Experimental ¥arm, Ankeny, Towa.

The physical paramoters deep placement and irrigation necessitated
tho use of this design. It was recognized that the placement and irriga-
tion treatroents would require greater differences for statistical sigmfi-
cance; small differences in uptake that might resuit from thess
treatruents are of little practical interest for decontamination.

Treatments

Since all treatments were designed to reduce the Sr-90 uptake, the
plots representing the “normal” conditions are considered the control
plots, or low level of treatment.

The shallow-placement treatment—considered the control, or low
level of treatment—was nchieved by conventional plowing to a depth
of about 6 inches. In the deep-placement treatment—considered the
high level of treatment—the surface 4 inches of soil was buried at a
depth of 20 to 24 inches. This was achieved by excavating with a drag-
line, bulldozer, or seraper and then replacing the soil in layers. The
original 14- to 24-inch layer was placed over the 0- to 4-inch layer
and {inally the 4- to 14-inch layer was replaced to become the new
surface soil.
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The control plots, or thoss with minimal irrigation, received suffi-
cient sprinkler irrigation to prevent appreciable drought damage to
the crops. The plots with frequent irrigation wers irrigated by s rin-
kler wherever the moisture content of the top 24 inc%es of soil was
reduced by 1 inch of water from its field capacity. This condition was
estimated by taking soil samples, by evapotranspivation data, or by
tenstometers.

The low-Ca plots, or control plots, received no Ca and the high-Ca
plots received suflicient. lime to satisfy the lime requirement of taie top
7 inches of soil. An exception was made in Minnesota, whera ralcium
was added as gypsum, since the soil had no lime requirament.

The rates of potassium addition to the low-IK plots, or control plots,
were based on conventional local fertilizer practices. The level sought
for the high-K plots was a doubling or tripling of the application to
the low—Kg plots.

Soil and Crop Sampling

Soil samples were taken from the 0- to 4-, 4- to 14-, and 14- to 24-inch
layers at each location when the deep-placement pits were excavated.
Samples were taken from the 0- to 6-inch layer of soil from hoth
placement treatments at each location in July 1961. In Qctober 1982,
& s0il core was taken from each sib-subplot and sectioned. The seg-
ments were composited to form samples of the soil profile of the deep-
plncement and shallow-placement treatments at each location.

Samples of grain and stubble (1 to 4 inches above the ground) were

collected from the croPs grown in 1960 and 1961. The soybean stubble

from Watkinsville only was washed lightly with water to remove soil
particles before it was dried for analysis. As much direct contamina-
tion with fallout as possible was avoided by removal of the leaves and
leat sheaths from the oat and wheat stubble. The entire aboveground
part of the plant was collected for the grasses and legumes grown in
1962, All samples were ovendried for yield determinations and ground
before analysis. Yields of all grains were calculated on a moisture basis
of 13 percent for soybeans, 15.5 percent for corn, and 15 percent for
oats and wheat,

Analyses

The soils were characterized by determining pertinent physical and
chemical properties. Clay content was determined by a sedimentation
procedure (Z/). Types of minerals werc identified by the diffraction
methods of Jackson (72), except that etiylene glveol was used for the
solvation of clays.® Organie carbon was determined by the chromic
acid-ferrous sulfate titration method (26). Soil p¥l was measured
electrometrically in « . : 1 soil-water suspension. Exchangeable cations
wero extracted from the soil with ¥ neutral NH,OAc solution and
determined by the following methods: Ca and Mg by EDTA titration

'_'.I.‘he assistanee of the Sol! Survey Laboratory, Solt Survey Investigations,
Soil Cnnservation Service, Beltsville, Md., in performing these analyses la
gratefully acknowledged.
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{4); K and stable Sr by flame photometry (77). Exchangeable Sr-90
was extracted with Sr{¥NQ;); solution at a normality between one-third,
and one; the concentration depending on the previously determined
exchange capacity of the soil. The Sr-80 contents of the extracts were
determinad radiockemically (17).

The plant samples were dry ashed in a muffle furnace in prepara-
tion for determizing stable Sr and radioactive Sr-80. The Sr contents
of oat grain and stubble, wheat grain and stubble, and the legumes and
grasses were determined on samples of the plant ash with X-ray fluo-
rescence {77} The ash of the corn stubble and grain and soybean
stubble and grain was extracted with dilute HCL After removal of
orthophosphate and other interfering ions by precipitation of zireonyl
phosphate and hydroxide at pH 6 (4), the Sr was cﬁatermined by flame
f)hotometry (17). Since the Sr content of the grain proved to be too

ow for analysis by this technigue, the Ca and Sr in the extracts were
precipitated as sulfates and the Sr content was determined by X-ray
fluurescence.

Sr-90 in the extract of plant ash was determined by radiochemical
procedures. Corrections were made for counting efficiency—-deter-
mined by using a Sr-v0 standard sample—and for decay during the
time between harvest and analysis,

'The effects of trentments on the yield must be given some considera-
tion, since the deep-placement treatment was a severe modification of
the plant root environment. The effects of the treatments on yield and
Sr-90 content are reported in the text tables as a percentage change,
The percentage change was caleulated as the difference between the
values at the high and low level of each treatment, divided by the value
at the low level of treatment, times 100. The complete data on yield
and on Sr-90 content of grain and stubble are listed in the Appendix
as the mean of the two teplicates,

EXPERIMENTS IN GEORGIA

Procedure

The experimental site at Watkinsville, Ga., was an 8-year-old fescue
sod on a Cecil sandy loam with a 2-percent slope. The chemical and
physical properties of this soil, which contains kaolinite ns the pre-
dominant clay mineral, are given in table 1. The analysis showed that
the soil was acid and was low in calcium and that the accumulation of
Sr-00 was predominately in the top 4 mches of the seil.

Corn and soybeans were planted in early May 1960 and harvested
in early and late October 1960, respectively. Oats and wheat were
planted soon after the corn and soybean harvest and were harvested
n June 1961. Coastal bermudagrass and lespedeza sericen were
planted soon after the cereal-grain harvest, and the forage was har-
vested In June 1962. After the first plewing, 100 pounds of N, 83
pounds of I, and 130 pounds of P were applied per acre and disked
into the seil.

*The nssistance of the U.S. Plant, Soil and Nutrition Laboratory, Agricultural
Regearch Service, Ithsca, N.Y., in performing these annlyses is pgratefully
acknowledged.
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At planting, 500 pounds per acre of 4-5.2-10 fertilizer were applied
to all plots. An additional 50 pounds per acre of N as ammonium
nitrate were applied to the corn as a side dressing. The high-caleium
plots received 1.6 tons per acre of Cn as lime, and the igh-potassium
plots received 166 pounds per acre of K in addition to the I applied in
mixed fertilizer. .}i_n additional 0.8 ton per acre of Ca ns lime was
applied te the high-calcium plots in Qctsber 1960

The corn and soybean plots received 19.5 inches of rain and 7.5 inches
of water by irrigation dnring the growing season. The high-moisture
plots were irrigated with an additional 2.5 inches of water in July.
The years of 1961 and 1862 were sufliciently wet so irvigation was
unnecessary. The oats and wheat plots received 812 inches of ram
from planting to harvest, with 9.3 inches occurring during April and
May 1661, ‘The Jespedezn and Coastal bermudagrass plots received
57 inches of rain from planting to harvest, with 9.2 inches occurring
during April, May, and June 1862,

Results

The yield and results of the analyses of the plant tissue from controel
plots, or plots with the low level of all treatments, are given in table 2.

Table 3 presents the percentage change in yield caused by the higher
level of cach treatment. The apparent 32-percent decrease in corn yicld
caused by deep placement is not statistically significant because of the
few degrees of freedom for testing this treatment. The detrimental
effect did nof, appear in the second year; deep placement even became
beneficial, at least for coreal grains under the cnvironmental conditions
that prevailed that year.

Table ¢ presents a summary of the eifeet of the treatments on the
Sr-90 content of the plant tissue. The deep-placement trentment
provided the greatest decrease, as expected, although statistical sig-
nificance is usnally lacking because of the few degrees of freedom 1n
the experimental design. ﬁ-rigaﬁon was essentially without effect, as
would be expected considering the small amount of water applied.
Calcium additions provided the second greatest reduction in Sc-90
uptake on this low-caleium soil. Potassium addition also reduced the
Sr-90 uptake, although to a lesser extent than caleium. Ii the experi-
mental design, the calelum and potassium treatments coulil be statisti-
cally tested with more degrees of freadom; thus, the smalier decrenses
were often statistically significant. The last row in table 4 shows the
reduction obtained with & combination of these treatments. A positive
interaction of treatnents had been expected as a result of greater roct
growth from application of amendments above the contaminated
layer. Although the reduction by the combined trentments was as great
as or greater than any individual treatmient, the effect was generally
lezs than the interaction effect calculated as the product of the effects
of the individual treatments.

The distribution of exchangeable Sr-90 in the soil profile during the
experiment is given in table 5. The last column shows that the buried
Sr-90 started ai about 16 inches and that most of it was contained
between 18 and 26 inches. The Sr-90 content of the surface 2 inches of
soil incrensed sharply between July 1961 and Qctober 1962, as a result
of fallout accumulation. The surface 6 inches of soil in the deep-

265-523 O—GT- 2
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Tasre 1.—Chemical and physizzi properties of the Cecil sandy loam before treatment, Wathinsville, Ga.

) Txchangeable cations
Soil depth (inches)| Clay |urganic| pH Br Sr-90

<2u carbon
Ca Mg K I Total

Percent | Percent Meq.[100g. |Meq./100g. | Meq.[100g. |Meq./100g. |Meq.[100g. Pe./ky. | uc.lacre

12 2.0 3 L5 0.6 0.2 10. 4 12. 7 ’ 162. 7 99. 5
44 .5 . 11 .4 .1 10. 5 12.1 . 6. 6 0.4

55 2| & .7 .8 1 11.3 12.9 . ® o

1 Not analyzed.

TasLe 2.—T ke yield and plant analyses of control plots (low level of all treatments), Watkinsville, Ga.

[Average of 2 replicates for corn and soybeans, 4 replicates for others]

Corn Soybean Wheat Coastal
Yield and plant analysis ’ Lespe~ | bermuda-

deza grass
Grain | Stubble | Grain | Stubble i Stubble | Grain { Stubble

kg.Jacre._| 2, 884 904 > ( 511 524

pe./kg- 3.4 230 2, 780 1, 480

mg./kg__| 0.03 8 4 . . . . 31 16. 6

Specific activity_pe. Sr-90/mg.. Sr__ 110 27 90 89
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Tavre 3—Percentage change in yield caused by the higher level of
each treatment, Wathinsville, Gla.

Les- | Coastal
Preatment Corn Oats | Wheat | pedeza | bermu-
dograsa

Pereent | Percent | Percent | Percent | Percent | Fercent
Placement —32 —13
Irrigation it +4
Caleium i =12 146
+48 +2

1 Statisticatly significant at the 0.95 prabability level.

placement treatment showed fallout accumulation between May 1960
and July 1961—the final content of 18 pe. per kg. as compared with an
initial content of 7 pe. per kg. The Sr-90 fallout deposits corresponding
to these increases in soil content were 10 pe. per acre from May 1960
to July 1961 and 17 gc. (for the shallow-placement treatment) or
28 uc. (for the deep-placement treatment) per acre from July 1961 to
October 1962.

EXPERIMENTS IN IOWA
Procedure

The experimertal site at Ankeny, Iowa, was a sod of pasture grasses
on Nicoliet silt loam with a 2- to 4-percent slope. The chemical and
physical properties of this soil, which contains montmorillonite as
the predominant clay mineral, are given in table 6. The analysis showed
that the soil had a medinm calcium content, and a weakly acid reaction
and that the accumulation of Sr-90 was predominantly in the top 4
inches of soil.

Corn and soybeans were planted during the last week of May 1960
and harvested in the middle of October 1960, Oats and wheat wers
planted in the middle of April 1961 and harvested in the middle of
July the same year. Alfalfa and bromegrass were planted on the wheat
plots, and red clover and timothy were planted on the oat plots; the
seed was broadeast the day after the cereal grains were planted. The
forages were harvested in the middle of June 1962.

Before seedbed preparation, 2.4 tons per acre of Ca as lime were
applied on the high-calcium plots and 500 pounds per acre of K as
KCl were applied on the high-potassium plots. At planting time,
broadeast applications of nitrogen as ammonium nitrate were made at
the rates of 200 pounds per acre on the areas planted to corn and of 40
pounds per acre on areas planted to soybeans. Three hundred pounds
per acre of 4-7-8.6 fertilizer were applied on the rows. In April 1961,
87 pounds per acre of P ag treble superphosphate were applied to all
plots, 338 pounds per acre of X as ECl were applied to the high-
potassium plots, and 0.8 ton per acre of Ca as lime was applied to the
high-calcium plots.




‘CABLE 4—Percentage change in the Sr-90 content of crops caused by the higher level of each treatment or treatment
combination, Watkinsville, Ga.

Corn Soybean QOats Wheat Coastal
Treatment Lespe- | bermuda-
deza grass

Grain | Stubble { Grain | Stubble | Grain | Stubble| Grain | Stubble

Percent | Percent | Percent | Percent | Percent | Percenl | Percent | Percent | Percent

Placement —57 —73 —~14 —38

Irrigation_ . - +1 —18 ~16 —

Calcium 129 | 1—20| '—43 —12 1-922

3 —14 116 —8 —22 —9
—62 —86 — 56 —47 —40 —49

1 Statistically significant at the 0.99 probability level. 3 Statistically significant at the 0.90 probability level.
i

? Statistically significant at the 0.95 probability level. + P, placement; 1, irrigation; C, calcium; X, potassium.

HIALTIAOINDV d0 "LAUA S ‘SLET NILATIOT TVOINHOML (T -
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Tarm B~-Distribution of Sr-90¢ in the Cecil sandy loam profile dur-
nge 37219 ewperiment with different placement treatments, Wathins-
*237?:3 3 .

Sr-80 content t

Soil depth (inches) Shallow placement Deep placement
Before
treatment,
May 1960 | July 1961 | Oectober | July 1961 | Qectober

1962 1962

Pe fkg. kg, Pe.fkg. Pc.[?cgl.u

!
|
j

120

t The 2-inch layers within brackets were composited before analysis.

The corn and soybeans received 19.5 inches of rain and 2 inches of
water by irrigation at the low-moisture level. The high-moisture plots
received an udditional 6.3 inches of irrigation water. The wheat crop
received 8 inches of rain, and the high-moisture plots received an addi-
tional 8 inches of water by irrigation. The oats received only 6.4 inches
of rain, as they were harvested 2 weeks earlier than the wheat. The
high-noisture plots received an additional 2.4 inches of water by irri-
gation. Since the fornges were planted at the same time as the cereal
grains, they received all the moisture that the grains did plus the
precipitation from July 1961 to Juns 1962, However, since the growing
season is only from about April through September, the difference in
moisture levels was computed for these months. The low-moisture plots
of slfalfa-brome received about 31.9 inches of rain, nnd the high-
moisture plots received an additional 13.4 inches of water by irrigation.
The low-moisture red clover-timothy plots received & su]iplemental
Irrigation in July 1961, so the total was 82.7 inches; the high-moisture
plots received an additional 7.9 inches of water by irrigation.

Results

The yield and results of the analyses of the plant tissne from con-
trol plots, or plots with the low level of all treatments, are given in
table 7. Comparison of these values with those for Georgia (fable 2)
shows that the Sr-80 content was lower in Towa crops than in Georgia
orops, a8 expected with crops grown on soil containing more (a. In




TasLe 6.—Chemical and physical properties of the Nicollet silt loam before treatment, Ankeny, {owa

, i : Exchangeable cations
Soil depth (inches)] Clay | Organic|{ pH Sr Sr-90

<2 carbon |
Ca Mg K H Total

Percent | Percent Meq.[100g.| Meq. /1 00g.] Meq.[100g.] Meq./100g.| Meq.[100g. .| Pe.fkg. | pc.facre
20 3.1 . 8.6 3.4 0.6 10. 2 22,8 161.1 73.9
22 2,1 . 8 4 3.2 24 9.9 21. 9 8.0 10. 6
22 1.4 . 8.3 3.8 .3 7.3 19.7 ® O]

1 Not analyzed.

Tasre 7.—The yield and plant analyses of conirol plots (low level of all treatments), Ankeny, Iowa
[Average of 2 replicates)

Soybean Oats

Yield and plant analysis Alfalfa
Grain | Stub- | Grain

1, 580
14. 2
/ . . 1.8

Specifie activity__ _.pe. Sr-90 mg. Sr__ 8
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addition, the natural Sr content is also lower than in the Georgia crops
aven though the Sr/Ca ratio is somewhat higher in the Towa soil than
in the Georgia soil. The Sr-90 contents an specific activities of the
four crops grown in 1962 provide a contrast in ranking a crop. The
S1-90 content of the legumes may be nearly twice that of the grasses,
but the specific activity of the grasses may be twice that of the legumes.

The effects of the treatments on yield are given in table 8. These data
are similar to those from Georgia (table 3). Deep placement was most
detrimental t> the corn yield. Whether this is a result of a more sensi-
tive crop or & result of planting in the recently disturbed soil is not
known. The difference in amounts of water apphed at the high and low
levels of the irrigation treatment was greater in Yowa than in Georgia;
thus, a greater effect is observed in the yield data. Since the last four
Crops were grown as mixtures of alfalfa-brome and red clover-timothy,
consideration must be given to plant-competition effects. Thus, the
decrease In clover yield with increase in moisture may be solely caused
by o greater responss by timothy to additional moisture.

Table 9 presents & summmary of the effects of the treatments on the
Sr-90 content in plant tissue. Comparision of these data with the
similar data from Georgis (table 4) shows a similar effect for place-
ment. The percentage change was greatest for corn and soybeans—
first-year crops—and decreased in the crops of succeeding years, Irri-
gation showed somewhat grcater effects in Towa than in Georgia,
because of the greater irrigation differential. Although calcium addi-
tions consistently caused reductions, the magnitude was small becaunse
of the relatively high calcium content of the soil. Potassinm additions
caused small changes in either direction and, therefore, can be con-
sidered as without effect. An estimate of the maximum effect of
treatment combination is given in the last row of the table. These
results also indicate that the maximum effect is usualiy less than the
product of the individual effccts. The data for wheat grain are limited
because of an insect infestation that destroyed some samples before
the analyses could be completed.

The distribution of exchangeable Sr-90 in the soil profile during the
experiment is given in table 10. The last column shows that the buried
Sr-90 started at about 14 inches and that most of it was contained
between 16 and 24 inches. The Sr-90 content of the surface soil in-
creased during the experiment as it did at Watkinsville. The Sr-90
fallout deposits corresponding to these increnses in soil content were
13 pe. per acre from May 1960 to July 1961 and 21 pe. (for the shallow-
placement treatment} or 24 pe. (for the deep-placement treatment) per
acre from July 1961 to October 1962.

EXPERIMENTS IN MINNESOTA
Procedure

The experimental site at Morris, Minn., was a sod of 9-year-cld
brome-bluegrass mixture on o Brookings silt Joam. The chemical and
physical properties of this soil, which centains montmorillonite as
the predominant clay mineral, are given in table 11. The analysis




Tasre 8.—Percentage change in yield caused by the higher level of each treatment, Ankeny, I o m

Treatment Corn Boybean Qats Wheat Alfalfa Brome %{ed ' Timothy
clover

: Percent Percent Percent Percent Percent Percent Percent Percent
Placement —42 —26 —12 —10 +11 -8 — —
Irrigation +6 4-11 +6 +4 —9 0 1.-48 +55
Calcium . | -1 +6 +1 +2 +2 —2 +18 —10
Potassium, ..ol -3 +2 43 +4 44 +6 —11 +19

1 Statistically significant at the 0.95 probability level.

TasLe 9.—Percentage change in the Sr-90 content of crops caused by the higher level of each treatment or treatment
combination, Ankeny, lowa

Corn Soybean Oats Wheat
Treatment ‘ Alfulfa

Grain {Stubble| Grain |{Stubble| Grain [Stubble| Grain [Stubble

Per- Per- Per- Per- Per- Per~ - Per-

cenl cent cent cent cent cont cent

Placement____________. m—— —18 —060 —65 50 —13 0 + 411
Irrigation —13] -8 —17 —14.{ —15 -9
Calcium —13 —9 —71 1 —8 -5 ~6
+11 19 +5 —4 4-9 —13
—50 —64 —70 —67 —25 -—35

HIALIN0IEOV A0 TIAA "§'0 ‘86T NITETING TVOINHOEEL - FT

U'Statistically significant at the 0.95 probability level.
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TaBLe 10.—Distribution of S7-90 in the Nicollet silt loam profile dur-
ing the ewperiment with different placement treatments, Ankeny,
Towa

3r-80 content !

Soil depth (inches) Shallow placement Deep placement
Before
{reatment,
May 1961 | July 1961 | Oectober { July 1961 | October

1962 1962

Pe.fkg. kg, ,Pc.}kgl.za
}
!
}

161

! The 2-inch layers within brackels were eomposited before analysis.

showed that the soil had a neutral reaction and was high in calcium
and Sr content and that the accumulation of Sr-90 was predominantly
in the top 4 inches of the soil.

Corn and soybeans were planted the last of May 1960 and havvested
the last of October. Oats and wheat were planted the first of May 1961
and harvested the last of July. Alfaifa-brome and red clover-timotly
mixtures were planted at the same time as the grains. The red clover-
timothy mixture dgelminated poorly, probebly because of insafficient
soil moisture,’ and was reseeded in August after the grain harvest. The
late planting resulted in a high degree of winterkilling of red clover.

Before the corn and soybeans were planted, 250 pounds of K por
acre a5 KOl were applied to the high-potassium plots and 1.2 tons per
acre of Ca as gypsum (CaS0+) were applied to the high-calecium plots.
Gypsum was used at this location because the application of lime to
the soil with a neutral reaction would not provide additicnal soluble
Ca and would raise the pH above the desired level. At the time of the
corn planting, 100 pounds of 16-8.7-0 fertilizer per acre were applied.
An additional 83 pounds of N per acre as ammonium nitrate wers
applied at_the second cultivation. Soybeans were supplied with 9
pounds of P per acre as superphosphate at planting. Before the oats
and wheat were planted, 33 pounds per acre of N as ammonium nitrate
and 40 pounds per acre of I as treble superphosphate were applied to

“The spurce of Irrigation water was inadequate to provide all the waler
necessary for both high irrigotion and minimai irrigation plots during this
extremely dry growing geason.

203-323 0—07—3




Tasre 11.—Chemical and physical properties of the Brookings silt loam before treatment, Morris, Minn.

Iixchangeable cations
Soil-depth (inches)] Clay | Organie| pll Sr Sr-90

<2 carbon
Ca Mg X H Total

Percent | Percent Meq./100g., {Meq.[100g. |Meq.[100y. |Meq./100y. | Meq. /1 00yg.
5 4, 4 . 20. 6 87 0.6 8.8 8.7
2.1 .0 ] 18.1 8.8 -4 5.7 33 0
.7 . 15.3 4 7.4 -1 3.5 26. 5
i

1 Not analyzed.

Tasur 12.—The yield and plant analyses of control plots (low level of all treatments), Morris, Minn.
[Average of 2 replicates)

Corn Soybean Oats Wheat

Yield and plant analysis Alfalfa | Brome
Grain | Stub-{ Grain | Stub- | Grain | Stub- | Grain | Stub-
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all plots. The high-potassium plots received an additional 250 pounds
per acre of K as KCL No fertilizer was applied in 1962.

The corn and soybeans received 15 inches of rain and 2.2 inches of
water by irrigation at the low-moisture level. The high-moisture plots
received an additional 315 and 32.3 inches of irrigation water on the
first and second replications, respectively. The low-moisture plots of
oats and wheat received 5.9 inches of precipitation, and the high-
moisturs plots received an additional 27.8 inches of water by irrigation.
Since the alfalfa-brome mixture was planted with the grains, only the
moisture received during the growing season-—that is, May—September
1961 and May-June 1962—is considered. This was 22.9 inches of
precipitation for the low-moisture level with additional supplemental
Irrigations of 41 inches of water applied to the high-moisture plots.
Since the red clover-timothy mixture was reseeded in August 1961, only
the moisture from that time on was considered. The 4.1 inches in
September plus the 10.3 inches in the following May and June gave
14.4 inches of precipitation for the Jow-moisture plots; an additional
11.8 inches of water was applied to the high-moisture plots in 1962.

Results

The averages of the yield and plant analysis for the two replicates
of the control plots, or plots with the low level of all treatments, are
iven in table 12. The major difference between this lecation and Towa
%table 7} appears to be lower yields. The lower yields probably are a
result of the more northern climate. The Sr and 3r-90 contents of the
plant material are usually similar to those of ITowa even though the
Ca and Sr contents of this soil ave twofold and eightfold higher,

respectively, than of the Iowa soil. However, it is possible that the
difference between the “available” Ca and Srin the Lwo soils is actually
less, since some free caleium carbonate with ibs Sr impurities may have
been dissolved in the uxchangeable cation determination for the
Minncsota soil. The differences between Sr-90 contents and specific
activities of grasses and legumes are again demonstrated at this
location.

The treatments had no significant effects on yield of the first 2 years’
crops (grains) (table 18). However, the values might be used as an
indication of trend; thus, it could be concluded that if there was a
detrimental yield effect in the first year’s crops, it is eliminated in the
second year. The differences in yield due to irrigation were greater at
this location than at any other, as would be expected since the irrigation
differentinl was greater. Considering the four crops {forages) grown
in 1962, several treatments had significant effects. However, In inter-
preting these resulfs, consideration must be given to several extenu-
ating circumstances, such as crop competition and the extremely poor
development of the red clover. Thus, the magnitude of the effect of
placement and irrigation on alfalfa and brome may be a result, to a
inrge extent, of plant competition. The same considerations probably
apply to the red clover-simothy mixture, because of the poor growth
of red clover,

A summary of the effect of the treatments on the Sr-00 content of
plant tissue is given in table 14. The data from this location are the
most variable of those from the fonr locations. A contributing factor




TavLe 13.—Percentage change in yield caused by the higher level of each treatment, Morris, Minn.

Treatment

Corn Soybean Oats ! Wheat Alfalfa Brome %{ed Timothy
l clover

!
!
j
+
;
i

Percent H Percent Percent Percent Percent Percent
7 439 L34 —31 +6 —10
-+4-2 2123 —40 14-265 124
412 0 —30 3451 —9
+13 | —3 -5 3478 —16
| . |

I Btatistically significant at the 0.90 probability level. 3 Statistically significant at the 0.99 probability level.
% Btatistically significant at the 0.95 probability level.

TasLe 14.—Percentage change in the Sr-90 content of crops caused by the higher level of each treatment or treat-
ment combination, Morris, Minn.

; |
Corn Soybean Qats ! Wheat
Treatment Alfalfa } Brome|{ Red | Timothy
) ! clover :

Grain {Stubble| Grain [Stubble| Grain |Stubblel Grain |Stubble

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent Percent | Percent
Placement +21 —4 —22 —38 “+10 —12 8 —12
Irrigation —~ 45 —27 43 —11 +-48 — 1% 5 —3
Calcium 0 0 —11 +12 1 412 412
1 —31 —10 +7 —4 ~12 ¢ —

—69 —20 -8 —351{ 4187 +9

HINLIADIYDV A0 TAUd 'S'D ‘SL8T NITETIOH AVOINHDEL: ST

! Statistically significant at the 0.95 probability level.
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may be the shallow distzibution of the Sr-90 in the deep-placement
treatment, 2s shown in table 15. This location had the highest moisturs
differential; yet the grain of soybeans, oats, and wheat showed an
inerease in Sr-90 content with increase in irrigation. This may indicate
that the sprinkler irrigations aided in translocaton of folinr-deposited
fallout. The high natural Ca and Sr content of this seil preclude any
effect of added Ca. With the exception of corn grain, the potassium
additions were also without effect. The data for the wheat grain are
limited because of an insect infestation that destroyed the sumples
before the analyses conld be completed. Since it was obvious from the
results of the corn and soybean crops that the Ca treatment would
have little or no effect, the samples of wheat grain from the two Ca
treatments were combined for analysis. The elfects of the combined
trentments on Sr-80 content were quite variable, ranging from large
increases n oats and wheab grain to a considerable decrease in corn
grain,

 The distribution of exchan geable Sr-90 in the soil prolfile during the
experiment. is given in table 15. The last column shows that the buried
S-90 started between 10 and 14 inches and that most of it was con-
tained befiween 14 and 24 inches. The Sr-00 content of the surface 2
inches of soil increased during the experiment as it did at the other
loeations. The Sr-90 fallout deposits corresponding to these increases
in soil content were ldpc. per acre from Moy 1900 to July 1961 and
18uc. {for the shallow-placement treatment) or 30upe. {for the deep-
placement treatinent) per acre from July 1961 to October 1962

Tapwe 15.—Distribution of Sr-90 in the Brookings silt loam profile
during the cxperiment with different placement treatments, dlorris,
A énn.

He-00 eontent

Soil dopth finches) . Shallow placoment Dieep placement
Before 1 el e
weentroent, | ) i i
Muy 1966" July 1081 | October ' July 16611 October
! 1562 ! ) IR

]
. I :
e e+ — e R R

e i
Pe. iy, nfkg. Peskg. + Petky. 1 Py k.
f 187

o 23

179 il gt

2 i
32

73

e - . o 25
B S e el Gl

' |

W-28-. . e

L The 2-inch Inyers within brackets were composited before analysis,
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EXPERIMENTS IN SOUTH CAROLINA
Procedure

The experimental site at Florvence, S.C., was o 5-year-old sod of
Coastal bermudagrass on a Dunbar sandy loam, The chemical and
physical properties of this soil, which contains kaolinite as the pra-
dominant clay mineral, are given in table 16. The analysis showed that
the soil was acid and was low in caleinm. The Sr-90 was initially eon-
tained mainly in the top 4 inches of the soil; although more Sr-90 was
found deeper in this soil than in the profiles at other Jocations.

The corn and soybeans were planted in late May and early June
and harvested in middle October and late November 1960, respectively.
Oats were planted in late October 1960 and harvesied the following
early June; whereas, the wheat was planted in late December 1960
and harvested the following late June. Coastal bermudagrass and
lespedleza sericen were planted in July 1961, The grass was harvested
in late June 1962, except for the second replication of the shallow-
placement plots where very little grass gres because of heavy weed
miestations. The deep-placement plots of lespedeza were havrvested
in late June 1969, but the shullow-placement plots were much slower
growing and wers not harvested until late July.

Before the seedbed was propared, 1.2 tons per ncve of Ca as Hme
were applied to the high-calcium plots and 83 pounds per acre of K
as KCF were applied to the high-potassium plots. At planting, 300
pounds of 4-5.2-10 fertilizer per acre were applied to a)l plots. During
the summer, an additional 100 pounds per acre of N as ammoninm
nitrate and 16 pounds per acre of P us superphosphate were applied
to all corn plots. The P application was also made on the deep-
placement plots planted to soybeans. A mixture of minor clements
was applied to ali plots. Al oats and wheat plots were fortilized with
700 pounds per acre of 4-52-10 fertilizor at planting. An additional
0.4 tons per acre of Ca as lime was applied to the high-caleium plots.
The following spring, 60 pounds per acre of N as nmmoninm nitrate
were applied to all plots. At planting, the lespedeza received 400
pounds per acre of 4-5.2-10 fertilizer. The following spring, 50 pounds
per acre of K as (L were applied to the high-potassium plots of both
crops and an additional 80 pounds per ncre of N as nmmoniam nitrate
were applied to the grass,

Tho 3 yoars of the study at this location were “web” yenrs, and fhe
irrigation differential was smaller than that at the other localions.
The corn received 22.1 inches of rain, and an additionn) 2.6 inches
of water was applied to the high-moistuve plots. The soyheans received
19 inches of rain, and an additional 1.8 inches of wafer was applied
to the high-moisture plofs. The oats and wheat were not nrrigated,
‘The oats teceived 24.2 inches of rain and the wheat 7 inches. Tn 1962,
the bermudagrass plots received 5.6 inches of rain, and an additional
3.5 inches of water was applied to the high-moisture plols between
the first of Muy and harvest. All lespedesa plots were irvigated with
the same amount of waler, but, because of the different harvest dates,
5.5 inches of rain fell on the deep-placement plots and 10.3 inches on
the shallow-placement plots.
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Resulis

The yield and results of the analyses of the plant tissne from the
control plots, thet is, the plots with the low level of all treatments,
are given in table 17, The yiclds are similar to those from Georgia

table 2}, except that corn yield was considerably lower in South
arolina than in Georgin. The S1r-90 and the Sr contents are, in general,
a little Jower in the South Carolina Crops.

The effects of the treatinents on the yield are given in table 18,
Although the decp-placement treatment was very detrimental to the
corn yield, its effect on the other crops was much smaller. The data for
the Coastal bermudagrass were affected by the presence of weeds on
the shallow-placement plots. The calcium treatment is the only other
variable that shows a major effect, and this would be anticipated for
legumes—avith high-calcium requivements—on this ncid soil.

The elleet of the treatments on the Sr-40 content of the plant tissue
is given in takie 19. The placement freatment at this Jocation had a
larger and more consistent effect than at any other location. Possibly
this indicates more uniform depth of placement of the buried Sr-90 at
this location. The calcium treatment also gave consistent reduction in
Sr-90 content, except for wheat grain. This rffect might be expected
on this low-caleinm soil. The seil analyses (table 20) indicated a some-
what Jower rate of fallout in South Carolina than at the other loeations,
which would have resulted in larger cbserved offects from the soil
treatments. The last row in table 19 shows that the combined effect of
all freatments seldom exceeds that from placement alone.

The distribution of exchangeable Sr-80 in the soil profile during the
experiment is given in table 20. The last column shows that the buried
Sr-90 started at about 16 inches and that most of it was contained
betaveen 16 and 24 inches. The Sr-90 content of the surface 2 inches
of soil increased during the experiment as it did at the other Tocations.
The Sr-90 fullont deposits corresponding to these increases in Sr-90
content ave 9 pe. per acre from May 1960 to July 1961 and 18uc. (for
the shallow-placement trenument) or 14 pe. (for the deep-placement
treatment) per acre from July 1961 to October 1962,

CONTAMINATION FROM FALLOUT DEPOSITED
ON THE PLANT

When the experiment was designed, it was vecognized that the Sr-00
content of the grain could arise from two sources—soil uptake nnd
dirvect deposition of fallout on the plant. A small rate of fallout
deposition was expected, at Jeast In comparison with preceding years,
However, the relative contamination from these two sources was not
known. The contamination from divect Tallout was estimated by meus-
uring the specific activity of strontium in the grain and in the lower
section of the stem—the part that was expected to be least conlami-
nated by direct deposition. This decision was based en the hypothesis
that the specific nctivity of the stroutium from the soil, integrated over
the growing season, would be the same in both plant parts. Thus an
incrense in the specific activity in the grain could be attributed to direct
deposition.




TasLe 18.—Chemical and physical properties of the Dunbar sandy loam before treatment, Florence, S.C.

Clay

Soil depth (inches)
<2

Organic
carbon

plL

Exchangeable eations

Ca I Mg l K

H l Total

Sr-90

Percent
9

26
31

Percent

1.5
.4
.3

.8 .1 6. 2
.1 7.6

16
1.0 7

i\feq./]OOg.‘Zi{cq./IOO{/. Meq.[100g. | Meq.[100g. | Meg.[1
1.7 0.5 0.2 6. 6

00g.
9.0
8.7
9.4

Pe.Jkg.
117.0
80
1.4

uc.facre
70. 2

11. 9
2.2

Tavwe 17.—T'he yicld and plant analysis of control plots (low level of all treatments), Florence, S.C.

{Average of 2 replicates except for Ceastal bermudagrass]

_ Yield and plant analysis

Corn

Oats

Wheat

Soybean

Grain | Stubble ! Grain | Stubble

Grain | Stubble | Grain | Stubble

Coastal
bermuda-
grass
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Tasre 18.—Percentage change in yield caused by the higher level of each treatment, Florence, S.C.

Treatment

Corn

Soybean

Oats

Wheat

Lespedeza

Coastal
bermuda-

grass

Placement
Trrigation
Caleium
Potassium

Percent
1—56
+6
-9
+7

Percent
—5
3416
+7

Percent

Percent

Percent
—19
+34

14-49
-7

Percent
429
+-8

328

+4

¥ Statistically significant -at the 0.99 probability level.
7 Statistically significant at the 0.90 probability level.

TasLe 19.—Percentage change in the Sr-90 conteni of crops caused

3 Statistically significant at the 0.95 probability level.

ment combination, Flovence, S.

bé/ é’he higher level of each treatment or treat-

Treatment

Corn

Soybean

QOats

Wheat

Lespe-

Grain

deza

Stubble

Grain

Stubble

Grain

Stubble

Grain

Stubble

Coastal
bermuda-
grass

Placement

Irrigation
Calcium. . .
Potassium
PxIxCxXK?

Percent

Percent
—62

Percent
—37

Percent
—40

Percen?

Percent

+6

46
—2

-5
—30

+16
—54

Percenl

1—-12
-39

Percent

Percent

420

1 Statistically significant at the 0.95 probability level.
2 Statistically significant at the 0.99 probability level.

- 3 Statistieally significant at the 0.90 probability level.
4 P, placement; I, irrigation; C, ealcium; X, potassium.
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TapLe 20.—Distribution of Sr-90 in the Dunbar sandy loam pro-
file during the emperiment with different placement treatments,
Florence, 8.C.

Sr-00 content &

Soil depth (inches} Shallow placement Deep placement
Before
fregtment,
May 1960 July 1860 { October | July 1061 | October
1962 1962
Pe.fkg. Fe.lkg. Po.fkg. Pe.fhyg. Pe.fig.

0-2. . } 117 131 71
Pl NN 70 66 14
I 53

6-8 . |l e _ 44 8
Sai{l)é .............. 8 - 26

012 . |eeee .

S S | R N } 11 5
416 . N |emmo_ . } 4 13
1618 | e . 58
18-20 .. __ DI 35
bt o'y SR | B 76
2224 ________. . . ____ 2 43
24-26 |l 18
2628 e 6

! The 2-inch layers within brackets were composited before anslysis.

The avera,cire specific activities for the deep- and shallow-placement
plots at each location are given in table 21. The specific activities in the
plant parts are generally higher than the average specific activity for
the top 14 inches of soilyon which they were grown. Iivery exception
occurs with the shallow placement in Georgia or with the corn stubble.
A small error in the determination of the very low strontium content
of Cecil sandy loam could be responsible for the discrepancy in
Georgia. The low sgeciﬁc activity of corn stubble indicates that it is
least contaminated by direct fallout.

The fact that specific activities of corn stubble were lower than
those of soil may reflect systemaiic analytical errors or, with shallow-
placement, that a large amount of strontium upteke was from deeper
than 14 inches. But with deep placement, uptake of strontium from
the buried surface soil layer at 14 to 24 inches should result in increased
specific activity.

Deep placement reduced the Sr-90 content in corn stubble more than
that in corn grain (tables 4, 9, 14, 19). The other management treat-
ments generally had nearly the same effect on Sr-90 content in stubble
as they did in grain. These effects are difficult to explain unless (1) a
large part of the strontium found in the grain was taken up from the
surface soil much later than that found in the stubble, and (2} the
Sr-90 content of the surface soil increased markedly during the
growing season because of fallont contanination, Thus, it may be
concluded that fallout contamination affected mainly the response
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Taers 21.—The average specific activity of Sr in soils (0- to 1}-inch layer) and crops as affected by the placemens
treatment at } locations

Specific activity (Sr-90/Sr)

~ Location and placement Soybean Oats

Stubble | Grain | Stubble | Grain | Stubble Stubble

Pc./mg. | Pec./mg. { Pc./fmg. | Pc./mg. | Pc./mg.

310 20. 0 3L 28.0
24.0 14. 0 26. 21.0

6. 10.
5.

15.
16.

38.
15.
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to the deep-placement treatment and does not sertously interfere with
the interpretation of results from this study. Recent work (20) shows
that reduction in uptake of Sr-85 from placements 20 inches deep is
about the same as was observed in this study.

Effects of the management treatments were smaller with oats and
wheat grown in 1961 than with corn and soybeans grown in 1960,
With the deep-placement treatment, this resulted in Iarge part from
the fallout otp }Eout 10uc. per acre Sr-90 on the surface soil between
the time the treatments started in 1960 and the time the oats and
wheat were harvested in 1961, Nevertheless, the deep-placement treat-
ment gave 50 percent reduction in Sr-90 concentration in oats grown
in South Carolina and smaller reductions in both oats and wheat
grown in Georgia. Additions of caleium also reduced Sr-90 concentra-
tion in the crops grown in Georgia (table 4). Fallout of Sr-90, either
i!tlt_ the soil surface or directly on the crops, may have obliterated other
effects.

Contamination of the wheat grain by direet fallout can be estimated
from other data. Observations of others (9, 23) indicate that most con-
tamination oceurs after heading, which occurs z proximately 6 weeks
before harvest. Measurements have indicated tgmt approximately 1
percent of the Sr-90 fallout during this period was retained in wheat
grain (22). An estimate uf the Sr-90 fallout was obtained by multiply-
mﬁ local rainfall by the concentration of Sr-90 in rain at the nearest
fallout collection station of the AEC (34). The 1-percent retention
figure was adjusted for low yield of grain at Florence, S.C., and Morris,
Lﬁ;n., to two-thirds and one-half pereent, respectively. The estimated
direct contamination is shown in table 22. By comparison with ob-
served concentrations, the estimated direct contamination ranges from
about one-third of the total Sr-90 content in grain from Georgia and
South Carolina to all the Sr-90 content in grain from Minnesota.
Errors in the estimated percentage retention may arise from unknown
effects of rainfall intensity or differences in wheat varieties.

Most of the Sr-90 content in the forage crops grown in 1962 arose
from direct fallout contamination. At the nearest ATEC fallout collec-
tion stations, the Sr-90 deposited from April through June 1962 ranged
from 10ge. per acre ut Columbia, 8.C., to 37gc. per acre at Vermillion,
S. Dak. The amounts in legumes ranged from 1ge. per acre in lespedeza,

Tasur 22 —Date for estimating and estimated direct contamination
of wheat grain by Sr-90 fallout at 4 locations

Rainfall for 8r-90 con-
6 weeks | Estimated | 8r-90 Yield of tent of
Location berore Br-90 retained grain grain from
harvest fallout in grain direet con-
tamination

Inchea pefacre pe.facre Kg.facre Pe.fkg.
11

Georgis_ oo oo 3. G5 1. 43 0. 0143 1, 250
South Carclina... .. 7.08 2.21 . 0147 800 18
Minnegota_______.__ 2,65 1, 45 . 0072 Ba0N 13

Tows oo 2. 94 .92 . 0092 1, 200 8

o Ry i




REDUCTION IN THE PLANT UPTAKE QF Sr-89

%rown at Watkinsville, Ga. to 8uc. per acre in alfalfa grown at Morris,
finn. The amounts in grasses were generally lower. Thus, about 10
percent of the fallout during the growing period was retained on some
of the crops.

MAIN TREATMENT EFFECTS AND INTERACTIONS OF
TREATMENTS

The uptake of Sr-90 from about 20 inches below the soil surface was
reduced as much as 75 percent in corn stubble at Georgia and 65 percent
in soybean grain in Towa when compared with the uptake from the
conventional plow layer. There was great variability between locations,
part of which may be attributed t. variation in direct deposition of
fallout. In addition, the deep-placement treatment in Minnesots was
shallower than at other locations. In general, the 1961 crops (oats and
wheat) showed less reduction by deep placement than the previous
year’s crops {corn and soybeans). This is probably s result of fallout
deposited on the savface of the deep-placement plots during the first
year.

The difference in irrigation levels was small or nonexistent at the
locations other than Minnesota, and the effects of irrigation on Sr-90
uptake were small. In Minnesota, corn showed a sizable reduction In
Sr-90 uptake from irrigation, but the interaction of placement-
irrigation was not significant.

As expected, the calcium treatment showed the greatest effect at the
two southern locations, which have low-calcium soils. The maximum
reduction in Sr-90 uptake achieved was 43 percent in soybean grain
at Georgia.

In general, the effect of potassium was small or negligible with the
exception of a 31-percent reduction in Sr-90 uptake In corn grain at
Minnesota.

Eleven treatment interactions were tested for each crop and location,
except wheat at Towa and Minnesota. Out of 154 interactions tested,
only 1 was significant at the 1-percent level and 19 at the §-percent
level; and of the significant interactions, only 8 showed positive effects,
that is, that the efiect of the combined treatments was greater than the
product of the individual treatments. Thus, in general, the effects of
irrigation, liming, and potassium additions were no better, and some-
times poorer, on the deep-placement plois than on the shallow-
placement plots.

The yield of corn was greatly reduced at all locations by the deep-
placement treatment. Since the oats and wheat showed increases or only
small reductions in yield when grown in the second year, possibly the
reduction in corn yield by deep placement would be smaller with time.

CONCLUSIONS

"“he burial of Sr-90 deeper in the soil profile reduced the Sr-90 con-
teny of corn and soybean grain at most ahout 60 percent and of oat and
wheat grain about 20 percent. There was much yariability among
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locations and crops. The magnitude of the measured reduction is less
than the true value, because some fallout was deposited on the plant
during the growing season. In addition, the value for oats and wheat
islow use fallout was deposited on the deep-placement plots durin
the previous year. Irrigation, ealeium, and potassinm agditions di
not. enhance the reduction by deep placement, although the caleium
addition, alone, did cause a reduction of approximately 20 percerns
in the two Southern States. Fallout after the establishment of the
deep-placement plots and during the growing season obscured any
treatment effects with the grasses and legumes, No means were found
to accurately assess the contribution of foliar depesition o the Sr-90
content of the plants.
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APPENDIX
TanLe 23.—S8r-90 content of crops at Watkinsville, Ga.

Treatment !

Corn 2

Soybean 2

Oats 3

Wheat 2

C

Stubble

Grain

Stubble

Grain Stubble

Grain Stubble

Coastal
bermuda-
grass

19 0050 1D 1O DD 1O B bt et bk 1 ok ok b ot
1O DO K4 bt 1O DD bt T4 DD 1.1 e B R 4 bk

1
1
1
1
2
2
2
2
1
1
1
1
2
2
2
2

ISEER R R ST R SR R SR M o el g

Rl o

WOOOTRSHOLUONSULHRT

lalalal ol 2 Gl

Pe.fkg.
420
400
450
340
150
130

84
92
430
360
300
250
120
86
92
61

Pe.fkg.
230
210
140
120
280
180
100
130
240
190
110
130
140
150

88
100

Pe.[kg.
200
170
140
140
140

1 P, placement; I, irrigation; Q,
1, shallow placement or low level of irrigation or amendments;
2, deep placement or high level of irrigation or amendments.

calcium; K,

potassium;

2 Average of 2 replications. )
3 Average of 4 plots since no irrigation was applied.
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TasLe 24.—87r-90 content of crops at Ankeny, [owa

Tr atment ! "~ Corn? Soybeans 2 Oats ? Wheat
Alfalfa 2 Red
clover 2

C | K| Grain | Stubkle| Grain | Stubble | Grain | Stubble | Grain 3 {Stubble 2

Pe.[kg. Jkg. | Pc.lkg. | Pe.[kg.

0.8 260

. 220
210
210
110

90
100

90
190
200
190

1
1
1
1
2
2
2
2
1
1
1
1
2
2
2
2

1O U 1O DO D RO O 1 bk e b et d et kit
GG SR SRS S SR ST R GRS Ry o
BO DI = b F4 RO b B =T DD T D
WO ~ICC0000

D O O U5 00 0000 U T T 1t ot b pd

DTG R ~NW0O R

1 P, placement; I, irrigation; G, ecalcium; K, potassium; 7 Average of 2 replications.
1, shallow placement or low level of irrigation or amendments; 3 Average of a composite of 2 replications of 4 treatments.
2, deep placement or high level of irrigation or amendments.
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Tasre 25.—87-90 content of crops w:t Morris, Minn.

Treatment ? Corn 2 Soybeans ? k Oata 2 Wheat
Alfalfa 2 Red
clover

I | C | X | Grain |Stubble{ Grain |Stubble| Grain | Stubble | Grain 3 |Stubble 2

Pe.fkg. | Pc.fkg. kg, | Pe.[kg.

320
310
470
390
190
210
220
190
310
300
260
230
210
200
240
210

o

[

&,

NI00O G100 = 00 O U0 00 i
VId AL NI NOILOAAUY

1O 0D DO DO LI 1D DD DD = et bk ot ot ok id k.
BO DD 4 4 1D 1O et 4 1D b bt 1=t 1D 1D e et
DO H4 1O RO = b e 1D D 0D b b
DO OWHWHBWSI LD =T

1
1
1
1
2
2
2
2
1
1
1
1
2
2
2
2

1O 13 1O hO BO DI O 1
SIOTNOD O RO D¢

!P, placement; I, irrigation; C, calcium; X, potassium; 3 Average of a composite of 2 replications and 2 ecaleium tresat-
1, shallow placement or low level of irrigation or amendments; ments.
2, deep placement or high level of irrigation or amendments, 4 Only 1 replication.

2 Average of 2 replications.
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TasLe 26.—87-90 content of crops at Flovence, 8.C.

Treatment ! Corn ? Soybean 2 ‘ Oats 3 Wheat 3 : Coastal
bermuda-~
£rass

Pl I]C| K| Grain Stubble Grain Stubble Grain Stubble Grain Stubble

Pe.

—
o
=

PO RO U DD T OO OTED

Pe.jkq. kg, kg, Pe.fkyg.
118 3 82 126
151

95

H

1
I
1
1
2
2
2
2
1
1
1
1
2
2
2
2

T P b B 1D ok ek 1O 1 b o 0D D P
RO e QD s 0T D R LY RO B D
Ia iR et ot * ol -1 B ekl b ol S o

B LD 1D B I 03 LD b b b b et ot e e

i

, placement; I, frrigation; €, caleium; K, potassiun; 2 Average of 2 replications.
1, shallow placement or low level of irrigation or amendments; 3 Average of 4 plots.
2, deep placement or high level of irrigation or amendments. * Only 1 replication.
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Taste 27.—Yields at Watkinsville, Ga.
{1 kg.=0.039 bu. of corn, 0.037 bu. of soybeans or wheat, 0.069 bu. of oats, and 2.2 1b. of forage}

Treatment !

c

Corn ?

Soybeans ?

Oats?3

Wheat 3

Coastal
bermuda-
grass ?

Lespedeza 3

1O 1O 0O RO 1O DY 1.5 B b b et et ot ot et b
2O DI b R DD D b b RO DO L

1
1
-1
1
2
2
2
2
1
1
1
1
2
2
2
2

DO bt b DD e 2 B 1D B DD RO DO

Kg:lacre
2, 884

3, 088
2, 788
3 172
2 516
2. 548
1, 561
1,767

3,126
2,142
2, 545
1, 496
1,909

Kg.lacre
904

Kg.lacre
552

Ky.lacre
524
433
552
472
599

Kg.lacre

1 P, placement; I, irrigation; G, ealcium; X, potassium;
1, shallow placement or low level of irrigation or amend-
ments; 2, deep placement or high level of irrigation or

amendments.

2 Average of 2 replications.
8 Average of 4 plots since no irrigation was applied.
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[Average of 2 replications. 1 kg.==0.039 bu. of corn, 0.037 bu. of soybeans or wheat, 0.069 bu. of oats, and 2.2 1b.

TasLe 28.—Yields at Ankeny, lowa

of fdrage]

Treatment t

C

Corn

Soybeans

Oats

Wheat

Alfalfa

Brome

Red elover

Timothy

DO 0D 1N 1D 1O 1D 1 T bt St okt ot i 3t ik
DO 00 bt R DD bt bt D 13 bt et 10 D F et

1
1
1
1
2
2
2
2
1
1
1
1
2
2
2
2

BO b= RO = 10 b= B RO D b B ek b ek

Kg.lacre
3, 678
3, 452
3,579
3, 576
1,991
2,081
2, 234
2,062
3,960
3,658
3, 885
3,912
2, 404
2, 231
2,000
2, 104

Kg.lacre
1, 054
1,114
1, 136
1, 140

629
708
715
719
1,021
1,104
1,159
1,152
883
0913
988
958

Kyg.lacre
1, 577
1, 678
1, 596
1, 622
1, 340
1, 384
1, 388
1, 417
1,626
1, 646
1, 720
1, 692
1, 540
1,532
1, 436
1, 592

1, 134
1, 022

984
1,024
1, 034

677

Kg.facre
874
956
818
987
846

1,015
733
002

1,072
818

1,015
902
790
846
790
902

564

Kg.lacre
620
705
451
508
620
677

' P, placement; I, irrigation; C,
1, shallow placement or low level of i

calcium;

K, potassium;

rrigation or amendments;

2, deep placement or high level of irrigation or amendments.
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TasLe 29.—Yields at Morris, Minn.

{Average of 2 replications. 1 kg.==0.039 bu. of corn, 0.037 bu. of soybeans or wheat, 0.069 bu. of oats, and 2.2 1b. of forage}

Treatment !

P C

Corn

Soybean

QOats

Wheat

Alfalfa

Brome

Red clover

Timothy

BB DO BT DO b D 1D b 1 e e et et b et
[SESES RN NNl SRS Rl SO S g ol

1
1
1
1
2
2
2
2
1
1
1
1
2 E
2
2
2

Y T R S L

Kg.lacre
1, 136

Kg.lacre

250
238
144
164
349

323

Kg.lacre

582
493
373
442
621
400
367
314
593
735

Kg.Jacre

234
178
181
209
228
280
341
366
204
252
201
245
204
383
323
304

Kyg.Jacre

1,312
1,213
1,028
1,115
1, 792
1, 679
1, 862
1,397
1, 467
1,411
1, 552
1,764
1,919
1,975
1,990
2, 046

Kg.lacre

127

Kg.lacre

99
113

56
240

56

99
113
266
268
607
409
635
480
268

310

945

Kg.lacre

875
889
593
734
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1P, placement; I, irrigation; C, calcium; X, potassium; 1, shallow

placement or high level of irrigation or amendments.
placement or low level of irrigation or amendments; 2, deep
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Tasre 30.—Yields at Florence, 8.C.

{1 kg.=0.089 bu. of corn, 0.037 bu. of soybeans and wheat, 0.068 bu. of oats, and
2.2 Ib. of forage}

Treatment 1 Constal
Corn 2 Soy- Oafs? | Wheat?| bermu- Les-
beans 2 dagrass | pedeza 3
r I/ C|lK

Kg.jacre | Kg.Jacre! Kg.Jacre | Kg.joere] Ka.jocre | Kp.jocre

i 1 1 1 1, 866 940 887 804 1379 665
1 1 1 2 1, 630 1,101 916 §09 + 360 207
1 1 2 1 1, 620 1,188 728 729 ¢ 254 686
1 1{ 2] 2| 1,805 1,257 325 768 4304 772
211 i 1 684 896 811 574 474 503
2 1 1 2 T46 1, 040 962 590 ! 465 416
2 1 2 1 584 1, 164 858 764 2 308 461
2 1 2 2 710 1,192 734 725 2408 5946
1 271 1| 1,830 9dd | e 1341 669
1y 2| 11 2 1,84 | 1,080 | TIT0TTITTo 1512 621
1 2| 2| 1] 1,482 | 1,074 | _____TjCTTTTTT + 208 1,117
11 2y 2| 2! 1,794 I S PO FN + 308 398
2 2 1 1 910 965 | o ____ 740 465
2 2 1 2 a34 bUird i I PN ORI ? 455 546
21 21 211 YO8 | 1,101 || 2313 308
2 2 2 2 822 1,186 |ocomm oo 2 351 817

1 P, placement; I, irrigation; G, caleium, K
or low level of irrigation or amendments; 2,

rigation or amendments.
2 Average of 2 replications.

¥ Average of 4 plofs since no irrigation was applied.
Only 1 replication beesuse of weed infestation.

; Potassium; 1, shallow placement
deep placement or low level of ir-







