
Table IV. Ca and SrgO Contents of Cowpeas Grown in Greenhouse in Soils 
listed in Table 111 

(Average of three replicates) 

Soils 

-, 
Yield, Grams Co, W0, Co. 

Dry Wf. Meq./Grom ppc./Grom ppc./Meq. 

Lynchburg-Greene No. 2 41 .0  0 .89  0 .89  1 .oo 
Dunbar-Greene No. 3 44 .9  0 .77  0 . 8 8  1 . 1 4  
Dunbar-Greene No. 4 33 .5  0 .55  0 .55  1 .oo  
Lynchburg-Edgecomb hTo. 1 43.2 0 .48  0 . 5 6  1 .17  
Lynchbury-Edgecomb No. 3 45 .3  0 .79  1 . 0 3  1 .30  
Dunbar-Edgecomb No. 4 44 .8  0 . 6 9  0 . 6 5  0 . 9 4  
Error, std. dev. 1 . 8  0.027 0 ,045  

Possibly the HCl extraction did not 
remove all of the Srg0 remaining in the 
soil after extraction with Sr(S03)2. 
U p  to 15 or 207, more SrgO has been 
found in extracts obtained by fusing soil 
samples with Na2C03 than in extracts 
obtained by treatment with 6-L- HC1 at 
room temperature (75). If part of the 
Srg0 in soils is not extracted with HC1. 
it would not be expected to be available 
to plants, especially since the evidence 
indicates that nonexchangeable Sr90 
is not available to plants. 

The possibility that SrgO is incompletely 
extracted from soils by HC1 digestion 
was emphasized by analyses of six 
Lynchburg and Dunbar soil samples 
obtained from eastern North Carolina 
at  the same time that the four samples 
from Pitt County were taken. These 
samples were also used in the greenhouse 
experiment with cowpeas, and were 
treated in the same way as those from 
Pitt County, except that the soil extrac- 
tions were not made until December 
1959. The samples from Pitt County 
had been extracted in February 1959 
at  nearly the same time as the aliquots 

of soil were prepared for the greenhouse 
experiment. An average of only 38 
ppc. of exchangeable Sr90 per kg. of soil 
was found in the soils extracted at  the 
later time (Table 111), compared to an  
average of 52 ppc. in the soils extracted 
at  the earlier time. Yet the plant uptake 
of calcium and SrgO indicated that all 
of the soils contained about the same 
amount of available Sr90 (Table I\’), 
that is, with equal calcium contents in 
the soil, the plants contained the same 
ratios of Srg0 and Ca. The efficiency of 
the HC1 extractions is now being 
checked by fusing the soils with h-a&03. 

The results indicate that about 15 
ppc. of Srg0 per kg. of soil was fixed 
during storage in the laboratory and 
that it was not extracted by HCl diges- 
tion. If the exchangeable SrgO analyses 
for all 10 soils had been comparable, a 
more definite statement about the differ- 
ence between slopes of the regression 
lines in Figure 1 could probably have 
been made. 4 t  present, all that can be 
said is that nonexchangeable Sr90 ap- 
pears not be taken up !appreciably by 
cowpeas. 

Depth of Feeding as It Affects 
Concentration of Radioactivity 
the Plant 

the 
within 

N THE early reports of Project Sun- I shine, Libby and coworkers ( 4 )  ex- 
pressed a belief that strontium-90 from 
fallout was concentrated in the top 2l//2 
inches of soil. Since that time, the 
nuclides have moved downward and it 
has been shown by others ( 7 )  that they 
have penetrated to greater depths prob- 
ably even in virgin soil. Plowing and 
other agricultural practices have cer- 
tainly placed surface concentrations to 
depths of 6 to 8 inches. Percolation of 
strontium-90 through the soil occurs 

more rapidly when the calcium content 
of the soil is high ( 3 ) .  

Root penetration varies markedly 
with the crop, rainfall, type of soil, 
locale of growth, food, and other factors, 
and ranges from 10 inches for some 
garden plants to well over 10 feet for 
alfalfa (5) .  

The depth to which a plant extends 
its root system and obtains nutrients 
should have a direct effect upon the 
plant’s concentration of a radionuclide if 
that nuclide is concentrated at  or near 

Literature Cited 
(1) Bowen, H. J. M., Dymond, J. .4., 

J .  Exptl. Botany 7,264-72 (1956). 
(2) Brown, I .  C., Menzel, R. G., 

Roberts, H., Beltsville, Md., un- 
published data, 1958. 

(3) Davis, D. E., MacIntire, W. H., 
Comar, C. L., Shaw, \Y. M.,  Winter- 
berg. S. H.. Harris, H. C.. Soil Sci. 
76,y53-63 (1953). ‘ 

14) Krishnamoorthv. C.. Overstreet. R.. 
\ ,  

Ibid., 69, 41-53 (i950). 
(5) Lathwell, D. J., Sanchez, N., Lisk, 

D. J., Peech, M., Agronomy J .  50, 

(6) Martell, E. A, ,  Science 129, 1197-206 

(7) Menzel, R. G., Sod Sci. 77, 419-25 

18’1 Menzel. R. G.. Heald. W. R.. Ibid.. 

366-9 (1958). 

( 1 9 9 ) .  

( 1954). 
~, 

80, 287-93 (195j). 
(9) Menzel, R. G., Heald, W. R., Soil 
Sci. SOC. Am.  Proc. 23. 110-112 (1959). 

(10) Russell, E. J., “Soil Conditions 
and Plant Growth,” 8th ed., revised 
by E. W. Russell, pp. 441-2, Long- 
mans, Green and Co., New York, 
1950. 

(11) Russell, R. S., Schofield, R. K., 
Newbould, P., Proc. Second Inter- 
national Conference on Peaceful Uses 
of Atomic Energy, Vol. 21, pp. 146- 
8, Pergamon Press, London, 1958. 

(12) Schulz, R. K., Overstreet, R., 
Babcock, K. L., Hilgardia 27, Xo. 13, 

(13) Sigmond, A. A. J., von, “Handbuch 
der Bodenlehre,” VIII, 148-1 74, Julius 
Springer, Berlin, 1931. 

(14) U. S. Atomic Energy Commission, 
Rept.  HASL-42? pp. 7-8 (1958). 

(1 5) Ibid., Strontium Program, Quar- 
terly Summary Rept. HASL-77, pp. 

333-42 (1958). 

44-45 (1960). 

Received for review April 23, 7960. Accepted 
.\’onember 9,  1960. Division of Agricultural 
and Food Chemistry, 137th Meeting, ACS, 
Cleoeland, Ohio, April 7,  1960. Work sup- 
porte! in part by the U. S. Atomic Energy Com- 
mission. 

C. W. CHRISTENSON and 
ERIC B. FOWLER 
10s Alamos Scientific laboratory, 
University of California, 10s 
Alamos, N. M. 

the soil surface. In  a sense the nuclide 
absorbed near the surface is diluted by 
elemental species obtained at greater 
depths. Since both top and root growth 
respond to the presence of nutrients, 
the placement of fertilizers will stimulate 
root development in the zone of applica- 
tion and an increase in nutrient absorbed 
from that zone will result. A fertilizer 
placed in a zone which contains a radio- 
nuclide will increase the uptake of 
that radionuclide because of stimulation 
of plant growth. A calculated discrim- 
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In any study of fallout uptake by plants the depth a t  which the plant receives its nutrients 
at different time of growth is important. This study shows that in grass, alfalfa, and 
lettuce the roots were feeding below 20 inches after 46 days and since the fallout is 
concentrated near the soil surface, only a small portion of  the fallout material will be 
translocated to the plant. This indicates that the major portion of fallout material in 
plants is due to foliar absorption. This study also shows that the projection of concentra- 
tion of radionuclide in soil to concentration of radionuclide in man is quite difficult since 
the uptake of the radionuclide by plant and hence, to man, can vary by a factor of 2 or 
3, depending on the depth of feeding of the plant. 

I 
I 

ination for a plant growing in nature 
is in truth an  apparent discrimination 
which is biased by its root depth. 

This paper reports the results of a 
rtudy of the effect of depth of radio- 
nuclide on its concentration within the 
plant. The study reports on only one 
set of conditions, hence the results are  
not necessarily applicahle to specific con- 
ditions in the field. Reference to litera- 
ture on root distribution and nutrient 
uptake was not included, as the material 
given is concerned with another ap- 
proach to the problem of nutrient up- 
take only as it relates to depth of feeding. 

Materials and Methods 

Eighteen metal culverts, each 2 feet 
in diameter and 5 feet deep, were set 
in a trench (Figure 1). A local soil 
was uniformly mixed with barnyard 
manure and placed in the culverts up  
to the predetermined level. A portion 
of the same soil was "spiked" with CS'~' 
-i.e., a solution of the radionuclide was 
a d d e d a n d  mixed in a '/%-yard concrete 
mixer. This mixture was then placed 
on top of the unspiked soil in the culverts 
at levels of 21/2, 5, 10, 20, and 60 inches 
(the cross-hatched zone in Figure 1). 
One culvert for each crop received no 
nuclide; this was used as the control. 
Cesium-137 was chosen since it had been 
shown (2) previously that this nuclide is 
well fixed in the soil and would remain 
in place. The concentration of CS'~' 
was 2000 f 65 c.p.m. per gram of soil. 
Water was used to assist in packing the 
soil; however, some results suggest that 
more care should have been used in 

water addition since uneven water con- 
centration could affect root growth and 
lead to some of the variations noted. 

The plots were seeded with lettuce, 
grass, and alfalfa on May 29, 1958; five 
crops were harvested in the 1958 growing- 
season with the last harvest on Octoher 
30. No attempt was made to harvest 
the crops a t  any particular stage in 
growth but rather only when it appeared 
that a t  least 100 grams of Cut weight 
could be obtained from each plot. Cut 
crops were ashed and the concentration 
of Cs'3' was determined in a gamma 
pulse height analyzer. Each determina- 
tion was corrected by the amount of 
activity in the control plot. Approxi- 
mately 2 grams of ash were counted for 
each determination; the activity varied 
from 30 to 300 c.p.m. The amount of 
CS'~' in the plant ash at each of the five 
depths of spiked soil far each harvest is 
expressed as a percentage of that found 
in the ash from plants which were grown 
on the 60-inch, or fully-spiked plot. 
There is a decrease in the potassium re- 
quirement of a plant as it  ages, and a 
similar phenomenon was denionstrated 
in this study. By referring all of the 
results to the full plot, at each harvest, 

any difference in plant potassium require- 
ment is eliminated. 

Resulfs 

The results obtained from the 1958 
crops of alfalfa are shown graphically 
in Figure 2. At the time of harvesting 
the first crop, a t  a plant age of 46 days, 
the concentration of C P  in plants 
growing in the Z1/l-inch nuclide depth 
plots was only one third that in the 60- 
inch depth plots. Thus, about two 
thirds of the nutrient supply of the plant 
is assumed to be obtained below the 
2'/2-inch level even a t  this early age. 
The 5- and 10-inch levels of spiked soil 
are contributing about 60 and 70% of 
the plant nutrient, respectively. There 
is some indication that the plant root 
is feeding below 20 inches; however, 
more than 8Syo of its nutrient is obtained 
above that level. The rapid penetra- 
tion of roots is rather surprising and may 
not take place in an undisturbed native 
soil. Such a soil would be more com- 
pact and root penetration might be in- 
hibited. 

Although data were not obtained 
from these experiments to warrant the 
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Figure 1 .  Plot layout and depth of cesium-1 37 

DAYS AFTER PLANTING 

Figure 2. Percentage of cesium-137 absorbed at various root depths as related to time, after planting 
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conclusion, there is probably an increase 
in root mat after the initial rapid penetra- 
tion. Such a mat would support the 
top growth physically and nutritionally. 
The fact that the CsI3’ concentration in 
plants grown on the 2l .‘*-inch spiked 
soil decreases by only ljYO 104 days 
after the first harvest, while those grown 
on the 20-inch spiked soil decreased 35Y0 
in concentration, indicates that a root 
mat develops near the surface. As the 
tap-type root ages. say to a 2 or 3 year 
plant, the root mat ma) move downward. 
Such a movement would further decrease 
the plant’s uptake of near surface fallout. 
Hence, specific concentrations of radio- 
nuclides absorbed from the soil would be 
much lower in older plants than in 
younger plants. 

The results for lettuce are also shown 
in Figure 2. Here only four harvests 
were available since the lettuce died out 
in the fall. The data for the 20-inch 
depth plots are not reported; subsequent 
investigation indicated that a n  error 
had been made in filling this particular 
plot. The pattern is fairly similar to 
that for alfalfa. 

The  results for grass are shown in 
Figure 2. The scatter of the points is 
much more pronounced than in the case 
of either alfalfa or lettuce. However, the 
curves which have been drawn indicate 
that the grass roots penetrated quite 
rapidly and to a somewhat greater depth 
than either lettuce or alfalfa in the early 
stages of growth. After 154 days the 
grass was apparently receiving less than 
10% of its nutrient from the 5-inch level 
and only 207, from the 10-inch level. 
This was a mixture of deep-rooting 
pasture grasses and not lawn grass. 

Figure 2 shows a comparison of the 
three plants grown a t  the IO-inch level. 
The  lettuce did not send down early 
roots as deep as did grass and alfalfa, 
but the roots were deeper a t  the third 
and fourth harvest than were those of 
alfalfa. If one projects the curves, how- 
ever, it  will be noted that the alfalfa 
roots will soon be deeper than the 
lettuce 

The slope of the curve indicates that 
grass roots penetrate more rapidly 
than those of either of the other two 
crops, but penetration levels off after 
about 100 days. indicating it is approach- 

ing maximum depth; the alfalfa feeder 
roots apparently continue to penetrate 
to greater depths. The tap-type root 
of alfalfa is apparently sloxcer in penetrat- 
ing than the grass root and perhaps 
the plant receives a great deal of its 
nutrients near the surface during the 
formation of the lower tap root, while 
the grass roots are feeding throughout 
their depth. 

The few surviving grass and alfalfa 
plots were harvested in the spring of 
1959. The activity found in these crops 
was quite uniform and higher than in 
the harvest of 1958. This suggests that 
as the ground warms up  the plant sends 
out numerous feeder roots rchich feed 
intensivel?. in the zone of rearm: damp 
soil. 

Numerous investigators (i) have 
shown an elevated potassium require- 
ment in young plants. The increase 
in CsI3’ activity over older crops may 
be explained on this basis and points 
out the metabolic relationship between 
cesium and potassium. Later harvests 
indicated a return to the levels and 
pattern observed in 1958. 

A practical, though anomalous, ex- 
ample of the effect of root depth on 
plant uptake of radionuclides is given by 
speculating on the probability of an 
increasing concentration of radionuclide 
in pasture-land supporting dairy cattle. 
Is it not possible that the feeding of im- 
ported grains and roughage is increasing 
the surface contamination in these 
pasture lands where such an increase is 
most undesirable? This follows since 
the foods imported for feeding dairy 
cattle contain radioactivity and only 
a small amount of this is retained by the 
animal. The remainder is deposited 
on the soil in feces and urine. .4s a 
result the surface contamination con- 
tinues to increase on pasture soils 
from which the cow is obtaining the 
majority of her roughage. Plants are 
said to be feeding below the level of 
fallout; yet, because the feces and urine 
provide a source of concentrated plant 
nutrient, the roots will probably feed 
more avidly just below this material and 
hence will absorb the relatively concen- 
trated nuclide which builds up  from con- 
tinued deposition. This reemphasizes 
the fact that fallout is never eliminated, 
since it is recycled over and over. 

Discussion 

This was a preliminary study only. 
Although the points represent from one 
to five analyses? their scatter on the curve 
indicates that replication of plots lcould 
be highly desirable. Root penetration 
has been kno\cn to continue during the 
first year of growth to support the above- 
ground plant. hut it was sometchat 
surprising that the roots penetrated as 
deeply and rapidly as they did. 

This study further points out the diffi- 
culty in projecting from soil concentra- 
tion of nuclide to concentration in man 
since depth of root feeding could affect 
the uptake of a nuclide by a factor of 2 
or 3. 

Because, a t  least in unfertilized soils, 
the roots of plants are generally feeding 
well below the depth of penetration of 
fallout. only a small portion of the ac- 
tivit) in the soil \vi11 be translocated to 
the plant. This lends further credence 
to the supposition that a t  present most 
of the radioactivity found in plants 
arises from foliar absorption rather than 
root absorption from the soil. As the 
reservoir of nuclides above the earth is 
depleted, absorption from the soil will 
become the major factor contributing 
to concentration of the radionuclide in 
the plant. 
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