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RADIOCESHX IX PLAXTS GROWN OX ROXGEL.4P

.ATOLL SOILS*

R. B. lt’.4LKER, E. E. }IELI), ASD S. P, GESSIIL

Uniccr5iry of U’a.shin:ton
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TOMATO AXD SQUASII pkmts \vere gro\vn in :rccnhousc pot cultures using soil from
R~[l~cli~l) Atoll, ~il)ich rwcivml fallout cont;unin;ltion in 1%4. Thr tre,ltrnents
intolid \’arious combinations of ~, p, and ~. ,j]] ferti]i~~r tre~t~*ents n-l~r~e~]~

‘Contribution from the University of JVashington under Contract SO. AT( -i~>l )54D, with
the United St~tes .itomic EnerLg commission.
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rcducc~ thccontcntof cs-]~yinthe tissue. :IISO r~portcd al:’ the msu]ts of a fie!d
,’-*’f.,.1.~: -

cxpcrimcnt on Ron@p Island in ~vhi(h fcrtiliz:~tio:l ~\itl~ KC1 at least tcm-

4

;<,; ?;,:

porarily rcducecl tile content of CS-lW m a natiie CJ~ilS5.Potassium fin<] CS-137 ‘ $.

contents of foliar s:~mplcj of several tvooclv species COIIW!C(l OH I{ongclap Island “ .: :tl;
are also included. In the most common pattern,

.;w.
K and Cs-137 coutcmts Of the g . i;

upper foliage were nigher than those of the Io\ver lcaYcs. but one species con: ‘:&! ~
sistently sho\vccl highm K but lo\Ycr CS-137 in the upper foliage. I.olv K status of .
tile soil and differences in mobility ~vithin the plant may explfiin these patterns, .~$$.

,,.,:,*.:,
*.; ?:”

IXTRODLTTIOX AXD NIIXI-IODS
....

;:.,’t..
,...L

The data reported here concern the uptake of CS-137 by plants from soils of
;%+:: -

Rongelap Atoll, Afarshall Islands, ~vitb special reference to fertilization of the

,-.,
!: ,.:’:’

soil !vitb X, P, and K. The report includes the results of greenhouse pot culture
~.,.,,, ..

,,. .,

tests using 170ngelap top soil, as well m foliar analyses of rlative vegetation gro\v-
f.

ing on t~le atoll. l{onge]ap Atoll Ivas contaminated bv radioacti\’e fallout on ... ,.

March 1, 1954. The principal radionuclicle found in pht tissuesin 195S and ‘
1959 was CS-137. Radionucfides in tlw soil remain in the top fe~v inches \vitll
90% or more of the radioactivity in the top two inches or less.

In the current greenhouse studies, tomato ancl squash plants were growm in
Seattle on top soil (O to 10 inches) collected in a coconut grove on Rongelap
Island. The soil (perhaps better called soil materiaI ) consists entirely of calcium .
carbonate fraagyncnts derived from corals and foraminifera, into lvhich is incor-
porated about 9% organic matter, In the rather coarse unsieved field soil the pH is
8.0; the cation exchange capacity is attributable entirely to the organic fraction
and is about 8 meq per 100 gm; among the exchangeable cations there are about
80% Ca, 15% hlg, 42 Sa, and 0.77 K; the soil is coarse, very friable, and highly
porous.

The pot culture technique was essentially that of Jenny ct al. ( 1950). Fertilizer
solutions \vere mixecl ivith 667 cjm portions of soil ~vhich \vere placed into G-inch
plastic pots, uniform scecIlings \\’cre transferred to the pots, and the plants ~vere
\vatercd \vith distilled Ivater as needed. p]ant5 ~vere }larvestc~ after about so
cfavs, and the tissue o~’en-dried and ground. The CS-137 content of tl~e dry
m~terial \vas determined by gamma rav spectroscope using a three-inch thalliun~-
acti~’atcd sodium ioclidc crystal in conjunction w;th a multichannel anal~zer.
Tissue was dry ashed and the acid solution analyzed for potassium by titration of
the cobaltinitrite precipitate \\’itll perrnanganate. Samples collected in the field
usually included leaves from the upper ( }ounqer ) and lotver ( older) foliage,.
and \\.ere composite samples from severai -plants in the vicinitv of a collecting
point. The tissue \vas oven-cfriecl in the ficlcl headquarters. and (vas subsequently
re-clried, ground, tind analyzed in the srune manner as the greenhouse sam~lcs.

RESULTS

Grcc)dlousc Experiments

In a preliminary experiment \\itll tomato, ~~rietv \larglobc, tile fertilizer treat-
ments and the CS-137 in disintegrations per minute per gm dry tissue were:
unfertilized control. 490; X-P-K, ‘1OO; X-P, 190; N-K, 240: P-K. undetectable,
These results are particular]}. interesting because al] fertilizer additions depressed
the uptake of cesium. There \\.as marked response in’ ~~ield to the nitrogen and “
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Fullo\\’in: this Frclimin:lr)” cxi>crikvlt \\it!) tomat~, :
.:.

I furtl]er :recml)OUSC trial <f:
t>,?.,’.

was macle tvith squash. l’nricty Iiubbmcl. Sq~lash u.fis used bccnuse it is one of ‘2%
the fcl$’ IIcrlmccous plimts sucwssfullv cultit.ltccl in tlie northern ll:usllall Isl;mds. ,’,4/,

The treatments ~verc set up in triplic:~tc. replication Jvas goocl, ancl the plants ,“;ti~.
,’,; ~:;.:

gretv \vcll except for some chlorosis ~~’hich lvas not entirely corrected by the ++, ,.

application of 1.5 mg Fe per pot as .Sa FeE1.)T.l (Fe chelated by ethvleneclian~ine-
. ...,., .$

tetrancetic acid), The pl.mts were clivicled into upper leaf, lol~er leaf, and stem
.; ,.,. ,,

,,.

fractions at harvest. Since the results wwc qualitatiT,cly the wne for the diilerent
.. ... .,,

fractions and sp:lce is limitecl, Table 1 prcwnts tl]e yields and K and Cs analyses
,.:,,- -,

,,;,

on tile basis of the entire shoot. The resu!ts of this experiment J~we in general
. .
,.. ”

!.

‘r.\BLE 1

Ctx~3t .*SD Por.+sstu;i COXTEXT5 OF 5J(-.4SH.WD OF \ .ATIYE~rFcII;s
,,

— —..——. .—
.+verage meq

Description dry yield K (-s13:

(gm ) per 100 gm djm jgl

Squaslz iv’ ~rcenholtse pot ctdlurfs (total silrwrti

Xo fertilizer 45 29.6 4 10*34
s, P, w 80 17 7 170+11
x$ P, K: 74 :36.:; 1:;0+14
SJ P, K, 5.s5 47 .5 15U+14

s: Pa K! S34 26 s 120=1G

1-,1’41<!Fe 10 2 2!;.3 220=15

Foliafe crrlkctcd ,irom zood~ ~lauts on Rorrgrinp Isiarrd

.lI<sscrs{hmldla orgentcc upper ic<l}.e= :\:3 24(1+s
(soil plt25J lower kclvcs G,6 151)~7

Scocw;a scricea upper iea\c> .35 llr..l~l;
(soii pit 2,5) icr\vcr icaves 12 1.5(I= 7

Parraafius tectrrrrl, s upper leaves 1s 5 26:3*J
($illage-21 lower leases s !) 1:35+4

—— —
lError Kiven is 03?0 counting error.
~Swbscripts refer to rare of application pcr acre c,f s. P,@, or ~!~.

in hundreds of pounds.

similar to those with the tomato, although there \vas no ‘response in yield to
potassium additions, and the tissue from the X{IP+K: treatment contained Cs-lN.
In all cases the fertilizer amendments caused a sharp reduction in the Cs- 137
content expressed on a d/m,’gm dry basis, although this effect could not be
associatcc] tvith a particular fertilizer element. The depressive eflect of fertiliza-
tion on cesium uptake is also evident \vilcn the total CS-1S7 in the shoot is calc~l-
lated, indicating that dilution by a ,greater amount of dry vield cflnnot e.qiain
the reduced cesium content. In the ddterent portions of the squash shoots, CS-137
~vas in all treatments highest in the upper leaves, lcnvest in the lmver leaves,
and intermediate{ in the stem. Squash plants g-otvn on the same bench at the
same time but in a greenhouse loam soil contained no Cs -137. Results of analyses
for Ca, \lg Xa, and PO+ in the tissue do not offer any obvious espkmation for the
differences in cesium uptake, although it should be noted that calcium levels
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were very high. especially in the lower Ica\’es, in ~~hich Ca ranged from 690 to ,1:~:i.

980 meq per 100 gm of dry tissue.
,~1>.

.+.
‘:%’:,:

Arudyscs of Leaf Tissue Collected on Rongelap .4to11
● .’A+FJ

Foliage samples &e been collected in the field, primarily from woody plants, “ :;;.j$j,;
which dominate the atoll environment.’ In most cases separate samples were taken
of the upper and the lower foliage of the plants. Representative values for K t

‘::$

and CS-137 in three of the common species are given in the lower part of Table 1. *@

Potassium contents of the upper foliage have consistcntl!’ proved to be much
.,,
!,,”*”i, ,

higher than those in the lower foliage. On the other hand. Ca and Nlg levels have %$.

been consistently higher in the lower than in the upper lWVCS, In the case of
J,) ; ,;.

CS-137, the pattcm is consistent in the samples of a particular species, but there
,,:.?.”1,

::.*~...
are differences between the species. In fllesscrsc~tmidia and Pondfrnus, Cs-137 3“ :$,’

levels are higher in the upper than in the lower foliage, ~vhich is the same pattern
.,. .,4:,:;

that was observed in the squash grown in the greenhouse. In contrast, Scacuola
.’. ;“

showx higher levels of CS-lW in the basal than in the upper leaves.
t+,,

In one instance the effect of mineral fertilization in the field was tested. Two
..’

1/80 acre plots in a coconut grove on Rongelap Island ~vere treated ~vith a broad-
,., .’

cast application of KC1 in August 1958, at a rate of 140 pounds K~O per acre. The
dominant ground vegetation, a grass ( Lcpttnws sp. ), was sampled in Nlarch 1959
from the fertilized and control areas. Average values for tile content of K( meq per
100 dry gm ) and CS-137 ( d/m/gn~ ) were as follows: Control–10.l K, 65 CS-137;
Fertilizerl-16.5 K, 20 CS-137. Samples from the same locations collected in ‘
September 1959 showed no significant difference in either K or Cs contents,
however, and so the depressive effect of the K fertilization on CS-137 was
apparently transitory, alt}lough the possibility of seasonal differences exists. ,

DISCUSSION’

AN,P, and K fertilization in various combinations depressed the uptake of Cs-137
in all cases in the greenhouse experiments. It \vas clear th;it dilution by increase
of dry yield tvith fertilization could not explain the reduction of the CS-lW levels,
but no gencrai explanation for the effects of the three elements can be given at
this time. One fact of possible interest in this connection was the considerably
higher uptake of K which was observed witl~ the P-K treatments ( i.e. without
IX) \vith both squash and tomato.

The results of the pot cultures do not distinguish clwrrly bet~vecn the effects
of tllc difIcrcnt fertilizer elements on Cs- 187 content of the plants, since no treat-
ments in~’ol~wcl smglc elements. There wus an indication in the tomato that high
K content \vas associated with lower CS-137’ content, but this was not confirmed
hy the tests using squash. A possible cxplmmtion for this difference lies in the
fact that tomato rcsponchxl in yield to K additions but squash did not. In the
fertilization with K in tl]c flelcl, at Icast a temporary depression of CS-137 uptake
~vas efiected. This is consistent Ji’itl) the results of Nishita ct al. ( 1960), who
observed a dccreasod absorption of CS-137 \vith K fertilization of soil which was
IOIVin K. The Rongelap soils arc lo~~ in K as c~iclenced by soil analyses and by
the very lo\v levels of K in tllc older lcalm of tlw plants groiting on them.

$...

The differences Mwccm upper and lmver foliage in tllcir colltcllt of the various
ions are of special iutcrcst. l~ic most usual p:~ttcrn sholvs both ~ and CS-137
higher in the upper leaves than in the lower leaves. Fielcl-collected Scacuola ‘

, .,.,.,, 4 .,,.,,
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foli~gc consistently lms higlwr K but Io\vcr Cs in the upper than in tiic lo~vcr
]ea\es. This IIOIdd be in accord ~vith a previous stLIdy (Rediskc and Selckrs,
1%3) ~~hich sI1oJ$c(1 Q to function as u relati~c]y immobile clcmcnt in bem
plants. D,~t.t from additi(m.11 field s;mplc’s of a :rc.iti’r number of plant species
are being accmnuliltecl at present \\itl] tl~c hope of cstablislli]; : more clcarlv the
differences bch~ccn species in this respect and the significilnce of the ;harp
differences bchvecn the older and younger leaves.

The K and CS-137 contents of fl~”ld-collected lcachatcs from Rongelap soil
have been sho~vn to be greatest imlncdiately follo~vil~g a dry period (Cole ct al..
1960). Since there are m.wkcd seasonal clifferenccs in prccipit:ltion nt RongeL~p
Atoll this Imy }Iave a bearing on some of the results ~~hich have been cliscussed.
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