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To>~.\To .+SO sJ/G.wI planN \\cre gro~vn in gret=nhmlse pot cultures usin: soil from
Ilon:elap .\toll, ~~llici~ received f~llout c(]llt:~]l)ill:{tio[l in 1954. The tre.l~~t’nts
m\ ol~ccl various combll):ttions of X, P, and K. All fertilizer treatments mar Kedl)”

“Contrlhuhon from the University of \Vmhmgton under Contract No. AT( 45-1 )5JD, with
the Lrutcd States .ktomlc Energ Commission.

.“

.,.

,4,,
, ‘.,

:.,+,1
.,.

.



recluccd the content of Cs-137 in the tissue. .-11s0 reported we the rcsu]ts of a fie!cl
expmiment on Ronse!np Islancl in Itl]ich fertilization I;’ith KC] at IcLlst telll-

pormilyreduced t}le content of CS-137 in a native grass. Potassium find cs-1~~

contents of foli.ar samples of several \Yoocly species collected on Rouge!rrp Isl.md
are also included. In the most common p~tte]-n, K and CS-1.37 contcuts of the

upper foliage \vere higher than those of the lolw lcn~’cs, but one species con-
sistentlysho}ved higher Kbut IowwCS-137 in the upper foliage. Lo\s K status of
the soil aud differences in mobility ~vithin the plant may explain these patterns.

IA’TRODUCTIOXA\-D\rETHODS

The data reported here concern the uptake of CS-1S7 by plants from soils of
Rorrgelap .%toll, Yiarshall Iskmds, ivith special reference to fcrtilimtion of the
soil \\”ithY, P, and K. The report includes the results of greenhouse pot culture
tests using Rongelap top soil, as well as foliar analyses of native vegetation grow’-
ing on the atoll. Ron~e!ap .Atoll ~vas contaminrrted by radioactive f~llout on
\larch I, 1954, The principal radionuclide found in plant tissues in 195S and
1959 ~vas CS-137. Radionuclides in the soil remain in the top fe~v inches \vith
902 or more of the radioactivity in the top t~vo inches or less.

In the current greenhouse studies, tomato and squash plants ~vere groi~m in
Seattle on top soil (O to 10 inches) collected in a coconut grove on Rorrgelap
Island. The soil ( perhaps better called soil material) consists entirely of calcium
carbonate fragments derived from corals and foraminifcra, into \\hich is incor-
porated about 92 organic matter. In the rather coarse unsieted field soil the pll is
S.0; the cation exchange capacity is attributable entirely to the organic fraction
and is about S meq per 100 gm; among the exchangeable cations there are about
507 Ca, 152 ~fg, 42 X3, and 0.7; K; the soil is coarse, very friable. and higll]y
porous.

The pot culture technique [vas essentially that of Jenny et a]. ( 1950 ~~.Fertilizer
solutions \\-eremixed \\’ith 687 gm portions of soil w-hich \vcre pl.~ced into 6-inch
plastic pots, uniform seedlings \\rere transferred to the pots, and the plants ~vere
\vaterccl \vith cfistllled \vater as ncedecl. Plants \vere har~estcd after about 30
d~Ys, and the tissue o\en-driecl and grouncl, The CS-137 content of the dry
m:itcrial \vas determined b}’ gamma ra~” spectroscope using a three-inch thallium-
acti~atecl sodium ioclide crystal in conjunction vith a multicl]annel ,mal>zer.
Tissue \vas clrv ashed and the acicl solution analvzecf for potassium by titration of
tile cobaltinltrite precipitate ~vith permauganat”e, Samples collected in the field
usLlallv included lea~es from the upper ~~ounSer) md lo~ver ( older) foliage,
.Jnd !t:ere composite samples from se~eral” plants in the vicini~r of a collecting
point, Tile tissue \\J~ o~en-dried in the fielcl heaclquarters, and \vm subsequently
r~’-cfriec!, :rouncl, ond anolvzcd iIl the same manner as the ,g-cenhotrse samples.

Grrcnllousc E~pcrimenfs

Irl .+prrllmln?,r!- ck_pcriment \\itfl tomato, ,v~r]etv 31ar:lohc, t~lefertl]izcr treat-
ments ,md the CS-1.37 in Cfisi:]tcg Iations per n)inute per ~m drlr tissue \vere:
unfcrti!lzecf contro!, 490; .\”-P-K, 100; N-P, 190; N-K, 240; P-K: undetectable.
Tilese results are ]Jarticularl} interesting because a]] fertilizer acl(litiorrs depressed
tl)c uptake of cesium, Ther~ ~vx markccf rr=sp(,nsc in yield to the nitro<en and
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the potassium fcrtiliz:ltion, but not enough for dilution to .Iccoltnt for the
diffe~cnces in CS-127 contcuts. Tl)e :~bscncc of radiocesium in the P-K [rc.ltment
ftas associaterl !!ith an unusual]y high K lcvt=l in tht’ plant tissue.

? Follo\ving this prc’limina!> exlmrimcnt J!ith tomato, a further greenhouse trial
was made lvith squash, ~ariety I+ubbarcl. Squash \\’as usecl because it is one of
the fc~v herlmceous plants successfully cultiv.~ted in the northcl-n 31:r>lloll Isl(mcls.

-t The treatments \\-ere set up in triplic.~te, rcp]ication was good, and t!~e plants
ge~v we]] except for some cldorosis 1~’hich ~~as not entirely corrected by the
application of 1,5 mg Fe pcr pot as ,\’aFel:I)T.\ (Fe chelated by eth\lcnecliamine-
tetraacetic acid). The plt~nts \\ere di~ idccl into upper leaf, lotver I’eaf, and stem
fractions at hilivest. Since the results ~~erc qualitativcl~ the same for dle different
fractions and space is limitecl, Table 1 presents the yielcls and K md Cs analyses
on tlw basis of t!le entire sl~oot. Tllc results of this experiment \\”ere in general

T.+BLE 1

CLSIU\l.<XDpU”r.<SSIL”VCOSIESTS OF ~QL”.lSIIAXD OF S +TI\”E~1’ECIES
— .—

.ATerage meq
f3e5criptioo dry )ield K CS”7

,gm) per 100 Sm d/m/gl

S~uasll in frecnhousc pot cultidrrs (total shoot)

So fertilizer 45 29 6 -410+.14
s, P, K? 8.0 17 7 lwnll
s~P4K~ 7.4 36 3 l:jOa14
x, P, K, 55 17 5 IXJ=14
s, P, 1<, s-l 2ij 8 120Z1G
\-j P, I<? F-e 10 2 ?6 3 qj+~~

lError qi~en is !l.5~c cou[lting error.
1.5ubscripts refer TO rate of :ipplic3tion per acre of S. P!3 or KLl

in hundreds oi pounds,

similar to those ~vith the tomato, althou:h there ~vas no response in ~icld to.
potxsium additions, and the tissue from the .N{,P4K: treatment cont~ined Cs-1:37.
In all cases the fertilizer amendments caused a sharp reduction in the CS-137
content ex-pressecl on a d m qm dry bmis, although this effect could not be
associated ~vith a particular fertilizer element. The clepressi~’c effect of fertiliza-
tion on ccsium uptake is also evident ~vhen the total CS-1S7 in the siloot is calcu-
lated, indicating that diIution by a treater amount of dry yield cannot e~-plam
the reduced ceslum content. In the dii~erent portions of the squash shoots. CS-137
\Yas in all treatments highest in the upper leaves, Io\vest in the lo~ver leaves,
and intermecliat~ in the stem. Squash plants gro\vn on the same bcncl) at the
sdme time but in a grtxnhouse loam wi] contained no CS-127. Results of analvses

1
for Ca. \lg Xa, and P04 in tile tissue do not offer any obvious e\Tlan.ltion for the
differences in cesium uptake, although it should be noted that talc ium levels
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were very high, especially in the lo\ver leaves, in which Ca ranged from 690 to
980 meq per 100 gm of dry tissue.
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ArMlyscs of Leaf Tissue Collected on Rongelap Atoll
., :...

I ,,,..,.. f.
,., .,..& ,.

Foliage samples have been collected in the field, primarily from woody plants,
‘,,.,:. :

w’hich 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 > ~. ~i

and CS-137 in three of the common species are given in the lower pmt of Table 1.
, M f.

Potassium contents of the upper foliogc haie consistently pro~’ed to be much
..;;:+.
.,

higher than those in the lo~vcr foliage. On the other hand, Ca and Nfg levels have
- +’

been consistently higher in the lmver than in the upper leaves. In the case of %$’$$ “
CS-137, the pattcm is consistent in the samples of a particular species, but there ,~.$”
are differences bet~veen the species, In Messcrscllmiclia and Pandanus, CS-137
levels are higher in the upper than in the lower foliage, ~vhich is the same pattern

;~~,;l:

that was observed in the squash growm in the greenhouse, In contrast, Scaeuola
,. : ;:/::.

sho~vs higher levels of CS-137 in the basal than in the upper leaves.

.:, .$ ,
. 4-

ln one instance the effect of mineral fertilization in the field was tested. Two
,,

.,

1/S0 acre plots in a coconut grove on Rongelap Island were treated with a broad-

> ,., ,,
,.

~. ,’.,

cast application of KC1 in .August 195S, at a rate of 140 pounds K20 per acre. The
,,, .,.’,.,. , ,

dominant ground vegetation, a grass ( Lepturus sp, ), was sampled in hlarch 1959

,,

from the fertilized find control areas. .Avcrage \’alucs for the content of K( meq per
100 dry gm ) and CS-137 ( d/m/gm ) \vere as follows: Control–10.l K, 63 CS-13’7;
Fertilized–16.5 K, 20 CS-137, Samples from the same locations collected in
September 1959 sl]mvcd no signific,int difference in either K or Cs contents,
however, and so the ckq]ressivc efTect of the K fertilization on G-137 was

,,

apparently transito~, although tlw possibility of seasonal differences exists.

DIWUSS1OX

N, P, ancl K fertilization in various combinfitions depressed the uptake of CS-137
in all cases in the grccnhousc experiments. It \vas clear that dilution bv increase
of dry jield \vith fertilization could not explain the reduction of tlic Cs-137 levels,
but no genera) c.~pl.lnation for the effects of the tl]ree elements can be Siven at
this time. One fact of possible interest in this connection Tvas the cons~dcrablv
higher upta!ie of K ~vhich \vas observed with the P-K treatments ( i.e. without
\ ) tvith both squash and tomato.

The results of the pot c~lltures do not distinguish clearly bctwwm the effects
Of t]lc different. fc’rti~izcr e]c’nlcllts o]] CS-137 content of t]lc p]ants, since no treat-
me[lts in}u]icd Sirlg]c c]cmcnts. There Ivas an indication in tile tomato tl)~~thigh
K content v.as associ:~ted ~vith lo\\er CS-137 content, but this was not confirmed
b! tl,c tests using squash. .1 possible explanation for this difference lies in the
fact that tomato responded in yield to K additions but squash did not. In the
fertihzation Ivith K in tllc field, .it least a temporary depression of CS-137 uptake
I\W effected, This ii consi>tc]it \\itl] the results of Nishita ct al. ( 1960), who
oljs~ric[l a dccre~iscd ,~bsol-ptlon of CS-1S7 t~.ith K fmti]lzation of soil which \vas
10IV in K. Tllc Rong:’l<{ll S011s ill-( lo\\ In K as eticlcncccf by soil analyses and by
the \’cr\’ lo\v levels of K in tlie ol<lur Icz\cs of tlic pl.Ints glol~in< on them.

TIIC differc’nccs bet\\’L’c’nl\l>l>cr.II]C] ]oivm foll:lgci ill their co]ltcnt of the varloos
ions m-e of special uitc,rcst. 1 Ilc most USU:(I l>,~ttcln sl]o~i.s both K and CS-117
higllcr in the upper lca\cs tlml in tl)c IO\vcI- leaves. Field-collected Scacuola
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foliage consistently hm higher K but ]oucr Cs in the upper than in the Io\ver
~~, ,:;

leaves. This would be in accord !vith a pre~ious study ( Rediskc and Scldcrs,
.

:~;,i,),

1933) ~vhich shotvcd Cs to function as a relatively
‘+hj’ ,;

immobile element in be.m

h

.-, ..+,* ~ ,
plants. Data from additional field samples of a ~reater number of pimt species

,.,. . . ... +,
,,.~ ..

are being accumulated at present ~~’ith thehope of cstablishil:g more clearlv the ... ..“,$
* dif7ercnces between species in this respect and the signticance of the ;harp “, ;;;($;

differences behveen the older and younger leaves.
The K and CS-137 contents of field-collected lcachates from Rongelap soil ‘

~~~ ‘t

,:,,: :.:

have been shof~m to be greatest imn]cdi.ltely follo\ving a dry period (Cole ct al., ‘:/:: .$:

1960), Since there are marked seasonal dif[menccs in precipitation at Rongel’~p
-“’?;$$;.Atoll this may haye a be.lring on some of the resuIts ~vhich haye been discussed.
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