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Effect of nonexchangeable potassium in soil on transfer of radiocesium

from soils to brown rice in pot cultivation without potassium fertilizer application
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Kazutoshi NIITSUMA and Yoshinari SUZUKI

Abstract

We investigated changes in contents of exchangeable potassium (Ex-K) and nonexchangeable potassium (Nex-K) and

the transfer of radiocesium to brown rice over time by growing rice in nine soils in pots with no K application. The Ex-K

content in the soil decreased significantly from the first to the second year of cropping. Thereafter, it leveled off or decreased

slightly. When K was depleted, the transfer factors (TFs) , which measure the transfer of '3’Cs to brown rice, increased by

year, at a rate that depended on the soil. Most of the soils in which TFs increased rapidly had a lower Nex-K content. The

Nex-K content was correlated with the TFs, and did not change significantly during the 4 years of cropping. These results

suggest that Nex-K content is an effective indicator with which to evaluate high-risk soils in which the TFs increases rapidly

with decreasing Ex-K .

(Received September 30, 2021 ; Accepted March 8, 2022)

Key words : nonexchangeable potassium, radiocesium, brown rice

U — 1 RIS U B S A LK

ZAPH 202149 A 30 H, ZFlH 202243 A SH
sk AIFZEO—ENL, 20204F9 H, HATHHOE P TRE L,
1 Bl RIS T = e T
2 BURIb RS R T



16

R RFER A v 2 — IR RS BN IEE SRR 35

1 & 8

BAARKESAAL O B a5 7/ 15E
TS0 L0 . B S A0 L. TS
VE~DETEE > o AOBITHAME E 72 o7, +
B D ZKA~OIEE VT & (BTCs) OBATIR,
TEEPIC R M S U SIEAE T IE Z K
BiCs REZINTEX D Z ENPHLNIR->TED,
2012 FLUES U BRI L D WImi xR 23
FRESINTE? 9, —FHT, ZIHHE, LKiTk
VN BICs DFEYEE (100Ba/kg) 28 R 7= FFA 72 u
7o, HBEIZ L - TIHEMBITNZ TH Y % Lfd3
5 Z LT X AWIENHIXER & T oo dh b, £
DI Atk TR OZZHNE S U OIK T RRE S 4,
FAUES TEZKRD ¥iCs JREEN EFHT 5 RN
bDHHOO, T, ZHEA Y 720 T < FERS
1V b ZORA~D ¥Cs AT & BN B D Z & D3
mERTHS Y,

Z T, AR TIE R OZHNE D U S BN
DL EIZEZKFD s D EFT DI 972U R
7 RS D7, AR U SRR > MREE A
TN, A Y ROFEASHANE Ty U ORFEAA b A7l
L, ZKA~D PCs BATIZ KT THEZ ST
HZERHBE LT

2 BTk

(1) ikt

AT, REREAIZBN T 9T (AL B, C,
D, E, F. G, H, I) »68ML (K1), ST,
Vb 3 i, JRep 2 M, S 2 MR, RO 2 MR

1 HEREUA

Thod,

THET, 2014 FIRMKEETHE - REROFAE
KR &I o T KHEEN G, BB T
DA ZRAD FCs BATERERD i  INHER D Attt
71V EEMERVEORHEN B 5 A S LTz, +
BOYAIT A IR, B IKGEE#E, C IKEKHE
+. DIKERM . EARpt, FIREAMEHIT, GIR
met, HREE L, 1T IKEEETH D,

(2) Hets 7k

A R - S 720h, 1/2000a U7
Ry MIFEE L, 3 E TR E1T-o 7,
MEAR &L H U M 225 10+2g/ i, U Uk 10g/ i,
L7, WL TRo-S5) 2L, 148y MY
720 3Bk (AAR/BK) CHHE LT, RIS CHEE4 2
~ S4EfkE L TIT o 72, 13 A~E 135 4(2015~
2019) . THEF~G 124 4£(2016~2019), +HEH1Z3
HE(2017~2019) . +HE 1(2018~2019) 1% 2 4E, kit
LCHdE L,

(3) it ik

FAED LK 1Cs PP INFER T8 970s JlRE
INFERL T rhac Ty U B, IURER: TR IR
MRV EBEERE L, 7o, 1 U & EIFR ey (K0)
For & Ulc, ZKRF RO D ¥1Cs JREORIELC
T~ =0 2 g RRER A Le, 7 U RE
EF WO R 2 U7, R IEscHatt:h U
FRENCIE 1 OMBAREE I &2 = D 9,

3 HBER
(1) TEEASHANE D U B & SR~ D
T LT ORFEAL

7 VSR > NEEE 1ERD 5 FEHETOL
HEhARHAPE ) U G, BEE LA D 24EE TR
TP LIz (M2), TOBITHEN 2RE, 1~
6mg/100g Hz T DRV NP TRETW N U TR0
MNCHERS LT,

7 VSR > NEEE 1ERD 5 FERETOL
B0 Sk~ BCs BATIREUTAE A ER- LT (K
3)e LML, EAROEREIIHEIC L > TR ST



17

KAED 71 ) B R v PRI B W TR IEZARE S Y SRV L RO & 7 LRI KIE 3 E

BY. @00 RO L | S
MBRR NN D o7z, £z, BRTH LS
NTWDHEED 29 RRBCHRHED V) Gk
BATIRE ORI TEm WADBRERS R onl: (57—
PELON

w P
ol o

w
o
L

SHatEH U EE (mg/M100g 21)
a& 383 B

>
—_
o

L

Tz
o1

o

1€£8 2%8 3%£B8 4%£B b5%H

2 KREA Y B R > FEIEICBT S
IV FER% 3 At 1) & B DR HER

0.6 1 o 1A
A1+ 1B Jel
0541 s=+#C
+H#D
04 LiEE |
” a1 ' ;
% o5 | WLEG
e Y .
Y - 1+ 1EH 3
> T | 4
0.2 P
o
RN O S 35
____________ é”””_‘é
0 A 2
148 2B 3%H 4%£8 54H

3 KREA Y EfEH R > FEIEICBT S
BATIRBOOERHER

(2) FERcHatt T U & RATHRIR D BIR

FAEOUFERS D HIROIEAHNED U 58 & BATIR
BITITAORRMEN R S, FEHE T U & &)
VITDIEE, BATMRBIE ER Le (M4), £, &
Bk ) G b IERHNE D V) G B O WS DR
Rt A28, =7 =AHE BellCurve) CTHEAF
It aAT ol ZA, BFEAIT 1 % /KETHETH

V. WEEE D 5 %KETHERMBENE b,
M V) OGRS U OFEREREIR R
NE-0.41, -0.49 TH Y | FEMED U E RO
BINORRE D oT, £, HED U E R EIER
BED U EEROMICHBIZR STz (F—4
B8,

0.6
- O TIEA

0.5 A\ Z5
y = 0.284 x(0.563) \ 1B
O +#&C

R? = 0.42
+i#D

o HiEE
A HIBEF
m G
& TiEH
x T

0 50 100 150 200
INEERTIERME D U &8 (mg/100g%2 L)

4 JKEEH VR  MRERCIIT D

AL ) G R L BATIRER ORR

Flo. LD U B BOERMES I THATHIED
U & &Y 100mg/100g # ELA EDORmNH DT RR0E
LOXNRRLIEN, BIRLer T ) B0
ECHER L7 (M5),

180 -
~ 160 4
Jg = T1RA
& 140 "
: -+ +1%B
E 100 pre
- — o tEE
gr\[[ 80 X\( -‘_ifﬁF
> ) = +1EG
g . -o- +1EH
Kol g .- -
& 01 SomeTTa

o L e - i ] !
148 s ¥-H= 4 F£H

5 KA U BRI v M RERICBT S
LT ) G B DETMER

4 £ £
IKFRD A V) B FHAES BV C TR o Ass A



18

R RFER A v 2 — IR RS BN IEE SRR 35

) ERITEEE VFEEND 2FHTRE DL,
ZDH%IZ 1 ~6mg/100g #z DI EEFE TREEV
TEOOPMBENCHERS LT, 730 B8 H ks 2 4F
H 6 3ERICTTHRELBA LTV, 2
I H OFEARD O TR U G RN, &
DD FTEEL Y HE-oTo72d, b5 DIZEEHH
EELIELOEEZ OND, B ) ERHR > Mk
e 5 2 L Ch U EEEIRIE L 72 o T A . KK
~OD YCs BATIREITI 4 EH- L=, LovL, EHO
FREE IR L o TR | D0 N S
ATz 3 & e Ns BLo - R B o7, -
HER DASHAPE T V) S BS 1~ 6mg/100g 2t 9
ey MG O H TR U SOOI S HERS L
TWDICHEADL LT, BATIRERO EARREICKRE 72
M-I Z LD, BATRED AR
P U GRS ITHNOER DD Z LB 2 bz,
A, ZHEMEA U 720 Crle < FERSHE D U b oK
~D BiCs BAT EBREMENR S D Z L3 ST
5P, =T, HEPOIHES ) EEICER L,
71V B FAR > NREFICIS T B BAE DOINFEL O 158
DIEZHNED V) B Eaw i Uiz, ZOREE, 2%
BATRE OB A o7z THEITZ DIE & A EHMit
T L il U CIRsc it U SRS . FERSHAE
1V G b Kk~ D Vs BATIREORIZITA DB
RS R S, A & D WRIEE 2k > C g
DIKEEHERAZHNET U DSFFE LT-12121E, EREE %
DEALFEROIER, & 5\ EEA DRSS 7-RICAT
T 2IERMaE D ) b s g 9, Zhb
DLt FEHNED Y 3 U OBEGIR & 720 |
LAKAD BCs BAT AR L TV D ATREMED S 2 5
Nniz, 72720, H3ED EOH O XL 5 IZHER#ED U
BREMEWT bR & TR TR O 27 M R,
SIIRNAIEN D o7, 58 H ITES A O St
TV EGENEL . SEMOY ) EiHR > MR
HCOHRHNED U EEN TN o TWRWEEE %
RLTWD (M2), ZDI=DITBITREN ER- LT
WRHDEER B, SHBHED Y GRS E BT
TR TR B LT D REMERH 0 | 5%
BLETHEDSNLIECTH D, THED OBITIRENZHE L
PROWBERNT DWW TR, AcHE D U & B OFEAcHadt:

1) EEPOHINITE ehoTe, ZOERIZON
TUIA BT IIEET D Do IHATHMET ) G EDE
THERS I, BRI O ) Do ME TH Y |
AAERDOFEE DT TR E BT 2D o7,
UEDZ Lnt, FEAZHMETN U GBI U
DR, BIITATIREDS ERT5 K97V
A7 DT DG NRFEEDO D& D & 72
LAREER S D EEZ b, Atk FERHES Y
BEAEIRES T DI, MHEANGHND K O e T
DERFNTZHED H L &b, < OIS T
Ffx xR A w5 & LTSRN 2 D 2 B B
HEEZD,

5 W =

KGO T V) B » MW T, TR
M S U G RIIREE 1R D 2 H TRE
B, ZO%IT 1~ 6mg/100g §z DKV VE#PH CHE
RO SUTRORBAEANHERE LTz, ZDLHITHY
R AR MESETH VEGEEIREE L oo T2 80 X
KD B1Cs BATIREUIE . EFH- L=, UL, E&-
OFEEITTHIC Ko TR o 7o, RIMABITIRID
MM R o7 BRI E A Dt L i
U CHERRHAME D V) B M < | FEASHEh U Gl
ZAKAD WCs BATIRIOMIZITARED R Tz, 2
DZEND, FERHMES VDAY ORFEIRE 720 |
ZKA~D FCs BAT 2P L TS ATREMEDY S 2 6
Nic, 7eds, FEAHUED ) EEOFRIERIL, 44
FORIE DO TR ERE® T VLER Th T2,
INHDZ LG, FEHANET Y BRI Y
DR N, BIITATIREDS RT3 5 K97V
A7 DTN DG NRFEEDO D& D & 72
LAReER S D EEZ B,

51 P ST
1) P.A.Helmke. D.L.Sparks. 2000. Potassium, Rubidium,
and Cesium. Methods of Soil Analysis Part3.Chemical
Method. SSSA Book Series. No.5, pp.559-562.
2) INFEEL « CHBRHRE « ARG - BRATEEN - o)
1BV « B - el - BRI BEE. 2012, K
HAHEOD Y T AHE o 2 X2 Zokofk



IKRGD 71 U SRR A v P BEIC B T HIROIELCHE D Y SR XK OB > v LRI

)

19

SR U AR OB, WFFERCRIE R (RO
HE - EHRE SR
https://www. naro. go. jp/project/results/labo
ratory/narc/2011/a00a0_01_67. html
3)Kitagawa,Y. Yanai,J. and Nakao,A. 2018. Evaluation
of nonexchangeable potassium content of agricultural
soils in Japan by the boiling HNOj3 extraction method
in comparison with exchangeable potassium. Soil Sci.
Plant Nutri.  64(1) : 116-122.
4 YKurokawa,K. Nakao,A. Wakabayashi,S. Fujimura,S.
Eguchi,T. Matsunami,H. and Yanai,J. 2020. Advanced
approach for screening soil with a low radiocesium
transfer to brown rice in Fukushima based on
exchangeable and nonexchangeable potassium. Sci
Total Environ.743 : 140458.
S)RRFERS. 2009. HAROEHHTHEOD Y 7 A
DOIFRE. AARTHIIEFI MRS, 80(1) @ 80-88.
6) K. 2014, KRGO BES Y > 0 LRI
W AARTHYEEIRI MRS, 85(2) : 90-93.



20

R B R A v 2 — ISR U TE W E S SR R

Fere

£35




