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Fig. 1. 2 \FRHCET 727 5 € D 3 it
Map of the three Pteridium aquilinum subsp.
Jjaponicum research sites in the two municipalities.
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Fig. 2. 10 ittt D kX (7525 (2020 1hn&E]
Overall map of the IO research site (added to Kiyono
et al. 2021).

FAERNINY Z € OE i, 10-1 ~ 6 (O) D TREX.
AFBIGEREX T—UER 25 m D). £ ED2
DOMRRANDIEA Y Y L (K) KA T, 10-1 ~
3V IRIK, fthid KAl T 10-4 ~ 6 A K it
MK ALY iifgzerh 5 5 2007 4 10 H MR8 5
T/ /P EREZE LICSMY T Y 2T
PhotoScan Professional (Agisoft 1) TIER L7z, %
AR 2 m BB T 2011 AR BT L S ARl E
0D 2012 FELFHAEOHE THiZE L— T HIRIC X
% 1-m DEM D BAERK L 7z,

The area inside the dotted line is dominated by
Pteridium aquilinum subsp. japonicum. 10-1 to 6
( O ) are square survey plots and triangles ( A ) are
additional square survey plots with side lengths of about
25 m. The two areas surrounded by the dashed line in
the upper right of the research site are areas to which
potassium (K) was not applied; IO-1 to 3 are the control
survey plots. The other areas are where K was applied;
10-4 to 6 are the survey plots with K application. The
aerial photograph is an ortho image from monochrome
aerial photographs taken by the Forestry Agency (Oct
2007) and the structure from motion (SfM) software
PhotoScan Professional (Agisoft). The contour lines are
at 2-m intervals generated from a 1-m digital elevation
model from airborne LiDAR data taken by the Forestry
Agency in winter 2012, after the 2011 Great East Japan
Earthquake off the Pacific coast of Tohoku.
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Fig. 3. TO il (201745 )1 3 H)
Photographs of the 10 research site (May 3, 2017).
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Fig. 4. 71V v Lffifilh & Wl 07U S5 CHl R0 Y)
WiD7=HDWYIY (10 s, 2017 4 6 J1)
Image of the construction of a shallow trench in the
ground at the boundary between the potassium-
application sites and control sites for cutting
Pteridium aquilinum subsp. japonicum rhizomes (10
research site, June 2017).
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Fig.5. 77 E DM PR &M, Lo mEHE (EY 5
2019 1)
Image of the vertical distribution of Pteridium
aquilinum subsp. japonicum rhizomes, roots, and soil
(added to Kiyono et al. 2019).
a0 L tETay r, USEOM IR+
HWOHZEZICELZZMHEEND O, CNZFAL
THITREN DT HHIAZE 2 TEE Uiz, &2
THETHSRZA T2 O R0 K, 10 &
Bt CH R 23 T8 0.07 ~ 0.14 m ZRGEL TV
7z GEEF 5 2019), b: BT O ZHSHD LT
MR E, HWFEDS ORI rh S M
L TR > Tz,

a: A dug-up soil block. The bracken rhizomes accumulate

at certain soil depths. Using this, the layer in which the
rhizomes are distributed was set as the second soil layer.
The white spots in the second soil layer are sections of
Pteridium aquilinum subsp. japonicum rhizomes. At the
10 research site, the rhizomes ran laterally at depths of
approximately 0.07 to 0.14 m (Kiyono et al. 2019). b:
The rhizomes and roots taken from the soil block. The
roots going down from the rhizome into the soil were
generally thick.
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FHAGEZE . R RIRME & & B IR Uz, 5H
DEMFIZUTOO~@E Uiz, @ 'Cs IR DY 10%
DIWICE Ui & L, @ MCs EEHIREZ DY 10%
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7 e L, VYLV - T2 /7 aY—4f ICP-
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T HEZH O e DAY 7 0 OfEA» 5. Tl

| Bulletin of FFPRI, Vol.20, No.2, 2021

FEEE TR S 72 O DN A A< AITHE L Tz,
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s 22 X THEE L Tz,

L,=F (=1 (@
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WIRPEH FERE R (Mg ha™) . k IERGFEHN R 3R E O
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DO 7 AR 3 BRI U O e N aRE & (F)
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gIChiZ T, P 2 mm Ay aORYVTFL %y b
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T EBICANTIEY, 10-1 ~3H1IZ 3489 D, MsEi F
WEOHLEZ 01 mIcAD K5I Lz, CoiR
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W 1S OO U TEIIN U 7z, AL L 723l RHEkyE L.
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I 72 SE R TIEL U T [RIRHR O & 72 i sEHN R 35
BOHMIEE L U, 24720 OISEE (o IcHEL
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AWFZE T, 10 GBIt TIT b N S IR O KaE R D
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HE MR 25, B E0E 2015 4F 10 HIC 358 + 250 Bq dry kg™
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IS 72 © OHERZE O FIME + AEE(R 2 P, M40
(LUF, FHTHTD DIRVER D | SPIEICIEAEE R A2, #iPH.
MR Z %) 1 2015 4 7 AICZNZF N 10615 + 4986
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DT 5 DRREE VCs YR IE DOREZ LR 2 DD JETHE
EUTze 1 DIEREE V'Cs IRIEDOFHA L ZHE B LI E D
T, BEORIRANMNEFICE>THES T ENE, R
HARK DR BE V' Cs PRI D 2017 4EDZFFHHZAL T — X & V.,
VCs PRIEDBFHZALDISRZ =V PMEIC K> TED LR
WZ eZGE LT, &S5 Az HEE LTztk, %z
2011 4E3 H 11 HE U THREBEIBTHERIL: @if). &
5 —DIFFHIZ(b 2z EEE T, ORI E V'Cs IBED
HZZDXFH., aikEFRICREBIE oML b
1)o mE. EBEDOT A X ZNNGSRBIAFTOT—42 (K
KT 2020) 1K B &, 4 H~ 10 HOARRKER HZD
ISZ =1 2015 -~ 2017 FTREEMN D Tz FE3BDED |
AN ET S COEHEE U TH oD T, 2015 4F~
2017 FEDT T L RS DT OEMIZLICKEREWVIZ T
MolcbEZABNS,

BERFAERAD 2015 FE0 ) Z—JFg & L (i),
201745 HOVU Z—J & 1 (EH 5 2021) OF—X 7%
. 10607 I CRE DY 2 —Jg & 1D Y'Cs
ROBEZLEHETE Lize U Z—TBICDWVTI 2015 4 7
H & 2017 4F 5 AT HHIART Y 720 OV X —EHEEICZ(E
MIENT EZE L, 201547 HD ¥ Cs JHEEIC 2017 4
SAO) Z2—gEEZFELC T, LHEEY7Z0 D Ves &
RSz, BHITDOWTIE, FREGEDIROFAA L 0 ~ 0.1
m, HH5 (2021) T 0~0.05m &¥E>TWVWEDT,
2015 FEDTIEREIIROMEE 2 5L THEES 0~ 0.05 m D
THEEEE L Uz, THUITEES 0.05 ~ 0.1 m DO+ VCs 2
Ex 0, D, I E-> TIHEORBEEIZD LR,
EDIREICE EDL EDTH % AREIRDOIRF A (Imamura
et al. 2017) THIBFHMHKD "Cs 1& 2015 FE DWFET

THEIC 81 ~ 89% METEL. KEIEHEET 0~0.05m D
TEICIFELTED, 005 m L MICEDINMCHFENTY
feo PCs DNMEIT T T CERE L AIBREEZ D NB T e
HEEE 0.05~0.1 m DD VCs JBEIZ 0 TRZWVDT,
LEREDRE T/ NaHEEMMNE LN REEDN D 5,
—J7. THEOBRBEEIZESE 0~ 0.05 m HEDOFFTH/NI W
(&) T T OE TIEEREHEEMMNE 5N B etk
B %, HEENs 8 s BITE T 5 LI RiEEED
H5,

AWIZE T, ADR X Cs, Cs. YK IEEOHEICH W
TeBERIE VTN N RIEZZT TWVd, St
T LR 2015 4F, 2016 RIS BRI L 7250k
ZES, 2T2017F 9 H 1 HZ R HITHERMIEL 7,
R PEY IR S DRI R IR LU & R > 7o, M
FRRAE TR Uzo 3 BELLEOWIEM O Ll Tld A Bk
% P < 0.05 123 E LT Tukey-Kramer £ CTZE I L 7z,
A 2% D 5 EF AR AT 12 R3.3.1 (R Development Core Team
2011) ZffH Uzo *#410& YList CKA + #2[H 2003-) 1<
HEPL L 7=,

3 k5

31 7S EDEBDEEHZE(L

EDOREYIZEE : WX TIEEED 2017 42 5 HRIDICBIN T
(Fig. 6)o BRI S HRE TR U, LI 11 HITEDRY
NHZETISKm? ZETHR LTz (Fig. 7). WIEEDIEE
EEE s APANRAKT, DK T L (Figs. 6, 7)o 5
A TaID B REE (BN D) MBEEIC R > Tz, 6 RIS
BIEFIFIFEALED O EHO LS IFMENRER

2018/5/11
2017/11/12
2017/10/18
2017/9/12

2017/8/15

20177721 .
217620 «— Weeding
-_— 201752

— 2017/5/16

A B C D E
Young leaf & Adult leaf

Fig. 6. BHEEEREM DT 5 € O BEREE S O FHiZL (10 ik
SRH X))
Seasonal changes in Pteridium aquilinum subsp.
Jjaponicum leaf number density by leaf-opening stage
(IO research site).
TEREH I 10 ARt DX IEX (10-1 ~ 3) D1,
A~EWRY I EORERMZRL, ADDEICH
o CTHBENHET,
Values are the mean leaf number densities in the control
plots (I0-1-3). A to E indicate the leaf-opening stage of
bracken; the leaf opening progresses from A to E.

Leaf number density (m2)

FRARRA S BT e S 5 20 % 2 5, 2021 |



U S CDEE LI YT LoB)E 89

30 | Weelding

Adult leaf

Leaf number density (m?)
15
(=)

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2
Month/day in 2017-2018

Fig. 7. U T C ORI D FHIZAL

Weeding

Adult leaf

Leaf number density (m?)

Young leaf
N

stopfk-a
0oL —é— ; ;
4/1 6/1 8/1 10/1 12/1 1/31 42 6/2

Month/day in 2017-2018

Sa o g
i L g

Seasonal changes in Pteridium aquilinum subsp. japonicum leaf number density.

LR, 2: AV D L (K) K, -~ A= 10 GAERI D EFHEX OLIHE (FIHEEFE A, B) O, —@— : [
(Al C~EB)o A: IMalBRIDOTHEXOYIE, O : [FAphE AU RBO TRAENXOYE, @ M, /—I&
FEMEOREER A (SD)o IM & 1U ARt T3 X1 K IR T % DT 10 WIRXIC IS E B /e,

1, control; 2, with potassium application. -- A -- mean values for young leaves (leaf-opening stages A and B) in 10; —@—
adult leaves (leaf-opening stages C-E) in 10; A, young leaves in IM; O, adult leaves in IM; A , young leaves in 1U; and
@ . adult leaves in IU. Bars represent the standard deviation of the mean. The plots at the IM and IU research sites had no
potassium application; they correspond to the 10 control plots.

A7 Eolze UL, 10 sl OKNT 6 A FRINCEE
AN EN, 7THIZHUHENEZ 2, $EEIZ 8 H
AL TR ONT: (Fig. 7). FATEERRS D DIENRZ DI
REIX 6 AR RN E AT T AKRE Thil7zo B
B E DN RS LE>7DIE 8 AT, 8 HDHEIZIX
TEHENR SNz, TOLEDMEHRIZ100% TYFE
DREMEERIZ 60 ~ 90% TH o7z, HEIZ 10 H AN IS BITE
BB E OBER TR D, 11 AR E TIIZIEFETHiN G
(Fig. 6)o 11 APaIOHI FRICR S NI RELREDT2HD
I 88 + 41 m™ (n=3) Thol

¥, 10 iBRHNC SAE T A IEMADEHE D 72 & Tl
AHANIRAX T, BT D K 5 IsiW gL E b - 7z
Liimhid b, FTDIITEDOEBISAFNNDTTO N
Mo EDI S CDEBZHATENTES, 5L
AT CIRSIEZ 6 HUKRE T, BEOHFmIIEND
11 AXTORK6~7hAICKAT,
WMEOHE : MK OLEEX 201745 HFHHN 57 H
TRIXETO3IMNHICE>THLEN, ZDM., HEDFK
RRIK OB THEOEDLLEN > (Fig. 8). 5 H22 H
DOIEDEKFIZES (RX) M 85% T, FMOD LS
(93%) HHL (91%) KO KM -7z (Table Do £z &
LN EEDHSZTEIC D ZHEI . FEE D 0.15, IER
AERAS 0.40, FEESAY 0.45 TH o 7z (Table 1), FRIED
BKBIFEORBL LI L, 6 AL 8 #55T
ZE LTz (Fig. 8)o
INAFARR : WIBREOT S DEEIRAF TR, HFEE
INA A AZFEFHZALD/SZ— T, fHs LT
Z{t U7 (Fig. 9al)o 7B, BICHIFTENAA T
ADEZ 2 L ZICHITRBYE N A A< ZETRD . 2017 4E 6
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H TFAIDOAFNN 2 B AU TIEINA F < ADINA F < ALK
DA4EFETHIEFOLTVS EZICHTFREEIZENE
T, MISTm> TENRA AT AN S & ZICH FEEN
A A AR BZHEAND 5 Tzo BRI EANIED N A

1.0
Weeding

g 09 | "‘;‘ A Young leaf A
5 °
Q
° ¢
5 08 F -
Z Y{\}/H Adult leaf
g T
S 07 B
a7 )

0.6

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2

Month/day in 2017-2018
Fig. 8. 7 7 DD Z/KFEDFHIZL

Seasonal changes in Pteridium aquilinum subsp.
japonicum leaf moisture content.

- A - 10 Bt oD A E X DGR DB EE (FHIE
B AL B), —@— : [AE (A D, E)o A:IMak
B FAREX OB, O [FEE, A 1U R
O FHEX OYFE, @ : FHE, /S—IEFHIHED
e A2 (SD)o

-- A -- young leaves (leaf-opening stages A and B) in IO
control plots; — @ — adult leaves (leaf-opening stages
D and E) in IO control plots; A , young leaves in IM;
O, adult leaves in IM; A , young leaves in IU; and @ ,
adult leaves in IU. Bars represent the standard deviation
of the mean.
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Table 1. HEEDFIRDLOF/KR & HREIG
Moisture contents and weight ratios of each part of
young leaves.
D) KR/ OKER + EZYEE), 2) [HERICHE
GHTHT D BN B G H
1) weight,,/(weight,. + weighty, nae)- 2) The
boundary between the middle to upper part and the base
is where the plant is easily broken off at harvest.

Weight ratio of parts to
the whole

I0 IM 1IU 10 M U

Part Water content 1>, %

Leaf blade 85 85 86 0.15 0.14 0.19

Middletoupper o3 g5 g1 40 028 024

part of petiole

Petiolebase” 91 86 87 045 058 0.7
10

. al 0O

Eaf "

1]

= .

= 6} Weeding Belowground

<

o0 ! - organs 4

o \ S< 4

z 4

2

£ 2

o)
0 Young leaf

4/1 6/1 8/1 10/1 12/1 1/31 42 6/2
Month/day in 2017-2018

4 RAEHTh (Fig. 9al) T6 AWK TH -, TT
CDRFINA F < ZIIAHNIS K B — R 7Rk & a1
ZEr< &, —F 2@ L TR —EDIR THER L7z (Fig.
9. 3DDFHEX THEME (20174FE5H3H) &
Wk Q01745 H 11 H) ORFNA A AR LIz
T A2 DM, 1 DG T, FIEICEREAZ R Do
jz (P=0.356,n=3),

ToEDEERICESDDNA AR VS E /BiE (&hl
WIkE) INA A< AR D ZEHIZbId 75 <. 2017 4E 5
H3H~201845 H 11 HOBEE 11 [B]DFIGE X (T0-1
~ 3 ) T0.78 = 0.14 (0.57 £ 0.33 ~0.93 £ 0.03, n
=11 KX J0-4~ 6 ) 1£0.91 £ 0.09(0.79 + 0.22
~0.94 £ 0.04, n=11) THEERZENM >/ (P=0.241)
M, BEHRPLPKRENE I THo T, 2017 1 8 HOREE

10
2
= a Belowground
g 3 organs
= % Weeding % ——————— %\
g 6 \ ! II \\
& URY N
5 ' ‘%
o4y
g
g 5 Adult leaf
g
@
Young leaf
0

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2

Month/day in 2017-2018

12 12
_ bl —~ b2
z P L Weedin,
g w0 ¢ & 10 | g R2=0.0138
20 . en
% .l Weeding s sl
2 ! 3
B R?*=0.0003 g
ER 2
5 -
= =
[_< F
0 . . . . . . 0 : : :
471 6/1 8/1 01 121 131 42 62 41 6/1 8/1 1011 121 131 42 6/2

Month/day in 2017-2018 Month/day in 20172018

Fig.9. 7 COHME, WRE, HFHTHN. BRUTRENAF T ADOFEZL H0 iSO MIX &A1Y & L X,

IM. IU i)

Seasonal changes in young leaves, adult leaves, belowground organs, and total plant biomass of Pteridium aquilinum
subsp. japonicum (10, control and with potassium application; IM and IU).

al aRERl (O HIRX) . bl 2% (A). a2 #xvE 0 AV T LHEAK) . b2 &8 ([, - A-: 4E (FIEELR A,
B)., —@— B (FIC~E).-O-: HFIE, —€—: 2F, A: G5 M), O: BEE QM) [ HRERE M),
0: RE (M), A QU), @:K3E (U), W HTREE GU), €25 (U, N—IEFEEOEHERS (SD).
IM & U skt oD F3# XIE A ) 7 LIBT3 % 0O T 10 MRS IS E e,

al, biomass by organ (IO control plots), and b1, total plant biomass (ibid.); a2, biomass by organ (IO plots with potassium
application), and b2 total plant biomass (ibid.). -- A -- young leaves (leaf-opening stage A and B); — @ — adult leaves (leaf-
opening stage C—E); --(O-- belowground organs; and —4— entire plant. A , young leaves, (), adult leaves; [ ], belowground
organs; and 0 , entire plant in IM. A | young leaves; @ , adult leaves; ll , belowground organs; and 4 , entire plant in IU.
Bars represent the standard deviation of the mean. The plots at the IM and [U research sites had no potassium application; they
correspond to the IO control plots.
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DOREYRIIHIEX B HEHX E 100% TED SR 5 T2h,
75 E ORISR D 60 ~ 90% T, HiHXD 90 ~
100% X O /hEhote (P=0.065), VI ELNTRER
NAZXZAEEHZMYNET TS aYIARY, A4 A
X 2T (Persicaria lapathifolia var. lapathifolia). 1 X K1)
T ERBOEMRMZER T, FRERUIRIRX &KX T
KERh-> Tz,

70T LFERX  FEIFIRHIRBHEE O A 7 1d o IR & 22
boEMNo TN, 2017F 5 A S 11 H DIEHBEEIZIE 20
~30 m” THIAX X D KEWENDH >z (Fig. 7-2)
ez, EEEoE L, HEXIET T LA OREYI R L
Mmolee TNNT T EDEHDDGZVEEBEEZEZENS
TS, FRHOUTE /I BEENS AT ALLLZFIH LT
WX DR T 72 0.78 ThE Ui X O LG E 2 0.91
THLUTHEXZLEET % (ThRBEEOMYNETT S
CTholzbiNE LT &ilixd, TOREZUTTIE
TS HMIEEESR) &, 2017 4 6 A FAD K i i
HIE 4 | (P=0.859, n=4) JEfHABORE 78] (P=0.683,
n=7 Wiht, WX LHEHX O’ TY 7 ¥ OFEH
JEDEICE A R o T KHKTE, 75 E
DIEORYIZEEIDGIKE, ENA AT A LHITRERE /A
F < ZDORIEG UTFHiZ b (Fig. 9a2) . £ENA AT X
(Fig. 9b2) OMIEHAR %0 U 7z Z (b o fEm /s id. RHEEX
EABETH > Tz KiHXK D 2017 4 11 H A Ol F3EI
RENFREEIX 149 £ 79F m™ (n=3) THHAK &
RN (P=0301), /NA A ZAOFEHEIZ
BMEXEDWEMKRENVE D THoTD, HEA T ED -
7o (K AT P=0.293, n = 4; it % P=0.069,n=7)s Y
FUEHHIEBRDNAF AT, ENED/NELE>T
(K fifai P=0.687, n=4; fiEF# P=0.677,n="7), 753,
TDT I CHHIERDNA AT ADMEIE, 7T CEHEN
A A AIEH LW,

A/ BEAKDREY : 2017 EFIC A/ VDM HEE
> TY I O FEEBNZIGHITY T Ll & 5if
Uah o, DI, HFE s ALK, E—FEDOR=
INFRaF Y (Crassocephalum crepidioides) X% 4 A X
27, DUEBNTE Y RRaFZ (Erechtites hieracifolia)
MEL L, #5FUT 2018 FEIF T NS OFDOIEN A/
UL D FFICHED 5 T2 A/ T EELHINCIEAEL
EAEIA T a VORI AAF (Miscanthus sinensis)
In ERMDE M AETENES LT,
JZEDHTREDD R : UV E—JE, H1~3% L
NI BT I EDOWOEEL (201749 ) d\dh
ERIRX X THEEZEN RS (P =0.087 ~0.33),
WXz &b TROIIEY Z—FH0.15 + 0.03, 1
TJEA 0.05 £ 0.02, 2 TEA0.70 £ 0.05, 3 LED
0.10 & 0.04 T, WOKNIIH FEIEF S5 2 Lgicsy
LTV, W28 1 g 4720 DREIF Y X—BDIRN 26
m (10-5. GOV EnsEtikogint) & 34 m (10-6,
Gz < GURAO) H 2 TEOWM 12m (10-5)
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& 14m (10-6) T, MUEERTEEIICEN 2 E0E
WhHH -7z (P=0.054,n=2), TOOIZEENIHS LI
SAkhols (P=0722,n=2), HEORBEEIZFE 1 -
J& (0.47 £ 0.03drygem™, n=6) &LEXTH 2 1B (0.56
+0.06dry gecm™, n=6), 3 1 (057 +0.04dry g
em™, n=6) TRKEL (P<0.0058), 2 LEchHsHF
EDDS ERZICMT SRR < R ZICifs 280
LR (Fig. 447) T & &L TWz, WFE / AEfEHE
TEBEREEHRX—MEH XM (P=0.121). 201749
H—214E3 AP =0.481) & &Il ERENTER L,
R TIETF 0316 £ 0.290 TH > 7z,

IM, IUSEBHDTSEDEFT 20176 H6~7HDY
e, I0HBMOFRES A2 H® 6 H20 HOT S ¥
EHERT, REEBERICAZE TR, EEREREI 10 3
Brtth & 0 /hNE oz (Fig. 7-1). BHZEEEME X IM sdRtti o
FHEXIEOTNEDAREL T, KT CHZL, U
B O TFHBRK TIE 413 DTD, —DTCHRE T,
10 itBatth & L WY HiOEA D H BN > Tz, £z,
IM, TU BRI Cld 10 BB & LEX. Sh3E, kEEEL &1C
FIKFENME L (Fig. 8), HEDONA A AIARETH D
DIT, WTREBMENAAYANE L, BENALIAEZ
h o7z (Fig. 9al,bl), #)3EIE 10 FlbRt D Y)3E & [EX T,
AR O EKHEME . BEREHISITER D EEA/NE
<, EEBIZRE D572 (Table 1) TS EDBEENA A<
252 EE (HSED X, 201746 H7HD IM i
BT 0.517 4= 0.105 (n = 4) . TU 3B 0.684 £ 0.107 (n
=4) T, 10t L [ERTY S Do, TTE
T GRS NA A= 23 IM B¢ 19.5 £ 6.5(10.5
~24.6, n=4) Mgha™', TUERHIT 152 + 3.1 (123~
192, n=4) Mgha THotz, 7S5C LEAET 2T
& M iRt Cld e XS X (Thelypteris palustris). 71> &
7 I A F (Aster yomena var. dentatus). 1U gl BRHITlE N
JVAY (Anthoxanthum odoratum subsp. odoratum), IEF

(Artemisia indica var. maximowiczii) T®» > 1z,

32 7S EEBERDINA AR ARBFEEGR, Fin

SR 2017 45 H £ 2018 4E 5 HDNA A< Al K
FxENEE < (Fig. 9bD) . (1) KOWIHRISA A< X — ]
ENAAT R0 EREEZ T A5, NPPIZHIRAD
FFEREE RICIZIEHFE LV, B DY 5 CEORIERTE
mik, RO D 10 AR O IRX D 2017 4 6 AN
HWWETD 6 A20 HOT S DR (1.60 = 0.67 Mg ha™,
n=3) L8~10 HDU T LDEKER (2.06 = 0.56 Mg
ha”,n=3) OEFFCEMTE S, L GE) NPP X 3.66
£ 087 Mgha'y"' (n=3) LHEEEI N, U T UELHIE
(0.78 £ 0.14 THKRY) KO EEE NPP 1Z 4.72 £+ 1.42 Mg
haly" (n=3) Th-olz, HIFEREITDOWNTIE, 2) XD
RiFEHN N2 E DI IHEE k 2D Z—3y ZHIC K D RD
KHTKRD T, MAEZOKMIEM FIREDOHERK AT 4 H
WKL LZGEE 9 Il LA REHIC &



92 E s

O EEBDDNZ—=FXLTH T (Fig 10), 7272
L 2018412 H 1 H~2019 fF4 A 4 H 3% & EEWKD
Lahote, T2 TR (12 A1 H~4H4H) ZB&
We T =22 G808 THRMBEHTEM L T A, Mk
FROMEZ X 0.00898 THIMFRD R* 13 0.9751 L@, HE
(P<0.001) ThHolzo 4 HDS 11 HITHIFTD 8 A
C DMEE OMETHZER FIEMHERT S L HEL, C
DD k 2.19 (0.00898 X 243 H) ZXR&Tz, Fiz, 12 H
MORES AR OMPEEZVWERZL, CTOMO K%
0& U7, 201745 H3 H~ 201845 A 11 HDFith
THEE 434 £ 037Mgha™ 27 FCLEHHIE LT 5.58 +
1.13 Mg ha™ IT. 2017 49 H & 2018 4 3 H DHFE / 417
R 2R e m EE D4 0.304 £ 0.035 &3 U, FHIRSE
HRERER (F) 1.69 & 040 Mg ha™ DMEF5N Tz, Thb
Z (2) URAL. L,894 Mg ha™' y' 5N Tz, BEHE
INAF A NPP I 4.72 (L0 +8.94 (M RER) = 13.66
Mg ha™' y' LHEE S NIz, TNET T CLMIERAORE
INA A ADEFIE 6.65 + 1.76 Mg ha™ THRL. Bf
T&INA A A R H 2,05y 23R Tz, £
DFBUTE ERFEIC K O BHE N A A Y AR TiE &
DBDICET IR (CFa%an) T 0487 (y) TH-oTz,
F 7z, BEEHIUREENPP 27 5 C LA EE A O R N1
F < ADEE 5.58 Mg ha™ TR U, FHIR A BEYL i
TEORHEEER 1.60 (y) Z3RDTz, T OWEIHETE
i FEONA A DO FF T 0.624 (y) TH -7,

33 7T EBED ADR

10 ikt ADR (H Ef 1 m) X EFHEX (10-1~6)
MTHEETH (P<0001), 10-1 £10-2 (\WFhd 023 £
0.01 puSvh™) ME < (P <0.005).10-3 i) (0.16 & 0.02

= 10 y = 11.504¢0:009%
bt R>=0.9751
5 8
= L
Aoy

2

0 .

0 50 100 150 200 250
Days

Fig. 10. Bl 1 U727 5 CRBEHE RERTY O o fiie i & B 12

10} 7

The decomposition of dead Pteridium aquilinum
subsp. japonicum belowground organs buried in soil,
and the effect thereon of season when buried.

O« B4R Apr 14 ~ Sep 142018, @ : [l Sep 14
2018 ~ Apr 13 2019,

O, buried Apr 14 to Sep 14 2018; @ , buried Sep 14
2018 to Apr 13 2019.

uSv h™) (P <0.034), 10-4 ~ 6 (Z L (0.18 % 0.01 ~
0.19 = 0.01 pSvh™) Th-olz, Fio. THBEXDOFEMHE
13201745 H3H(0.20 £ 0.03 uSvh™) H57H21 H(0.19
+0.03 pSvh™) O KNI B EAAH -7z (P=0.059),

3475ED YCs, K DEHZEAL

TSED Vs RE. B WBROT T Ves B (Fig.
1lal) (&, 2017 4 ~ 5 AXYENHIFRE XD EN -5
e, WIEERERYEICHT TR T L, TR E R
KO &5 Tz, 2017 4F 6 H FAIDAFANN R DS
U FaE R D<o Tz KEED VCs IBIZIESHEE L [
CEIICH & & BT R L, MW E L Ho T2k
BHUMEFL, 8 AICIEH FERE & DGRBS > 7o, BHE
T IXYE RO 10 HIC2 ER Uiz, 201745 A & B4E
5 HDT IR Ves % (Fig. 11cl) BHENZ &, 3 F
FHEX VT NEEEZMETL TV (2018 4 5 H /2017
5 o VCs IRIE L 0.56 ~ 0.83), 2017 4E 5 H ~ 2018
i 5 AR O4H VCs I ORFHNZ L 2 fRE a5 T (bl
Lizk s, HROEERZERTH > (Fig. 11cl) :
75 VAR YCs JEIE = 1316 exp (—0.000860 Time) (R* =
0.3858, P=0.023,n=11) (3), 7z72L. Time (% 2011 4E 3
H 11 OS50 HE (days)s Q) REFHETIVET D L,
TSR VCs WEIHIEE 1 & LI X 14ET0.73 1
KTd5:1HICES,

TS50 cs & (Fig. 1lel) EN\A A< ADZFHIZ
ML T, 2017 FERICHED Vs BN A B L EicH
TeRE Cs EMNIRD . E VCs AL WVHIZH R E
OEMNDIR L, FAE 11 AICEE Vs BA S & 3R
BHOBRMNAET ZLS Thol, £z, EHATD 10 A
ICHEVCs BICE—T Wb o Tz, TTELE Yes & (Fig.
lig) Z 201745 AL BFE S ATHRS &, WRX T
3ERFEBEXONWTNTEMD LTV (2018 4E 5 H /2017
5 HDVCs & 081 ~099), 772, 201745 A~
2018 4 5 AR O 48 Cs mOREMINZE Lz 55 B T
IERILIzE T A, HFROEEIEERETEI >z (R =
0.0619, P=0.461,n=11) (Fig. 11gl),

K KX Tld, SHHRX & Lhig U T2 Ves 11
KETH 7MW, PIEEPKE, HTFEHRE LWV 2E0
TED Vs DL EORMINZELD /S Z— (Fig.
11a2,e2) ERIBR DS LT Wz, T ED Vs JR1E
W NIET K FEFH OB DOV T E (3.5) THMT %,

WBEL KIED VCs JEOFHIZL (Fig. 11al,22) R
B, FRDFED . WIEEDPLIIEEMN K 7270 2017 4F
s H EAICEEEM -T2 (328 £ 242 Bq dry kg™, n = 6),
UL, BREND 2RI, RERE LD SV S
WEAEEHD, BRE L TIIYEE L REED Ves IEIE
WHH B EIIEZARVES TH T,
TSEDYKEE, & MEROT T DK EIEIZY)
wEEE <L R, RIS E DNEIC FA 2 AR OE N
o7z (Fig. 11b1), MIEEEDWEREIZE ST oz, 4
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TN OPREEIIHER & & B R T 2 EmAH O (Fig. 75 €YK BEOFMEENA AT ADFHEZ( %K
11bD), AW TWV oA FRLTE, BURRE &I BMUTELL (Fig 11fD), MHEXD 3 FHFHEXTY S
KT U7z, HITFEREIZIEMNMIEL 72 2017 4 11 7 LLEE, U er YK & (Fig. 11h1) % 2017 4£ 5 H & %1425 H Tt
2018 RIS CIREZEE LTz, MK D 3 FPFHEK B LIZETA2D@HEA, 1D@E->THD Q01845
TUICERHED YK JEE (Fig. 11d1) Z 201745 A% H /201745 HOELL 0.90 ~ 1.80) AR A b o7 (P
ESHTHEBELIZEZA 2D EL, 121K &>T  =0320,7n=3),

BO (0184 5 H 2017 %5 A DL 0.96 ~ 1.25), K A IE IR IX & el s % &, KA aG 4 BE O K
BrRZEZEMo7z (P=0313,n=3), B EOMMEAEANEL (Fig 11b1,b2), HHHX—
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Fig. 11. 7 €D 'Cs, “K O, MOFHZL (0 B K E AV T LK, M. 1U o YK)

Seasonal changes in the concentrations and masses of Pteridium aquilinum subsp. japonicum biomass ¥Cs and “K (10,
control and with potassium application; IM and IU, “K).
al: 2HETAI V7Cs JERE (1O WHAK) | cl: 25 VCs JERE (A, el: g8 B R Ves B (JAD, gl: 2% Vs & (JA), a2
ZREA Cs A (10 A1V Y LFEAIPO . c2: B VCs JREE (D, e2: 2REHI] Cs it (D). g2: 2% 'Cs & (A,
bl: FHE K I (G0 WX, M, TU), dl: 28 YK IEE (D, f1: 25ER “K & (A, hl: 25 YK & ([,
b2: AR YK IR (10 AV U LI, d2: 2R KR (D, f2: 38EH) “K & (5D, h2: 25 YK & (F).
- A WBE (BRSPS ACB) . — @ — : i (A C~EB) . —~O-: #l FaRE. ———  AhGE — @ — : REL A Y13 M),
O pEE M), L] HERERE M), 0 25 (IM). A SIEE (1U), @ - piE (QU) . I: HURERE (U), ¢ - 25 (1U),
Y \—Li$i’3{ﬁ®1‘“$1ﬁ§ (SD)s IM & TU adBRHhD FEREX IS AV ¥ LI TdH 2 D T 10 RIS RIS E B 7z,
1, ¥’Cs concentrations by organ (IO, control); c1, total plant “’Cs concentrations (ibid.); el, “’Cs mass by organ (ibid.);
and g1, total plant *’Cs mass (ibid.). a2, *’Cs concentrations by organ (IO, with potassium application); ¢2, total plant “’Cs
concentrations (ibid.); €2, *’Cs mass by organ (ibid.); and g2, total plant *’Cs mass (ibid.). b1, “’K concentrations by organ
(10, control; IM and IU); dI, total plant “’K concentrations (ibid.); f1, “’K mass by organ (ibid.); and h1, total plant *’K mass
(ibid.). b2, *K concentrations by organ (IO, with potassium application); d2, total plant *’K concentrations (ibid.); £2, *K
mass by organ (ibid.); and h2, total plant *K mass (ibid.). -- A -- young leaves (leaf-opening stage A and B); —@— adult
leaves (leaf-opening stage C—E); -- O -- belowground organs; — —— dead leaves; and —4— entire plant. A , young leaves
(IM); O, adult leaves (IM); [, belowground organs (IM); and ¢ , entire plant (IM). A , young leaves (IU); @ , adult leaves
(IU); M, belowground organs (IU); and 4 , entire plant (IU). Bars represent the standard deviation of the mean. The plots at
the IM and IU research sites had no potassium application; they correspond to the 10 control plots.
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i X R 72 LEi U 7z & & 0 PABIEWIEE 0323, AEE 0.235,
£ 0.966, HIFARE 0.120 (% n=4) ThH-o7h. KM
#%iZ, 2017 4E 7 A SERES HETOYE (P =0.053, n
=2).[F4FE 8 AWM S HE TORIEEP =0.058, n=4).
# (P=0.039,n=4), HIFERE (P=0.011,n=6) ®*“K
B EAX TEh - 7 (Fig. 1162), 25 “K iE)F (Fig.
11d1,d2) &FEkTH -7z (T P = 0.127, n = 4, 2017
EYAMBEES HETP=0007,n=6) . K& (Fig.
11£2) TEHIRE X O FEHRXONA A AWK E VDT
EOEFZILKIZTERVA, HFHEPEH K B8
HAIX (Fig. 11f1,h1) Tl& 2017 4 6 A DAL, B4 3
H & Tl ME L)L THER L 7z DIt LT L i X (Fig.
11£2,h2) TEAFANE K fHRICEDN A, Sl
THR LT\, 72720 2018 4E 5 HIC & HfH O #ElC &
BiEWVIERSNZ L Ko Tz,

IM, U HE&HEDT S ED ¥Cs. “K: IM. 1U kit (2017
EeH6~7H) DT YIFI10 ik (F4E 5 H 22~
23 H) &R, 2E Vs IRENE D, o Tz (M, 3091 £
1562 Bq dry kg™', n =4; 1U, 2095 £ 1694 Bq dry kg™, n=4),
A YCs B IM T 17199 £ 10731 kBq ha™ (n=4). 1U
Y8020 £+ 6398 kBq ha™ (n=4). 75 ECHHIEZORTE
Cs B 13 IM T 33267 £ 21832 kBq ha™ (n=4), TU D
11725 + 9530 kBq ha™ (n=4) TH->7zo “KIEEDIBAL
MOFHNII0 LA TH o 2h, IM & 1U TiE & DO
ME YKIBEN IO X0 {EN -7z (Fig. 11bl,d1), 5 “K
213 IM T 4617 = 2457 kBq ha™ (n=4), IU H 5295 +
2026 kBq ha™' (2 =4) (Fig. 11h1) T, IM, IU & B 1%
10 ittt X O 7 S DNA A ANAKZL (Fig. 9al,bl)
TENLEFEYK BIFIOLHEVEDLELSEoT, U
Z CLLAE OBEE YK 81X IMAY8930 + 5088 kBq ha™ (n
=4), IU D 7741 £ 3198kBqha™ (n=4) TH- 7z,

3575ED VCsBEICKRIETAHY U LBADRE

10 kBt DT < B 4B VCs YISOV T, K it Al
D20174E5H3IHMS 6 H 20 HET 4 [0l OHE KD
YR 1 LU, %O 7 H 21 HEREO 7 [HOHIED
VCs B HFHETE U TR Z R Tz & T A,
K fif %0 7 BIOREH 6 [\ THEF XD "'Cs JREMKL |
I 7238 U 7z i K/ SRR X Y Cs IR EELE (7 J05E [5] o+
EIfE) 13076 £ 0.11 (n=7) T, HRX & LEXTHAHKX
DEREDMENEINNE A (P =0.0024, n =7, Fig. 12) TH >
Too T272. HEAM S 10 M HEZD 2018 4F 5 HIZEWH
Ronmkote, FROMBHTZEE, BEE, B, T
MELDVTITo e T A, YIEEEHIBIX, fHXE S
WCRARIDME B N7z 2 [RIORIEH 2 [81 & BHEFHX T Vs 8
EPMED > Tz (P =0.38, n=2; KX / FHHRXEEE L 0.72
£ 0.93) BKEEE 2 [RIOAEH 2 [\ & &1 X TR EAMK
Mo 7e(P=027,n=2; MR/ HERIEELE 0.49 £ 0.69),
MEEL RER ST RN TEEL LA s mndhd fi
X TEEMEDN o7 (P=0.057, n=5; X/ GHRIX

L 0.65 = 0.16), HITARE Tld 7 BIOWEH 5 BT
fiti FHX DPEEEAME D > Fo (P = 0.049, n = 7; fitifH X / HHHR
KL 084 £ 022), CTOKIICHNMNTETHEHE
[\ ClEmA» RSNz,

36 TEXAITAS =7 S EDRTEEE & TIEOR (Gt
TEE. MEHTRED Vs, TED Vs, AEE.
T K EE)

TEEXSUTHE LD 201749 H & 2018 4E 3
HO2 [T, HBOWEZEZEORTH %, 20 E &M
E LM R E E EMIEH R EEIX. WINnE, 2[
OHEMTHBEREWDZ Moz (MRS ERIINIEK
P=0.69, T P=0.079. MFEHITAVE RISARX P =
0.83. X P=0.20)

HTFERE®D 'Cs: 2017 £ 9 HOAR VCs JREE, 1 1E

Tivbm< (532 Bqdry kg™ EfRERESGED. 52

FTEIEZ D 19% (99 Bq dry kg™'c WRAXIEAEUEHMA, i

FRKEAEHEO ) . 58 3 LEE 8% (42 Bq dry kg™,

FRHEXEARRD) EMEF Uk, MEETEAMIFLT

Kb Tz AROINE R E 179 Bq dry kg™ TH -7z (U

Z—JErhOfRIE VCs IBERRIE L TWERVLDT, H 1T

JEOHE R Ui Lo Uiz, HREIEeTH 2 LEic

Ho., Z0Cs B (220 Bq dry kg™'o WHRXIE A RLE

fill, 1 KR A RME D) FHOTFEREL O AL

Fh oo, HITTFEE Vs lBE O FE LD Ves B

s, CEAHF U TR 12218 Bqdry kg™ TH -

Teo —J7 AEBEHN B8R E D ¥Cs P45 1Z 113 Bq dry kg™ (G5

A X)) TV HE R ERE VTCs EE ORI (52%) TH -

Too WAEHE FE8E D VCs &I R 2R VCs #D 13% I

Y Uzo Hi7zICHiPEd 2 M RERE O VCs IR I 33

B YCs IR (218 Bq dry kg™ L AHFEHN RERE Cs IR

(113 Bqdrykg™) DEICH B LHEZLNBT LMD, Th

ZFHUSROH R E TR (8.94 Mgha™' y) BIEL S

£ 19MBqha'y', 1.0 MBqha'y"' &%, HIET B

TEREN S THEAD Ves (fifgmIE. o2 HOMICH S

Zkicixb,

TEOARE : 2018 F 9 HOHHOAREIZ, AEX—

K iR CHEAN > (P=0207), HWHEX E K

iK% &b TR ORMER. LERcaERS

MH D (P<0.00). 551 LFDEA/NE H o 72 (P <0.006),

SEHAREEIEE 1 HED 043 £ 0.02 (0.40 ~ 0.45) cmol,

kg™ 52 L E 13049 £+ 0.03 (0.44 ~ 0.53) cmol, kg™

%53 T8I 0.49 £ 0.03 (0.46 ~ 0.53) cmol. kg™ TH -7z

mFVIne 6)s,

TEORZ M KIRRE : 2018 1F 9 A D Ot K JEFE

3. WX —KGHKE., 3 LEBTwINEGEED

B0, BEEIHBX IO KX TELS (P=0.002). %

WEHBIZEEh o (P<0.00D), THEEEIINRK DS

1 /&7 0.88 = 0.12 (0.78 ~ 1.0) cmol, kg™, 2 2 LM

0.36 = 0.05 (0.21 ~ 0.40) cmol, kg™'. % 3 LJEiE 0.28 +
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0.05 (0.23 ~ 0.33) cmol, kg™'. KEfHXDOHE 1 -JEhH 1.3
+0.34(0.95~1.6) ecmol, kg™ 55 2 L/l 0.71 £+ 0.20(0.53
~0.92) ecmol, kg™, 3 L& 0.51 + 0.19 (0.32 ~ 0.70)
cmol kg™ THo% (nlFVINE 3),

TEEMTRED VCsIBE : 2018 £ 3 HOTHAERX D+
B Ves EE, B LETE < (1929 £+ 620 Bqdry kg,
n=6). &2 1JEZ 6% (109 £ 80 Bqdry kg™, n=6).
3+ 3% (56 £ 46 Bqdry kg™, n=6) LKL/, 1B
DTENEELE 2 LEIEHRHTS &, TS DM
20 VCs B (220 Bq dry kg™) (31D PCs B X D
FEh o o, MSEH FEDRE T — 2NV D T, FhsEHh
TEsE /MR E R (0.58) ZSEIC, Mt RED
IBEZMNED 12 EIRET S L. T T DM N
DYLEIE 110 Bq dry kg™ T, LD (109 + 80 Bq
dry kg™) &Z&Db LSR5 Tz,

37 BEBERDRIAET —20FAICLET7IE Pis i
EOREZ(, BE2—B. TED V(s EOHE
TS VG BEDRERL  a I K BEHEO D, R
HRIX 0D R EE Cs IR IE 0D 2017 FE D FHIZ AL 7 — &% (Fig.
11al) Z v, VCs IBEDFHIZ{L D/ S 2 — U NFEIC K -
TEDLIRNT L72ARE LT 2015 4F 10 H DOEE V'Cs 18
J& 358 + 250 Bq dry kg™ 5 2015 4F 5 F O KEE VCs 2
J€7% 261 £ 183 Bq dry kg™ &H#EE L7z, FIERIC 2016 4F 7
H O 193 + 147 Bq dry kg™ D5 2016 4F 5 H DEEx
206 & 157 Bq dry kg™ &H#EE LTz, 10 iR 10-7 ~ 18
BAFHAX D 2017 4 5 A 22 ~23 ADT T CORKIE 'Cs
IR 125 £ 77Bq dry kg™ T, FHEX & GHETZ10-1
~ 18 @ "Cs A 135 + 99 (19 ~ 350, n=18) Bq dry
kg ThHolzo DAL, 3READRIE Cs IRIEM S, BIE

0.8

0.6

04 K application

Weeding &
02 | Kapplication
i

Total plant '3’Cs concentration
(Bq dry kg™'/Bq dry kg™)

4/1 6/1 8/1 10/1 12/1 1/31 4/2 6/2
Month/day in 2017-2018

Fig. 12. 71V ¥ LI i D 7 5 € 04 YCs RO
21t

Seasonal changes in total plant ™’

Cs concentrations
in Pteridium aquilinum subsp. japonicum before and
after potassium (K) application.

Ji IR DUREENC N B ARHE, O : 10 AR oD}
MK, @ :10 i Bt 7V 7 LK,

Values relative to concentrations before K application.

O, 10 (control); @ , 10 (K applied).
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YCs IR DRHFA(L 2 IR R TR L T Rk 2157z,

BREE 7Cs PR = 1803 exp (—0.00113 Time)

(R*=10.9848, P=0.083,n=3) (4)
Fe 72 L. BREE Y'Cs P4 1E Bq dry kg™ Time 1% 2011 4E 3
H 11 Hh 5D HE (days)s

b 1% T, 2015 4 10 F O B HE P'Cs I8 & 358 £ 250 Bq
dry kg™'\ 2016 £ 7 H DI 193 £ 147 Bq dry kg™ 2017
f£5 A 22 ~23 HORKE "'Cs Y8 135 + 99 (19 ~ 350)
Bq dry kg™ O 3 RESDOREE 'Cs BEMN S, X217z,

BREE YCs AT = 5449 exp (—0.00166 Time)
(R*=0.9645,P=0.107,n=3) (5)

4,5 KF7—2BH Vel WINE EIFFROME X
BRICES K-> D, ROFWANIEE L, PES HE
PN ED 5Tz, WXZFHETIVET S L, RIE VCs 2
ElkpiFEz 1 & Uiz &, (@) KTl 0.66. (5) XTlF 0.54
KK % EFlENz, chnid 3) Rk % 10 75
DR EL VCs IRIEOEM I T 0.73 KO AKX A HD >
7o

10 sHERMD ) 2 —B. TN V(s & HEROT—XIC
& EDNT2015 7 AD Y Z—JE ¥'Cs Bl 197 + 9320
~ 433) MBq ha™, X 0~0.05 m DTHD “'Cs B 23
+ 10 (6.9 ~52) MBq ha™ & #£7€ & N7z, 2015 FFE DI
MTRCs IF BV A—FICHFEELTWET EIdk %,
2017 FE 5 HD U Z—J& s #id 83.5 £ 21 (51 ~ 110)
MBgq ha™'. EE 0~ 0.05 m OFHD Cs i 274 + 141
(120 ~ 490) MBq ha™" (7% 5 2021) T, "Cs &l 2017
ESATEY2—EBXO LBOIHZ N>, 2015 ~
2017 FEDMD ¥'Cs mOFEZA 2R IE TR LI L THZE
L#E R RSO D L, HitExE 1 & Uiz & EDEE(RIZY Z—
JETIE 0.65 NED. EE 0~0.05m LHETIX 3.9 \OH
mchoiz,

455

41 T TEDEE LT DEEMH
T I DINA AT AZED S OBIZEIRIC TR 4 B
KD O 6 BINHE FIBICFEAE L. 2R TEFTHICK S
ZAL D LLEFNE v o 72 (Fig. 9o 7 T EREEIZAHAN
EHO—FRHAZFRN TS U, 4 2 BORmEmAFAWLIC XK -
TEIAROEIMIWITENTEHED, BHEDONA L < A13E
- T3 eEZIONS, HRXTRTYIE
DS\ ORI OEI G & > T2 Tz DB & [EXRTYU T ¢
DEBEERNA LR AINEDTH o=, 7IEL
FHIEZ DEREE DA AR A TIRKEBICEN RN &
MH, WX & KX THEO K & ERYOE
RICHDOBREFRMCRAR TN -T2 EEA BN S,
10 S BHicZ NI Yy 2 v dR VI, BREZXE (|3
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WS 2018) ICREZEXRON, MTHHAEINSHTH S,
THEX T T CLUNDOREII DL D o T=Did, P ORRFK

CHEEEAGE S . BEBEIC X A GOSN 2V G
H52013) =bEZ 5N,

10 FRBRHI D R X TRIC TR BT RS 72 O DT
O RN OIFHEREIL 88 + 41 T m™ T, ZTD¥%
MEELE GRil 2001) &35 &, FEHSHICHIT TDI
)7 BERCR R 15 80 m™ (Fig. 6) O 3 (5D BELE A Jij4E
MICHELTWAZ &ickhd, T LIz#ELITHT % fi
ZH. HYE720 0 RV TR AR 2 K&k
W EEREN L E 5 T, Vo lEAKILT % AN
BB O THl R b T H e M B [
TE5. VILDMNHENZLATHWRAEEZLNS,
FTA N TR B ARAFIAFANCAT L EELS TN D T,
AFLNNPEE AT 72 St FED RIS T S HEREE. T T
E i & OB N TY I CICEFICEI TH A S,
IM. TU GBI T Y S EDEE ORI RIS 8D %31 F
< ALEA 10 FhERM & LERTNE o 72 Did, IM, TU R
B¢l 10 ABRH D K 5 ISR D NFAWDMRkE L TR T
b, MMEIH S o Tzl bEZI NS,

—J5. A/ Vi AT TY T E ot FEE RN
GATTCE, o ComENE L BN, BIOMEAE S
FickoTz, SRIOBSIHMIZ 2 F &R, IvTay
ROdRVR ERMOLZERDR AR L2 ODES
THETIHEHRTEEN oD, YT EDRIEREET)
iR TES L b Nz, 2017 EEFEOVDETOTY S L
B CTRIICESL TV T Ty a v dRTRA X
RV R EDORBIZERIE, HEFRRICA /v onEkD
EHOBRLTYSEREZ SR GRICEA - E&5 LT
EDTHBEEZENT,

75 CIEILEUR O 703 m HUS TIEESHNS 11 A
A S 3 ~ 4 BRI SRIRIRREIC A% (RIE 5 2002),
WE S OB CIHEMEN T 1997 4£ 11 HdhAaj~ 12 H |k
B OA]REE SR [ KR BUAFTO 1997 FEBLAIME 11 H 4]
~ 12 A LA OBENME (KT 2020) H 5K 0.55°C
100 m™ THETE 1 1ZFWVIEIC 9.3, 9.5, 5.1°C THotz, T
U 10 iR (B 600 ~ 650 m) TIEARENTZ 2017 4
10 A MaID 5~ 11 APAOFPFEASGE [ /NS HmT 8T
D 2017 FEHHAME (KT 2020) H 5 FRIBICHEE | DRV
I 113, 7.8, 43C THHDEREIWFEDTZNVT &
M5, 10 ERHD T Z ik 2017 10 A a5 11 A
ICAKHRIRRBIC 75 - Tefitld, KEZR T TWniceEZ 6N
%o TDOTEIE2017ES A SRS A T 11 JER
DT vy R OBIST, HRZO Y O S 8l
(M N O AN W ERN R Z %, Fig. 5 /) . &
T M R 2ITRS B AEH R 22O IR O /i DR
DoNEN-TT L eTFET %, i, H2LEOT S
COHTEND EREICHTZENML . Fraxicfo
SR L TRV (Fig. 5H) LW S HOERROENIE,
THORERERLMIGL TV, ThIFBEBEEIKEVE

AT % & & D OIS (BRIE 1993) HRE W
TEZEERLTVWBLEEADNS, B2 TEOB L EEXNY
Z—JEHOROEB YO DEIHE2HEENDE,
U Z—JE TN % & EDEBMETONE 2L
TWaLEZIH6NS,

. HUREEE DA A< ZAH 10 ikt & LT 1M,
U BB CRE WV (Fig. 9) BHIEIAL M TRV, sl
I &Ko THEAESR BN O | R LHELR EEHINRZZ T &
R, VI I EHERMADH S Rt 2001) O Tidls
MRENDEE H S0 LNV,

42 75 EHD ¥'Cs DBSEMZEIL,

75 Vs RN C IR B & EDOFFIERN
A A< A% R (Bunzl and Krache 1989, 7/E# « 7R[E 2015)
BERKMUTEMEMISETETH N, &BHT
FEREEHFICE S, BECHMT T L7z (Fig 1),
R Vs BEFICE 1 ERIIEIE - 72 (Fig. 11g1) A3,
R Z (L DB E I ERICE S A o7z THUIAHAWL
BREICKBZNAAY A2 KM L T es BMREL I
Tl EEZENS,

T I TR ND T F (Petasites japonicus) TH 5N
TeXo%ED Ves IBE ERAMNE LN RUCIEDREN
EFUlze 7FBAEFHMDE FOYE, BEOEICE
REEYC WENKEL EFH L. EARDRWEEIEZ S
L7z ERDRONIZ -7 GEE - JR 2015, 2017, {EEF
5 2018), THUXT FDINA A ADEEEFEMMN 0.5 ~
0.6 fF (FEH 5 2018) &LJ <. B W'Cs DRFHINZE
EDHEPIABEZICBING N T & @l T YCs IV &
{72 % (Burger and Lichtscheidl 2018) & &, L ADH 3
& EARDMIERG U728 558 R 0 Y es & b THINT %
DTRE FANRKELEZZNEEEZLNTVS (G -
TR 2015), FEE MM T F L FEFEICE (0487 42)
KEMhb 5T, YIS TEMICHEREE LANLS
Nixh o7z (Fig. 11 al,a2) Dk, EFHIC HAN D
<L @ARD S DEBERR MDD & T DR
DORENE 2 LR EHBORODHENE T AHICH D, X
REEDEEZZFIC W ENMBEEZ NS, —
Ji 2017 E 10 H~ 11 HOT S COREDRE FFHICD
WTEZONE DO, EMIMNE L EDESD
HINTH %, HEORENEBEEROMICEE X0 muB
G277 75 (Chengiopanax sciadophylloides) (FRfH +
HE 2016) THEESNTHH . EEERTICER DR
EM@RICHNENIEOER NPT 2 DICHL T ¥'Cs
DEIE DI N T2, HHRANCERED EA Ul EHERE
NTWVW53, AFEOHBRRIEAF (Cryptomeria japonica var.
Japonica) DIEIERE (Kiyono et al. 2020) THMEINTH
D, HEAERR D VCs IR IEMMREOERT 2 A) M 1E
MO BRI 11 HE D &V 7T EDEDRFERTD
YCsIBED FRIZ. USTE AV T T IRAFHE L
FRRD T EMEE TV IA[REZ R T 5, £, BA
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EN5E 5 —DDOMEHIC, VT EDNT-H T DREEAIC ik
M2 ehHITEoND, 7T EDRETIE. BEORIC S
AEICTERE N A TZOPTIESN S, RTHREAL,
fa+2Eh ST D 10 HETH S DT, i+
ERRICbNZMoYE L & &I V'Cs HNEICHHEENT
W3 ENEZLENS, 51 YCs METFHICEE D,
& e sicEicHENThBDiEELES, TUTE
DRGFEIED V'Cs JEENRIEDEE D55 LR &KW (Fig.
11al,a2) T EDFHICZZ M, ThITDOVTIESEDOM
AEDNRNETH %,

BREE VCs IR OREZETIE. 4, 5) N TIEEORE
W REREICRPRRKERENVDD >, a, bIEDEES
ERESME 10 H ORREE VCs IRE MO ZEHI K © Ha% o
TEWVWCERESFMTEZNCEDZTHA S, bitild 10
HOBERBICHR R EME LG 23, ZnEiise LTk
SR L, aiEld 10 A0 'Cs g R EBHiZ (Lo —
DELTELHR%B, BEHE(LOEEI ARG AT a ik
DITHEED V'Cs IREDOREELOHEETFILEE LTENT
Wb EEZLND,

43 B U LFERICKZ T S EDRE S U LIFIGHER
DFHE
2017 6 H FAID K il %, 8 HEMN 5T F €D “K
DRENRK K D E< 72D (Fig. 11d1,d2), |bEZ /-
(Fig. 11h1,h2) DIE, KFEHORIE EEZ 5N 5, FIRIE
P LEBFEIAXTTHEEDH L DHIVT 20175 A G
5 2021) & 2017 49 A (CAWIZE) OBEE 0~ 0.05m +
BOZ M K IBER T % &, MIBX TIE D7 <
(P=04247,n=3), KMHR TEEEELZEZI TP
fEIZ/NED o7 (P=0.053,n=23), HEHKXTIEAMHICX
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Growth of bracken (Pteridium aquilinum subsp. japonicum) and
dynamics in bracken of radiocesium released in the 2011 Fukushima
Daiichi Nuclear Power Station accident

Yoshiyuki KIYONO"", Akio AKAMA", Munehiko IWAYA?,
Yukio YOSHIDA? and Toshihiro SHIMA®

Abstract

Bracken (Pteridium aquilinum subsp. japonicum) is a fern with edible young leaves. To clarify the growth of
bracken and temporal changes in the levels of radiocesium released from the 2011 TEPCO Fukushima Daiichi
Nuclear Power Station accident in bracken, we have investigated bracken communities in former pasture since
2017. We also tested the effect of potassium (K) application on reducing radiocesium concentrations. From spring
to autumn, when the leaves are green, about 40% of bracken’s biomass is comprised of leaves while the other
60% consists of belowground organs (rhizomes and roots). There is little seasonal difference in the total plant
biomass. The cesium-137 (**’Cs) concentrations in bracken varied among organs such as young leaves, adult leaves,
and belowground organs, reflecting seasonality, but the total concentrations in plants decreased gradually (P =
0.023). The decline, as approximated by an exponential function, was 27% per year. After application of K in June
2017, total potassium-40 concentrations of treated bracken plants were higher than those of control plants from
about August to March of the following year. Consequently, the *’Cs concentrations of the treated bracken were
suppressed to about 70% of those of the control plants (P < 0.001).

Key words : edible wild plant, land formerly used for grazing, light-demanding plant, seasonal change, soil
exchangeable K, standard concentration values for food, tourism garden for picking edible ferns
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