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Soil characteristics of feeding sites in wild boar (Sus scrofa) inhabiting sub-urban forest
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i@ X (Original article)

miEtEDMICER T B 1/ 2 (Sus scrofa) ICH TS
REBISFRO T IBSHE

PR L R EHAR AT R B

"5

VAR, W KAV AN AR O A TG M O TEDS L, BRI didic £ c—KMicH
VIS EL T 2 C EAMBEE Ao TWV5d, difiiic k3 2R TH %ttt &0 o
AT, WEBYNAEDL S BBREZFHLTWSONEZMIHTZC LIcX D, HiilcERN K
FREITS T WAREEL 5D, A TR, HEEITTHBAOHEPEFET S 1/ v RN
Hl U, THMELOLIMRTEDX S BEREZRBGMELTHHLTVLEZDNICOWTHER
fTo7z. 2018 E 7T HM S 2019FE8HETI0EDL Y Y —HATICEDA /O ERE TS
Mgl LCiditd L ebilc, TOHNICHBI 2 HTESXOCHAEICHT ABREMERIT> Tk, 1
JVVORBITENERE I NTAEEEHNA R E L, BEOMAEICET S 13 OBREZSREH VT
—RALFRIEET NVICH TED., ShIRPEVERZRD Tz, ZTORE, BEHLSICTH I T HEME
MEVERBEDBERESNZEONPEDSEND, WEBHHEFEHICE>TELT R EEHLEMNIC
Tolz, HMNAYH S EFHICL CIBYMNHHAINTWSE Z AR E N, dificBiEd
DT, AREHO L SIS, 7/ VI REBGHE UTCETTAEENMIET R EEEL,
AV DERIE LR BN D B, hihfhic s /vy aER T ERnidic, EUEOHRMK
TR HBEBEICE DO THEAD A /O X7 2 3hc Tl U, (AEEE R, BRETUGE.,
TV ADREZREDWREBIICEGT 20BN H %,

F—U—F L hEEE, RETE, AR, BN
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L. I3ITBIC

AN AR T 2 TFAEMALEED . AR OATEZEM
W U T BHEMID, 21 Ao Th S, HHRE
HTHE TN TV (Luniak 2004, Adams 2016) . HAT
&, M B AEMAESER T2 EM & LT, il
HED Y 7' (Ursus arctos) « JLHBERERIEO=Z KV Y
71 (Cervus nippon) . SEEWR DA/ 23 (Sus scrofa) 75 EN
KLHISNTWB A (i 2011, 32K 2015, KA 2018) |
NS OIS Tldix TFETERM T, —RICH
B WAk TR R FLEE D T T H B X N B D
WESNZEIICE>TWVWS, BONTE, 1/ VU,
JtifgsE 7z BR < HARE T H 80 i 7x E it~ O
WMHHBIC Z 2 — ATHE SN T WS (HARREHR 2019,
TBS 2019, H7 L 202075 &)

A VUVEAARZF TR, =N L7 TV A,
HaIs, A2 R, 727, hELD gy 7Iiihid TRL
B9 % (Kodera 2010) , fifliEiHIC)E T 20, =k
VIUADX D RREE RV, MR E UM
BUETHD, HATIIHRE, FE, BE IIX4GE0 1
BEWR EZERT S ENHENTVS FHH1975, /)
T« PR 2001, A S 2009, NFS 2013) o EDFL .
BWEDTIlK, FEALDOE DU THIERNZ, Z

RS20 - DRI 24E 10 H 8 H JIRESZH ¢
D) BRI IIZERT 2 BERRMAREA
2) RAURIERY BAITSER

S3HE2H20H

D%, WEREFICHIET 5 @5k 2013) . BEEF T, 2
FHIE TR L, JRIEOEIZ 1~ TH % T L WG &
NTW3 G5 2009 , 0K SICEAEREZRE R
TE39 4, WRICK->TIERICE B N ZRI T L
W ZBLOWATIAZEERCITHRNEEZ SN TS
(e 5 2009) » EEMESMREIC KD & iR - KiE
HALC U Rt 75 e S st g . LR PE R, P
i JUNHTREES. MvEsEER ElIC A S Y NER L,
DARDILREMARRILE T & TN TWeh . FDk,
19784 520144 F TD 36 FEMTA /¥y OERYy
A 17K U, PR AL 51 TRA T
% (kG 2010, BRI 2015) o 1/ ¥ DREEVIHEITE
MsofEM & RAIERIE x> TR O, EREGER, i
EHL A EHAE O350 SRR D T BN
FENTVD CFHES 2009, FH - /NSF 2013) 6

MAEA /LR 72 Tk de < i ic &
HELHEEZH LTS G - Bl 2014, KL 2016) o ST
FEVL S HIL TR BT AL oo O8I EZE X, H
HEHIAN DD N2 S JFHKIC k> T e BEZA 5N TV
M. FTNRF TR L diEHE L O (kO R A ER
WHER, A /DL ) T )8 (Quercus) DEEEFEMN
WA e TA /I MENT 2R ko 7z & &5

* RSO WIZE A 2 BEAR MBI T 193-0843 St/ \ £ [T HNT 1833-81
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TNTVS G- Kl 2014) o ADRADRHRIC A - 7]
e, ALY & N OHLEZ% 9 U dl i 720 o
M TR <, TEEL T & A & ANMOEIRS
FTANERE L T BIRAAA S NS (EkE 2010, YLK « fAH
2017, f4H 2019) . AHS (2008) (&, I HEL T 2 hNE
A IR DML 2 PRI L TV S A TH %
TERHASMILTWVS, Lizh > T, ABDEEZE-
ICHEH T 2 H1EERS CTd 2 AT, 1/ 22 DBREER
IR Z RIS 2 C LI X D . ZhERIR S OB FE i 7
EOMKEHECDTENARELRDTEA S,

HA LR, EEL /oD miEc#EILTVw3
J—ay R \FHTE, hiffith & Z DO FE OB BT
A4 Y OBREFIFIRNDTFHRSE N TS (Thurfjell
et al. 2009, Amendolia et al. 2019) , ./ ¥ A EHID
% & 75 2 BRI B TR AT RE 75 BT R VD TR V2R
RAEI, FIH LT WEBMINEET 2 iz i E i
FIHT % EMNHS TR > TS (Stillfried et al. 2017,
Castillo-Contreras 2018) o THHHITD N & 1/ > T DL
ZID T T, RO I 7k Sl T2 A L
RNT EWEBEEN, LD 2 (ERBGE
BENHIR, BREEHENRNTH S MM ERSNTY
% (Toger et al. 2016, Amendolia et al. 2019) .

HAENTIEA /Y VIcBALTZINE TEMEICETS
WEE 2 <. BHUKORBESMFIC K > TR Z

B
i

PR W

Fig. 1. JOaUH\ L Ml ZESMRE AR & Z )0

FIHT 2T ENHASMNICIZ> TS GHH 1975, Kanzaki
and Ohtsuka 1991, /NSF « #filiF 2001, KREZ 5 2009, /INF 5
2013) o EHICKHIT, LT —H AT AW idik
ZE LICHBBEEOFEX TN TWVS (EH - 2 2004,
HES 2014) o LA L, diflEL Oz 5 e U,
A/ IHED XS HEREZERNICHHL T 500
IZDOWTC, ERBMICHHE L7253 750, 22T A
ZeCIE, HEHNICBEE T 2T BT A X T DOlUg
ZH T, 4/ VORBITENCEH L, SHEBICRHE
N2 & BRI & ORRZMNT Ui, BREERE L
TA/ VYV ORBITENCEE R BEREEZ DN LR
BEREIRBICEH Ule, KRS, BT 4D 5ERE
ztlE L, MNEYIZHAET S LickD, ERICE
DS EEBYENRT 200 E 08 THE Lz, itk
AND M2 < Te b DN E R 2179 Teblc, it
NS EH S % ATERRE O FUMHIC BT A Y DORE
VISP REBLITORBERMEEIHSMCTH T EAHNTH
B

2085 51k
A
AR TSR\ LTI H % EAL 28 B R EA
PRARI Y - BEGRBSAE AR O I 2P 2 E AR MR 22 R
(Jb#i35°38'33”  B#%13971700” ) (LLR. BlE) O

P - - —
b o& C §
¥

FRENG A A T RER R SRR 2 EEARMR AR OB, BRI ESM SR 2R,
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Bk 1T o 72 (Fig. 1) o FERIEEREL5E LR
EDih & ZF DOHMD EFEH & OBEFRICNIE T 3 )i
E56.11haDHEMTH %, PERI DR L 7z i & idH
REBEBIC K> THWENTVE N, & 2 X,
SRV Y AF T O BRAEER S  A1 )V N — g
ZRALT, BHERANZBEIL TS (—i L
HENAABMEM 2 2019, 2020) o £z, BEE
OILHDP N X EEHDED % o BHZR O IX
183~287m& EIRICE L, WHIZEL L THIAKD
IMLJEBED KRS R T E» 570 LR ¢ i
ThEBEME LOEEO LEN, B EOEER
HE AT = O [ CUIBIR O — LR R & 2R
HOTHTEBDONTWS (BH - A4 2000) ,
NOBHEBE RS T H Y (Quercus myrsinifolia)

Table 1. 1/ & > OfTHI/ 4

BEX T F I Ullicium anisatum) —E X (Abies
firma) BETHZ LHEIN TS (PBEARS 2010
12T B R RSB L 2> T B IR, TV F
(Zelkova serrata) *° RF / F (Magnolia obovata) 75 £ DJis
RSO/ F (Chamaecyparis obtusa) 7 —2Z <Y (Pinus
taeda) 75 £ O FIERS O REAGLERMK (39.81ha) AV E N
TiEh . WM IIRIARRE (6.94ha) | U7 T LRIFM
(7.96ha) HNEK E N, —BREEFICRFHEN TV,
FHAHICIE, 199941 A/ ¥ DMRA LT T LD ERR
ENTWS (HF - FH 2014) . 7z, 203Kk
AWNEANLEN SR A LI EAMRE SN TS (L
#RERTER 2017) o 20144E 1 DARE, = > IR ABAIED
TeH DI FEMEENRRE & N iz (HA S 2018) o @A
B7Z2iT> TVaBD, I/ i k> THENCHIZE

TTEiEH TTEINE

1. %#H) Ed, NEYD, Wwol WL, 2L, HIRICEZANTERL TV 2541 [2.48
fr] & Ll7,

2. B W bowAR, T BE HEEYAEE RS,
HilH % S PHDE CTHE D . BRR L a0t it fTEI D &, 272 L. &% I Tw
203 2R > T el 1B & L7z,

3. oK IRDIKITY) % AF 1 TS ATE,

4 AV TF VAR

ROPJLHEAMCHTHLEHRL X ZANE DL 5, XX E AT ORI, X 2T

HEZFTHVoF5, RetlvickzoFvo05,

5. fifrik HER LD THIET 2, oG, xR, HE2 L CTERD 5 WITEET 2178

D,

6. 2178 CEA)

JRER D> & B~ SIERE L, Sk D RER A~ 2 AR L 23R R 72 0 B 5 1T,

JEERAS T &b 1Tl HIERE O U e hd v,

7. 4TE) (B - )
BFLehdnlEz,

SRR L3 50 & H LI LAV, BT 278225, 2720, YEELOLA
le. thexf78) CBAD J & L7,

Table 2. Jll5E U 7z BBi25 80 & 2 O (i

HHE il /Ml S UNI}

TR B3 2 258 TEARAEL EEDEAY S 3.17 0 18
AR AR HINEE 14.6 0 45
TIEARAREL IR 20.9 0 70
tEx 47 B2 TARILTER 12 o FIT, VRIEIAZERSS 7 . SFEER7 7 . e L6 T

T BT 2 25 BERF EUDERY S KILUPKE (V)37 r,  HERSE (R)24 7 7, HARIEHERE) (D)3 7 it
I EE RS (mm) R 8.99 4.40 16.20
RO (mm) RO 10.92 4.40 17.80
AR (mg/m”) BHIZER 0.43 0.21 0.70
HREAKE (m*/m®) RHZE8L 0.32 0.17 0.69
HEEH R (mg/m?) BER 0.15 0.00 0.38
MR B R X (kg/m”)  RIVEH 0.88 0.22 2.71
HERE R R E (g/m®)  RIVER 0.63 0.00 2.00

Z DA TEAEL =N 3.83 2.00 10 (&75107)
R EEDEAY 'S 1.70 0.00 9.00

Bulletin of FFPRI, Vol.20, No.4, 2021
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n, A/ VRMONNERENT 2 EDEREINTY
% (@mih5 2019)

ETFFAASZRWTHRE

A HINIC20184E7 A0 520198 Hic 9 —H_ Ty
ZIVET AN AT (Ltl-Acorn b LA )L 71 A F6210MC,
FETFTAARAT) 2306, At eBIcHE Lk
(Fig.1) o sEfEFTIE IR, R, Rk E2MAEZ &
H. AF (Cryptomeria japonica) * ¥ ./ 3 (Chamaecyparis
obtusa) *+ X VHHE EOHIEBEOREK, a5 (0.
serrata) + 7V Fix & DG EELIERFEOBMK, AXY
A (Castanopsis sieboldii) + 713/ %75 £ DF FRILERE
SFEMRE UIRREMR, FEARDVIOWELIZR £ 2HRk7%
B2 T 2 X DI Lz I ATDETIENI2 m
EL. AEEFKB0EDOFMELAEDXoICHELK, €
TANAZOEERER, BIEIT 1 7 L. BighFii20
B, e 2= Lo & U CEIEHRE 21T 5 7ce /1 X
FOSDA— REBMII 1y AT LICRBL ., ZDOHEH)
HzEN Lz, BT AT =220, HgFEHH - Ik
% - R - EAE - frB 2Rl LTe, oA /Y
MR E B U, ORIz, 14
MOETFA MG SHEERE N1/ YOI TEELL R 7 %
AT THolz BH) HRE) AUk T (XZETk
ZHEOMT2) AT AL Tkl T4 718 G

Mrb 2178 (BC% - B4 ) (Table D o FREITHNICE. Hb
FEOEARRIR E2REL TV S HEH. iz > THR
2, B, S I AGEEZBRXTVLSHFIOEN,., H
[fil 72 5 CTHE > TV % DM 2 BTV 2 AN D 451 50 it
7R THO BN HNTOHRETEE FO T, Hif
KRz TWEH, iz s I T0» 2 HhliE

MRETH ) Ti3ad TBEfTE ) cavi, E74m
BICHEBURAD RS S NG G, AUITEZ &> T
EERURE Uiz, /e, HEBUAADNRE 5178121772
Ba. (T i OR Y Uk Lit, ZNEROTTH)
BIEEHA T, hATHIER T LICERI LT,

RERAE

307 FTD E T4 A1 A SR HOAE & 0 B 1omELNIC
AEFITDHEARICONT, @A @10 mbl ) . HEAR
(fEs mEAE10 mPAT) o FEAR (BfE1.5 mEAE 5.0 mEAT)
WK T, FNFNOAREE Y s Ui, £z, LEK
DRATREETLEMEEE LI THRLTER | V&
IR . TEFEEE . TLEAGL) ICnBliz, Wik
BRRIC DWW T 42z VW 2, (Table 2)

THGRA RO R LR ERZ S (2010) Z25E
WU, UTOFIETIT o7z, BT A A A TR0
HIRICT50 em X 50 emARKPEZFRE L. ZTOHICTENZHE
FABY R RE Ul BRELEABYIIEEBEICH bR
D, 80°CASIRFRTHEZNE L 7otk WIRERZNE Ulz, HERE
HHEYIEIZ2018E12H DS 1 HICRELY VIV %

ZF (1AM S54H) OREMEE U, 20196 HN STHICER
LY TNV 2EE SANS10H) OREEE Uiz,
BRI BLD BRN 1%, RS20 em & T B 72 i il
L. THERMOHEERITo Tz, MERHOBEEZHHET 5
fedic, (AT ERFZ O TR D S ERE 5 &
ZEES eml B K10 HERIE A Z N7 nsmEgD
AL, ZOFEEZEH U, & SICEHES0 cm? (E
ERI8 em) | X2 emDAFE100 mLOMEZ L, X
1~3 cm®D 1B 33 THRALL 720 FRELU 7z T HEE 2B =
WIKHRBIRD . FREFE S (W ZIE L7z, 100 °C 48[KF
Mz U, #zEs (Wd) Z2H0E Uiz, f2iifg o L
AHE2 mmPEOFSLEIC DT > 2 mm) &ML (< 2 mm)
KoL, ThZEhodEmE (Weg, Ws) ZHIELz, Th
SORIEMZHV., LUTOXNS, MEAREE (Bd .
FRIRHARE /R (We) . S HE R (Go) ZRHIL. 21
ZNoH RO EEZ R U,

Bd (Mg /m’) =Ws /100 (1

We (m*/m’) =(Wf-wd) /100  (2)

Ge (Mg /m’) =Wg/ 100 (3)
T HEEREEIC DWW T IE, Table 21779 718 H Z BRBE A8 &
L7,

Zofth, MR LICET Z2HHLEME LTNA KL
(Table 2) » BHUIFOREIZGPSFHHIEE (GARMIN eTrex
20J/300) ZHWTHEIE ZiliRd 5 2 Lic kb, ETFEH A
Z AR R P 1om BREE S 72 © OFEE % (m /10 m) & LT
KDz, oo ETFAATIMENMBEICRDZDTE/E
DA A Tzo TOBX. 2 BB EERETTIE e
Jifi & UCREER Uiz,

BEOWRE

20184E3H~20194E11 A & THEHAN TR LTz 1/ ¥
T OE BT LTz, BIRTHEEZImmA Y ¥ a
DEBNTKEL, BREZ I ONHRE Uz, Z DX,
AHED (2014) 8K T/NSF « fhiRg (2001) 7% E DEATIIIEZ
2Z L LT, HPERY). NrEmY. 7 - RESHE.
ZofMiofE T - BIE, M- B B, BiE. Zofth
OFSHEEDIEHICIK 7 Ulze 1RIOFREY > 7V TldiE
HER20~50gDHE 2 ST AV Tz,

0.6 nidk

= R - ik

n (W - BE)
e (B
AUTFUR

RE

LE:3 ]

04
8A 9A 10R 1A 12A 1A 2R 3A 4A 5RA 6A 7A
2018 2019

Fig. 2. Y —H A S KB4 /22 DF o AL
T HE LT Table 1 2,
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Photo . RS NAVE /4 (Phllostachys dulis) DRy ) A%i>THE
NBA Y

Photo 2. 3 AH (Oligochaeta) %ﬁc‘! 524247 YE . Photo 5. 1 / ¥ DHKIT A > T\ 7 AR %Y Y (Pleioblastus
chino) &Y< (Morus australis) Dffi 1

. '3 " i : : )
¥ W ‘Q ,"f J ';'-.1. , i {
Photo 3. K% &' X (Houttuynia cordata) D% INRB A ) T

Table 3. s BRBEZ BRI D FH B

AR EAR TREAR AbE SEAKL TR TS REREARET MILARTR ARaKE Barik A& GiEmE)
EREA% 1.000
AL 0.194 1.000
TR 0.108 -0.141 1.000
RHE -0.012 0.181 0.452 1.000
SEAEL -0.369 -0.285 0.193 0.304 1.000
T P8 -0.087 -0.006 0.087 -0.035 -0.194 1.000
TR -4 0.102 0.083 0.153 -0.025 0.017 0.618 1.000
LA R -0.278 -0.209 -0.143 -0.264 -0.080 0.377 0.194 1.000
R E k% -0.483 -0.225 0.069 0.163 0.320 -0.156 -0.374 -0.092 1.000
Hah R 0.202 0.304 0.081 -0.096 -0.170 0.218 0.488 -0.237 -0.453 1.000
HREEYE (%) 0.294 0.066 0.176 0.029 0.032 -0.224 -0.116 -0.237 -0.470 0.086 1.000
HERTH R () 0.340 0.075 0.153 0.226 0.148 -0.241 -0.073 -0.138 -0.185 -0.024 0.325 1.0000

AT~ VIEMMHBGRE CHEZ o 2Bk E GFRR Lz, K P<0.01, #t: P<0.05
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Table 4. —BALAIEE TIVIC & 2 B FM ORI TEIHULIC D % BIBEZA RO R M

269

Aug.-Sep. Oct. -Nov. Dec.-Jan. Apr.-May Jun.-Jul.
IR , , ) g ,
Wald y° P Wald y° P Wald y° P Wald y° P Wald y° P

Gl 0.21 0.65 0.03 0.87 1.31 0.25 3.53 0.06 7.69 0.00**
Rt x4 7 6.33 0.04* 3.44 0.18 2.18 0.34 2.70 0.26 6.06 0.05*
FER2A T 6.16 0.10 4.40 0.22 5.34 0.15 4.01 0.26 2.67 0.45
TR 6.39 0.01** 6.28 0.01** 1.43 0.23 3.11 0.08 1.66 0.20
THERERTHC 3.32 0.07 0.72 0.40 1.16 0.28 2.88 0.09 0.61 0.44
il 2y =g 0.62 0.43 0.05 0.82 0.13 0.72 3.65 0.06 4.35 0.04*
AR K 0.21 0.65 0.32 0.57 4.52 0.03* 3.22 0.07 0.48 0.49
MaHE 0.52 0.47 0.20 0.66 2.38 0.12 2.85 0.09 0.14 0.71
HERE AR & 9.44 0.00** 0.34 0.56 2.70 0.10 2.96 0.09 0.04 0.84
FIEARAREL 0.86 0.35 1.79 0.18 3.33 0.07 3.05 0.08 1.43 0.23
AR A EL 3.14 0.08 3.65 0.06 2.08 0.15 3.21 0.07 0.55 0.46
TEARREL 4.89 0.03* 5.05 0.03* 2.89 0.09 2.96 0.09 1.07 0.30
TEAEL 5.34 0.02* 0.08 0.78 1.87 0.17 3.16 0.08 0.07 0.80
LRz 5.24 0.02* 1.84 0.18 1.04 0.31 2.09 0.15 2.03 0.16
#72720. 2 A2 5 3 ARBERED DR, BT VIMERTE o 7,
Table 5. AN TERIRE Wiz A/ 2 T DFEDONEY

No.  HBHUEHH i Wy BRI Mr/RFE RMRE B ) Z DAty

1 2018.03.07 ++ ++

2 2018.12.20 ++ +

3 2018.12.20 ++

4 2018.12.22 ++ ++

5 2019.03.01 ++ +

6 2019.03.01 ++

7 2019.03.01 ++ +

8 2019.03.01 ++

9 2019.03.26 ++

10 2019.04.15 + +

11 2019.06.03 ++ +

12 2019.06.03 ++ ++ +

13 2019.06.11 ++ ++ +

14 2019.06.11 ++ ++

15 2019.06.11 ++ ++

16 2019.07.17 ++ ++

17 2019.07.22 + ++

18 2019.07.22 ++ ++ +

19 2019.07.22 ++ ++

20 2019.07.22 ++ ++ +

21 2019.07.22 ++ ++ +

22 2019.07.24 ++ +

23 2019.08.08 ++ ++ +

24 2019.08.08 ++ ++ +

25 2019.11.05 ++ ++ + + +

FHEBECEDULFET S 2L 2R L, +RZNUT TH o722 & 2R T,
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FEMT

A/ Y DREBFEEICEE R METREENZ M T
B, —RILBIEE T VRO ZiT> 720 1./
VVOBMIEMANTEENMENTVS D, 2
y AT ICRBHEEZEF LHNERE Uiz, .
Table2D 13IHH., §abBHEMEHZRTL L, 211
LA R/RE LT ZIT 5 e, @O EZEEE %
fedhic, ETIVEBAO T ML L, VY IBEELT
W Tz, $REHRNTIZSPSS ver. 2512 K - T o 7z,

3. hER

20184E7TH 0 520194E8 H (JEN106974 X T H) IR
ENTBOBEDET AN RATDRT—X195981FD 5 5
WAL S N7z6606ff 2 VTN 21T > 72, i
WEINEYRIZ, =KUYV Macaca fuscata) . =5k
2V X (Sciurus lis) . 7 73 A2 (Apodemus speciosus)
=R Y F (Lepus brachyurus) . 2 X F(Nyctereutes
procyonoides) . Y F ./ T U< (U. thibetanus) . FJ %
(Vulpes vulpes) . 7 > (Martes melampus) . =HK>27F 7
< (Meles anakuma) . A/ >, ZR I, REDT
Z A X (Procyon lotor) . I\7 €Y (Paguma larvata) |
Z LU CHRBHFRD T (Felis catus) . B A X (Canis
lupus familiaris) TH >z &> & LEEHENTD > 2
DIFA /T e lds254-TH D 2RD50.6%7%
Hdlee A UERTDOH A THIT TR TNz,
Z DAL I3 R TE0.012[E HA 5 5% Tl30.676[1
SHE. AATGHIFIC K > TEMHENT,

ETA AR TI06 2 TRIEDFE 7 LI22018F8H1HD
52019E7H31H X TOUEMD T — X2 O THEH D
TEHE 2R LTz (Fig. 2) o A/ ¥ OREHIER,
GCHMSHMULIB LS, OHNLIHIKREEZ L 1HD
53IHDOEFIT Vi VENDH SNz (Fig. 2) o F7H)
B, BEID 16641 (53.9%) TIHREL . RO TIRA
M11931F (38.6%) « A VT F 2V AITEM 1471 (4.8%) .
foktrEhixe fF (0.2%) . k11 £ (0.4%) . 21T
B CBIAD) D55 (1.8%) . #h217THE) (B4 - B4 (131
(0.4%) THo T, BEHEREMRE ENIATHOEZ LA
£ (92.5%) 7258, AEMNEEFHDOZ  ZHE) & RE
WKER LTS ERHLMNI AR Tz, IREBITEIOHRY
SR G EE T, NARREEZL, 1HMS3AH
FE LK o e, 21780 5 BERMINRITEIL. 1
BTHMICHI26 AN SNBSS NI, XZLTOD
BRTRURZARICTTODTZ AT F 2 XTE)IE,. F
fiize b —EME THERES N,

HIE X N Tz 13D BRETZ O K Ui P 72 Table 21
F L, FmMAOM TORBEBIfRIE Table 31C %
LTz, AFIARTIE, THEME ORI fE &
FEWHBEN S > 7o BEEH RS EWIE E TIERTE Ot
THEEEE < T o T, Koo MEAEERISZWIEE iR
S DRCEIED R < 75> Too RREEKEDE ORI

DRI ESH =Y HEAE R =N DR H >
Teo TP OVTRET B/ EAEMNEZ L. EEAEDND
ENEMDBD > Too BHEDNEOHIEUZ E FEABDZ W
DN H >, 2L, HRMEDORETH 2 VIFOfEX
I KR3.58TdH > Tcicdd, BREZAE O L BRI I3 B
TG>T FDRD, 2L E W TLLT D 7z
1otz

RETHNSIFHIC L DM TEZ D ENZ D Z
BHEMCT B7DIC, 27 HZ & OREBITEOHE 2 KR
L7z (Fig. 3) o BREITEIN TN ZHIIE, FHIT L ICHE
E0. 1EMZET EIREE R ERMHEL TV, L
MU, 2AD53A DEEHEITFHCED o Too —MALHR
EETIIC K 2T TlE. SREITEIO B SE DMEV2H
MHIAZRL S THERGZE T IVOMER S Nz, i
T LICHINZRTH 2 R BITENC R R 2 R DERETZ B
F75 o7z (Table 4) o AN H9H DLREAHIL I HERTH H)
| <, hEEERCE I EDME W RIS 2 D D
o7z 10AMS11H TE HERE SR EME O EREEZ
EZ L ODREITHN RSN, 12HD S1HICIEEKED
BRSO ENTz, 4HD 55 HICITREI T8 281
Y 23RN E AT T Niah -7, 6ANSTH
T, fITARBEN VRN TEERE TREBMEEII SN -
Tzo WINOFEMICHBNTEHHBITHOHZICHET S
TR EUT, MARKI D & LEEREOMED IHIH
TNz,

CTFA MG SHRBYINHERTEDES5EDH
(&1hD4.6%) THHO. ZDONRIFZ20184:11H D Quercus
JEOERIAD 24, 2019FF1H DT T Hh Y (Q. glauca) D
BEN3F, 20194 H DET Y T F U (Phyllostachys edulis)
DR/ AN, 201945 H D 2V VN (Polygonum
thunbergii) DIEEMIM, 20194£6H R 7 X 2 (Houttuynia
cordata) DM 131F, 201996 H D 2 2 XAl (Oligochaeta)
W2 T o7z (Photos 1, 2, 3,4) o 1ELALDOBYET, H
M7z & T 0 R T EHRRTH 217> TV EM, MzZ2BNT
WBDWHITE RN > Tz,

PAERHIC G2l DA/ > OFEERIL., NAE
Y7z 8IEHENC 731 TR LTz (Table 5) o W NOFEHICH
WTE T AR 2 (Pleioblastus chino) 75 & 7 & {8 11
R EAREDN G TNz, BrEEYOPIciE. KRRk
KEETHICZRICAEN TS LB H 7z (Photo 5) o
oo LA RAEBERLEHOENFTENTH
Teo AVEOBRBZNANSIAZTERMGENZ, B
RN D& LT, 6HICVY< T (Morus australis)
D7, TAWCYIVF Y (Actinidia arguta) OFET- & TR
I Nz, BRBEITEMNICEZ 3R 0VH, HEhHRIC
M THEICEEN ., BiEOEY L LT, N
ABH) DN & DO—E8, T~ K 3 H8 (Onthophagus
sp.) A Y LK} (Carabidae) DRSS EHHAD —H A EES
Ente, 2L ORHFIIMD RSN, FEDRDT
ERBEMMDRBL TV, BOREIZTEED
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o A/ VVONRICEHEETZ AT IFSIIA=
(Umblyomma testudinarium) (7 )V — 3 > THRHCEXIN D %
WIFIEEXINCERAAE NI E D) B E Nz, ZOfh
ELT, ANIYIHROY L 2 MG £ Nz,

455

R TIRIE, 1/ ¥ VIRREI D 50% 7%
Z. o L BB ENZIWAITH > 72, M UHHA
HITIFHNTIZ2005FEDFETIE, X XF 38%) . NI
TV (28%) . TFIR (19%) O HEENEL, 1./
T OGEIE Q%) THoTH, 20124EIIE A/ e
KD32%7%z H$bBICE > Tz (HF - RH 2014) o HEHET
DEFEDIRIL & Ak CREARIESES B 2016)  AFHEH
THH/N\NETFHEIPTEEWHB DS Bic1 /U hiH
milizZ >N Z %,

Ko, AN TORBEHEZIIENSKICEZ <, X
PIRNEAD D - Teo A/ T VIR HEIT 18] BFE
i, HEOY—215~6H A TH% (LI 2008) o
AIFETE S HUANTINE WSz i 7z A X RERDY ]
THERRE N T WA o, HEMIZ4A TAEEEZ DN
%, BEMHRICHIT T, ORI, 2 < Offk
EFICH X [0 % T & CTHREGHEN L > Tl RetED b
%0 Flz. A/ OTEIBOY A XIGHHIC K > T62
ha ~ 4830 hal KEE%EMNH D (Garza et al. 2018) | [F]—Hl
HTHLREHA(LL, HEPERREDONELZ TS &
MHIHN TV % (Massei et al. 1997a, Keuling et al. 2008) o
ARFHAEHIIHKIS6 haZm DT, A/ ¥ O THEIE &S
IKERATND EEZEND, FICKARICHREHENE
UKL o feBilth & LT, G EmZb L, 3
BRI T R LIl eEZADBNE, 1./ PO
BGd 5 0IE a7 Y 7 NREHIZ(ET S HEE. BN
HNTELHBNTNS (KIS 2008, Thurfjell et al. 2009,
Morelle and Lejeune 2015, Amendolia et al. 2019) , Hiir1igHh
W Tld. EFEO T DOIFICHMRO TENEL 55720,
A/ M2 > TR ZRERT BT8R T %
(Massei et al. 1997b) , Z D7z, RN TEYHIES LI
R 2 EFRCEBWZ RO THiHHANOHERAET S &
EZ 5N T3 (Cahill et al. 2003) o

A/ TR ENWUGO Rz RE L BEIN &
DTz, KRS, A/ VMot Tl 28 D e
SHHRTRHITHNEDFHTELALN, 71/ D
EHRHOZ W 5 LIBEREITHICH ST & h
T ENT, FHICED BRICHT TORAETTING LIED
FZODMWIEATZ XD IFA TR 2D H - Fz, il
FROXRRETIE, /YOO E LD LIZHED RS
NTOEWGFRO GRG0 HEEHM A Z TN TV
(A1 2017) &b, HIBEWOHEED A/ 22 DRFETT
FHTWB L TV B REEN D o 7z, HIZE TR HTFEDOKR
TVWAFLERE I I AFEHF RO RN LZ L, A
IV TNE O EBERNTVS E#RENTE, &H
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FHICBWT, HANBYOHFHETIEI I RBEIMHBTE 2D
ST, Bl TR I I AFEEBXRXTV S HFIDFERE N
Too Fio, WHEOYHIIH TIIMH S N> 72, H
HUADRRHUI AN A & U TRt S Nz, 2
S SR, REEAEOHICER D I Wiz,
BN SEREIRUEMIE TE Ao Te, TDXHICI
S RF7x BRSO EYIRI 258 NI LS TH %
Tk, A/ O KXBIE (S 2008) 721 Tl
L. BNEYIRRETE ONSF - #ilg 200D FEE T
%, W5 (2020) 1. BEBIEO REMHICBOTHEI N
et )V OIGNEYZDNAN—I—FT A V1> T
AT Uy DESKIEEDYEE L - 7 EASESSTIYE D)8 L)L
HBVIHELN)VTOHEZAREIC Uiz, 5. 2o Lk
Wl fRTTEIC & . 4 v OBYRIIRNA & 0 &
MMCHS MRS T ENHE S NS,

RIERTA /> DREITE 2 HEICT - To HIM
FOMWVEITE., Ml tAEESEESHRMUOE T
Hote, MEAREDN DRV EWS T EIEHRIREE D
FHELTWRHETHZ T LaEkl., HAKILENE
<L BKMEDRNE L, WYDPIRZRED T VRS MR T
BRETHZTLERELTVS (N 2001) , T2, T
5 U TeMRDIREESE DTE I 2 2 A L L Eghyh3
DoTWVBZ EHHISNTWVS (A& « JIIE 2001) » L
TeoT, A/ VIERERIIAFREZHKT S
B, TS MEWEREZFHT 52 LT, REMEE
FFTcnwz eEZSENS, ETFAEHATIEA /UM
BRZITO. ZOTENC K > THEPHHE S N HETD
L LIRSS Nz, A/ ¥ oW HEE oKW ERE %
REGHMELUTRINLTWS LR, A/ YV HRE
HBICITY i kD, REEEMES KD EEES
EZbNE, 4/ VICXBERERNDETND 5V
TEMNREBE LT, e 23 L@ Moz
DG XN TV S (Welander 2006, Sandom et al. 2013,
Burrascano et al. 2015) . HARDHEHEALTE A /2D
AT BIc DN, AERRANDZENHELT S
ATREMEAV R E NS,

REFHEICEET 2 ENEIFHCIcREoTz, Th
. A/ VN EEH T LICRBY AL EETVE NS
7ZeEZLENG, NFDL Q1) ICXB L, FHOFE—E
HIEHEGAH DN EFIERY), S~6 DX 7, 7~9H BT
R, 10~12 AP, 13HBERE cH . BEHIT
CICHA LR TOWERZFIH L TOAHEAN RSN,
APFEMTE ., 4~5 QIR EBITEIDER T B MRS T
Ho. EBICKT ) aArBERBWGENMEENT, .
10~1THBXUI~12HICEP LIHRZ S 5 o h E
I3 TH D, FEEN I ZRICE BTN
R Z BTV AUGENE LN, £z, TORHO
HNAYD 52 BOBRBHENMERI NI, TS ORY
B, WO oERLAIZH S, RETEIEHER
IOz TWe, #omhbd, F—0fh5ER
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B \$\%§¥\\_:f\\\ K2 e TR
& ‘&zhﬁ\\< PG2: FERE B I shH
: POE: AR EB A
S O FEREREERE
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Fig. 4. JOutl/\ L i Jal 4 O e
(PEREFN R ST E R S o > 2 — 20 Iy
@&§$7—ADX%EHNWE6HSHW%ﬁ
ICHERK)

B, RE, B BEGENMZEINTH O, HimZziEo
BEBATO BREMORBITEI & — B LT R L x> T,

AR TR TN DSBS B BRI & U
THEAEBREICBE§ 2 2 BONEINE NG o T, £ /2
MR Tl 2 DERBHIHKT T 2 EI AN T2,
E N} CIAZER M2 B IRIIC RIS % &0 G20
(Abaigar et al. 1994, /NSF 5 2001, Cahill and Llimona 20047
E) o TNS DBHFFEINLE AT — VOt TH > 72D
Wt Uy ARIFFETHGR L LTRSS 2 A4 7 DN
BTEYA 7RICAHT 27D, 2k LTI ZHAMHE
EMBERLLEHRRE > T, £z, 4/ Y UDIFA
THHT 2RI (aFF, 7Ihy, ¥IhY) idndh
L. R THBEICHB T2 TH %, HFEREA
FUIEH D A3 5 T g PERICZ < EB LTV, L
oo T SREIOMEART —)IVOHR T, WAEZKILM
RTEDEDAABKTH D, ZD7H, HAEICET 5%
BT hc< -l EZA NS,

ARABEHD A /2 VIFFICEISRITHT T, BYA
TARITIRIET % R G REA BRIR 2 RIS C TR S %
TLT. ZHEEEZB TR EEADN, £, 1/
TV OFRBEBMRIGSE [ > TR THAIT 2R TH
27, MRNEIREZIT S TeDITIE TIBEREE ORI
HHETHBEIEDHOMCE ST A/ D BFED
MO TBERIE S L bR IR I, Tl S B 72l
PRt & D & IS E WO ARMMIRERNC 2 < A7 % nTRE
MWD %, KT, AWIZE2T > TR\ L7 iiJiAT
. FEALLFKIE R FD v 5 E ORI B OGN 2
<L KB — Lz eI 2E<me o1z
& DB DI Iz Fr fEHINS LEA TP LK oD 1 B8 13
WIS % (Fig. 4, FESROHR ST E AR S
YR—2019) o UTehd o THitHIC B S 2 ki3, 1/
Ty ORI & 73 2 AR B 2 i A % ATRETED
HBHTEMNRMBEINT, LML, FBEMELTEEA
EFAE N o e &FE, hiftiEL T 5 A S
T2t LA, %, XOIREAT—)LCrifh
WEADA 22 DITEZ T 2 0B H 5, Kz,
M ERL OFM T, HBREZ EOMlz LIy

A7 e Fanc FHIL . ARBCE B O5RL-PERETE i, By
AR B & DX RN HE S 2 NETH %,

ER3s
BN EC YN NS AT IR R s 2 7 N 113 TR s
RBIC I B EREBABR Y X 7 LNOBIFE (H30~R2) | DR D
—Th B, BRI, X BHOMEIEHRMBEHITNZ
FERMBLIZE OH EARRKIC, WY OEE X AR EE K
W 1wizizwniz,
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Soil characteristics of feeding sites in wild boar (Sus scrofa) inhabiting
sub-urban forest

Noriko HAYASHI" ", Karin TAKAYAMA?, Shuichiroh YOSHINAGA" and Tohru KOIZUMI"

Abstract

In recent years, middle and large-sized wild mammals have become inhabited near the urban areas. By clarifying
habitat use in the forests around the city, which is the stage before they appear in the city, it is possible to take
efficient measures in advance. In the present study, we investigated what environments are used as feeding places
by the wild boars in sub—urban forests. Video images were recorded at 30 sensor camera points for one year,
and environmental surveys on soil and vegetation were also conducted at each point. The generalized linear
model (GLM) was performed with the frequency of the feeding behavior taken as the objective variable and 13
environmental variables such as vegetation and soil characteristics as explanatory variables. As a result, it was
confirmed that wild boar tended to forage more often in soft soils from spring to autumn. However, omnivorous
wild boar tended to change the feeding places according to the season. At the foothill forest adjacent to the urban
areas, the number of wild boars will increase due to the favorable soil environment for them to forage. In sub-urban
forests, it is necessary to predict the risk of wild boar invasion in the city in advance based on the soil environment,
and to implement measures such as population management, environmental improvement, and installation of fences
at an early stage.

Key words : soil hardness, feeding behavior, vegetation, sub-urban
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SHEBok /FAIMICEVWTHENEELREAEFEED
S EREICRIFTEE

AEIE YA YTt 17 S SR 0/ NN SV 1= L S

HE

EHEOEmORZ L3O JFRICEWT, BHEEBRMREROE LT ZHEX Z 510401
REL, BHRZIVEBOER EHREEOLEEEEZIHSNC Lz, EEEZSATETIVICED
B FETHE L, BHAEBMEENRKZNVE MR EROHINRE KT EAZ xR L,
DEBOMIMRBRIEESEOMDS TREN ST, WL LI EE B EFEEEEEEICDONT,
M T ICHRAZEBTHRRTZ LN TE, BEROBEE I EEE T1.066, KL D20l ¢
0.638~0.661 TH >z, TN 5 DEABZRD S HBIFRBEMKRICHT 2EEEYFE GEED 2D OMBITFE
BAEEEE)OZ{LZ T U, BEAEENERT, BEGOMS TRIBHEEM RN AEZ NI O
M3 2, @SOS TEEMU ADoK, MK K 2B EE A FE ST O8N Z2 8 Bhnic
K BB EAPEDRN FIC KB BICK D U TCHM LTz, EROMBIZEDL SO TL @B
FRBEENFRETRKE L Ao, EEEMNROMFITEE S OB EERBIKED K Z W
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DTCRED STz, LLEDHRRE D EAENRIGHIKIC X BB EDENZHMT 25 ATH

MITEETH B T e RENT,

F—U—F CEEARESE, ¢/ ER, wBFEREERL, HK

LI ®HIC

v/ FEHAROREBNZEMBETHZ, £/ FA
THRIC B 2 BRI A D 72 D O BIf7 & O g
(SBP) Z{Et L. RUFRIEEDOMEAFET % 12D E
TH (LM 1982) o &/ FRPAFOANTH TR
JERREVIFE EMDERD 720 DSBPIIEK K32 (M
2006, Seiwa et al. 2012, HIFH 5 2012) o LA U, BREEZEIED
Bz 2 HEIC 351 2 RGOV TR D7 <
M DSBPE TG % X = A LII KR TH %,
AMOSBPZ AT B IRt & U CIEAFER®E (Foliage
efficiency) N %, CHUIHEBIFRE X ITEMTEZO O
SBPZ R L. M7 DA BRHE 2 519~ % | C i B f5HE
T % (Tadaki 1966, /i1 1973, Waring 1983), HEAEFERNR
VB TYE AR & D /NS WE IS (Tadaki 1966,
e/ 1973, Reich et al. 1995) | FREROIEIIIC > TIK R
T HHEAMNERE SN (WRPARFEI 1966) . FEZX
AT B BELFENROELNHE Mo Tz, L
U, RERDVEEAE PESDRIC AT T 5B DV T DFZEIE D
72\ (Brix 1983, Binkley and Reid 1984, Mitchell et al. 1996,
Gspaltl et al. 2013) . ZTOHHD—D L LT, HicE
WTIREROHEEDRETHE D IFENE, —fi%
MICEERE, REILZEAISBLNTZTEA MY —

JERIZAT B2 4E 10 H 12 H AR D A3 3 1 H
1) BRAKREWIZEAT PUTESZT

2) HERET « =)V RREAEERI > 2 —

3) BRI AR 2 > 22—

4) ERUE L R - A5EE

* KRS IIZERT PUESZ AR T 780-8077 U &g A vEiT 2-915

AZHOTHEEINS D, MRicXb 70 A ) —=_D
ZAb 2R BEIRAETCHS M T 5 T EIE TINICREETH
%, o, MEHEZHWTOMOmBEZNE L, BEmig
ZHEET % 715 (Binkley and Reid 1984) Wb 50, CTOF
HBEHNEETS, TNHDRNN S, ST DR A
BT BT 2 BUKIE DEEL PER RIS DV T HRD D
B b FIZODW TR DEERDZEIC DV TIX
WODDOREDDH % EDD (EAS 2009, Han et al. 2014,
FRIE S 2018) . A PERIRICBT AIEMIKIZ L A ERW,
MoTERZHEE T 5 ROREEMNE T, TFEREE I NI
SE T TFE TR E N7z (FgIE S 2015, Inagaki et al.
2020) o TOFTEBERTEICHT 2HOMIIE (BT
WA CIERICILHIBIGRDTED 5ND LWV S BIED/ S A
TETFIVHERICH D £ D TH % (Shinozaki et al. 1964a,
1964b) o ZEf FEpHifE & BER DO LLBIBIFRIZ, AF (UKZEE
BIRFAEIE 1966, Inagaki et al. 2020) >t / F (Hagihara et
al. 1993, Ogawa et al. 2010, FgtH 5 2015, Sumida et al. 2018)
THRDIID, Fe. B PemiEE. e, B rE. W
EEED SHEE T E %728 (Sumida et al. 2009) | % &5
WTHDERZHEET % EWATEETH S (FEIH 52015,
Inagaki et al. 2020) » C D% TFIEZ AV TEREREREIS
PRI B /) FHRICOWTCHEHT 5 & T, BED
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T PEIRICNIETHEZIHSMNMCT % T LA AREIC R 2. 15k
%o 1) A

AHFFE T, mHIR DR S D Fix % s B T
RikBR 920 L. KB O 104 R O iR & SBPOBGRD
5. MK 2 HEDA RO 2 5 M Lz,
F e, BUKBOSBPOEIMCDWT, HEROMINC X%
SR B ROM FIC X BHBICE Y LTZENEN
OFEEFMUIz, ThoDERIVEGORES /
FIRIT B TR FERNRICNIE T B2 5 hIC
TR EEHNET S,

o ] -
' 1265
KIElR

=3

T25 ey

_ 500
g R o= e R i i)

T O VY )RS (L& 9 % H B AT 003D o Hhsg
KA, A=, KR ov /S hEnge Uk, kbt
DOHFELZ Table 1.1C/R89, KA (3328’ N, 13300" E) . [H
B (3326'N. 133%10"E) . AKHKAM (33°23'N. 133°1'B) &
ZNFNEEE1150~1280 m. 710 m. 500~550 mlC i
T3, EHEEEIERD Ikm X ¥ 2 h 53RD I E A
& (MAT) (X5, HE., KRMTZENEN.1~9.9 °C,
124 °C, 13.3~13.6 CTH o7z, FER/KE (MAP) E3H155

| 50km |
Y= ore NI
F50-
N5 9
YO
Y25
7
FATAN s
I T FR
- 953 5
s S5km
A DA
Location of the study sites
Table 1. i #5 s s
Summary of study areas
Wi FEE EESGR ERKE YaKIA fet TR TRl
f Altitute MAT MAP Slope Inclination Parent Soil type
rea (m) (C) (mm) direction ° material
KA Tengu (T) 1150-1280 9.1-9.9 3140 SE-SW 30 Kk Bl
[HE  Furumiya (F) 710 12.4 3270 NW 30 Hefsta B,
AKRMI - Tayubata(Y)  500-550 13.3-13.6 3190 SW 36-40  HERS B

TR BTG 55 20 % 4 5, 2021]



[ipaniss P t3inies: Gy A e R N7

T3100 mm A ETH -7z, HEHOBERNI30°~40° TH

ST, T, T AL Z R &9 % Bt (Bl) |
[HENIRRA T DHERR A 72 REA & 9 2 @ 14 M g A ikt
(Bp) « AKRMTIEIUA HREOWEIRSZ R & T % i
Mgt L B, THoMz (LU & 5B 1976) , EJE T
WopHIX., Ky, [HE. KKMT. ZhEh4s, 4.7,
50THH, b/ FEEOERPEIZ, ZNEN10.0 mg
¢!, 85mgg'. 9.4 mgg TH- 7z (Inagaki et al. 2011b) ,
KT LEOEBRYERENZ S EBENEETHO.
[H= Tld LRI > 7z (Inagaki et al. 2008) o K
T TIE LM OENE KM L TIHE X D & pHAE L
BENEZH T,

KA, IHE, KRMoOv /eGSR L TER104
FTOFHZERX 20 m X 20 m) Zf%E L7z (Table 2., M5
2009) o AT O, [HE TE20024F, KK TIE2005
) IS BT B MENE K. [HE. KRMTENZE N4
AL 235, A TH o Tz, KINTIREMKKBX T
25%. 50%. 75%DMEKX (To, T25. T50. T75) . |H&
TR B K T50%HKX (FO. F50) . AKRMTIE
20054EICHERIRIX 5 K U25%. 50%. 75%DRE{RK (Y0,
Y25, Y50, Y75) Za%iE Uiz, MICRIEABKEZ R
Ty TRTDYA AW DEFEARNAERRAZEFERAL,
K & IHE TlE20024F, KIHTIF20054F D S EMTIC
MRz L 72, INEE. RE2%RE (BbofEmTo Lk
IROAREET) 18 Uiz & EDMNNRIRAES 2 /RT
TR CH B (L 1982) o FIMKATOUNER HEAUE AR Tl
Ot & © B REL, KIMTIREEES S L ardEx 1

Table 2. &/ F RGBT 350 2 VIARSE & IR LR
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BEMERML T JFOEBENBIFTHO., KDEP
A2 TZIREETH o Tz,

2) SBPEEEDHEE

FAHBERICHBN T, BKETE RR104EZIC e / FOl
EEE, BE. AR TEZEE LU, Bhe s ERTEI
DNTid, BEMEEEIEE ON—T v 7 A1, BXT
IV, N7a7h) ZRCTHE LUz, BEEE. #Eah
AR TEEAZLIIWTE Uz, YARSBMEEE R T
FHHEEE 1970) ZHWTHOMBEZBREH L, SR
RO/ TR CHEE S NT2AHEE (0.45 ¢ cm”) (FRtE S
2009) =0 TBifFR 2R Uiz, AL TR, BHCE
ZHBIFRBREL UORT, T ORKRRIEMERKE
EHELV, Xz, HEMMPOERMEAKIC DOV T, B
A OBREITFROAZZAEF TEH > T, BHFRES#
JHEE (SBP) Mg ha' yr') ZHH Uz,

KRR (AB) (m?) . #EE (LB) (kg) I DWW T,
DURORTHEL Uz (FRHH S 2015, Inagaki et al. 2020) o

AB=A,, X (H—HB)/(H — 1.3) ()

LB=WL; X AB )

Ags H@%ﬁ?ﬁ% (mz) N
WLy; FEBIEEL (kg m?)

H; ¥t (m) . HB; 426 R (m) .

WL, R FTREFEH D OERZRITEHTH

Stand density and relative yield index in the study plots.

B kKRG SR (n/ha) IR RY index
S D] kg 10 4% AT i 10 4%
Plot qugst age at B@for.e A‘fter' After 10 Béforhe A‘fterA After

thining (yr) thinning thinning years thinning thinning 10 years

P i Py P RY.i Ry, RY 1
TO 42 1025 1025 1025 0.71 0.71 0.80
T25 42 1800 1350 1275 0.79 0.73 0.81
T50 42 875 425 425 0.70 0.50 0.58
T75 42 1475 350 350 0.69 0.31 0.39
FO 23 1850 1850 1700 0.69 0.69 0.82
F50 23 1925 850 850 0.68 0.49 0.64
YO 35 1450 1450 1425 0.83 0.83 0.88
Y25 35 1700 1275 1275 0.83 0.76 0.81
Y50 35 1525 750 750 0.81 0.64 0.70
Y75 35 1500 375 375 0.88 0.54 0.57

T,E Y X ZNZNFI (Tengu), [HE (Furumiya), KFHM (Tayubata), ZFIEHRRERT,
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D, HEIC K > TEREZEZ/RT FEHES 2015, Inagaki et
al. 2020) . FEHHS (2018) (&, PUEIN SO & / FpR7ih
FIZHEWT, MAT (C) & WL IEDQERRBIGRNED 5N
5 EmUTe,

WLy = 6223 X MAT — 107.54 W E))

T DMFERL E MAT (Table 1) 5. KA, [H=. K
KM BIFBWLZ KD EZNTEN, 490 kg m™, 664
kg m>, 733 kg m*TH > Tzo HBEXND TR TDHEIKIC
DVWTERRHE L., INSEEFH L THDERRAEE
U7zo KR, I[HEOERICOWTIE., T TICHE LD
(FAE 5 2018) . T25DfHIFHHE T — ZICED W THGE
LA Rz M5 T %, sREHBOMI &7z 0 O R
(Mg ha) (& RIKEZOIER & MK10FE/ROER O E
& U7z, SBPIE. MRIZIOFMICDOWTORETH S 728
T OIS T 23R & LTI PR E WS T &H°
WY TH 5 &EZ Tz, BEAESNHRIZSBP (Mg ha! yr') &3
YEETE - THRH U,

3) BIREERKRICHT ZEE L SBPOFE

ARWFZE T, B DD, Hil T 2icn<
DMOMEICDONTIEONTERKZHN T, EAEER)
RICDOWTOREZITo oo HHFEMEICHT 25
I CEAE /AT R) ORRIC DWW TIERRER T
fiRtt Ulzo Hoaiotrzdim L, il & MR O EAF
&, MO B 2 U, BIREROMEE & UJRhiH
HICK->TEEZNE S RN Uiz, HikOmEN s
B THALEICI M & a7z 7k UR{KE D
PiER R HEE Uiz,

WS H U 7= e R & SBPIC DWW T AR A IR TR

fth

Ufeo o i 7Z2 920 U nl R EAR D & & Y hivih
HICK > TEEZDE S it Uiz, HiomEn
HETH 2GS L mER % /ER LSBP & H#E
B LT, FREHENTIZIMPY 7 R 7 (ver. 11. 0. 0. SAS
Institute) ZF|FH L 7z,

HREMKX ORER, #BFRMECR & ERENEOM R
BRUTFIER L SBPOMGRZ HWWT, HR T & iciipBl
FRBCRICHT 5 FER, SBP. HEAFENRDOA L
T U Tz, BREZEOMBIFERAFEHRT L (SBP,,) « &
BEEPEPE (SBPy,)  FRAEARDIERIIMC X 2 42 i
(SBP,) \& BEARERIR DM I X B3 S (SBP.y) D3
DK ST LN TES (Brix 1983) o

SBP,,, = SBP, .. + SBP,, + SBP . (Mg ha yr') 1\ (4)

SBP,, (& i{kd 7z DIER & A FERNRNAHRX & 55
LW EDSBPE RS s SBP, I3 F A D BER B I i
K9 BSBP CEAFEMNRITEX EFL W ERET S).
SBP /3 A FERR OB IMC HiI3k$ 5 SBP# /RS, 3DD
BRICOWTRZNZTNLL FOXTHIH Lz,

SBPbase = SBPcom X (1 - PT/IOO) :T:t (5)
SBPlb = SBPconl X (LB thin /LBcont) - SBPhase iﬁ (6)
SBP.g. = SBP i, — SBPy, — SBPyy A7)

SBP o STHRX DR JEERE (Mg ha' yr') | PT: #EfF
EEMER (%), LB 4 MUIKXOHER (Mg ha') . LB ¢ Ff
IRX DHER (Mg ha') 27”9

Table 3. &/ - [{RakBRHIIC 3503 2 8w (1), 7B T (HB), ke (CL)
Mean height, height at crown base and crown length of hinoki cypress in the study plots

AKX R Mean height (m) ERZ N Height at crown base (m) /i Crown length (m)
Plots fEMknl Mk 104E2 HhnE fKET RIR 10 4ER HIne BKET R 10 B s

Before  After After 10 Before  After After 10 Before  After After 10 ACL/

thinning thinning yrs Increment thinning thinning  yrs Increment thinning thinning yrs Increment AH

H H, H, AH HB, HB, HB, AHB CL, CL,  CL, ACL

TO 14.70 14.70 17.53 2.83 5.99 5.99 8.49 2.50 8.67 8.67 9.04 0.37 0.13
T25 13.10 13.20 16.01 2.81 5.69 5.73 7.58 1.84 7.42 7.54 8.44 0.90 0.32
T50 15.50 15.80 17.92 2.12 6.04 6.06 6.16 0.10 9.50 9.74 11.75 2.02 0.95
T75 11.80 12.10 14.13 2.03 422 4.48 5.24 0.76 7.50 7.66 8.89 1.23 0.61
FO 11.00 11.00 14.23 3.23 3.30 3.30 6.60 3.30 7.71 7.71 7.71 0.00 0.00
F50 11.00 10.90 14.21 3.31 3.52 3.20 5.50 2.30 7.51 7.70 8.80 1.11 0.33
YO 15.89 15.89 17.89 2.00 8.67 8.67 10.38 1.70 7.21 7.21 7.52 0.30 0.15
Y25 14.40 14.37 16.20 1.83 7.45 7.30 8.31 1.01 6.95 7.07 7.89 0.82 0.45
Y50 14.64 15.07 16.90 1.83 6.28 6.42 7.22 0.80 8.36 8.65 9.68 1.03 0.56
Y75 17.35 17.75 18.89 1.13 9.13 9.41 9.57 0.16 8.21 8.34 9.31 0.97 0.86

FHA X DOIEE DL Table 2. 1IZ/RT
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Table 4. &/ FRUKEABRMIIC 351 2 §m (LB), #r8if7nt (SB) 35 & UL P s (SBP)
Leaf biomass (LB), stem biomass (SB) and stem production rate (SBP) in the study plots
—
AKX $EE Leaf biomass P17 Stem biomass %%E
Plots WRHG BGE BOR 0% THE MR R BIE I 0% SBP  SBR/LB,
Before After Percent Mean Increase  Before After Percent After 10
P P After 10 yrs . i L
thinning  thinning  removal ratio thinning  thinning removal yrs
LB, LB, (%) LB, LB, LB, /LB, SB,, SB, (%) SB,, (Mg'  (MgMg!
(Mgha') (Mgha') (Mgha') (Mg ha") (Mgha')  (Mgha') (Mgha')  ha'yr) yr)
TO 16.0 16.0 0.0 16.9 16.4 1.03 159.0 159.0 0.0 224.0 6.50 0.396
T25 19.7 15.8 19.8 18.3 17.1 1.08 190.2 151.9 20.2 224.0 7.21 0.422
T50 14.9 7.8 471.7 113 9.5 122 153.6 80.3 471.7 120.9 4.06 0.426
T75 15.0 47 68.8 6.8 5.7 1.23 129.7 39.6 69.5 61.1 215 0.375
FO 16.2 16.2 0.0 18.2 17.2 1.06 85.5 85.5 0.0 156.2 7.07 0.411
F50 16.9 7.2 57.6 11.2 9.2 1.28 99.6 37.5 62.3 84.8 4.73 0.516
YO 19.5 19.5 0.0 21.8 20.6 1.06 188.3 188.3 0.0 253.7 6.54 0317
Y25 19.3 14.8 23.0 19.8 17.3 1.17 155.9 121.5 22.1 182.6 6.11 0.353
Y50 21.9 13.3 39.4 19.7 16.5 1.24 178.9 96.1 46.3 154.2 5.80 0.352
Y75 22.1 6.2 71.9 10.0 8.1 1.30 218.9 64.8 70.4 100.6 3.58 0.443
FHEX DOWEE DOFIALE Table 2. IR,
1.4 8 2
—=—T
7 -0 T::ﬁ;ata :; (d)
6 -+ - Furumiya &
13 } (¢} s b g
T A =
~7> 4 SN %
o ®° ,
o =
=12} o’
S .
o . (a)
- -1
m Tengu 0 20 40 60 80 100 0 20 a0 60 80 100
1.1 Thinned stem biomass (%) Thinned stem biomass (%)
O Tayubata 2 2
A Furumiya
20
1 : : : =
0 20 40 60 80 f"; 15
Thinned stem biomass (%) =
Fig. 2. WBIF RIS T 2 BERINS (LB, /LB)
D% ’
Relationship between percentage of stem removal ,

SBP (Mg halyr?)

and the ratio of leaf
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Effects of thinning on leaf biomass and stem biomass production in
hinoki cypress plantations in Kochi prefecture

Yoshiyuki INAGAKI"", Asami NAKANISHI?, Hidehisa FUKATA®"* and Naoshi WATANABE”

Abstract

Leaf biomass and stem biomass production were measured for 10 years in hinoki cypress plantations that were
exposed to different thinning intensities in three areas at different altitudes in Kochi Prefecture. Leaf biomass was
estimated using a simple method based on the pipe model theory. The increase rate of leaf biomass and percentage of
stem removal were positively, linearly related and the increase rate was lower in the higher altitude area. There was
a linear log/log relationship between leaf biomass and stem biomass production, the regression lines for which had
slopes of 1.066 in the high-altitude area and 0.638-0.661 in the two lower altitude areas. The foliage efficiency, i.e.,
stem biomass production per unit of leaf biomass, was predicted from these relationships. Foliage efficiency increased
with an increasing percentage of stem biomass removal in the lower altitude areas but not in the high-altitude area.
The increase in stem biomass production in thinned plots could be divided into the effects of changes in leaf biomass
and foliage efficiency. Leaf biomass had a larger effect in the moderately thinned plots with only small difference
between areas, whereas foliage efficiency varied between areas in strongly thinned plots. These findings suggest that
foliage efficiency is a useful index for comparing thinning effects between areas.

Key words : foliage efficiency, hinoki cypress, leaf biomass, stem production, thinning
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Characterization of late embryogenesis abundant (LEA) proteins involved

in environmental stress response of black poplar

Mitsuru NISHIGUCHI""

Abstract

Late embryogenesis abundant (LEA) proteins are known to accumulate in the late stage of seed development and in
vegetative tissues following environmental stress. They exist not only in plants but also some animals, fungi, and bacteria.
LEA proteins have diverse structures and gene expression patterns and are considered to safeguard living cells against
disadvantageous changes in environmental conditions. In this study, cDNAs encoding two LEA proteins, PnNLEA1 and
PnLEA2, were isolated and analyzed to characterize LEA proteins in black poplar (Populus nigra L.). The predicted
PnLEA1 and PnLEA2 proteins were structurally different; namely, PnNLEA1 was identified as an LEA_1 family protein with
one LEA 1 domain, and PnLEA2 was identified as an LEA 2 family protein with two LEA 2 domains. The PnLEAI and
PnLEA2 genes were expressed in the roots and leaves. The expression of PnLEAI was up-regulated by drought, salinity,
and cold stress. The expression of PnLEA2 was also increased by drought and salinity stress, though the increment was
smaller than PnLEAI. Both PnLEA1 and PnLEA2 conferred early tolerance to high salinity on the Escherichia coli that
overexpressed them. These results suggest that PnLEA1 and PnLEA2 are involved in the mechanisms of tolerance to

environmental stress in P. nigra.

Key words: environmental stress, Escherichia coli, gene expression, LEA proteins, mRNA, Populus nigra L.

1. Introduction

Woody plants in their natural habitats are exposed to
various environmental stressors such as light, temperature,
gravity, water, oxygen, carbon dioxide, soil nutrients,
chemicals, disease, and herbivory. For example, water deficits
inhibit shoot, cambial, and root growth in trees (Kozlowski and
Pallardy 1997). The number and size of leaves are decreased by
drought stress; it also affects reproductive growth, including the
number of flower buds, fruit-bearing capacity, and the size and
shape of fruits. At the cellular and molecular levels of higher
plants, drought stress induces rapid accumulation of abscisic
acid (ABA), which closes stomata and reduces CO, absorption
(Osakabe et al. 2014). Lower concentrations of CO, cause
defective photosynthesis and result in the generation of reactive
oxygen species that damage intracellular molecules such as
DNA, proteins, and membrane lipids. Salinity stress influences
the growth of woody plants. Sodium chloride (NaCl) treatments
reduce the growth of leaves, tree height, and leaf water potential
in four genotypes of Populus (Fung et al. 1998). Salinity stress
also decreases leaf water potential in Eucalyptus grandis and
Pinus radiata (Myers et al. 1998). High concentrations of NaCl
reduce seed germination and survival rates, shoot length, and

fresh weight of seedlings of three conifers (Croser et al. 2001).

Daily and seasonal changes in temperature can induce heat and
cold stress. Photosynthesis and growth of trees decrease, but
stomatal conductance and the consumption of carbohydrates
increase due to heat stress (Teskey et al. 2015). Photosynthetic
assimilation and the activation state of Rubisco in leaves of two
Populus species were reduced at 40°C compared to 27°C (Hozain
et al. 2010). Additionally, cold stress severely decreased the
growth of hybrid aspen at 4°C (Welling et al. 2002, Renaut et al.
2004). Drought, salinity, and temperature stresses are partially
similar because they often induce osmotic or oxidative stress
(Wang et al. 2003). Woody plants have been inferred to possess
defense systems against environmental stress because they
are long-lived, sessile organisms that cannot escape exposure
to the environmental stressors that influence their growth,
morphogenesis, survival, and reproduction. The molecular
mechanisms of response to environmental stress in woody
plants have been studied; however, many remained unknown.
The relationship of late embryogenesis abundant (LEA)
proteins to environmental stress response has been previously
reported (Wang et al. 2003, Battaglia et al. 2008, Shih et al.
2008, Hincha and Thalhammer 2012). LEA proteins were
first found in wheat seed embryos (Cuming and Lane 1979),
and cotton (Dure III et al. 1981). After cDNAs of LEA
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proteins were cloned from cotton (Dure III et al. 1989), their
homologous genes have been isolated from other plant species.
LEA proteins were initially divided into six groups based
on their amino acid sequences (Dure III 1993, Bray 1993).
At present, the classification of LEA proteins is complicated
because many LEA protein genes have been identified in
various plants. For example, 50 LEA protein genes discovered
in the Arabidopsis thaliana genome were categorized into nine
groups according to their sequence similarity and conserved
repeated motifs (Bies-Ethéve et al. 2008). On the other hand,
Hundertmark and Hincha (2008) grouped 51 LEA protein genes
of Arabidopsis into seven families and nine groups according to
the Pfam protein families database and investigated their gene
expressions. Taking the sequence information and previous
studies into consideration, Battaglia et al. (2008) classified
LEA proteins from different plant species into seven groups.
As a result of whole genome sequencing, plant LEA protein
genes have been comprehensively identified not only in model
plants but also in the following crops and trees: legumes
(Battaglia and Covarrubias 2013), tomato (Cao and Li 2015),
potato (Charfeddine et al. 2015, Chen et al. 2019), orchid
(Ling et al. 2016), rape (Liang et al. 2016), watermelon and
melon (Altunoglu et al. 2017), cassava (Wu et al. 2018), cotton
(Magwanga et al. 2018), xerophyte (Muvunyi et al. 2018),
sorghum (Nagaraju et al. 2019), wheat (Liu et al. 2019, Zan et
al. 2020), Moso bamboo (Huang et al. 2016), Chinese plum (Du
et al. 2013), sweet orange (Pedrosa et al. 2015), Chinese red
pine (Gao and Lan 2016), and tea (Jin et al. 2019, Wang et al.
2019).

Some plant LEA proteins and their mRNAs increase during
seed maturation and in vegetative tissue under drought, osmotic
or cold stress conditions; therefore, they are likely involved in
stress responses to environmental stress (Battaglia et al. 2008).
There are also some LEA proteins whose expression is regulated
by ABA that participate in drought stress responses (Wang et
al. 2003). Most LEA proteins are hydrophilic, including biased
hydrophilic amino acids (Battaglia et al. 2008), and that might
make it possible to inhibit aggregation and inactivation of other
proteins under desiccation or freezing conditions (Hincha and
Thalhammer 2012). Not only plants but also bacteria, fungi,
and animals possess LEA proteins (Hand et al. 2011). Larvae
of the sleeping chironomid (Polypedilum vanderplanki) can
survive without water in a state of anhydrobiosis. Three cDNAs
of LEA proteins have been isolated from this chironomid,
and their mRNAs were increased by desiccation and salinity
stress (Kikawada et al. 2006). The chironomid LEA protein
is suggested to be involved in vitrification with trehalose
(Shimizu et al. 2010). Consequently, LEA proteins are likely to
protect cellular molecules from negative influences induced by

environmental stress; however, the physiological functions of

many LEA proteins in higher plants and other living organisms
have not been sufficiently clarified. Hence, further investigation
is needed to elucidate the various biological properties of LEA
proteins.

In the present study, we aimed to characterize LEA proteins
from black poplar (Populus nigra L.). Populus species have
been used as model woody plants because of the ease of clonal
propagation, tissue culture and transformation techniques, and
genetic information acquisition. Responses to environmental
stress in poplar trees have been studied to increase our
understanding of tolerance mechanisms in woody plants
(Nishiguchi et al. 2002, Nanjo et al. 2004, Nanjo et al. 2007,
Nishiguchi et al. 2012, Miyazawa et al. 2017). In woody plants,
c¢DNAs of dehydrin, a member of the LEA protein family, have
been isolated from Populus species (Caruso et al. 2002, Bae et
al. 2009). The whole genome sequence of Populus trichocarpa
was read for the first time in woody plants (Tuskan et al. 2006).
Based on that reading, 53 LEA protein genes were expected to
be in the genome (Lan et al. 2013). However, the physiological
functions of poplar LEA proteins under stress conditions remain
unknown. Here we report the structure of two LEA proteins
from P. nigra, their gene expressions under stress conditions,
and the acquisition of salinity tolerance in Escherichia coli via

the LEA proteins.

2. Materials and Methods

2.1 Plant materials

Approximately 10 cm were cut from the ends of young
branches of P. nigra and rooted in moist vermiculite. For stress
treatments, the rooted branches were transferred to plastic pots
(75 mm upper diameter, 60 mm high) and grown in a phytotron
(Koito Electric Industries, Nagaizumi-cho, Japan) at 25 °C,
70% relative humidity under metal halide lamps (500 pmol
m” s of photosynthetically active radiation, 16:8 h light:dark
photoperiod).

2.2 Cloning and sequencing analysis

The cDNA clones encoding LEA proteins, PnFL2-006
HO1 and PnFL2-020 AO03, were screened from the full-length
enriched cDNA libraries of P. nigra (Nanjo et al. 2004, Nanjo
et al. 2007) using the BLAST+ software (Camacho et al. 2009).
The HMMER 3.3 software (http://hmmer.org/) and the Pfam
protein families database 32.0 (El-Gebali et al. 2019) were used
to identify the protein functional domains. The UniProtKB/
Swiss-Prot Release 2020 01 database (The UniProt Consortium
2019) and the A4. thaliana Araportl1 protein database (Cheng
et al. 2017) were searched for orthologs to the poplar LEA
proteins using BLAST+. Global alignment of two protein
sequences was executed using the EMBOSS Needle program
of the EMBL-EBI web site (Needleman and Wunsch 1970,

TR BTG 55 20 % 4 5, 2021]



Characterization of poplar LEA proteins 289

Madeira et al. 2019), and their sequence identity was estimated.
Multiple protein sequences were aligned by the ClustalW
program, and phylogenetic analysis was carried out by the
maximum parsimony method with MEGA X software (Kumar
et al. 2018). The grand average of hydropathy (GRAVY) scores
were calculated by the ProtParam tool on the ExPASy server
(Kyte and Doolittle 1982, Gasteiger et al. 2005).

2.3 Stress treatments and gene expression analysis

Drought stress was induced in poplar plantlets (~30 cm
high) by watering cessation. Leaves were collected during the
treatment period and frozen in liquid nitrogen. After collecting
the leaves, the plantlets were discarded to avoid the effects
of leaf detachment. Vermiculites in the pot were weighed
(wet weight), dried overnight at 120°C, and re-weighed (dry
weight). The water content was calculated as (wet weight — dry
weight)/(wet weight). For salinity stress, a hydroponic solution
containing 200 mM NaCl was added to the pots once daily,
while a hydroponic solution without NaCl was used for the
control. Heat and cold stress were induced using an incubator at
40°C and 4°C, respectively, under continuous dark conditions.
Total RNA was prepared from the frozen leaves, and reverse
transcription quantitative real-time PCR (RT-qPCR) was
performed as described previously (Nishiguchi et al. 2012).
The PCR primers are shown in Table S1. The relative mRNA
level was normalized to the mRNA level of the poplar ubiquitin
5 homolog (PnUBQS5, cDNA clone PnFL2-047 P22, DDBJ
accession numbers DB883027 and DB901131). For statistical
analysis, Welch's #-test and Dunnett’s test were performed using
Excel 2016 and R software (Ver. 3.6.0), respectively.

2.4 Measurement of growth of £. coli overexpressing LEA

proteins

The DNA fragments encoding LEA proteins on PnFL2-
006 _HO1 and PnFL2-020 A03 were amplified using PCR
primers (Table S1) to construct the expression plasmid vectors
of LEA proteins for E. coli. The amplified DNA fragments
were cut by Nhel and Xhol and inserted into the Nhel and
Xhol sites in pET-24a (+) (Merck, Darmstadt, Germany). The
constructed plasmids were verified by DNA sequencing and
introduced into E. coli BL21 (DE3) (Merck). For preculture,
E. coli BL21(DE3) harboring each plasmid was cultivated
overnight in 4.5 ml of a medium containing 1% Bacto tryptone
(Life Technologies, Carlsbad, CA), 0.5% yeast extract, 30
pg/ml kanamycin, 1 mM isopropyl- f3 -D-thiogalactopyranoside
and 100 mM NaCl at 37°C, with shaking. Forty-five microliters
of the precultured bacterial cells were inoculated into 4.5 ml
of fresh media including 100 mM NaCl or 1 M NaCl and
cultivated for 48 h to be used as the main culture. The growth

of E. coli was measured as absorbance units (AU) at 660 nm of
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the culturing media using Miniphoto 518R (Taitec, Koshigaya,
Japan). Dunnett’s and Tukey-Kramer tests were utilized to

compare E. coli growth statistically, using R software.

3. Results
3.1 Isolation and structural analysis of P. nigra LEA
proteins

To identify the cDNAs of LEA proteins in P. nigra, we first
investigated the predicted LEA protein genes in the genome of
P. trichocarpa (Tuskan et al. 2006). Thirty-seven genes with
the annotation of “late embryogenesis abundant” were picked
up from the P. trichocarpa genome annotation (V2.0). Using
these 37 amino acid sequences as the query for the tblastn
program, we searched the full-length enriched cDNA libraries
of P. nigra exposed to a variety of stressors such as dehydration,
high salinity, chilling, and heat (Nanjo et al. 2004, Nanjo et al.
2007). After removing redundant clones, two cDNA clones,
PnFL2-006_HO1 (DDBJ accession numbers DB875794 and
DB894098), and PnFL2-020_ A03 (DB896353 and DB878123)
were identified as the candidates.

PnFL2-006 HOI1 encoded a predicted protein of 177
amino acid residues (aa). Using the hmmscan program from
HMMER, the N-terminal 1 to 70 amino acid sequences of
the predicted PnFL2-006_HO1 protein were annotated to the
LEA 1 family only (Pfam ID: PF03760) in the Pfam database
at an independent E-value (i-Evalue) of 6.8e-23. Using the
PnFL2-006 _HO1 protein sequence as a query, we searched
the UniProtKB/Swiss-Prot database and found five orthologs:
Glycine max 18 kDa seed maturation protein (UniProt accession
number: Q01417); A. thaliana LEA protein 46 (Q9FG31, AGI
locus code: AT5G06760); Helianthus annuus 11 kDa LEA
protein (P46515); Gossypium hirsutum LEA protein D-113
(P09441); and Solanum lycopersicum protein LE25 (Q00747).
These five proteins are all classified within the LEA type 1
family in UniProtKB. They were homologous to the N-terminal
LEA 1 domain of the predicted PnFL2-006 HO1 protein (Fig.
l1a). The AT5G06760 protein (158 aa) had been named LEA46
by Hundertmark and Hincha (2008) and was most similar
to the PnFL2-006 _HO1 protein in the 4. thaliana protein
database; their sequence identity was 49% over the entire
length. Accordingly, PnFL2-006_HO1 was inferred to encode an
LEA_1 family protein and designated as PnLEA1. The GRAVY
score of PnLEA1 was —0.832, and thus PnLEA1 was expected
to be a hydrophilic protein, similar to other LEA proteins
(Battaglia et al. 2008, Hand et al. 2011).

PnFL2-020_A03 was deduced to code for a protein of 314
aa. The hmmscan program demonstrated that the N-terminal
domain from 73 to 168 and the C-terminal domain from 198
to 293 of the deduced PnFL2-020 AO03 protein were identified
as belonging to the LEA 2 family (PF03168) in Pfam. The
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Fig. 1. Alignment of characteristic domain sequences of LEA

proteins.

(a) Comparison of LEA 1 domains between Populus nigra
PnLEA1 (PnFL2-006_HO1) and other LEA 1 family
proteins: Q01417, Glycine max 18 kDa seed maturation
protein; AT5G06760, Arabidopsis thaliana LEA protein 46
(UniProt accession number: Q9FG31); P46515, Helianthus
annuus 11 kDa LEA protein; P09441, Gossypium hirsutum
LEA protein D-113; Q00747, Solanum lycopersicum protein
LE25; and PtLEA1-1-PtLEA1-3, Populus trichocarpa
LEA 1 family proteins. Identical amino acid residues with
PnLEAL are shaded blue. Numbers are amino acid positions.
(b) Comparison of LEA 2 domains between PnLEA2
(PnFL2-020_AO03) and other LEA 2 family proteins:
PnLEA2 ND, N-terminal LEA 2 domain of PnLEA2;
PnLEA2 CD, C-terminal LEA 2 domain of PnLEA2;
P46519, G. max desiccation protectant protein Leal4
homolog; P46518, G. hirsutum Leal4-A; AT1G01470,
A. thaliana probable desiccation-related protein LEA14
(003983); AT2G46140, A. thaliana desiccation-related
protein (0O82355); P22241, Craterostigma plantagineum
desiccation-related protein PCC27-45; AT2G44060
ND, N-terminal LEA 2 domain of 4. thaliana LEA26;
AT2G44060 CD, C-terminal LEA 2 domain of 4. thaliana
LEA26; PtLEA2-1-PtLEA2-4, P. trichocarpa LEA 2
family proteins; PtLEA2-2 ND, N-terminal LEA 2 domain
of PtLEA2-2; and PtLEA2-2 CD, C-terminal LEA 2
domain of PtLEA2-2. Amino acid residues identical with
PnLEA2 ND and with PnLEA2 CD are shaded blue and
red, respectively.

i-Evalue of the N-terminal LEA 2 domain and the C-terminal
LEA 2 domain was 1.9¢e-14 and 2.1e-11, respectively. Although
both the N-terminal and the C-terminal LEA 2 domains were
identified as the LEA 2 family, the sequence identity between
these two domains was only 25% (Fig. 1b). Five orthologs of
the PnFL2-020_AO03 protein were found in the UniProtKB/
Swiss-Prot database: G. max desiccation protectant protein
Leal4 homolog (P46519); G. hirsutum LEA protein Leal4-A
(P46518); A. thaliana probable desiccation-related protein
LEA14 (003983, AT1G01470); A. thaliana desiccation-
related protein (082355, AT2G46140); and Craterostigma
plantagineum desiccation-related protein PCC27-45 (P22241).
These five proteins belong to the LEA 2 family in UniProtKB
and have homology with the N-terminal LEA 2 domain of
PnFL2-020_AO03 (Fig. 1b). However, they possess only one
LEA 2 domain, not two domains. In addition to AT1G01470
and AT2G46140, AT2G44060 was newly discovered from the
A. thaliana protein database as an orthologue. The deduced
AT2G44060 protein (325 aa) possesses two LEA 2 domains
similar to PnFL2-020_ AO03 (Fig. 1b) and has been reported as
LEA26 of the LEA 2 family (Hundertmark and Hincha 2008).
The protein sequence identities of AT2G44060, AT1G01470
(151 aa), and AT2G46140 (166 aa) with PnFL2-020_A03
was 71%,

Consequently, PnFL2-020 A03 was thought to encode an

15%, and 16%, respectively, over the entire length.

LEA 2 family protein and was designated as PnLEA2.
The GRAVY score of PnLEA2 is —0.385 that implies lower
hydrophilicity than PnLEA1. This is probably because PnLEA2
includes more hydrophobic amino acid residues such as Ile (37
aa), Leu (22 aa), and Phe (13 aa).

P. trichocarpa, which is in the same genus as P. nigra, has
been reported to possess 53 LEA protein genes in the genome
(Lan et al. 2013). The 53 deduced LEA proteins have been
separated into eight groups (PtLEA1-PtLEAS) according to
the Pfam nomenclature and renaming. Phylogenetic analysis
was performed to clarify the relationship between PnLEAT,
PnLEA2, the P. trichocarpa LEA proteins, and the above-
mentioned ortholog proteins (Fig. 2). PnLEAT1 and three P.
trichocarpa LEA1 group proteins (PtLEA1-1 to PtLEA1-3)
formed a clade; PtLEA1-1 was the closest to PnLEA1 in that
clade. PtLEA1-1, PtLEA1-2 and PtLEA1-3 showed protein
sequence homology to PnLEAT1 (Fig. 1a). The amino acid
sequence identity of PtLEA1-1(175 aa) with PnLEA1 showed
a high score at 95%, while those of PtLEA1-2 (124 aa) and
PtLEA1-3 (162 aa) were low at 21% and 16%, respectively.
The five orthologs of PnLEA1 from UniProtKB/Swiss-Pro
were also included in the same clade as the P. trichocarpa
LEA1 group proteins. PnNLEA2 and four P. trichocarpa LEA2
group proteins (PtLEA2-1 to PtLEA2-4) formed a different
clade from the LEA1 group clade. PnNLEA2 configured a small
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Fig. 2. Phylogenetic analysis of PnLEA1, PnLEA2, P. trichocarpa, and other LEA proteins.
The sequences of deduced LEA proteins were aligned by ClustalW, and phylogenetic relationship was
calculated by the maximum parsimony method. Phylogenetic tree is colored differently for each of eight LEA
protein groups (PtLEA1-PtLEAR) of P. trichocarpa. Other LEA proteins, except P. nigra and P, trichocarpa,
are described in the Fig. 1 legend. Bootstrap values are shown as the percentage of 1,000 replications.

Confusing numbers are underlined.

clade with PtLEA2-2, PtLEA2-4, and AT2G44060. PtLEA2-1,
PtLEA2-3, and the above-mentioned five PnLEA2 orthologs
located in close clades to the PnLEA2 clade. PtLEA2-2 (314
aa) had two LEA 2 domains, similar to PnLEA2, and their
sequence identity was 99% (Fig. 1b). PtLEA2-1 (151 aa),
PtLEA2-3 (149 aa), and PtLEA2-4 (163 aa) had only one LEA2
domain. PtLEA2-1 and PtLEA2-3 were slightly similar to the
N-terminal domain of PnLEA2, while PtLEA2-4 was similar
to the C-terminal domain of PnLEA2 (Fig. 1b). PnLEA2 was
matched to 38% of the amino acid residues of PtLEA2-4, 12%
of PtLEA2-1, and 12% of PtLEA2-3 over the entire length.

3.2 Effect of environmental stress on the expression of
LEA protein genes
To compare the expression of PnLEAI and PnLEA2 in

underground and aboveground organs of P. nigra under normal
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growth conditions, total RNA was isolated from roots and leaves
of P. nigra trees and analyzed using RT-qPCR. Both genes
were expressed in roots and leaves (Fig. S1). The expression of
PnLEAI tended to be higher in leaves than in roots, though the
difference was not significant. PnLEA2 showed a significantly
higher expression (~2.2-fold) in leaves than in roots.

Some LEA proteins and their gene expressions have been
reported to be induced by dehydration (Ried and Walker-
Simmons 1993, Blackman et al. 1995). To confirm whether
the PnLEAI and PnLEA2 genes were induced by drought
stress, we ceased watering of the poplar plantlets. The water
content of vermiculites in the pots began to decrease at 1 d after
watering cessation and decreased to ~4% after 8 d (Fig. 3a).
Leaves of the plantlets drooped after 8 d and appeared to wilt
(Fig. S2). The expression of PnLEAI in leaves was induced by
drought stress and increased considerably (Fig. 3b), although
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Fig. 3. Effect of drought stress on gene expression of PnLEAI

and PnLEA2.

(a) Soil water content measured during watering (squares)
and at days after watering cessation (circles). Expression
of PnLEAI (b) and PnLEA2 (c) in leaves was analyzed
by RT-qPCR. mRNA levels of each gene at day 0 were
defined as 1.0. Error bars represent ==SD (n = 3). Asterisks
indicate significant differences between drought treatment
and control with watering (Welch’s t-test; *p < 0.05, **p <
0.01, ***p <0.001).

the increases were not always significant because the measured
values were dispersed. The relative mRNA level at 8 d after
watering cessation was significant at ~700-fold higher than
at day 0. Under well-watered conditions, PnLEAI expression
remained low for 10 d. PnLEA2 expression increased ~1.5-fold
at 2 d after watering cessation and subsequently returned the
original level at 4 d (Fig. 3¢).

We exposed poplar plantlets to salinity stress to investigate
whether other environmental stresses affect the gene expression
of PnLEAI and PnLEA2. A hydroponic solution containing 200
mM NaCl was added to the plantlet pot once per day; therefore,

the roots were likely exposed to NaCl at approximately the

(@)
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—&— Control

Relative mRNA lebel
(Fold change)

(b)

4 —&— 200 mM Nacl
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Realative mRNA level
(Fold change)

4
Days

Fig. 4. Effect of salinity stress on gene expression of PnLEAI
and PnLEA?2,
Hydroponic solution of 200 mM NaCl (circles) or no
NacCl (squares) was added to pots with poplar plantlets.
mRNA levels of PnLEAI (a) and PnLEA2 (b) in leaves
at day 0 were defined as 1.0. Error bars represent +SD
(n = 3). Only mean values are shown at 6 d because
n = 2. Asterisks indicate significant differences between
NaCl treatment and control without NaCl (Welch's
t-test; *p < 0.05, **p < 0.01, ***p <0.001).

same concentration. Although the effect of NaCl treatment on
the poplar plantlets was not observed until days 6 to 8, after
that leaf abscission commenced (Fig. S3). PnLEAI showed an
expression pattern induced by salinity stress in leaves, though
their mRNA levels were also dispersed (Fig. 4a). The mRNA
of PnLEAI increased significantly and rapidly, approximately
46-fold at 3 h after NaCl treatment. The elevated expression
reached approximately 186-fold after 24 h but was not
significant (» = 0.09). The up-regulated PnLEAI expression
level was maintained higher than that of the control plants for
8 d. PnLEA2 also showed increased gene expression with the
NaCl treatment, but it’s up-regulated level was considerably
lower than PnLEAI (Fig. 4b). The PnLEA2 mRNA level
increased significantly (~two-fold) 24 h after NaCl treatment.
The high expression at 24 h was not maintained and returned to
the same level as that of the control after 2 d.

Some LEA protein genes have been reported to be
induced by temperature stress (Cai et al. 1995, Colmenero-
Flores et al. 1997). We investigated the effects of heat and
cold stress on PnLEAI and PnLEA2 gene expression. Some of
the poplar plantlets were transferred from an incubator at

25C to other incubators for stress treatment and kept for 48 h at
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Fig. 5. Effect of temperature stress on gene expression of

PnLEAI and PnLEA2,

Poplar plantlets were incubated for 48 h at 40 °C (circles),
4°C (squares), and 25°C (triangles). mRNA levels of
PnLEAI (a) and PnLEA2 (b) in leaves at 0 h were
defined as 1.0. Error bars represent =SD (n = 3).
Asterisks indicate significant differences between control
at 25°C and other temperature treatments (Dunnett’s test;
**p <0.01).

high temperature (40°C) or low temperature (4°C). Heat or cold
stress did not influence the appearance of the poplar plantlets.
However, heat stress tended to raise the PnLEAI expression in
leaves, and the expression level was ~46-fold after 24 h, but the
raised transcription levels were not statistically significant (Fig.
5a). Under cold stress conditions, PnLEAI expression was low
until 12 h after treatment and thereafter significantly increased
~130-fold at 48 h after treatment. On the other hand, neither
heat nor cold stress significantly changed the expression level
of PnLEA?2 (Fig. 5b).

3.3 Acquisition of salinity tolerance in E. coli by PnLEA

proteins

To elucidate the function of PnLEA1 and PnLEA?2 proteins,
their genes were separately overexpressed in E. coli, and its
growth was measured in culture media, including low or high
concentrations of NaCl. Common media such as L-broth
contain 0.5-1% (~86—171 mM) NaCl and are generally used for
E. coli proliferation. Therefore, we used media containing 100
mM NaCl as a control. In the presence of 100 mM NacCl, the
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Fig. 6. Growth curves of E. coli under salinity stress

conditions.

E. coli BL21 (DE3) strains harboring indicated vectors
were cultured in media of 100 mM NaCl or 1 M NaCl
for 48 h. Growth of E. coli is represented by absorbance
at 660 nm. Empty vector in a 100 mM NaCl medium
(open squares), empty vector in a 1 M NaCl medium
(closed squares), PnLEA1-expressing vector ina 1 M
NaCl medium (circles), and PnLEA2-expressing vector
in a 1 M NaCl medium (triangles). Error bars show =+
SD (n =3).

early growth of the empty vector-harboring E. coli reached 0.86
AU at 660 nm at 6 h; thereafter, the stationary phase growth
reached more than 1.27 AU after 18 h (Fig. 6). In contrast,
high concentrations (1 M) of NaCl delayed and arrested the
growth of E. coli. In the media containing 1 M NaCl, E. coli
growth was 0.014 AU at 6 h and 0.069 AU after 18 h (Fig. 6).
Subsequently, E. coli started to proliferate and attained 0.77 AU
of growth in 1 M NaCl at 48 h, which was ~63% of 1.23 AU in
100 mM NaCl.

The PnLEA1-overexpressing E. coli grew faster than the
empty vector-harboring E. coli in the presence of 1 M NaCl
(Fig. 6). The growth of PnLEA1 reached 0.090 AU after 9 h
compared with 0.013 AU of the empty vector. Subsequently, the
PnLEA1-overexpressing E. coli entered a logarithmic growth
phase, and its growth was 0.67 AU after 24 h, significantly
higher than 0.22 AU of the empty vector-harboring E.coli.
However, the growth of PnLEA1-overexpressing E. coli did
not exceed 0.7 AU and showed a lower growth (0.60 AU) than
the empty vector-harboring E.coli after 48 h. The PnLEA2-

overexpressing E. coli also showed faster cell proliferation than
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the empty vector-harboring E. coli in 1 M NaCl media (Fig. 6).
The growth of PnLEA2-overexpressing E. coli was 0.072 AU
after 9 h, 0.65 AU after 24 h, and 0.72 AU after 48 h. PnLEA2
demonstrated significantly higher growth than PnLEA1 at 30
h to 48 h. Eventually, the growth of E. coli overexpressing
PnLEA1 and PnLEA2 were ~49% and ~59%, respectively,
in 1 M NaCl media after 48 h, compared to the empty vector-
harboring E. coli in 100 mM NaCl media.

4. Discussion

Woody plants have been exposed to various environmental
stressors for a long time; however, the understanding of their
response and tolerance mechanisms is not as advanced as
herbaceous plants. It is important to elucidate the molecular
mechanisms involved in maintaining cellular activity during
environmental changes in woody plants. LEA proteins have
been considered to be important molecules involved in stress
response for some plant and animal species. In this study,
we isolated the cDNAs of two LEA proteins, PnLEA1 and
PnLEA2, from black poplar. Sequence analysis and comparison
with other plant LEA proteins revealed that PnLEA1 and
PnLEA2 had different LEA domains and that PnLEA1 and
PnLEA2 were categorized into the LEA 1 family of the
Pfam protein families database and into the LEA 2 family,
respectively (Figs. 1 and 2). Additionally, both PnLEA1 and
PnLEA2 were deduced to be hydrophilic proteins characteristic
of typical LEA proteins. In this study, we referred mainly to the
Pfam database for annotation, because LEA protein genes from
P. trichocarpa and many other plant species were classified
based on the Pfam database. However, the taxonomy of plant
LEA proteins has not been completely unified; thus, in some
cases, different names for LEA families or LEA proteins have
been used. For example, Arabidopsis AT5G06760, which is the
most similar ortholog of PnLEA1, named LEA46, belongs to
the LEA 1 family of Pfam (Hundertmark and Hincha 2008)
and is also named AtLEA4-5, categorized to LEA group 4
(Bies-Etheve et al. 2008, Olvera-Carrillo et al. 2010). Similarly,
the LEA 2 family in plants is equivalent to the LEA group 7
proteins in Arabidopsis (Bies-Ethéve et al. 2008), or the LEA
group 5C proteins in plants (Battaglia et al. 2008). In a database
for LEA proteins (LEAPdb), the term “class” has been used for
classification instead of family and group (Hunault and Jaspard
2010). Thus, LEA proteins have ambiguous classification and
nomenclature, probably because they have a wide variety of
origins and structures, leaving many unanswered questions
concerning their molecular characterization and physiological
function.

PnLEAI gene expression was greatly increased by
drought, salinity, and cold stress in poplar leaves (Figs. 3-5).
These results suggest that PnLEAI plays an important role in

plant response to external environmental changes. PnLEAI-
homologous genes from other plant species show a partially
similar expression pattern to that of PnLEAI. In P. trichocarpa,
PtLEAI-I is expressed in leaves, shoots, roots, buds, and
phloem under normal, drought stress, and salt stress conditions
(Lan et al. 2013). Although the expression of AT5G06760 is low
in Arabidopsis leaves under normal conditions, it is induced
by NaCl, drought, cold, and ABA treatment (Hundertmark
and Hincha 2008). Similarly, the Brassica napus LEA4-1
(BnLEA4-1) gene, a homolog of AT5G06760, is rarely
expressed in leaves under normal conditions and is induced by
ABA, NaCl, and cold stress (Dalal et al. 2009). Since PnLEAI
was induced by both drought stress and salinity stress, its gene
expression is likely to be involved in osmotic stress. There
is also the possibility that the difference in gene expression
patterns of PnLEAI between drought and salinity stress reflects
the state of osmotic stress in poplar plants. AT5G06760 shows
low expression in seedlings, but the high expression is elicited
not only by ABA and NaCl but also polyethylene glycol (high
osmolality) (Olvera-Carrillo et al. 2010). The transcription
factor AtMY B44 suppresses the gene expression of AT5G06760
induced by NaCl (salt stress) or mannitol (osmotic stress), and
AtMYB44 binds to the promoter of AT5G06760 under normal
conditions and separates from it by mannitol treatment (Nguyen
et al. 2019). Accordingly, PnLEAI might be repressed by similar
transcription factors under normal conditions and induced
by multiple stress responses under unsuitable environmental
conditions including osmotic stress.

PnLEA2 also showed expression inducible by
environmental stress; however, the degree of expression was
different from that of PnLEAI. The expression of PnLEA2 in
leaves was ~1.5-2-fold up-regulated by drought and salinity
stress, but not by temperature stress (Figs. 3—5). The inducible
expression of PnLEA2 is thought to be weaker than that
of PnLEAI in the investigated stress treatments. Similarly,
PtLEA2-2 is expressed under normal, drought, and salt stress
conditions in P. trichocarpa (Lan et al. 2013). AT2G44060 is
the most similar Arabidopsis ortholog and likewise shows ~2.2-
and ~4.7-fold gene expression induced by drought and 100
mM NaCl treatment, respectively (Hundertmark and Hincha
2008). Therefore, it is suggested that PnLEA2-homologous
proteins with two LEA 2 domains have similar gene expression
characteristics and are involved in responses to similar
environmental changes. Interestingly, LEA proteins with only
one LEA 2 domain show versatile gene expression patterns.
For example, PtLEA2-1 is expressed in the investigated
samples similarly to PtLLEA2-2 in P. trichocarpa; however,
PtLEA2-3 and PtLEA2-4 are not expressed at all (Lan et al.
2013). AT1G01470 is strongly induced by salts, cold, and ABA
in Arabidopsis, while AT2G46140 is slightly induced only by
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drought conditions (Dunaeva and Adamska 2001, Hundertmark
and Hincha 2008). Accordingly, even if LEA proteins have
homologous domain structures, they likely play different roles
in maintaining cellular function. In P. trichocarpa, 20 of the 53
LEA protein genes were not expressed in any investigated tissue
or response to drought and salinity stress (Lan et al. 2013). It
is important to clarify how the gene expression of poplar LEA
proteins is regulated in response to exogenous environmental
changes.

With both PnLEA1- and PnLEA2-overexpressing, E. coli
acquired early tolerance to high salinity (Fig. 6). When E.
coli is in high osmolality, it first induces the influx of K, and
glutamate synthesis is increased. Subsequently, compatible
solutes (osmoprotectants) such as glycine betaine, proline,
and trehalose are transported into the cells from outside or
synthesized endogenously (Kempf and Bremer 1998). These
compatible solutes are needed for the resistance of E. coli to
conditions of high osmolality, including high concentrations of
NaCl. Soybean LEA proteins have been reported to possibly
function as osmoprotectants in vitro (Shih et al. 2010). The E.
coli expression system has also shown that other plant LEA
proteins can provide stress tolerance in E. coli (Lan et al. 2005,
Liu and Zheng 2005, Ling et al. 2016). Although PnLEA1
and PnLEA2 are different in structure and gene expression, it
appears that both LEA proteins help E. coli cell proliferation
in the early stage under high salinity conditions, due to their
characteristic properties as compatible solutes. The results
of PnLEA1- or PnLEA2-overexpression in E. coli support
a putative function of PnLEA proteins as a substitute for
compatible solutes. In addition, some LEA proteins can protect
other enzyme activity under stress conditions in vitro. Dehydrin
DHN-5, a wheat LEA protein, preserves f3-glucosidase and
glucose oxidase/peroxidase activities from heat inactivation
(Brini et al. 2010). The AT2G44060 protein can protect lactate
dehydrogenase from inactivation during freeze-thaw cycles
(Dang et al. 2014). Considering the induction of expression of
PnLEAI and PnLEA2 by environmental stress, both genes are
thought to be involved in the early response to environmental
stress and might safeguard other proteins in P. nigra cells
against inactivation by severe environmental stress.

Because some LEA protein genes are expressed to correlate
with physiological and environmental stressors, and their
translated LEA proteins accumulate in plant bodies, they have
been used to produce transgenic plants with higher tolerance
to environmental stress for over 20 years (Xu et al. 1996).
It has been reported that the overexpression of BnLEA4-1
provides better growth in transgenic 4. thaliana than non-
transgenic plants under 150 mM NaCl or drought conditions
(Dalal et al. 2009). Transgenic tobacco plants overexpressing

maize ZmLEASC, an LEA 4 family protein, show tolerance to
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osmotic and cold stress (Liu et al. 2014). The overexpression
of rice OsLEA14-A, an ortholog to AT1G01470, confers better
growth than non-transgenic rice under stress conditions such
as drought, 200 mM NaCl, 1 mM CuSO,, or I mM HgCl, (Hu
et al. 2019). In woody plants, transgenic poplar trees (Populus
simonii X P. nigra) overexpressing Tamarix androssowii
TaLEA, an LEA 3 family protein, have lower damage under
200 mM NacCl or drought stress conditions compared to non-
transgenic poplars (Gao et al. 2013). TaLEA and ThbZIP (a
basic leucine zipper protein from Tamarix hispida) were co-
overexpressed in birch (Betula platyphylla) and partially
mitigated the influence of salt stress in transgenic birch (Zhao
et al. 2016). Those transgenic plants may be able to survive
under mild stress conditions such as a short dry period or a
moderate concentration of salts (for example, 200 mM NaCl
= approximately 1.2% NaCl); however, it might be hard for
them to survive under severe stress conditions such as a long
dry season or seawater (~3.5% NaCl). If PnLEA1 or PnLEA2
is overexpressed in P, nigra, it is not deduced to contribute to a
significant improvement in stress tolerance, because PnLEA1
and PnLEA2 might only play pioneering and partial roles in
stress response, and in particular, the endogenous PnLEAI
is primarily induced at a high level when poplar plants are
exposed to environmental stresses. It is strongly required that
other stress response factors harboring different functions from
LEA proteins cooperate with LEA proteins to confer enhanced

stress tolerance.
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Supplementary data legends
Supplementary data can be found at
https://www.ffpri.affrc.go.jp/pubs/bulletin/460/460toc-en.html
Fig. S1
Gene expression of PnLEAI and PnLEA2 in Populus nigra.
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Total RNA was isolated from roots (R) and 10th leaf (L) from apex
of ~1.5 m poplar trees. mRNA level of roots was defined as 1.0.
Error bars represent £SD (n = 3). Asterisks indicate significant
differences between roots and leaves (Welch's -test; ***p <
0.001).

Fig. S2

Poplar plantlets under drought stress conditions.

Dates show days after end of watering. The plantlets in each photo
are not the same individuals, because they have been discarded

after collecting the leaves in order to avoid the effects of leaf

Bulletin of FFPRI, Vol.20, No.4, 2021

detachment.

Fig. S3

Poplar plantlets under salinity stress conditions.

Dates show days after exposing poplar plantlets to hydroponic
solution with 200 mM NaCl. The plantlets in the photos are
not equal to the leaves-collected plantlets for the reason as
described in the Fig. S2 legend.

Table S1

Synthetic DNA primers used for RT-qPCR and vector construction.
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RTSORBAMLARKEICEAET S LEAZ VNIV EDHEE

PEICT i

BE

B EAE e 4 E RS (late embryogenesis abundant, LEA) X > /8N 713, P yEEEORAL X URE
ANV AZZFREMBTERTEIENALONT VS, LEA X VN7 EIIMEWEZ T THEL .
Y. BEEE. MEBEICEEET %0 LEA XV RNV BRI ZHARE 8L T REBR 2SS, 5
BEHOAFEZELSHEEREL TVBEEEILNT VD, ANE TR, KT (Populus nigra
L) DLEA Z NV EDOHEZIASMICT 5728, 2 DD LEA X /327 E, PaLEAl & PnLEA2 O
cDNA ZHE U, i 2t > %o TR E NS PaLEAL X /878 & PnLEA2 % /8 7 I & I
B> THED, PaLEAL IE 1 DD LEA 1 FAAL VY ZEFEFDLEA 1 77 2 U —X% /87 HE, PnLEA2
E2DDLEA2 RAA Y ZRFDLEA2 7 7 I V=X YNNI EEFE SNz, PuLEAl Bis T &
PnLEA2 B+ 3. BEBXCETHIEL T\, PilEAl OBIZFREE., &, &5iE, BX KR
ARLVATCHINU, PrlEA2 BB X UEEA N VA THEEFRAZMNE BN, N0k
& PnLEAI & D &/NE D 5 T, PnLEA1 F721% PnLEA2 % @ 5B U 72 KM B 13 01 30 o0 it 3 Mk AV I
FUL7%. TNEDfERIE. KT FI2H W T PaLEAL 35 & U PaLEA2 DV BREE R b L AR EHERS I B 5
THIEERBLTWVS,

F—TU—F I BBEANLA, KEGHE., BI TR, LEA 22878, XAvtkrY vy —RNA, K75

B2 BRUEE 12 04 0 BRI A3 4E4 7 H
1) AR ATIIZET HiA %) TR s, ‘
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W, FrETIVEBRES MR ERMZ BN IS HRTSENTE, BFEO 1 XTETIVED
LEMEFEY — )V EEZ BN, R, HMAREOWIEAZ E L, ARET IV 2 H W TRl
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1. ZCHIC

BMOSMIGENLEEEGZLEDY Z—1&, HIIDK
AL > THERIVHEFEO-DLEEALNTY
% (Cummins et al. 1973, Fisher and Likens 1973, Hicks 1997,
Wallace et al. 1999, BB « #7i)1] 2005, Fi&B 5 2006a) , %F
I, RPN EFES TN T O EERBIC K 21
RAFEMDIR . B S OERYIHEN —EEE L
725 T\ % (Kochi et al. 2004, BT 5 2006a) . £7z. 1
JINDELE « ¥EEUGKAER RO X5 mEAEH Y OME
B LTaHaET 22 e Mo N T2 (InEA
1990, Kobayashi and Kagaya 2004) o {A[IEFKOD K 5 72301
JEA DI, EMICE 2 < OERZENEREZ A LT
WBH (I 1995) | %A EOBEBEYHAIR & v 5
RO LHBLFATHD . REMRDENB,

BHEMKFEE LTR2EIXREMKRTEZE X 55
G FIRER OB D B & iE £ o i P I& BE 0 A
ENBZON, THROBEEORIEAEEICHE T2 A
WRETHS, HZERBIIMENSENT OB
H)) (Ferrari and Sugita 1996, Staelens et al. 2003, [
5 2014a) . & FEOMIKTOFHBE (Orndorff and

HER, dETT

Lang 1981, France 1995, B35 2009) D27 04 X i
hnTHo, ARETREBEELITEHETH SN,
RS FHMTRIMEOBIDPLIDEETH S
(Kochi et al. 2004, BT 5 2014a, 2014b) o LA L.
ZLOMBEIET—AAZT 2 IILE>TED,
R & 75 ] BE AR IS 58 A AT RE R | 7V IC K D T AR
EEROEERAEZHSMICLES & LRI DR
W, B S (2006b) IE R REA 5 7% T 9 % D H A IR
ez JEORZ BT K OHEE T B 1RO ET IV ZRE L,
B SN TeBMRNOEERR T — 2 T—EDHMME
LR L, EL, CTOEFIVTIE—EIC1TH
DOIWEERAA UDEIE TR 9, MRRE D& T 2 3T
MTERVWRAELDH DD, HHFMOAEER2NX
TLETIVORFENRD ENT Wiz (IS 2014b) o
ZTTAMZE TR, BHho BE#E T — 2 S mEN i
WA EFIETES Y I ab—vavETIVEHRIC
BAFE L. FIERS (2014a) DVFAE U 7228 it 0O - 1H 7 ] I
MOV FFEERA T — 2 EHCTETIVORAEZ B
Thole EHIC, TOETIVEHWT, HREMKE 2
ETOEERMICOVWTERMBEZB IRV, HEIESD

JFRRRZAS - R 2 47 1 H o JERAZEE 3 45 A T H
1) ARPRAS T ITZEAT HAESCAT

2) BRIAEREWEZEAT JLimE 2T i

3) BRMRER S WETET AR A WF stk

* MR A WIZEAT RAESZAT T 020-0123 75 FIRERIT RE 78R 92-25
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TETGIRIC & > THEANDE BN E 5 25T %
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205805k

2.1 FAEMOEE

IR IEIC B B AR ERR (L i 1 = AR A
M) o SEAAJIIATIEAR (kg sl &5/ ) O2f& TH C
Tole, WiE & &G TR & FIEFEITIC
B> T3, /R)INIKENE3 mAfE T, 120 m
DREEICKH EH12~16 m OV F FHP T v <Y
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TWe, dEMEEE, RITEEE145m OV /F
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m, 1.0 m) TSHEZICHRHEZAE L, HL7E
W AT LIFRFERS (2008) &IZIEFERET. &I 7245
JETXRT T L7em DA RIT S, REOBIHNCIE,
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20104E 10 H 14H~11H18H ., BEHAJIFAIER T 120114
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22 BIEOZREFATTIVOBELBES
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BT, WIEFRN O R A - JELE A FE A S MR ER AN
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B EZRELTHBO., TNED BAEEDEEN Y
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NZ N DGR HAR N O AE I R R A R p 2 R Tz,
BB, BEDNRELGE. TOEDE NHEFZ R
ETBFIEIC DV TIERE THAT %,

24 BEODETREFORE
ERHEFIEIMALDEICK > TRAD, HHE LA
T, BEBGIREOL#H 2 KE L TEHEMTE> TV
EEZOND, & NHEEFORE S IERSMHISIEN

R (FIEES 2006b) T &5, AL TIIVE R

FRIEBDATELIL., 3E UEEICH U TIERELE

ZHWT VA LICFEZH 0 YT, TOEE, 0

e 2 M, FEHER A D237 A—&Z1X, KD K
HIC LT FHEDORAT— 25 RD Tz,

7% RS OWIE k. BT S (2006b) & kLT H
5, bbb, BENOEITmhLEZE FIE, &
T4 mAhSIRICENET D E TORMMSE FTHEEZE
W7z, 72720, ELANTHENS EHBFXOEET
Liié<tt%>7‘:&b\ A ORET — 7&Cﬁ“)“b\fl3§
R TR AR BERGAR 1 B 7HRE R R R R
(&@%ﬁf@ﬂh%uiﬁﬁLT%&%U&T%mﬁ
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L. FHEICHWRE FREFzE 2T, 9B L
WIEY VTIICDWTMEEB Ko ztk, FULY Y
TV 7 55 IKICIE T . PV Tk E Y] 5 Th S R
FET BT & T, Fig. 20 K 5 ICHFIRAE & I IRAEIC
B 2ETHEFOREANEO N, HEH LK
IV A= Ty THhSEEACHMEBLEZE DT,
HEAE L EOD O DENI00/K., #Hak L DEN60
WTH %, FEEIRED/ISNT A=ZICDODVTIX, F
EE, BHE(R A2 & B ICHRORE LRI EE O h i (oF
) &Lz, BB, BHEDMMOEREICOWTREZ
Blhokel s, WEREDOZY /) F XYV FF5E
BIEZBRNT, ER NN ND EDE > T
(Kolmogorov-SmirnovifiiE . FZEIREED Y/ F X ¥+
FEMLE D P=0.002, TNLH} : P>0.05) , =V /FX
YFFICHLTE, EHIKEOEDHELOETIES
BXZEMRDMICKS T D, RANITEEDOE T
HEFIZIEHD M ERTED EEZ SN,

25 FHEICHAVWRINS A—2 - ZEHOMIE

M EDOFIEICE D, EFIIVEHEICKERISS X—X&
R B ETable IO X DI > e, Bl OE DX
HlF. EEEERTCETY 530 mEEnzhiE@h 5 /1T,
R el 7z P B L7z BR, OIS T 2@ D& S
ZRMML7ZETH D, HEOMBEOHIWIX, HMTHBE
I TBTE->Tz, BHENOEX, 2tk & FEL 0 L
HICZ LTVl et Lig - Tigo e
(ZV/FXYFF1025m, A/ TV FF765m) LD b
HDFWEL B> T, EDOWE FHEFICDOWTIE,
BRICKZ2E QIR EOERZMIBI G 2700 FHE
WS R EEE S B B 05, BN O A /) v F F
T, THEBOEOQLLEDFDNFEREN >, —
Ji. RINFIREMRD Y ) F XY FFTIREQD RV
DT T MR RKEN > T2, TORIFKFMIC
HELWVWZZIFIETIEED Tz EDBENE LR
B HRIRREDTE ¢ p=0.10, {EMIREEDIE | P=0.64)
Fio, BIARBERE & TRNICIEROYE % BHANG| &
B3 A (Nordell and Karlsson 1995) . B fEL>HAKIC K > T
FIERLURIIEER D T &SN TV S (Niinements and
Tamm 2005) , AHELDETHIRT 2 &, & THEF
B4/ IV FEEIDEY /) FIVFFEDIMAREL
CEN B RE UTe e . v iKEDE @ P=0.02, 12
IRREDHE 1 P=0.02) . AR)IFAMEFRDTY /) F XV FF X
D& BB DA ) X F DT D5]| &R
LERBEDN >R EZ DND, FEEOFRLMHD
WIS K > TRESEL D RN TIE11ASH
DO RANEERBIHTH > 2, BB Tl
TOH12HD 531 H E THBHWEWIRK THEENERT
Hoteo HRNFHEMOTBEIEIIHISHETEMEL TV
B0 (P S 2014a) . BEOFEBMICOWVTIE. BFEH
MBI T=DFTEN SR U Tz,
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Table 1. FIEFAET IV ORICH OS5 A—X

PRk i

AR IR TATEERR SN [T REFA
AR AR A D i IV /FXVFF * /) ITY¥FF
féfiEn (m) 14.5 12.3
et P9 B & H (m) 10.6 9.2
% Nl F (m/s) HdH O VEREAN D) HdH O HMxL
<HZpRIRRE>
FE i 1.92 2.04 2.06 1.85
e 22 0.48 0.48 0.50 0.40
<JmiEIRRE >
SEE 2.65 2.69 2.71 2.48
T (f 7 0.53 0.49 0.48 0.50
TEIEDFEEMER (%) *
<FR>
2010 4F
1003 14H~19H 6.1 [Fl A2
10 H19H~24H 3.2 Al
10 H24 H~29 H 8.2 [AlAE
100 H29H~11HS5H 9.5 G
1MHSsSH~12H 29.4 [Fl A2
<FBII[>
2011
I0H7H~12H 9.8 [Fl A2
1003 12H~18H 38.4 [ A2
10 H18 H~24 H 31.3 [Fl/E
10 H24 H~31H 20.0 [FI/E
I0H3IH~11H7H 5.8 [Fl 2
TEIERDOHIEAREL ¢ (SD) 3.96 (0.30) Al £ 5.26 (0.28) [ £

N E NTIEERE . BB OR S (5 BHNL ) TPR U 72,

735, Table 10— FICal L7 ¥ EE D i IE R e
X, ETFTINTEIAINZEEREY Z—1+F v T D
KNMEEAERTEEOMETEZNRTA—ZTH B, %
BEOREMRpIZEDHMICEEN S > e EIRT
MR EEETH B, TNORTHELERZEL L
ETER, T T, BBHOLODDEIDVWTETIVT
FHREE NS R O EL GRS 72 O ORI I
WMEFRBczRUMEEZRD, TN Z—1+T v
TORAEEE > AT 5 X5 R/2EEZHO
TefliZRE LTz, 722U, RETIVTIEIRITAHED
KIERDBAHEEND T END, BTDY Z—FF
W OB EFRBOFEN SR LIz, HaDix
WIEIZDWTE, #iEREIFEOHOOHEELRT
ELUTEMA LTz,

AETIVTCREEREDRA IV TRE TN HEFD
BB TR EMBICH DI VI al—varyzBlkik
7, FHROBIC TR RS DTS 5, A
WETE. FTET VDO TEEZRAXS 20, A
ENFEEICH L TI00mDOFITZ B T RV, BHillE s
g U7z DWT, FHak LOBEIIH L T10[E DS
ZBIHRV, FEZRDZ, o XS, TR
10ETE, FEHEHIZ DOV TIXI00EDOEE LR TH
27,

26 ABMEEICHT HEERBOAE

AT T 2TV TR Z M L7z, IR
HWREATOERERMICOVWTERERZB I A>Tz, &K
METRIHBEERRICT B0, H—TCHHMAYFF
] s — A MR 2 AE UL SR A & (8] U R e o [ A A
PN FE R B TR FIRICIE A TV & lROE L Tz,
BRI, BICRDTZHARDOEIEER Faalo
BE) I REAR N O 2RI — I Y TE S, & D1
HEhEBMmENEEER ST EICHR Lz, 272
L. BA YRV —ZREFIVORE [ BHE FOK R
ZREISTHTA2Z LIRSS, Beh 55 m
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JIFABEMR TR ARDN F I 57072 10mE Uiz,

£9, MEMEOREZILIERIGE. BT
NBZEERD ESBILT EhEMET Uz, FIREADIE
. EISTATICN A TERIR D FEIC K > TIES mb
530 m¥E TEREESMICEL I B, IEIEIES mDEHR
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WEATIGE 2 WG Uz IEATIEIC DWW TR, Mgz IE
AR CRBE L, HREFEROSM 25 m) & Uk,
AT ORIE . FHEMEO 165 (5 m) . 2% (10 m) D2f#
B e Ules JINEIE30 mOIEARHT O iz i,
BEARICBARZEST LkwE L, JOHENS T,
KBNS ARNNEEAC T . BENNEHE M TDH %
L, BB, BATMEICOWTIE, LR Ot
KX TAEREDNBEBBRNEILT 720, (itHzs
mY DEZ TSHERITZ BT RV Z KD T,

AR EEYE

30 ABEMEEICHTZETIVFR & BRED LB
VR —FTw FICK2EERMREZB k> T4
HENZDOWT, EFNVTTFUMEINEOD D DOFEER
EBIMEZ e U 7z (Fig. 3. 4) o BTV FIMEIC DV
TiE, 100[EETT L2/ R 2/ NS WIFIC IRz & 25 %
L95 %DMEICKBZMEZRLTWVWDE QARDT A VD
I THIAS R D0 %M EENB) o ARIFEM (Fig. 3)
Tl HAEPEANS DWW TIZBEHES mbs T i 81 E
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Model simulations of two-dimensional leaf-litter dispersion
in lowland riparian forests

Toshio ABE"”, Katsumi YAMANOI” and Shigeo KURAMOTO”

Abstract

To elucidate source areas of leaf-litter that enters river streams, a new model was developed for predicting leaf-
litter dispersion. This model simulates falling-leaf motion based on physical parameters such as riparian forest
wind data, leaf-falling velocity, and tree-crown central height. The new model was applied in two lowland riparian
forests to two willow trees. The model estimates fitted in well with the observed willow-leaf dispersion data,
except for the vicinity of tree crown. Thus, we considered the new model as more effective than the existing models
describing leaf-litter dispersion. Then, the leaf-litter dispersion of two riparian buffer strips was estimated using
the new model. It was assumed that each tree belongs to the same species with equal height as other trees and equal
distance from the other trees. The strip width had almost no effect on leaf-litter supply for the stream channel
because the trees near stream banks had a strong leaf-litter supply into the streams. The riparian forest strips in
upwind parts of the streams supplied more litter to the stream channels than the downwind strips. Thus, the upwind
strips were considered more important for leaf-litter supply into the streams. Furthermore, the channel form was
also considered to influence the leaf-litter supply into the streams. A highly meandering channel located in the same
valley as a straight channel probably receives more litter than the latter. However, in a riparian forest with low tree
density, the effect of channel form was lesser.

Key words : leaf-litter dispersion, model simulation, wind velocity, riparian forest, meandering stream
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DIETERTRIRIINC K B HERBHVRKE L HRZ S T LD
ENTHD RIS 1964, RIS 2020) . ATEDwE
ICH Tz > T C LI MHERD E NS,

AW T, BHADFEEMRBRTH 2 AFICHBWV
T, O COBBI D EH ATRED £ 5 D2 WGt %,
NRE D E P TRE T H X, DIRWIE Zz B3I iEH
TBHIENTES, e, {EMZERICH—ICED 2 T
ETCEENEZIM XY R e TE SO, RANDZEH
{ER BT AER TR O ERFE R TRIC - & 7% 5 5
SHEMDIRA CNEE 2015) ~NOxHEAT e UTE R TE
%o TNETIC, BNT, BIEHMAF ORI LT,
e T O & LU TR IRWIERRIE (10%) D
TSR 72 G U T mEo 2 B U 59.5% DR 1 FE R
197 L WS RS GEE 2020) ETFET B, L L. #4H¢
Ty D, JLHIFNCE 9 % 7o IR & MR E O E
TOMH LG, EOREDMRND 5 DMICTDNT
BAHTH S,

Z T T, T IREBEOLIANERIC BT 2 1EH IR D
O B 2 MR 215 % H N TTER S i O 160
DFUEEDR TN 2R & JFIT DV TRIMIT L 7z, X
WTTBIREZI DR MGEd % T & 72 HIIC /L TR
DRI U THEDIERRIE TERB D 2170, BRIR
DFEFRFEXRONH FOERB X UFFRZHAM L
Teo 7o, MM B5HERK LT Z Simple Sequence Repeat
(SSR) ¥ —A—ZHWTEIE R Z R U, R 72
152 LT, BRKEMHERTH > IeRZEDOHIEZH
U, 1B O 2 3 L 7z,

2. MRk E Fiik

(1) BIKEER B L UTEH BB RDAE

R OB L TEF A4 7)0—y RIS
MOKPERTZE A R 25 2 > 2 — 2010) BT =K F
(22 - BAPE RN O I T B RS SR A I 22 7 - = TR
RN > 2 — R 2018) TRELWLWS =27 )b
DEWEFEOY 2 7Y A FDBAFTES, ThHODOY
ZaT7IVTlE, TEMERET 22D D A% TRIKE &
Hl . AR A PR U D B I e 2 RE L5 D
Z TIERIGET) EML T3, KX CERBEDH
HCHMT 28 DLT %, BEMNRZRS S OO
HERANOHRIME LT, FU4 70— TiZ0.1%D
BREAOCEHEMINEIN TV, =RV TiEFE
BRIC0.1%DEERZ V2 FTiLOM, #0.04%DF 1 %

YHLERAWERELHNMEN TS, £RRETEZH
U, A OFREREGDHLT-HDHRMME LTDY 3
X, FUATI—YTE5%, =K F T TREI10%
DEETHVENTWVD, FmilsfE e & RO IEH
JEE L TIR0.2%% RIRMEE LT ehy, {EMFELD
AR, B BEOMALEZHZEL T, F Y14 7)L—Y Tk
0.3~0.5%, =K F T TIRO3NHHERT N TS GBI
FEROKPERFFE T R BT ZE 2 > 2 — 2010, 23 - AN EYE
Btk O RS A T 22T « S AR R Rl > 2 —
RS 2018) o AWIFETIX. FEAEDEDOAFOL
RIIEE/BLTCESHE L TREREMFHTLIEDOL
Uiz ¥ aBRBEICBI L TiE, 5%& 10% CYERR L 72 iR ik
HEANC AF O 2 ERIEE T0.2%D |G Tl LTz
{ER IR DIEM DFELER 2 TSR UTze 2 DhS
B T aEREES% TORFERDTTH10%DEE & L
TRIFCHoTz, 2T T, ZEH/KICERREETS%DY 3
WL 01%DERZIREG LE T L VI THEL THREITA
fRE B, WIEM28CUTICEZDEGDL, [EMERAT
% T & TIEMREIR 2 R U Tz,

(2) TEMBBROREFRE L RERBONTEN OEMEICK
E3B=7 i

a. fliH U7 {EW & AEMMIGRIBTIR DREE

MR AWM AR B > 2 — AL 5 IR
ENTVB57a—2 M BIEMZIEE Uz, (EM ORI
AFITHEL TS & ENBKE Lk (47 2002) T20174E
2HICAT o T {EWNE. FEEES VU AT IV VT TS
QAR WS, 50mIDENE I/ NTFIC LT4ATC
BOE DB U, BBRICHEF U7z, fkBEEAC
{EM 720.5% 0D H | & TR L 7o EM R 2. ko
VEBLT IS HE > TR L Tz

b. FIFRUE

TEM R IE 72 S5 1% U4 CICERE LI s &
25°CICRRE LT EIRSNIC AN T, BELTH S, 2,
4, 6. 8. 10, 12, 24, 48, 72. 96lifitkic /7 o—> -
RELZ 124D D KE 2 F T TO. 1mlD &R R 72 1 e 35
KUEESEN HE D H U TSR INT 5 T & THM
TExITo Tz, BEHLOMARIZ Y 3 FE10%. FEXK1%E LTz,
SHE25CHRESM TR & LTet%. FLREEMEE N CRIEAIC
FEATZ100RLDIERNT DWW THEE LTAEM ZRHE L 720
WIRRT B K OCHIRGE U EMRRBIRICOVW T, &
WK O & OFEF B RG E UT, BlE% (0FFE) o
TEMORERLEDBICED TV L RIRENRTGE L.
Bonferronififi IE 7% LU 7z Wilcoxon D IENTHIAEIC K D HyLfiE
DAEDKE TS T2

(3) BHL COBRE DETH
a. (7 LI ER) & ERMRMIG O M
{ERBERINT BIC BT D | IEIEIIC & D B N
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i e ZNLNDKBITEZ0ENH S, ZT T, &
Bl S2Ba 72 1T > Te AR B IZE T AR B > 2 — It E
S CATFRERT IR FEINTOENAF I n—
UERZER B & U TR Btk AR G/ > 2 —
BB RGP R Z R (LB IRERT) T#EA T, 1E
R DU (F ik & R D7k Ui (425 2002) T20184F2
RicAT 57 {EMNE, &RV A7 V2RV T oI
QEMFRE) f X8, FAF4A LHOREICHTT % £
T\ 50mIDELBENT/INITIT U T4 CITRE U T2 3k
TIHRIFEL, {EEBRET2EEE LTI, FUA70
— VBT BIEWFI T IR TN TWcHERET
0.2%., HEREX N TUT20.5% (EUEIREMOKEE T AT A
et > 2 — 2010) DM, AN TIRRBEUCH WS ER= L [H
FEEE D 1.0%DIEM SR 2 05 U Tz 3HHRH OO BRI
L DINY RRAT L —IC ANTREICHE L 720

b. ISP AR

SO 21T - T RILE RSN O EMIE 207 m—
VI3RS DA ORI E N TV AiERHI T, T
NTOEEPDNAR A 2 FIc & D 7 a— > Ok IE
BN END> TS, SHEd2070—2D5 5,
TENBIEL TRBRICHT 2 2 e A[EETH - 21371
— VB iR Z RS e LTI Lz, SERICIE. 0.2%.
0.5% & 1.0%DAEMIRE DGR TR T8 5k L. i
& U TR D B SRASEOAL D4R % . MEE DR E 7%
BERLBEFICEEND X DI L TERIT, B ZITo 72
METE DRz ZlER U Tz,

FEH S (2016) &, MEEDOBA{ERFRIC. A @ KFI{E. B
FAERASAR. C @ BI{E. D ! BRLIRDMBDADD AT — V%
BRFTEL, TOEEIIHED, BRICOWTHETAT
— U 7zHE UTz(Fig. Do Kl (1975) &, BEICE IR
BEARZTET, RN THLD SERLIED b E ., Bk
FLIICHEM DS % L BRFLIED BRFLINIC S | EIAE N S
M. AEMZANEDNRL SOOI DO WH RS A
RO (A7 —YD) O THZ L LTWVWS, TD
728, WA 21T O B & U T 72 & O MEEA
FIRREEDC, FIZEHODORYTH B L& X, SR
DOWEEZ EAMICEIE L, MHEDOREAT—YCLDDR}
% < BIEENEERNDED 5 NG - 72201844 H3H
IC1EIDRITo Tz AR, 1ENCHImIAEE N3
INY RATL—21IEHIZ0 10EEHEETiTo, Lz
Mo Ty 0.2%. 0.5% & 1.0%D R E W I B
HIEMOMHEIX, ZHZFN. $0.02g. 0.05gL0.1g&
E L7z,

RHBIRILL BATER 7 — PRI OISR LR 7217 > T (AL
R {RASBC 2 R < ) A O¥ 72 Table 11CRT . SA%IC I3 IR
N B TIR40MH, I T16.7HDOMEEN T £ Nz,

c. AEHRER - 100R[HE - F 7 rELFER
20189 I AR U T BRI 2R L CZ DR % . 280
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Table 1. REEIRIO VSRR 17 - kS DB & Vi 2
B ORIER T —

B{EAT—
Rt B C D
A 0 1 2
B 0 1 2
C 0 2 1
D 0 0 3
E 0 3 0
F 1 2 0
G 0 1 2
H 0 0 3
I 0 3 0
J 0 0 3
K 0 3 0
L 0 0 3
M 0 0 2
= 1 16 21

BiEAT—Y B BEiEAT—Y C BEAT—YD

Fig. 1. BI{EAT— D

WERZZAT S AN A > b LT EDEE THI > /e 6 D%
FERRE U, BREBO DML LD 2 {E>TL
FolFcOVTREAT Y RIRERTL, T—EH5
R UTe, MFZEREN DD IZL., HEEZITIZED
ZRNTT X LC100kGEATHEREZNE L. 10085
& Utz BREEED 100K TG 272 o T2 B IEE D EFID
R LB DEEHRBX100T:ROZEDE L, &
Too BAEE, 10067, 100K T2 R W AIZZF ORI D
72, k- ME S EIT Ny PSSR, BE LA
Behor b UTHHEHRTCH b Oz RITRE L
720

FEREE, 100k B35 K O FRURICN S 5 RHS & B2k
WIROZNRZMFET 5728, FERFB X UCHETHITRIC
BILTld. GRS U7 BRERER, BRI B E NI HETER) -
TR UTZERRED B XU I LTS, RSN - FEF LTz
AR 72 TIENACHED HAVAEEL.  TRHSH & PO ILEs ) |
bHWVIE TR F 7z TRLEL] O Az
L. U BB Rogite UTe—fRALFIEE TV 2 R
L. AIC GRS HEFME, Akaike 1973) 12 & % ET VIR
Eirolz, Fio. 100REEZERAMHICHES DL LTH
AR E U, TREB ERMILER) | 20 TR %
Told THRFALER | D H 7z AR, V) > 7 BI#7%Z gaussian
EULTe—ALREET IV ZERR L. AICIC X % ET V%
Rz2lT-oTz0 . LI 2 20 (JELE,
0.2%. 0.5% & 1.0% DMK 2 AW T EWRERM) 73
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VAIVERE LT -T2, ZHEDHICHE S —RILRIE T
TINEBWTHNERRODROFIHEROE L . HINE
BN OREDFAZE DN & DRI B L TV 355,
B JCHEE D T Z 75U (Albert and Anderson 1984), Al it
FAHZ DO RHSGOFER K & LTI R T ORI T1H 8
MEn, ZRHEENMETTVIEES, BRRBICOWTIE
Firth®D X GV T o {5 I (Firth 1993) Z2 (A9 % —
{ERIEET V7R version 3.5.3 (R Core Team 2019) Dbrglm
73w r —2 (Kosmidis 2019) 2 FIWTHM L7z, 100k 5
BRUOHETRIFLOMATITIIRDgImBIE 2 L 7z,
AICDIRE/NEVETIVERBEETIVE Uiz, 2720,
BT TV E DAICDFE (A AIC) H2LAINDE T ILIC DN
TRREDETIVEHSDEENIZWVEEET IV E AKX
L (Burnham and Anderson 2002). mEET IV EFHEET
IVOMFEDFERZR Uz, FERH 1000 8B X UH 178
FRICOWT, RETTIVTHT LISl HERIC X %
ZNZTNOFREOHEENM & Y Ol 5 FRIfEZFH L
2o

d. DNAfh ! & SSRFFEHT

%, BN S AREZRILL 2o %/3 b
ODZIHEAERD S, THEERRD/ N S 5IETXTOD
LA ST T T UTfER, U VIS &
5058 7o fz, )T Ul ENIWmE L, ©2DNA
FHACTABIE (FI47 « 1534 1995) I X i L7z, DNA
SR, B4SSRY — A1 —438{x 7 (CIS0520, CS1226,
CS1525 (Tani et al. 2004), 35X U'Cjgssr77 (Moriguchi et al.
2003)) ZiH Lz, 7> 7 L— FDNAZ2ul, F—2%)LR
) 22— L% 10ul& U TQIAGEN Multiplex PCR kit (Qiagentt:
R LIz )VF T L 7 APCRISZEME 7 A kO
JVIHES TITWV, 155N TZPCREEWIC DUV TABI PRISM
3500x] Genetic Analyzer (Applied Biosystems#l:5)7% T
Y'— 2 ZfH L. GeneMapper 5.0 (Applied Biosystemst1:#)
EHOCOELEFRERE Uz, B 1B3EKS X CIEmE
fEAIC DV T E FIFHICDNAR A ¥V F &2 (T 5 T2,

e. RVt

IR D K SIS, S ENEREZN 21T > Tkt 207
0 — 2V EZ3MARDEFOMERDRER E N TEH D . RIEMAT
ZITICHTz>TT D207 0—2 B XTIERIRIIC AV
r1ra—roaatha s a—raiEhEiEdg e Lz, 4%
— 11— DK MEHE 2 Cervus3.0.7 (Marshall et al. 1998)
ZRWT, EMBURE217 0 — > OBIEFRN 5

F2 AR M HE /% (parent pair) = 1 - Combined non-exclusion

probability
KXDER U, [EMBIOREICIE. RAHEE
(Marshall et al. 1998) I & % R VEf#HT %2 Cervus 3.0.772 FW
THEMUTz, FIARRBHUIERMRTIX GV, BiEL
THEEZAF 70—k ZERREIN TV B0,
BT T ENTARMEIOE|E (Proportion of candidate

fathers sampled)IC DWW Tl AFERFER THEIEMIC X %
RELHMN47.8% T > Tz £ 5 i (Moriguchi et al. 2004)
ZBHEIC, S0%ERE LT, TOMDY I 2L =gy
DEGEILLTDIEYD & LTz, Number of offspring : 10000,
Proportion of loci typed : 0.99, Proportion of loci mistyped :
0.01. Error rate in likelihood calculations : 0.01, Minimum
number of typed loci : 2o F 72 f|liELHE & U TDeltaZz AW,
BHEL~VIE95% 2 U Tz,

RVERRAT ORGSR Z OFAEEADTEIRIIN W TAE
ick oSNl THRTH - etz TRRK
D EERL. Bk - U DWT, IEIRERNCH
WIAERNC & 0 A e & N HR O FAAAR DBz 77
M U7 SRR TE > T2 D TR LE

FLT

£, ZZBC AT

RELRLIFRIT KT 2 RESE, LB K OBER 77—
VOMREIRGET B T2, RRlEIIFEZ GRRKDDFE
LD, 7T LTz FAEMAR DI LRI D REDE) &
UTe ZIEARICHE D BHIVARL, TR & B0 L & BRAE
AT—=) . TR . TRHS & BIER T —
VL BB BHERT—Y ) . HB 0T TR
Fzlk TR0 F721F THTERT—Y ) OREFHH
ZRE U, VY 7B R ogits Lz —fRILEIEET L%
ERR L. AICIC K2 ETIVEIRZITo Tz RBKIIERIC
BLTE, SHHEZHOBEAT—YB, BXUEUEDH
IRAZEGIC BN TR & ST FEDE L L ToNE
Bl N RDEEDEC TV Tz, KSR & [AkEIC Firth
DXRFINT 4 T EREEZEHT 2 —BALREET )V 2
HOWTEM LTz, AICHRE/NE D> TeE@ET IV E
ANAICT2UNDBEE T TIVAH - TG A3 i O
RzR Uiz, EET )V THH LU ESHIHEZROFRED
HEEME & Y O SRR K UBTEX T —Y D%
NFNCDVT, KEEEIFROFHEZEH Lz, A
T, BRI K OBIER T — Y B DR D R/ 3
S (E & FEHE RS 2R Dlsmeans’ S 77— (Lenth 2016) T
KD, TNV TRELEIIRO TRIME & Z D95%(51H
XZzaR L,

KR
(1) TEEMBBROREERE L FERRONTEDDEMEICR
FIRE
WIRITED B WIZIHERTE L BB DWW T, 1B
ZIRWICIER L Th 5 ORGRBIRR & . Z DR A DIE
¥ 7z 85 E ORI S BTGB ORI ROHB ZFig. 21K
UTzo SRMITRATERRIE R DIEMFELF RIS h Il T0.48 TH
> Too SRIETRTERRIE (00 DFELEY & BB R D FEEFRL
DOHREOAEZERE LIZE T A, 25 CORIRMIFEOLEE
4B £ T, MR TF DL & 12 £ TR E% & 7
HROPIUEICHE AN 5 L (p>0.05), TRIEER & [FARLE
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DIEMFEFRMESND LEZA DN, ThURBIIH IR
7. IWBIRIF OGS & B, FHURIK FOMmZH -
Teo =77y 9B LEN NS, iR FE KT, ek
TRAECTHUTEE DR S NTAE BAAE L T,

(2) BBEEMICEBERK - 100 HE - BFEFERAD
=7 -

AICIC X 2 ETIVEROK R, HREBICOVWTIE, &
it & IR O /5 OFHE R BB ET IV REE T
WE LT, BBOBHZHHERE T Z2ETIVIREGET
JVE UTEIRE NIz (Table 2 : 1-aB X T1-b) ETILD
FEROEL 2 Table 3IS/R LTz, Fiz. mEETIVTED
NT R & B LB D RE O HEE E & YT =2 -V CE
LU 725 R DT HIE % Appendix Table 11Z/R L7z, FHllfE
TH &, RO [ RACHLET0.3214050.987. 0.2%
DIZHUFLT0.409H 50.991, 0.5%DFZHMLIET0.464H
50.993, 1.0%DIZH I T0.287h50.985L, R X
o THERFIC 25 L, ED#EMNBH - 7z (Appendix Table 1),

(a) 25°ci®TF

1.00-

0.75- ‘ ‘

it |
i os0-
i

0.25- ‘

0.00- =

(b) 4-ci®iF

1.00-

0.75- ‘

v os0-
(i

0.25

0.00-

Fig. 2. f&ilj L 7212 OFEMINR & AERFEEFR OB

LA U, BN ISR RIS T 2 AR RITED
5N o 72(p>0.05, Table 2 : 1-a),

100RFEIC DV TIE, RO AEFHALH T2 ET IV
MREET IV & UTHIRE N7z (Table 2 : 2-a), BT /LD
ROBEH ZTable ISR LTz, £z, BalETIVTRFBNT
RHS O REDHEEM & YIF 2 O CEH L 721000 EDF
Ml % Appendix Table 21/ L7z, THIMEIZRIHIC X > T
0.216/H50.388DIEA D - 7z (Appendix Table 2)o

FEFRURICOVTUE, RO ZFHIHERE T 5ET
IVHEGHE T IV E UTC, B & I S & %
ETFIVHHEETIVE UTIRIRE N (Table 2 : 3-al5 KT
3-b)e BT IVOFERDEL  Table SI/R LT, HRETT IV
TROLNT R ORBOHEEM L Y2 VTR Ui
TRIFRDOTHMEZ Appendix Table 21/~ L7z, FHIET
H2E., BRICE > T0.085h 505708, FEFFHIUERIC6
DL EDZENSH - 7z (Appendix Table 2), F 7zt T T /L ORE
RTiE. 1.0%DRILELICFE PRI RIS 2 HEFE
DINRDERD 5N Tz (p<0.05, Table 5 : 3-b)s

Aokl ek

10 12 24 43 72 a6

88 (h)

10
#iEEEE (h)

® ke ok ®
‘ : .

1 1 1 1 1

12 24 43 72 96

() [XEEIR T 25° CTIRIE. (b) 13 4°CTIRIZE LT ADOHERS . * 1 5%, ** 1X 1%, *** 13 0.1%/KUETIREIE (0 h) DFIFFROD

HRE & HRRAED D > T T LR,
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Table 2. K4, 100 B, Fli FIELH3 & Uik Table 4. 100 FiTi % HIZER L 2 il €7V

EZNZTNHNEBE T 2T T IVl Ofs R (Table 2 : 2-a) DFSULOLER
EE AIC A AIC (2-2)
FRR RETTIV(-) RHS -+ PR L e 188.74 ZH (REHEE M EEMERRE 2 {H p il
BEETIV (1) 52} 190.71  1.98 Yl (BHg M) 0.368 0.034  10.805 <0.001 ***
g lutal 322.97 13424 B A -0.115 0.045  -2.560 0.015 *
100 i HEET )V (2-2) 820 -131.03 R B -0.109 0.045  -2.421 0.020 *
RHE - B 12887  2.17 RHEf C -0.094 0.045  -2.079 0.044 *
L 11778 13.26 R D 0.020 0.045 0446 0.658
B REET IV (3-) Tt 412,95 RHT E -0.121 0.045  -2695 0010 *
BWAETILGD) R 41454 159 R P 01525 0.045 33740002 *
L 768,49 355.55 MG -0.070 0.045  -1.561 0.127
SRR BT () IR T— 12538 ﬁm -0.055 0.045 -1.228 0.227
PO o B 1 -0.114 0.045 -2.525 0.016 *
HATT IV (4-b) g hul 12726  1.87
it 1 o . S2l) -0.079 0.045  -1.764 0.086
R REEA 7Y 136.11  10.72 RS K 0,018 D045 0404 0.6Rs
BEERLE 151 973 RHS L 0069 0.045  -1.542 0.131
BEI+HRIER 7= 18877 63.39 13 5% 5 13 1%, 5% 13 0.1 % KETHE Th -1 C L 2Rd,
2] 191.56 66.18
FEAT—Y 180.80 55.42
Table 5. fd TR 2% I T T
Table 3. Fi %% HIWAR L T %iEE T )L (Table 2 : 1-a) ﬁiiﬁi};ﬁ; B?: gﬁ?ﬁ%&i“‘?{fﬁzﬁ 2 7‘3}-[;)) DEEH
LA TET IV (Table 2 : 1-b) DFEFLDO LK) DUHY
(1-a) (3-a)
Z8 REHEE M MRS 2l p i Z] FREHEEM B 2 pfl
Yk YR (R M) 0.282 0.117 2417 0016 *
(R, susoBRaR) 0710 046l 1331 0.121 FHS A -0.687 0.155 4435 <0.001 ***
RIS A 2.096 0.791  2.650 0.008 ** I B -1.059 0.159  -6.671 <0.001 ***
RIH B -0.952 0.490  -1.942 0.052 B C -0.523 0.154  -3.394 <0.001 ***
RHdf C 1.381 0.810  1.705 0.088 EHSE D 20.205 0.157  -1310 0.190
R D -0.515 0564  -0.912 0.362 R B -1.359 0.167  -8.165 <0.001 ***
IR E -0.146 0.561 -0.261 0.794 EHSF 1354 0.164  -8277 <0.001 ***
RH F -0.031 0.511 -0.061 0.951 Bt G -1.519 0.167 29.086 <0.001 ***
BHE G 3.630 1.506 2410 0.016 * RHS H -1.013 0.158  -6.406 <0.001 ***
RHE H 3.005 0.941  3.195 0.001 ** B 1 -2.658 0214 -12.429 <0.001 ***
RS 1 -1.464 0.503  -2.912 0.004 ** B T -0.825 0.156  -5.285 <0.001 ***
Rt J -0.190 0.565 -0.336 0.737 R K -1.637 0.170  -9.624 <0.001 ***
RHg K -0.599 0.544  -1.101 0271 RS L -0.708 0.155  -4.566 <0.001 ***
R L -0.330 0.648  -0.509 0.611
PR (0.2%) 0382 0273 1401 0.161 @b : __

BHMILEE (0.5%) 0606 0316 1917 0.055 ZH PRIGHEE I FRERGE 28 pfE
SRR (1.0%) -0.163 0317 0515 0.607 ’@IJ;@ (W@il\gagﬁ)& 0.207 0127 1625 0104
(-b) RHRS A 20.716 0156  -4.584 <0.001 ***

ZH REHEENE BMEREE 2 {8 p A BHE B -1.088 0.160  -6.802 <0.001 ***
Uik (B M) 1.006 0435 2314 0.021 * BHg C -0.551 0.155  -3.551 <0.001 ***
R A 1.980 0.786  2.520 0.012 * RHg D -0.243 0.158  -1.537 0.124

RI# B -1.028 0.485 -2.122 0.034 * RHS E -1.385 0.167  -8.275 <0.001 ***
B C 1.235 0.806  1.533 0.125 RHgt F -1.383 0.165  -8.395 <0.001 ***
RHéf D -0.566 0.553  -1.024 0.306 B G -1.548 0.168  -9.197 <0.001 ***
I E -0.114 0.552  -0.206 0.837 BH H -1.042 0.159  -6.539 <0.001 ***
B} F 0.016 0.500  0.032 0.974 B 1 -2.688 0215 -12.512 <0.001 ***
BHd G 3.285 1.508  2.179 0.029 * R ) -0.854 0.157  -5.428 <0.001 ***
BHef H 2.756 0.939 2935 0.003 ** B K -1.667 0.171  -9.730 <0.001 ***
R T -1.582 0.492  -3.213 0.001 ** RHg L -0.737 0.156  -4.714 <0.001 ***
Rt T -0.134 0.562  -0.238 0.812 FER LR (0.2%) 0.115 0.088 1.307 0.191

RHéf K -0.725 0.535 -1.355 0.175 BRI (0.5%) 0.111 0.088 1.264  0.206

RE L -0.620 0630 -0.985 0325 2L (1.0%) 0.187 0.091  2.066 0039 *

*E 5%, X 1BKETHE T T &ZRT, 13 5%, T 01 %KETHETH T & ERT,
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(3) ARIEMICT & B RECRINRDHE
7E@ﬁbt¢7 A —IC K B A MEHE R #130.9996
RUMRHI AT H > THRREENDND B L EZ
6hkowﬁgﬁ&bfmm%%w\Eﬁwa%%ﬁ
LZE R &P E NIV T IVIE505D S B L HEE &
N, 50 04479 > TG ZF OMOTERNC K % Sl sk &
e TNz,
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Effect of spray pollination as an artificial pollination technique
for Cryptomeria japonica in the field.

Naoko MIYAMOTO", Kazuya IIZUKA?, Yukinori KONNO?, Soichiro NAGANO?,
Jin'ya NASU", Yuichiro ORIBE” and Nobuaki TAKEDA"

Abstract

The applicability of spray pollination for Cryptomeria japonica in the field, as an artificial pollination promotion
technique, was examined to effectively utilize a small amount of pollen while improving workability. First, the effect
of storage time of the pollen grain-water suspension on pollen activity was evaluated. Pollen grains stored for 12 h in
the suspension had a similar germination activity to those evaluated immediately after the suspension was prepared.
Then, spray pollination with three levels of pollen concentrations (0.2%, 0.5%, and 1.0%) on multiple mother tree
clones with female strobili at different developmental stages (start, half-open, and full-open) was tested. In addition,
to evaluate whether mating following spray pollination was successful, the seedlings grown from the collected seeds
were subjected to paternity analysis using DNA markers. There was no effect by spray pollination on the levels of
cone yield and the 100-seed weight (p > 0.05). Conversely, spray pollination at 1.0% pollen concentration had a
significant positive effect on the seed germination rate (p < 0.05). Spray pollination at the two pollen concentrations
of 0.5% and 1.0% had a significant positive effect on the ratio of seedlings (mating success rate) for the spray pollen
used (p < 0.05 and p < 0.01, respectively). The mating success rate with the 1.0% pollen concentration was higher
than that with the 0.5% concentration. Among the three female strobili developmental stages, the mating success rate
tended to be higher when spray pollination was performed at the half-open stage. A mating success rate of 0.362 was
predicted using a spray pollination with 1.0% at the half-open stage of strobili. In summary, spray pollination was
shown to have beneficial effects on mating even in the field.

Key words: spray pollination, supplemental mass pollination, developmental stages of female strobili, pollen
germination, paternity analysis
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OFE LHFHBMK GBI O T — 2 2 H W TR S K CHENTZ1T-> 7z, #ilICHWS 728
DIEDOHEE JTHEDBE NN LB HEBIIREL, FICREBRKELREDE U, YA MEITHEDEND
WKCEBWBEIRELED, & A MAICHEL ETFEEZRAOTHEZEH L, MORNEFREOLE
IO REND S, HHD RE HEEZ AR T HEE (PPFD) & NEP O BFEZ W T 4 D
FETRD, HEOK N E NEP DR S HH D RE ZH#E LG & Dt 21172, HiEIC
Ko TMHIWESEDZTWEHZEDD, FRICK S CO,HEBEDZVILIRY A b TR HDZEIE/NE
S, BEHLEHY A B TIEHFO RE #52% PPFD & NEP OGN SHRDIZIBEE DTN/ NE >
72o HH D RE #E7% PPFD & NEP OBHGEZHWTIFo C LIick b, ®EY A ko HF O BEMEIG{K
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TOREDOHEZLETEZ S EARENT,

F—T— K AERERMEIE,
2T —TZ w7 A8

1. 3U®IC

PES A RERICE W TIMHEIC X O MiEEREER
(NEP) Z#iffICHIE TE 5 X 51 o7z 1990 HF1%4%
D L RERER - AT co, 7Ty 7 X
MMTONBEIICE>T WD, TOXS KERY A
DIEREEK LTS FLUXNET D7 = 781 b (https:/
fluxnet.fluxdata.org/) 1Z1&, 2017 4 2 HHITE. HET 900
A B4 M EBREINTVD, FY A MEBI T
NS E . BHIG T — 2 2L UG b
(1 2 1¥ Hirata et al. 2008), H2WIIEERTOLAET
JU (B 203 Tto 2008) P JABHEE € 7 )L (Il Z 1 Ichii et al.
2017) O « MEET— & & L TE BT — X IEFIH
nNTtns,

75w 7 ARG 30 73 BT — 2 BUS AV AT RE
R, KR BT 7L, BRI HR EGE AV < ELIRAEIE DY
TRFEGEL TOHRWVEL FTIERRIMAE T 728, NEP
DERMEE % RD B T2 DI RAHER R DR E L 72 %,
F i, BEERICET S CO,OWINB X UHHE. Wb
LR (GPP) BXUARERITIE (RE) &, 7
v 7 AT =25 EHTIER < NEP ZHWTH
HE 2728, TNTNERDZDICE L OFEHTTIEDN

JERIREA B2 4E 8 H 28 H JARAZEE - BHI3 46 H 15 H
1) B ITZEAT ALHEE ST

M—XApER, MARRAEER, T—XEy FOHME, Bk

BRI N TV 5 (Falge et al. 2001, Reichstein et al. 2005 7%
E)o KHICHMD RE &, EEMICHET ST ENTE
BN, FRRIBTNEIC K B HEMTDN TV D, —fik
AICIE IR DU & —NEP (97745 RE) ORifR7z HH
KEHEHAL, HPoXiRZHWTHIEE NS 2 A%
U (Hirata et al. 2008 72 &), 7272 L. HEFFIRODIEIC K 240
FIABHMSNTED (Kok 1949, Sharp et al. 1984 7% &), &
DT —2 585N 5HE L OBRMEEX D /NS WEIC
5% EHRENTVS (Wehr et al. 2016), ZD7zh, H
HoOYtDE E NEP OGN SHEET 2 /715 BHREE SN
TV 5 H (Jassal et al. 2007, Bruhn et al. 2011), EfZHH D
RE ZHET R LI TERVDH, TNHDFEOM
FEE T3 TIEAR W,

i, MEEME, MESHEAEOEVICEST
NEP. GPP. RE ORBRHEE R EZ2 s (BRI
Saigusa et al. 2013), #Hi—MEFLEORENMTDON TS
(Isaac et al. 2017, Wutzler et al. 2018 72 &), LA L. T
X THA T ITETRD b Nl ENTICHW S N, BIE
THLZORMIZZED DR, T A MO 72D
—MEFEZHVE T LE, FECKE R TR
BDAMEREZGRETZDIEAEEZLND D, ¥

* RMER ST JLEE ST T 062-8516 JLHBHEALIRTT S EX 2 7 7
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A MER TR L7 HiEE, DRSS WEs A
T L, TZREREEY A ORI K> THE S, T
DIBEY A L TFEDEWIC X > T DRI AEAIE
C2DM, EWHEINTWSEFIETHLN I EDIRE
RHEFEEND 2O 2R T 2 L EZEETH S,

AWFFETIX. NEP O3 KT GPP, RE DHEH 7L
DEVIC K ZHEBERRET 5120, 75997 AT—20D
FIEBRCHEERSEZFE CFIETIT> TV A EEX
ATDEEB 2 A4 FDTF—XEH, NEP Oy
B XU GPP. RE BHTIEDBEWIC K 2 RHEREDOM
AEETT D o

2. )51k
2.1 ElEsih

AW F% T L& V5 HE L BE R PR 0D L IR AR K S 5 A 5
(AsiaFlux site code: SAP; 2004, 2005 F7 [k < 2000~2017
EET) O 16 FERH], BRUHEEEHER MO E L35 H&
P& SR ([F]: FIY; 2000~20084E % T) D 9 4D T
— X W TN 72175 72,

SAP (42°59'13"N, 141°23'07"'E, 180 m a.s.L.) {3t AL
W8 T HLOAS D FE IS AL IE 9 2 ARMRKR B BF 2 I b i S
MNICIED2HEZ M TH 5, TEBEIESTHY
7\(Betula platyphylla), = X7 Z (Quercus crispula). 7NV
F1 (Kalopanax septemlobus) 7% £ T, MIRICIZF T~
W (Sasa kurilensis)s 7 A Y'Y (Sasa senanensis) INES%
LT3, 2003 FFRFEITHIGEER S cm DL O AR
& 6724 ha', W LEZENEKT B 2T A 2 ND R
& 215 m7Z o F (FHER S 2004, HE15 2018), HEFHE%
R 7.3°C. FEREKER 800~1300 mm, ZWIHEA 1 m
R OMEND O, EEMMEMA 12 A Lah s 4 A
FHaETTH B W5 2014, #00 - (HEFH 2015a, b),
20044E 9 . HE 18 B K % EBHENFE L, BAD
INAXAZEIIH 4 Bk a0 KELHMEEIZZE
U7z (Yamanoi et al. 2015), F 7z, 2010 I FE, 2014
FIWEHYIRARAIC K ZRENREL TV 5,

FJY (352717"N, 138%45'44"E, 1030 m a.s.1) & 1IELR
FHHM, & Lo RAL BB SSRGS AN 2T 4
<Y (Pinus densiflora) KT, 2 X+ F . 35T (Quercus
serrata) 7% & DA, HiEADY 3 3 (llex pedunculosa).
TEIIHEARD 2V VY ¥ (Rhododendron dilatatum) 7%
ENRLNS, 1999 TR THEER 5 com DL EDIR
BJEIE 2556 K ha', W EEZHKT 57 <Y O
B 18.6 m 2o 7z, MIRKIZTAEPBEZCEHRLTH
0, EARRIZ DR (KBS 2003, Ohtsuka et al. 2013), 4F
SEEISGEE 9.5 °C. SFHEERKERIE 1955 mm (Mizoguchi
etal. 2011), &HiZ 12 A NN S 4 AYAICHIT TRE
H BN, RABEERIIS0Ocm L TFDT &2,

SAP BX T FIY Tid 1999 FEEH 5 sl il N 12 3%
ENTEBP 2T — (@I EZNZTh 2 mBXT 32 m)
T, EBEER IR (SAT: DA-600, Sonic, Tokyo, Japan) 35

KU 70— RINZAFRINRH AT F 5 A ¥ — (IRGA: LI-
6262, LI-COR, Nebraska, USA) 7 L THAHBREIC K D
CO, 7T w7 A(F,; pmolm”s) JEZIT> TV B, FHbAF
¥/ E—NOFEALE (S pmolm®s") I SAT fXiE i &
(SAP: 28 m. FJY [2006 4E 10 H £ TJ: 25 m. [2006 4£ 11
AR 27 m) KON 5 SENSESRZRLI L. IRGA
FHOTEREZEENET S LIcKbRDIz, iRl
SAP, FIY ZNFN 30m, 23 m OEEIEEN S —/L R
AW IRIE BB ET (HMP45D, Vaisala, Finland) . Y&k
JtEFHREE (PPFD) (FBIH 2 U — &k L CtE R
Y (LI-190, LI-COR, Nebraska, USA) Z#%E LlliE Lz, &
KT —ZWRMDEGE ., KIRENNYy 77y T AT LD
T—2. H2WEE < OKEBAMSA DT — 22 VT
il (Mizoguchi et al. 2011, #[15 2014), PPFD DRI
LA, RO AR & OGRS S PPFD ZHEE
U UTzo M DFEMIX SAP. FIY Z M Z N Yamanoi
etal. (2015), Mizoguchi et al. (2012) ZZRIE X 72\,

2.2 T —REBHE
D EMHBEIC KD 7 T 7 ZAGHE & iR - #EE TIE
DOWEE

CO, 75w & X (F) OFHIZIBHIBEE V., i
IKATHON TV B HIERS X CMEEHZIT > 72 (Kaimal et al.
1968, Webb et al. 1980, McMillen 1988, Leuning and Moncrieff
1990, Foken and Wichura 1996, Vickers and Mahrt 1997, Lee et
al. 2004), EHIC, 7T v 7 A%/ N LR O ELTRRE
BT RCFEL TORWEA FO T — X EEHE %2
FlEFRAE L UCTHLD BRUO 7z (Goulden et al. 1996, Massman
and Lee 2002 72 &), FEHHEEDRIEIEX SAP OFFELATIE
0.29 m s, HEL#%IZ 0.31 m s (Yamanoi et al. 2015), FJY
1Z 0.12 m s (Mizoguchi et al. 2012) & L7z,

R EE LTk, HPEE(ETES Look-up table 7%
ENEAEINS T EEZWVD (Falge et al. 2001), ARHBFFE
Tk, BIITHELONTET Ty 7 RAT—2 LT 55
T—2 L DB OLEZ, WHL T BB D 30 77T
— 2 BHfEt 7Y —Y 7 b R (R Core Team 2020) 72 FH\>
THIEIE D % WIEIERIERIRIC K DB Lz, 557
TEBOMEE KRR T — 2 5/ 56 N5HZHNT300T
— Z D RIMEAR 21T > 720

2) ‘ERERAE PE & (NEP)

2T —T 5w 7 AT — 2 %2 - T NEP (pmol m” s™)
B D ickvBEBNS,

NEP = —(F; + Sc) (1)

NEP 3¢ & BOC R 1% E PPFD (mmol m™ s™) %
ZRELMBRZHOCTRI T ENTE S, KilllHE
Hif D7z D NEP OH#EE & U TEMMEHERO X (2)
MUFHE XK HVSENTE D (Bl ZI1E Saigusa et al.
2002), HIETIEX (3) OIFE AN EH TN 5
EEZ ) (B 2 1F Yasuda et al. 2012),
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NEp = mX_pp
Poax +% - PPED ¢ @

P - PPFD+ Pyax J(l,b - PPFD+Pyay) —4 - PPFD - 8 - Py,

NEP = — —RE4 3)
TCTC. v BHROWIALE. P W ERAICE BOHE
(pmol m?s"), O IXHNKRDME, RE & HHDERERM
Weig (pmolm®s™) 2K,

AR d 2Dl T 27T =2 (F—4%t v
MDD 2 7. 15, 21 BX U 29 HE O 4 FE, 155
nNreFREzENTN T — 2y MAMOHR.OLHOE &
L., 7= &ty rE 1 HT 5 L THHFREREKRD T,
REDES NG SR XTAOME EDHNNE
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DEEE. T2ty MABANTHOFEET Z2H TH
DHICREEVHDORE., Z DN WGEEIEATED
A U H D% E W, PPFD % MW\ C NEP ZH#iE T
%2 fmoRE 4 MEOT—2 Yy U, &EF 8 E
D D)tz U (Table 1), BlHlE M55 T—2%H
T NEP ZH#EE L 7z,

3) BRI & (RE)

ERERIEIL R (RE) XREO ER L & &I % C
ENHIENTED, FidDX @) IR T KD ZIREN 10
C R UL ZITEMIMEICE 2 DR RTIRERE Q.
W TR 550, Lloyd and Taylor (1994) HMiEME L
TBIET7 L2 AR (K S) TERIT TN TES,

Table 1. HHH O/ ERER e (NEP) ZHEE T B0 57— %t v MR & X

Periods of a dataset and regression equations when estimating the daytime net ecosystem production (NEP).

HeERZRDB & ZI

=12 S V % \

S;rar:‘tjjol BETS % 77— SUMH qufftion Refrje.iﬁi
Period of dataset
DRO7 7days
DRI5 15days HELFE Ak Saigusa et al. (2002)
Rectangular curve

DR21 21days 2) and so forth

DR29 29days

DNO7 7days

DNI5 15days AR Yasuda et al. (2012)

Non-rectangular curve d so forth
DN21 21days 3) andsofo
DN29 29days

Table 2. "ERERITIL AL (RE) ZHEE 9 2P0 7 — 21 v Ml & X

Periods of a dataset and regression equations when estimating ecosystem respiration (RE) using nighttime data

g 1195 7— 4R |
ymbol Period of dataset Equation Reference
NEO7 7days
NE15 15days
gy B
NE21 21days FREBIRL Saigusa et al. (2002)
Exponential function
NE29 29days ) and so forth
NE3S or NE4S 3 or 4seasons’
NEYR a year
NAO7 7days
NALS 15days
NA21 21days BIEY L= AD Lloyd and Taylor (1994),
Modified Arrhenius function Hirata et al. (2008)
NA29 29days ®) and so forth
NA3S or NA4S 3 or 4seasons’
NAYR a year

*FLIE (SAP) Tl 1 FEEEE, Y UMNFIEDONELZH, LHFIHLNOEEIHD 3 X457 : 38 Ziif, RO

BETHELZLMEIHFDOT -2 EEN5%. &
~ 12 HD 4 X753 : 48 7=,

HH FIY) Tl 1 2B, BERHO 1~3 A, 4~9 A, 10

* Sapporo meteorology research site (SAP): 3S of foliation, defoliation, and abundant snow seasons when dwarf bamboo is covered with
snow. The daytime data are also considered when dwarf bamboo is covered with snow. Fujiyosida meteorology research site (FJY): 4S of
snow and no-snow seasons between January and March, April and September, October and December.
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RE = RE; - QlO(Ta— Tref)/10 (4)

ref
RE = RE Eo ( ! ! ) (5)
S\ e, -1,

T T T, T FHRMERE (K. REp., $EEREZEORED
RE. 7, &R K. E, EEHEEZxLF— ). R 1IX
AR (8314 Tmol 'K . T,1& (227.13K) TH 3. AW
ZTCIE, T..72273.15, 278.15, 283.15K O 3 FHHCRIH
L. B EHMORE/NE W 273.15K & T, & UTHRA
L7z,

‘. &5 WIS ELREBROEE X EI3CA K
Mrbhiznwz b,

RE = — NEP (6)
DOBEM LD D, KD RE & T OMGREHN, X
@, 5 THHITZT—20MM (F—%t v M) %
7. 15, 21 BXU 29 HMZFNZFNTHFL, B5Nik
FEET— 2y MAORLHOEE L, A 1 H
TOTH LTHHERZRD 3 5L T Tz, (REHE
SN - HEEBXUTADHEE EDNNEDE AL,
T—2+t -y MHBNOMETHOHICR STV HOFRE
EAZEVIBERATEOR UHOFREZE Wiz, 51,
TFHBIXUBESHCEEOGRE L EE LI-EHiEc
) U7z (Table 2) ZEHIX 3 1E 8825 O AT /TR,
SAP DEIE 3 ¥— X2 (Yamanoi et al. 2015), FIY D
Fl 4 ¥— X (Mizoguchi et al. 2012) & Uiz, T DR
OBFRAMN DS REZHET 2 HEEZN XA TR &
129 %,

A ERERMEL E (RE) BB OAIR & RE O
ZHEHAL., HHOXURZKBOT =2 5185107z
@, G ICHPOKEE AT 5 & THET 2 /715D

&/, PPFD & H1od NEP DR ). B) THEL5NS
RE; $2WVIENDRODEVEIH DT — 2 Hh 5 ER
BT 25 (R 7) REPREEINT VS (Jassal et al.
2007, Bruhn et al. 2011),

RE, = a - PPFD — NEP (7
Z T T. a & PPFD Z#ifili. RE,+ NEP Z#{tfllcH > 7z
REDEMOME 2K,

AWFETIE RE; ZHH DT =20 5RDZ 7, H
@ PPFD & NEP ZHWTTF—%t v MM 7. 14, 21, 29
HD 4300 T, Tald 4 FfHO 125w H] L7z (Table 3),

DR: HH® PPFD & NEP Z W, E A KR (X 2) Z2

A,
DN: HHIOD PPFD & NEP 7z v, JEEA M AERR (X 3)
Z .
DJ: PPFD 300 pmol m™”s" LA FODIED PPFD & NEP 7%
. —RBI%E X 7) Z A
DB: /% PPFD %’ 500 pumol m”s" L F DD PPFD
& NEP Z v, —RBEE X 7) 266 A
LRl 4 fEZNETNTHEONE RE &, FRETZHOD
HH DI RE & AETHE (Average). 5N 7 RE &
S & DRARZFEHICK (4) H2WVIE (5) TRD. 30 70
HOKIRN SHEET B HIED 3 F—RAZZFNZENiEH
L. REZHEELTze TNHHHDT—X7%ZE ITHEE
UL/ZREZ D ZATEMSRT LIZT %,
4) fa— A= (GPP) DR 1k

F—RAEPER GPP (pmol m”s™) & NEP DERIZ (8)
TIN5,

GPP = NEP + RE, (8)
NEP ORENEIZX ) H 2 Wi 3) DBFBRANBRD =
ETCHITE LT REJEIN XA, D XA THEHEM LT
I XRTDTr—ZAZEH LTz,

Table 3. H'P O/ERERIWL it (RE,) ZHEE 92 DX L0 R 7 (PPFD) D[

Regression equations and the condition of photosynthetic photon flux density (PPFD) when estimating ecosystem

respiration at daytime (RE,)

AL Ea WG LI BICE RO R TR (PPFD) D#iPH ZER
Symbol Equation Photosynthetic photon flux density (PPFD) Reference
TELF AN B R .
DR Rectangular curve PPFD > 0 micromolm™s” Salgusceil et ?l' %002)
) and so fort
JEEF B
DN Non-rectangular PPFD > 0 micromolm?s” Hirata et al. (2008)
curve and so forth
(3)
P
D] Linear function 0 < PPFD < 300 micromolm®s™* Jassal et al. (2007)
()
B 50 < PPFD < 500 micromolm®s”
DB Linear function F1% Bruhn et al. (2011)

()

in the afternoon
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AL EGR
3.1 BEliRH S#E LicEReRMEESE (NEP) DZE

BZEOT—XZty MBS 7 HTR Q) XU B) %=
AWTHE S NI E—NEP [HEdh#ROfZ Fig. 1a, b IR
T SAP, FIY WINDGEHE 2 DOXDYIHAR (v)
DRI DOITNE oI, ARG HOEE (P00 1 E AN
AR (X 2) : DRO7 THEOLSNTMED SN K E L KB EHEN
WAL Nz, IEEAMHRNA KX 3): DN TTF—2 v
MAR 4 7 — 2 & T B & (Fig. 1e, D). 7—& &y b
I Ko TR ET B T— 2D REZH, BEOR v
BboIhElZskDicw U, P, DEIFT—X1 v b
HIRIC & > THFICH T > Tz,

Table 1 T/RUTz 8 D DSETHEE LizEOH T,
7THMOTFT—%2%y e 1 HIDOBE#HTE T 3) DIE
5 A BT 2 O 72468 6 DNO7 AY SAP, FIY W& &b
FRATEART 9" X T DI AR E/NE D > Tz, Fig. 2
IZZ D DNO7 IC K BHEEMERBAE Lz 1 Lz &
DD JFIEIC X B HEEEBEMOE B2 7/”d ., DNO7 &[]
U (3) Z{fi> 7 DN15, DN21. DN29 DE[{H 1% SAP,
FIY £ 1 it T —& 1w MR OEWIC K 32413
BTN TH->Tz, A () OESMMNANFIC X2 /515 (DR)
BTTF—%ty MIBOBENCE 3 2EDTHhTH-o

-
20 | ;

FSAPTTTTT

10 £ .
5 .
0F .
|

--0.5 00511522563
SSAPTTT ey

52253
PPFD (mmol mZs™)

30

327

M. 2 DDHEERIC X BENIIKEN STz, SAP DHJE
FELLLART (2000~20034F) 38 K T FIY & DNO7 DF 1.6 £i%
W14 72 > 1z BEBEELE (2006~20174F) @ DR &, JEE
A OBHHAR DNO7 12 K B HEEME DK 2 51720 L ZH)
EREN ST,

HHOFERE NEP ICDWTIE, RO T —AD T —
2ty MDY 7~29 HO#iIF Th I, HEOE NI
KB BIINEVWEEZ BN, — ., #HELDFETEIC
XBEEREN ST, EAMNMKR & IEE A AT X %
HEEMO T ERE 2 BT 5, £, Hkx A TOR
5 EEBELRTO SAP & FIY CTREEMmICEN T - Tz
—7. BEBEEEZD SAP TRHEEICH W ZEFRXOE
WICKBENKELL o eh ., HBMMENKEL
Ze Ll aicid, BiRoEnic K208 d 5
TR ENT,

3.2 [@REH SHEE LI LRI E (RE) DE

RE ZHENSHEET 255, N @) DX S m—H
7RI (NE) Tl Lloyd and Taylor (1994) HM&E 4§ L T
WAL, X G DBETLZYAA (NA) X0 &HR
WE 722 L RERMEZRTEMICHD . RFFED T —
2 TEFIREDOMER NI B N7z (Fig. 3)o TDEX DI NE D

EJY TR TR

25 b .

20 | =

15 F .

10 | ]

5 ]

0F 1DRO7 -- -

N SRR, WP U U R P T DNO? ———
050051152253

30 I-‘_-'JY"‘\""I“"I“"\"“I‘(d);

25 ]

20 F E

15 1DNQ7 ——
3 IDNi5s ——

10 IDN21 ——

5¢F IDN29 ——

o| -

_5 | Lol 1

050051152253 o9

PPFD (mmol m2 g™

Fig. 1. H YOG R -4 (PPFD) LA/EREREPER (NEP) DBIfR
Daytime relations between photosynthetic photon flux density (PPFD) and net ecosystem production (NEP) i
FLIE (SAP; 2000 4 7 H 28 H) B X UE L5 H (FIY; 2000 42 7 H 31 H) Ofil, #iEEkA. miEZzhzhor—

Ty MR OB T — 22K,

(@ BXT (b): 7 HHE T — &t v b2 W7 EA AR (DRO7) 3 & CIEE A AR (DN07), (o) B KT (d): 7
(DN07), 15 (DN15), 21 (DN21), 29 (DN29) HO 7 — %t~y b BIOIEE A AR

Examples of the Sapporo meteorology research site (SAP) are from July 28, 2000, whereas those of the Fujiyoshida
meteorology research site (FJY) on July 31, 2000. The lines represent regression equations, and symbols denote observation

data during each dataset.

(a) and (b): a rectangular function (DR07) and non-rectangular function (DNO7) using a seven-day dataset. (c) and (d): Non-
rectangular functions using seven (DNO07)-, 15 (DN15)-, 21 (DN21)-, and 29 (DN29)-day datasets.

Bulletin of FFPRI, Vol.20, No.4, 2021



328

WHET

Before disturbance (@)
After distrubance =

NP 2
| FJY | | (5)

=

=]

|

IR
Sofetste:

7
o
55

Ratio to DNQ7

X
S

X
e

D

X
X

Ratio to DNO7

0"‘61 0‘\"\% 0@\ 0?“?’(‘3
Method

SO 2 (@

Fig. 2. Mt AB KT 7 — 2t v MU X 2 Hh OHEE R EER R (NEP) DiEWD

The differences in daytime net ecosystem production (NEP) by regression functions and various periods of a dataset
at the Sapporo (SAP) and Fujiyoshida (FJY) meteorology research sites )

7 A7 — 2 MEEARHTHEL (3) DNO7 IC K5 HHd NEP #EREHZ 1 & UIckOfE, #2757 13n%k
WM ek ZE U REME, T — \— 3 BAEROREMOFES K URK - H/)ME,

(a) (ZHLISE (SAP) DFEELAT 2000 ~ 2003 435 & TF 2006 ~ 2017 4E, (b) (& &7 H (FIY) D 2000 ~ 2008 DA,
The plots show the ratio of the integrated values of the estimated daytime NEP obtained using each method in Table 1 to that
obtained via a non-rectangular function using a 7-day dataset (DNO7). The bars show the ratio of all the data during the target
periods and the error bars show the average and range of the annual ratio.

(a) Data obtained from SAP before (2000-2003) and after (2006-2017) the typhoon disturbance in 2004, and (b) data
obtained from FJY during 2000-2008.

W ’ [NAYR —

©_ 15 > [NEYR

o 'w; [

ey 10 ¢ ]

<'e 10 [

23 5L i

Eg _ ]

=5 i

L L

2 ° of A
0 L 5 bt et L

0 5 10 15 20 25 30 -10 0 10 20 30

Air temperature: T, (°C) Air temperature: T, (°C)

Fig. 3. M D4l (Ta) LAVEREREpER (- NEP ="EIERIME : RE) OBIf%

Relations between the air temperature (Ta) and nighttime ecosystem respiration (RE)

BUTERA, FUSBIIT— 2 2 KT,

(a) AL#RE (SAP): 2008 FEDFEIEH] (NAS3 5K U NES3), (b) H LT H (FIY): 2008 ££424E (NAYR KT NEYR),

The lines show the regression equations, and the symbols show the observation data.

The foliation season in (a) 2008 at the Sapporo meteorology research site (SAP; NAS3 and NES3) and (b) 2008 at the
Fujiyoshida meteorology research site (FJY; NAYR and NEYR).
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Fig. 4. Mf AB &K TF— %t v MUIRIC & 2 HEeEER
Wt (RE) D3
The differences in ecosystem respiration (RE) using
regression functions and various periods of a dataset
FOBIET L= AKX (6) IC X % RE #EEHFE
(NAYR) 7 1 & L7z,
T 73N k2 UM, =5 —
N—F BRI OB OB K URA - &/

filo

(a) L1 (SAP) DHIEL AT 2000 ~ 2003 435 K T
2006 ~ 2017 4, (b) (& & 17 H (FIY) 0D 2000 ~
2008 LE D1,

The plots show the ratio of the integrated values of the
estimated RE obtained using NA and NE method in
Table 2 to that obtained via a modified Arrhenius type
function using annual data (NAYR). The bars show the
ratio of all the data during the target periods and the
error bars show the average and range of the annual
ratio.

(a) Data obtained from the Sapporo meteorology research
site (SAP) before (2000-2003) and after (2006-2017)
the typhoon disturbance in 2004, and (b) data obtained
from the Fujiyoshida meteorology research site (FJY)
during 2000-2008.

B, iR REHI O RTREMEN B B

S E RO — NEP (RE) DBREZSED 1 FERD
F—Rty FEITICR () ICX O BSNBEREEMH L
THEE LTz RE ORFEAE (NAYR) 72 1 £ LTziED, R
@, 5 ZNZh 1 4 (YR), ZEffifF (SAP; S3: Y Y WFHIC
BN 3L2HM, LHEMLIVNOEER. HEH. FY, S4
SR, A D 1~3 A, 4~9 A, 10~12 A), BXU
7. 15, 21, 29 HOF—%&tw v % 1 HSOBEIEE Tk
B tEHRD THEE LTz RE OREBEEOEI S % Fig. 4 1R
T, EHDZVIEFHIEOT— 2ty MEEMIE 7~29 H
DF—2Ly FOHEMICLENTKEN -T2, 7~29 H
DT =2ty METIE, EVWZDITHhThHoTz, £z,
LT —%ty MAB DS NE DF7HDH M NA K
DRKEMNS T2,

A H MM RE/NE > T2Di& SAP. FIY £ &1
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The differences in daytime ecosystem respiration
(REd) by regression functions at the Sapporo (SAP)
and Fujiyoshida (FJY) meteorology research sites
BEDOT =2 5185 N7z (FLIESAP:
NAO07, &L H FIY: NA21) 12 & % H i oHE &
HiaZz1L L/ £ ZD#EIE, DR, DN, DJ, DB (&
Table 3 DFLFICHIGT %A TH S N7 HEEH.
TS5 7 3G k2 LA, =5 —
N—FBER OB D T B L Tk « /)
i, Hld RE 2 H#HEEH DO VIMHE LIt Bk
IIHEE H DU & REq 2 (R FEEBIEL (X4) T
[E] U SGR T ARt U 7e il K EIEHEE H O XUR
& REBFEFITMEIET L= AR (XS ThHIF LA
i AT U 7o fifs

(a) SAP: HEFEL AT 2000 ~ 2003 4E, (b) SAP: H{fL1%
2006 ~ 2017 4, (c) FIY: 2000 ~ 2008 4,

The plots show the ratio of the integrated values of the
estimated daytime RE obtained using the DR, DN, DJ,
and DB methods in Table 3 to that obtained via a NAQ7
from the Sapporo meteorology research site (SAP) and
NA21 from the Fujiyoshida meteorology research site
(FJY). The bars show the ratio of all the data during the
target periods and the error bars show the average and
range of the annual ratio. The blue, pink and sky-blue
bars show the average, re-calculated values using Egs.
(4) and (5) with REd obtained using the DR, DN, DJ,
and DB methods, respectively.

(a) and (b) Data obtained from SAP before (2000-2003)
and after (2006-2017) the typhoon disturbance in 2004,
respectively. (c) Data obtained from FJY during 2000—
2008.

[\ NA ZWTHEE L7z E T, 7— %1y A/
I SAP T7H. FIY C21 HE o7, 7. FIY IX SAP
Xo&7F—2ty MNABOENNE DN > To, iR T
— &ty N ERIE RAAR, R ORI & 8 X
Nz ELEZSNBZN, FHIZLORKZTWEER D SAP
EFRZELD/NEWVERBO FIY I X2 EOEEEL
TWVBAHRESEND B, SAP D 7T~29 HOT—Xtw k
TEHAEEBICHEITNE LT F15 (YR, FEHifF (S3)
EDEFIEMN o Tes BRBIELZD SAP X ZNLLATICH
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NT RN E <o @RI O HEE D 72 D 2
LTWwW3EEZ N,
Table 3 T/R&E N7z REHEETLETH S D 2+ 7D PPFD
& NEP D&M 53K 7z DB, DI, DR, DN DOHEEED
It 7217 - 72 (Fig. 5, 6) JEREMMTHON S HHOD RE %
ERFNCRD 5 5153 R 0, TTTE. N 214 7O%M
DOF =2y bW ERDIZEGFRRD S B, EEEHFID
RE/NETWVITTE (SAP TIE NA07, FIY TIX NA2D A5
BoENHAMOHEEEE RE # 1 &£ Lz, HH O RE &
TF—Zty MBOBREWIC X3 HE A IR S NED >
fez &M 5. Fig 5 8K U Fig. 6 Tld5—Zt>v +7H
Fﬁq@{ﬁ%ﬁ“\beo
AN HERZ (2) 53R 72 RE (DR) D — A2 FRN
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The differences in daytime ecosystem respiration
(RE,) by regression functions depending on the
season at the Sapporo (SAP) and Fujiyoshida (FJY)
meteorology research sites

W DT — 254556 N7z b i (LI : SAP;
NAO07, & L& H : FIY; NA21) I K % HHHOHEER
HfE%z 1 L Lzl Z2DEIF, DR, DN, DJ, DB &
Table 3 DELFICHIET 2 TSN/ RE, Z 441
IBIEY L= A3 (305) CThl LAUR T HaE
L7, #EOMTZ 71k 6 HhS 7 HOREE
DLt HREOHTF 7135 ADS 10 HE TORHA
fED L,

(a) SAP: HiELAT 2000 ~ 2003 4E, (b) SAP: HifiL1#%
2006 ~ 2017 4, (c) FJY: 2000 ~ 2008 4F,

The plots show the ratio of the integrated values of the
estimated daytime RE obtained using the DR, DN, DJ,
and DB methods in Table 3 to that obtained via a NA07
from the Sapporo meteorology research site (SAP) and
NA21 from the Fujiyoshida meteorology research site
(FJY). Daytime REs were re-calculated values using
(5) with RE, obtained using the DR, DN, DJ, and DB
methods. The green bars show the ratio of all the data
from June to July, the red bars show the ratio of all the
data from May to October.
(a) and (b) Data obtained from SAP before (2000-2003)
and after (2006-2017) the typhoon disturbance in 2004,
respectively. (c¢) Data obtained from FJY during 2000—
2008.

T. HH® PPFD & NEP DFFRAN B1E 5415 RE Z X
SHOVEEE LTS HE (Average) £ (4. (5) D
WINADEZ W TRIRD SHEE T 2 AT KE
HEWIE 7R o 72 (Fig. 5). AR ) 5k Tz
RE, (DR) I&, Average D F1ETHE M ENIMEHRK @), (5)
MOEONEMHEID KEN T, /2. SAP DEJRAEL
Hi#% (Fig. 5a, b). FJY (Fig. 5¢) W3 N D& S DR D5
TIF5 NIz RE, MDA R D B BEHFICK T WEZRL
7zo SAP TlX DB Wikt /NE <. FIY T DB H 5\ &
DN IZ X 2 HEEMED R E /NS o iz, SAP Tid DR B&
U DI DOHFETIUERE ST, FIY TlE D XA 70T
NOFETEFIMEE 1 Z Flal- 7z, SAP IEHIEL#% DR
OEMEF L. ZNDAND G LR Uz, fERIICH
LB ITIEDBE N X B 213N E ko T,

D 2 A T Otom T, X G) ZHOEIRNSKRD T2
HHDORED 6 ANS 7 HXTOHEN s AS 10 A
DOEREZNZENHE LU (Fig. 6) RE, B H /5% DR,
DN. DB. DJICBIf#7x < SAP DELI#. FIY. LI h
EHERDOIEFRE 6 HB XU 7 HOEFHED LD T H,
SAMS 10 AXTOAFEDOH KD EfHIE/NE >
Teo TOFRIZEIELIERB O SAP TREL ., BEBIELE
KOBERIMNREDN o Teo ETROEENEHNEEZ DS
NZEB X UCHERDZ > 72 SAP OHEELETICIZ. H
R OIEREANGI DO BN K E L Ro 2T EBEKT %,
TNEDERIZ. D ZA TOHEE SFEMN, FEFFRIC X%
HHd RE DK FERT T EDTERFETHET LA
RELTWVW5,

[ Ul % T H X TEDO M I W I LR T H P
%9 % H (Wehr et al. 2016). 73 fiRic K % CO, it &I
Z LAV, LA T, REICED B HEDMEIEOHE]
HICE-> T, HHOKIRE RE DEFZERNSELNZH
HD RE EHERD RE ODAEE RG5> TL %, SAP IZ#IHI
BRGS0 B MDY 100 FRiTR & ENB 2T H 23O
FEMHN > TETED (FHARS 2007). HFERA M
LTWie, &5HIC 2004 OB MLEIC X O KEO/BIAK
DORIEMNFEAE LTz, BIARDKEMIEIZER DI & 7717
ENZHREEY =D INZEKT %, 2004 FFOHE
BELLAS, BEE 7% RE OBINAEIH N TV 3 (Yamanoi
etal. 2015), FHELEZT TV ARV FIY ICLEX SAPIE N #
A TOHEEMHIC KT 2 D XA TOHEEA RE, DLEAK
Mo THIEHE LT, SAP TIEUHIXDEEDOHRMEI D &
DRICEK B CO, HEMNZ . 2004 FORAICK > TZ
DIRMME SICEEF IR > eEZBENS (Fig. 5,6), C
DX, NEATE D EXATOHBD RE OHET
DAEFHRET ZHRROREBICK>THEZEEZD
Nz, iz, #WEZA 71K > T RE ISHT B EEFHED
OISR D T R E N TV S (Keenan et al.
2019), ZFHIC K B MR DL BDED SAP £ D FIY O
TN Ehotzl ehh, ERUSNCHEZ A TICK
BVWHEEB LTS T ENEZS5NS (Fig. 6),
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DX A T OHEESETIE, DR IFEAKZHIC, DB
BRU DN II/NEBDICHEINZEMICH O, £z, &4
FTLENXATICKZHEEMD TN D 24T XD EK
TWHZRT ERRES AN b o, TORERKNE
UC. #EE/515 DR Y RE, Z YN FHI L TV RW Al BE
MHDIEH, T7Tv 7 AT —ZFERIC WV 5 BEEEHE D
BUEDS AT T, BLIRSED T FE L TRV O
TP AT =R Uizl RE /NI L TV
BHREME B HERR T & w0,

3. 3B EDBWNIC K HMERREES (NEP) DE

7Ty 7 AN 555N NEP ORJER 72 H A,
WZNZN Table 1 IBXU Table 2 D N ZA TDJ5ik7%
W CHEE L7z NEP Tl L. ERI% NEP (keC m™ yr')
R 7z (Fig. 7o

R D NEP JGAER &, BLIAE & HEE fH DR =T 77
MBEE/NEDN o7z, SAP DIFHE NA0T, FIY DFE
NA21 CHEE LT THRT L. H o R 55 0 4l R il
& LT Table 1 C/” L7 DRO7~DN29 @ 8 ifi © DHEE fE
WIS E, FREE NEP O FHE (@IS FHED 1 SAP
DAL T 0.48 kgC m” yr', AR ELED,
2009 4FIC — 0.09 kgC m” yr' LR EMHNE L x0Tz,
ZTOBRELREHZIHZHEOD, HEICK> THFICHE
BN U 2014 £ 2RI, NEP Z#INE I H
D, 2017 FFITIZ 0.03 kgCm” yr' &z o7z, FIY O
0.55kgC m” yr' 7257z, HFHOHBITEDEWIC K B HEHH
FAED 7 (HHN OHiPH) 1k SAP T 0.10~0.19 kgC m” yr',

0.8 :

FJY T 0.08~0.25 kgC m” yr' 7257z, HH D NEP #£:& 13
TF—Ztw M OEBEWIC LS 2R RKELZVD, XD
EWIZ X BRI AREW (Fig. 2)o SAP IZHIALZICHEE
DENT X B AL TWB 8, FIT K> TR
%D NEP DENKEL Ko7z, FIY & SAP XD &7 —
ZRERRMEL . FRIC 7 B LD RBPIDE T mlEin %
WEIZ NEP DMK E L Ix o Tz,

HH D NEP K372, #E & #EEM DR T
A ERE/INE D> 7z DNO7 THEE L7l CHiE L. ®M
D NEP RS O#fifiE & LT Table 2 T/s L7z NEO7T~
NAYR D N A 7" 12 @Y OHEEMEZE W56, FAE
(WIZTZHR) 13 SAP DFEELTT 4 FFRIDTHAET 0.40 kgC m” yr',
PIBLA D 2009~2011 4 —1.4~ 1.7 kgC m™ yr' E/hE
. FHFICK > THEHFRICERIEA Lz 2014 Fi
-1.7kgC m” yr' 72572, ZOBMRLITHEIL, 2017 Fi
-0.07 kgC m” yr' 175 o 7z FIY DFMHEIZ 0.46 kgC m” yr'!
7otz HBOHITIEDEWIC X BERBEED 2 (T
Z—73—) I SAP THAIHL T 2000~2003 4T 0.05~0.07
kgC m” yr'y $HELEIE 0.07~0.13 kgC m™ yr' C. RAITHE
MHNCH Wz RE HEETEIC K B I REL B HEAICH
o7z, HELETR D B HEZD HDEKIROENENZ L
RESE D E WIS RN D 2 HFHICTENRKREL &
DTN EN-KELTHIFE5NS, FIY TIEER
BAED#1F 0.02~0.05 kgC m™ yr'' T, FIY Z&BOH
MAEDBVIC KB EZMNNE o1, ZOHHE LT,
FIY Tl RE #EEJTEDENIC K D RE DEDRELEZ O
SAP IZLERT/NE ot EBABIFEND (Fig. 4. &5

2000 2005 2010
Year

Fig. 7. RIMEHR 217 - 72ALBE (SAP) B & U5

= 0.6 | SAP (@ |BJY (k) °
B ] Average for NAQ7 —e— ©
‘\.‘E 0.4 Average for DNO7 —v— | - b
o 0.2 ] Acquisition rate 1 Avg. for NAZ1 —e— :f_:)
o | Avg. for DNG7 —v @©
o ] o
w02 4 - - 05<
= 1z o1 s 1Loodirielorolile ] |[shileiasloltio
'04 T T T T T T

2015 2000 2005
Year

HH (FIY) ORI ER R (NEP) DAEL 2L & 57— ZHUSHR

Inter-annual variation with respect to the gap-filled net ecosystem production (NEP) and data acquisition rate at the
Sapporo (SAP) and Fujiyoshida (FJY) meteorology research sites

O X SR L HAHNT: KD NEP ZGAIEHRT 2 HEETE NA07 (SAP) & L < (3 NA21 (FIY) TIFW . HHO#fl %
Table 1 ® DR0O7~DN29 @ 8 FEADHELE L TI7 > 72555 DR NEP VI L fiPH, AffEIRE T T —/N—
: HH oD NEP #lililZ#EE 1% DNO7 T, KIEHEEZ % Table 2 O NEO7~NAYR O 12 FE T17 - I B OHRTH
NEP O FIMH L #iH, #6757 77— 2B, #8757 FOBA3E 7 282 % KNE T,

The solid line with a circle indicates the average values, the halftone meshing area shows the range of NEP when the missing
data during nighttime are replaced with the estimated values obtained via NAO7 at SAP and NA21 at FJY, and the missing
data during daytime are replaced with the estimated values obtained via the eight methods (DR07 to DN29) in Table 1. The
solid line with a triangle shows the average values, and the error bars show the range of NEP when the missing data during
daytime are replaced with the estimated values obtained using DNO7, and the missing data during nighttime are replaced with
the estimated values obtained via twelve methods for NE and NA in Table 2. The bars show the data acquisition rate. Figures
on the bars show how many times data missing for more than seven consecutive days occurred.
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2, DT —ZESERE SAP LR TENT EAHIT
5N % (Fig. 8),

NS WS NEP #EE HiEIC K B2k, . &M
FTNTNTEZELIES, YA FOIRVUC X o THERM
HOEWIC K BEBII R 5Tz, SAP DEHELZDO K S 1
NEP OfEMD 0 (1Ll H 256, fiTEOEWICKD
COUEMWHELTLE S HEAEH D . FHCHEREDRLE
Ths,

3.4 REIDHREAEE BHRDOHEREDEWICK BERE
R g (RE) DE

Table 2 T/RL7 N %247 (NEEB X UNA) DEB DK
e NEP OBBRAZZOEEFHRICE Y TIDEGE
L. HHIUEHNC PPFD & NEP D% 53K % Table 3
T/RU7e D %A 7DfH (DR, DN, DJ. DB) Tl L7z
B OEFEE RE (kgCm” yr') DIEL ZE{L 7% 3R ¥ 2 (Fig. 8),

RO E RE ORI @), () ZHHD RE IZ 56
HAUEED NE, NADDET 12D DN XA TDF
Ml (AITHEER) (2. SAP DIFELAT 0.98 keC m” yr', L%
134keC m” yr'. FIY 1& 136 kgC m” yr' 7257z, ERTEHDE
(TF—/N—) &, SAP IFHJESLELATT 0.11~021 keC m™ yr',
P& 023~040keC m” yr' L REL RS MEANCH o Tz
GL#ED SAP I, #IEICHW RS K Bk E < KB A
MHHENDT ED, FilAEIC K > T RE OFFHDLD -
e EZB5NB Fig 4 FIYIX022~031kgCm’ yr' 725 7z,

Table 2 35K U Table 3 T/R U /7L THBI L7z RE &2 TD
ERBEDOTY (@ICHED 1. SAP DHIELAT. FHELE.
FTNFN 104, 132kgCm” yr', FIY 1 098 keCm” yr' 725
Too MHRITIEODBEWVIC K B4 RE D2 (HIENF D) (&,
SAP OFELATTIE 0.64~1.03 kgC m” yr'y #ELEE 0.63~
1.13kgCm” yr'\ FIY 1 081~120keC m” yr' 7257z, SAP DT

NCOMTEOFIEII N 2 A 7D RE A & [[5572 5
TeM, FIY & N 2 A T OFEZ KE L Fal- Tz, HELT
D SAPIE D & A TDOHMID RE DHEEITIEIC & B MK EL
(Fig. 5a), Table 2 35X U Table 3 DHEE S5 1EZ V2T X TD
RE D#iiffld N %1 7°0D RE Oz k% _Efl>7z, FIY
X, D ZA TOHEEEIX, WINOSFETE NA2I D57
a7z (Fig 50)s ZD78, TXTOHEDFIEIE N
A T THM U7z RETHIEX D/NE L Taotz, TDXIIC,
YA MM X5 T RE i /7EOENC K 258103 x> Tz,
FRCHHMDREZED XS ICHEET 2MIC K> T, KELA
WEZ BT Wb te, 2RICEK S CO, HIMNZ L SAP
EFIT D, FIY Tl N 24 7OHEE TIEKIEIC RE 2K
AL TV B ATEEE S H B T Eh D, HHD RE OHEE T
DORGEDHE LWBRIR TR, B4 R T1ET RE Z3RD, RED
AEFMEZRT 5 C LIZREELEEZ 5N5,

3.5SAP BELU Y OB LRERWN - B2 & BHD
REHEEHEDFE

T —2 & LT, HOEENT— XA SAP 13 16 4
73 (20002017, 2004 35K T 2005 ZER<). FIY 1 9 4£59
(2000-2008) X L. BEETFAHRDERE/NE N> TZHHAD
NEP T!& DNO7. RE (3 « HH & &1 NA07 (SAP),
NA21 (FIY) I & % #EE i 2 #fif & U T W7z NEP,
GPP, RE DL 2L Fig. 9 I<HEF T 7 T/Rd, SAP I
BJRSLEL T O R NEP 132 M Z N 0.42kgC m? yr!
Eo T, 2004 FEOBRBEIC K BB ARDHEEFED 2D
NEP [ZKIEICIA L. 2006, 2007 40D 0 keC m™ yr' #iif%
NEZ0%, ERETIRADMH. THhbbH Co,ltith
Bz, 2009~2011 FEEIC NEP I3/, 975 CO,
BHENRKEZD, ZD%IFIR4AZIC NEP I ICHL
U, 2017 £EIC NEP & -0.04 kgC m” yr' R4

SAP

0 T T T

0.5 Average for NE and NA —— |
Average forall —e—

{a) FJY ib)
-Acquisition rate

- 1.0
- 0.5<C

cquisition rate

2000 2005 2010

Year

Fig. 8. RIMFHRRI 21T - 72ALBE (SAP) B K U

2015 2000 2005
Year

i (FIY) O/ERERIF H (RE) DAEL 1L

Inter-annual variation in gap-filled ecosystem respiration (RE) at the Sapporo (SAP) and Fujiyoshida (FJY)

meteorology research sites

R0 RE 555N T2BF%RN (NEH S WIENA) 2 HHIC S Td 750 O FHEE (AT Z52R) Lt
(5 —/3—) BXU Table 2 FBX T Table 3 DI N TOHEE JT1ETHIM L7z RE O (@1 & =4 5 X Ui

PH (REENT ). #8775 7 3R DT — 2 B,

The solid line with a triangle shows the average, and error bars show the range of RE, which are replaced with the
estimated values obtained via NA or NE for daytime and nighttime. The solid line with a circle shows the average, and the
halftone meshing area shows the range of RE; this method is replaced with the methods in Table 2 and Table 3. The vertical

bars specify the data acquisition rate.
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THH (FIY) O RER LR (NEP),
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Interannual variation in net ecosystem production (NEP), gross primary production (GPP), and ecosystem respiration
(RE) at the Sapporo (SAP) and Fujiyoshida (FJY) forest meteorology sites

¥&%'5 713 Hh NEP OHEE )71 DNOT,

He - 5[ & £1C RE OHEE /15 NAO7 (SAP). NA21 (FJY) THELNT-

72 i RME I o T2 55 B O, KERIEEEH (SAP: Yamanoi et al. 2015, FJY: Mizoguchi et al. 2012) DfEi, X FI¥ X
UL T —/N—&HH D RE % PPFD — NEP D {% (DR, DN, DJ, DB) » 53K 7= 55 D P I K UK - i/ M,
The bars show the values obtained using DNO7 for daytime NEP and NAO7 (SAP) or NA21 (FJY) for RE. The solid lines
show the values reported by Yamanoi et al. (2015) for SAP and Mizoguchi et al. (2012) for FJY. The cross symbols and error
bars show the average and range values estimated by DB, DJ, DR and DN for daytime RE.

BAK R U7z, BEBIELATEEE GPP. RE BTN ZE N
1.34, 092 kgCm®yr'. BEBIELZIEENEN 118 BXT
1.25 kgC m™ yr' 725 7z, FIY IZ4EH4% NEP, GPP, RE &%
NZFN T 047, 174, 127kgCm” yr' 72572, EJY DONEP
&, BMRE A T BRI D NEELRTD SAP L [AIFZ - 7z
M. GPPHB XU RE X SAPICHERTH D KEN - T2,
CNETOHEEMB X UHBOMOLLLIRICK D,

SAP B5X U FIY Tl EBI U T Iv I AT —4
MOEERDZ T EDTERVHPD RE (RE,) #EE
12K D NEP, GPP, RE (kgCm”yr) 3 KR&E EHEBT &
Moo, Fig. 9 DI NILT/RE NIZBERAE & L d
% & (SAP; Yamanoi et al. 2015, FJY; Mizoguchi et al. 2012).
NEP (& SAP, FIY W NEBERME KL D HIZKE L. GPP
WEHELATD SAP B XU FIY IFIFFE, HELEKD SAP
D GPP IZHTMT/NE o, RE BEERE L O /NEH
S TehY, FRCHELLD SAP 3HHE LA AL NI, B
HEIE SAP, FIY W NE HHo NEP 13X (2) DIE A
AR, RE ¥ —XEIcX (4) OBz HER e
LTHOVTWS, InbDREHES T T TRLUEZK
B3HIHH LR ) OIEEMANER, 7 HH S0
21 HO7F =%ty hZzHVWER (5 OBETY L =Y
AKX EEFNFNKE 22 RT (Fig. 2, 4o NEP I
WD RE DFEEEZT 5128, REEINTIEEERD 5 H
INE Wi R U Tz, RBFFRICBW T, HHD NEP, RE
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RNCIEZENZFNDERZHOMNMCT ST ENTER
M. GPP & RE DUZTH % NEP X ZNZTNDHEET
57, HEERENHRINDGE &, é%Lk%<
BB EHNH %, BERE DT, 2R
TWBH, ﬁﬁ%@&w@RE®%ﬁ%E®%%%k%
A RFB5ERLT-T, TDOXIIC, TNENOHEE ST
BT K BENITBIT E 7205, %B%S@h‘/f b T &I HERE
%&QLmk;é%%®EEMﬁﬁéo%Embmok

ZICBE L Tk, BUME & HEEMH D52 RS
$é#3k@ﬁPWD&E¢WHEPT@#Eﬁﬂ@ﬁ\
SIREERMD RE TRIBIET L= AR > feh, ftho
AR T—ZMICE > TR EEZ RN H B, £
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Uncertainty of the estimated carbon absorption and emission by different gap-filling
and partitioning methods:
Reanalysis of the tower flux data obtained from the Sapporo and Fujiyoshida forest
meteorology sites

Yasuko MIZOGUCHI " and Katsumi YAMANOI "

Abstract

Flux observations using the eddy covariance method have been conducted with respect to various types of
vegetation throughout the world. The flux data obtained via these observations are used to estimate the net ecosystem
production (NEP), gross primary production (GPP), and ecosystem respiration (RE). Various gap-filling methods
estimating the NEP and partitioning methods for estimating the GPP and RE have been suggested. To understand
the differences between the values obtained using these methods, we compared the data estimated via these methods
based on the flux data obtained from the deciduous broadleaf forest at the Sapporo site, which experienced a major
typhoon disturbance, and the evergreen needleleaf forest at the Fujiyoshida site. The difference between the values
obtained using these methods was large, especially for RE. It is important to estimate NEP, GPP, and RE using
various methods to completely understand the uncertainty in the values because the influence of the methods varies
at each site. In addition, we estimated daytime RE by four methods using photosynthetic photon flux density (PPFD)
and NEP. The estimated daytime REs were different for each method. The differences in daytime RE between these
values and RE estimated using nighttime data were dependent on the characteristics of the forest. The difference
was small at the Sapporo site, where large amounts of coarse wood debris were present, whereas the daytime RE
estimated via the regression function using the PPFD and NEP was considerably less than that estimated by the
function using the nighttime air temperature and NEP at the Fujiyoshida site. This suggests that estimating daytime
RE is a useful method to evaluate the influence of leaf respiration to RE.

Key words: ecosystem respiration, gross primary production, net ecosystem production, period of a dataset for
regression, regression equation, tower flux observation
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ZHE T D FHOBITENIZE N T HIN TIE AW O Citfill7a 5 M
LW, MICH & 2 KHIBA 2581 X2 by
YO AIRECBAEINICE 2 2Bl REVEEZ
%0 TOXIBAZ— VIR, M 2L S
DY YHAIED, REME LT LI E D&
I IR DEIR &L REMZ RS DM, AN BIELA Ik

DU TS BELIERI AN T OV Y BEE DG %2 TRl L.
BIARDEH EHMEREEZ 2 FCERERANIRE K S,
AWFEO BRI BN, 30EMOEM T — 2% H
W, D) YU REE O AEIAE I, REoRAEm, i RE
DFRER EDLRENFEEZHWT T TE 200, 2)
MRERFEO 7 AR IIHEETH R IVarye Lok
SIHERICH S0, 3) MHTHZ T FH-AXRT
BRI > TAX R DEEDES DN, D 3587
T BHTETHD, XliEMBEPICBRINTAXZ
r DBHERIEIC & & 759 HiTz HREIC DOV TIZER DR
BTN B,

2. ik B

AN AR G RR L SR IR AL S . b SR T o JE s I i
L, MEREOBEICH D, EAKRTOREMHED
FARRIC & B 7RV, 19694 IC M B E R L L TIRE
ENTz, ZD%, FRAFICHREMGIENZE DO BH
ARME R EEE T DK67.4hadd /NI 7 F HEVIRETE (R K
ELUTIREINTE 2o FHBOEND I, BiET S/
N7 F BEEMABASE IR IRAT R, BB T A \RaY i
BREMR LG SN, BUED/NIT F T D EARBE R
FK (103.51ha) & 75— 7o (BIRARME R 2021), LREMA
DFMEART I, A X TFOEET SR IKEEILEE
BHTH BN, BREaFrs, 7V, vFE. hTTE
RN ST 2 WM TH % (Masaki D 1992),
CTORERTHR NS TF O NI LB, H
ZVNEEEDNS YT HNRNNEFTL TV SR, REE
XLZOWEEONZEMDEE, HDWVIE FES DK
CHMLOXWHIKIRER EN 5| @EICITRIEX .
RN, & DR E . Ik H R E DR & I N A BEEL
MEC TV EHENE NS (Suzuki 2002), {RFEME 72>
T DARR I el & D Tz b DR IR R Eidfrhb N Twix
WA, BEDOREL E NARELIC X 0 BFEHOZ (L0
YR SOMIRREICKRERBIEN D> Tz L HEI SN S
(Nakashizuka 2002),

INTRFEMZ B P PR LRI, D & & 500
ELL LA S Ik FR EDNABELEE D . TLA KRR
WX RO NMFET 575 EE VAN AIELOFEH
H2, BHBMUEZEEKE U TEBR S NUEkD S —7T
THEEPEMHEOEE, REEEEDTDDHEMHAME
AT NI, Uh U i SRR % (3 2 3 D Kk
b3V F—HamDizs, il RpEE O R —
K FIHB - T o Tz, —HEMICIZILEER F v 7D
EERFEAR A RTEERHOF T « 7 XIFHHALEL
Zo TR OBk L & I EEN TV 5 7z (Miyamoto 5
2011),

T DX S 7 ARMF)H O e s 72 KD I 1 % /)
NIRRT, REFARBIGES KRBEADPEREL TV
MR 72O, MG OWIZE T IV — T hVIN B

M (6ha, 200 m X 300 m) Z 19874FIC#RE Lz, T D/NI|
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R T LHE ) IS R AR PR O (A (AR, A=W
HERG EDOLREEREDN TDON., £ < DFNFHE
TNTWVS (Masaki 5 1992, Tanaka and Nakashizuka 1997,
Masaki 5 1999, Shibata® 2002, Abe 5 2008, Naoe 5 2018)s
ANIERERMNE . SSTEDARARY) (M EEES ecm LLE) B
HIRT 2 B Z RO @O TEILIEBIR T D 5. FRIRIC
Y E3EOMIC, AxTY, 2V VYT RO/ A
VUK EDEMYR, 7 rutky /U SvavEy
HNRT, TIFIVT AVIUNT ATTININTY
BRELZOEAEYMNEETE LTV, i, MIKREAIC
KERWER G 252KV E, 1880FEAEE TlE
INTERFEM BRI ER L TWizh, ZRLFIERd T N
TRV (ZH 5 2010, TN S 2019), T DIRFEKTIZ=
BRI KBEEFD 100 FicbTz b fEh > 7z L4
REND,

3. W G

NI IE T Y g & 7 A Y B D3, A XX
1 (Sasa borealis (Hack.) Makino et Shibata, [XIH1CldSasa
borealis £ F2ib). ¥ I Y'Y (Sasa nipponica (Makino)
Makino et Shibata, KIH TldSasa nipponica). 7 A Y
T (Sasaella ramosa (Makino) Makino, XH1 T ldSasaella
ramosa) W EB L TWVW5, TNHD2EHIEYList CKE -
HEH  2003-) ICitoTce AR EIV APV
MO AT 309 2 WU T O T, &
KEEEHS0 cm LRI SV IPY D, 75 em DLFICA X
R WOAIY B T EMREENTWV S (Suzuki 1961, 7
F1961)s FEED 2 mITET B AR XTI KEFEH DT
FIICIES 3L, MKTLELIEELET S, Svay
PIEFRENEOE W 50-60 em T, FEOEET, BRI
FIX1, 25ETHIET B, A X2 Id M RERIC LE Al BB
NAFTZADBNENE L, T Z#EDRIROLEMTIE
WA, DWW ADEFICH N EBNHISENTVS
QAR - 5 1 1984), T 2V V9 Dl FEBIZ Ao
MOBTHERKE NS D, TN F < AOHEDN
L M EERSA A~ A DKW AE R IR R 2
Fio T3 FH5 2009, 7 A HHIEHENHIL . 18I
WS EE DR 72 5389 % 7 X 7YY (Pleioblastus chino
(Franchet et Savatier) Makino) IC{72JEREZFFE | BE LA
IRTIE10 emfEEDOREIC L EX B0, HEMEHK TN
2 mif X CHRET2/RETEHORmETH D, 7
AXTYREE, SVAPTHLLZVWEFIFTFIHE
VA XYY EOROMMIERE SbhTVa (E25
1990), 7 APHIE T F-AX R FED X 5 m %A
Wb NZFEFERTTETEEL ., RN
DWVTOWZERIIZIZEAERSNIR D, B E A,
SHEItMAIC NI T, LRUVEKZLMENRENS
(JEE25 1990), TN 53R/ NIRFEM & IS KD
BEZZH. KL TW0WD, AXXTIEM 50 KIEET
EARR T HIITREEZ R L. 13- & D & LTzl
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ORFEE LTSN T V. IV IV RKI/ ik
THIEL., BEMEnc ddhbo T, RRXETIZFERD
FRI ARV, 7TAIYPTHEIY A ZEZEHPKEL, A
TRBEFFRES THREMELS . o 2/ &R Lo
IRV NIERER IS IS D 3O REE D EUT
fEL TV,

4. J5ik

YRR OREOZERS 16 & 2 ORISR 20 5 i
T 510, NI (200 m X 300 m ) & CHlE Lz
10 mZ & OFIZEHEIC 2 m X 2 m DSFIEXZ65UH 21 X
3D @&iE L. Y EBREORE. AR (em). #E (%)
ZRE UTzs FE 199053 H29H &5H24H ., 19964F4
H26H-28H. 20064F11H1H-3H. 201047H29H- 8H7
H. 20174E8H 1H- 4H. 20204E9 10H Deluli7-> 7, #)
[ & 2B HOFETIE, ARRT OARBEEEOE N 1411
DX T, FEE T100AR ) . #E% 1100 %) &
WO K EREEGAL T Wz, ZDRH, Thb 14
FHTEEDORBRE LML DOWTIE, 3EH DR HIMEZ N
WKRAL TR ZFE Uz, RS m & 200
HORETIEIE L >z, HEOFHBETIET A=Y
Y OB RMND25 TR B - T2 D THBLT BRI
2 MIHDOMETHIE LTz VY BEE 2K (Fig. 1) OHiED
78 SHEADITIEX T — 2 & HWizhS, DfiE R, JhK
M, FRE. SR EORRIEEBHtNICAIET % 600
DS T — & CitHE Uiz, ikt Nl X UH
112 251D T XIG EEICIE B OMNCH 5 DT
HFERIE TR Uiz, D4 2 XD
WMz 25z eld, Y OMEN 10 mihh > TROFGEKIC
HE LUz EOE L, 15TEXOHENE 100 m* (10 m X 10 m)
ORI AE UTHE L, PO mfE O3 E
& m’/year & FALEBHAEIF D3 A RIS 3 T B 4 O 1Y
MEREIE % O 2D THRKEEZX LTz, AT
B FE LTS TFRDOENZEEINICHE LA TV D,
BRI 2175 TWERWVWD T, —DORENEIEN
KRR E—7 00— 03ERO 7 a— 0 THRKE
NTVEDNIEFHEREL THE,
BROFmZHFND 7D, AN T 3D FFTIIC )
i LAIRFHICEER T & 2 5 2380 (Fig. 1TX =290 m, Y
=70 m i), Iz~ —F2 T Uiz, ARXZT131989
My Y aPY & T7 XTI DOV T 19904F I, #i
2 ZNENATAR, 385K, 2068~Y—F> 7 LT, D
BOBDOEFELEMIER 20124EF T, B LE, HiEO
BRI TS TDROR NS, AXZTIE =R ¥
Y &7 AP OWVTUIE—XATHIE L, [l
HERTIVE T T T ver7 THro Tz,

RERHIN TlE 20174F 52D DA X R BET% CHIAE
MR E N, B 20184E & 20194FICIE A X R r FAEDF
R LT,
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Sasa boreals Sasa npponica Sasaella ramosa
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Fig. 1. Y91 3 FiD 1990 4E00 5 2020 4 F TO o AifipH D2k
AR ZOFRAL, L. Hiud. ZRENAXZT, SYafy, 7ARYPYERL TV,
FLUFIDHIODY A X1 10 m A F 550D 2 m X 2 m DSFTERNOBREEE LT3,
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5. kR

51 UHEERODHBRE

A 7z BlR U 7z 19904EIKE 5 C D0 AR i A & BEVE DTE
BTV B CTHRA > Tz, AXZ 71X 19904E1C
40 m X 80 miF & OFFE M AR AIC 721 B - Tz,
T NUZ haikBRithod 4.0 % OHREICH =% (Table 1) HY,
ZD%., TOREEIKL TV, 1999F 1. i
Bt oo SR, LMl (Fig. 1 TIEARD) hEHIci@ AL
TER2DOBENBIREI NI, TDSE 1DOKFET
MANDHILKE RS & (Fig. 1), 304ETIEIE 30 mDHh
XDRAMETH > T2, 2017FICIE. BRI S H- -
KEBRARXRTHE LB LRBA LA R FED
I1DABTE L. BATERIE 2018 H X TICHIEL 2, &
W EH o>l KREBRAXZTBEE T, FA{ERIEZ D
20184F, 20194FICHEDFE L, —J7. LN SR
ANUBHERSE L 7B TR B E R MR TE b o Tz,
ZOOPFERIED 202011, LN SEA L
TELIRM o e A X2 BEig L LTS D 2K L 75>
720 19904ED 5 BHTEANSEERTD 201 7TEE TD A XX
DAL OHE KM IE 140 mPyear. 710D 707 [ A IS 6
THHEINKIT 58 % THozo LA L. BEMIEEZD
MMEMZGCBNPIM AR T ET % & IAE~E I
117 m’/year, JCOD MRS AT ZEMHRIZ 4.9 % TH
- 7z (Table 1),

343

SY O, ARXEZT X 0/NRO 2HDREE N B
D, FEBAEERF O HIFEIE chaikBiiD 5.0 % & ¥ Tz,
COBSTARXRZ LIV ATIONHIFERLTVE
Mmoieh, Fo%, AXXT EDRERMELE, #E
RAKIED 2020128 SV IV OREFZE 2HDFE F /25
oo TNENDOIYIPYEE THBOMEAH O, 2
RE LT 2017 £ THBZ LR LTz, 20204121
B L &R o Tz, BRI 2 TofmmfEE 5.0 % »
5 7.3 % ITIEA D Z OB OIERHEE T 47 mP/year, JC
DMK T 2RI 1.6 % TH - Tz,

T AP T BAGAIEEIC . 6haoD /N1 EA BRI D #42
3. 447 %ISR L, AR 2.7ha BT, XXX
TFRIVIAFT O XS GROEELZHKRHE T
L. BOFXRESHAEBERAZ/RL TV (Table 1) 77
A PHOREIZIEA, . N 3EHD D, KiZadEih
DVGH5y (Fig. 1TE D 72 b2 KEHFHE. REE
SATZDL FOHRBBEORE., & IO (Fig. 1
DET) IR TN EBEEED RS NIz, TN VE
HOREEIE 2017 FICIIHERR T E b o 7208 20204F1C 1%
FHBIL Tz, ThUEEBOINIC B 2 BEE D —HH
RBALEZEBZLONZLTVEDETHS, 7ARYY
X 19904E 0 5 199941 A3 T 0D 94E Rl T AR 43 #r T A
FHERLTED. 19994E 72 ¥ — 712 Z D% A & i
U, D ERISEEIT S Lo Tz 304ER OB 4

Table 1. V981 3 MDYV % JITE KB L PR, D2, FReaoD 30 4RI HERS

%, eI 2 SR IGHEE (1990 =2020)
1990 1999 2006 2010 2017 2020 (m’/year) (%/year)
AXBRT R 24 36 47 54 66 59 117 49
AT (%) 4.0 6.0 7.8 9.0 11.0 9.8
PRk 12 11 7 12 -7
IR (A FUmD) 12.9 114 11.5 11.7 145 5.9
TEGHEE (%) 48.0 42.3 44.0 48.5 345 14.9
SRR (cm) 150 142 169 54
AR (cm) 210 200 280 210
YaVY SRR 30 38 39 42 44 44 47 1.6
SRR (%) 5.0 6.3 6.5 7.0 7.3 7.3
PR ek 8 1 3 2 0
SEYIRRE (A UmD) 11.8 8.5 5.0 11.8 10.9 5.1
AR (%) 19.0 14.5 6.4 24.5 22.4 13.3
IR (em) 45 47 51 51
AR (cm) 65 70 80 83
TAIPY SRR E 268 285 282 284 282 284 53 0.2
SRR (%) 44.7 475 47.0 473 47.0 473
PRk 17 -3 2 -2 2
IR (A Fum®) 32 3.3 3.9 3.8 5.0 6.6
YW (%) 3.7 3.4 49 10.3 10.9 10.2
YRR (em) 58 65 68 66
i AFR T (em) 130 175 159 160
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RTONHRHENE 44.7 % D5 473 % I > 72h5, 1k
KL 53 m¥/year T, JLOD A MK T 2 HE IR
0.2% L AthoD 2FFIT LN EWETH - T2,

Y EBHOBAINEZ RS 2720, @EFEMELE
T LR EER Lz, 19904 DA BB A X &
Fidfio2zfE e 2 EELTWENMS T, LHALAXER
TR SURICIE R UTe RS, A2 Lo 2
fEE DREXDHIA Uz, AXRT &2V aFToRE:
T 2K IZ 20064E & 20104EiC, 1. 2 & B L 72
MW T IV AP HERZE SN T 201 7FIT I FED
BAET 2 HEXIZELS Eofee ARRT OO FHERIC X
D, 3ENERETZITEKIE 20174 £ 202041 3{AT
ODHEL TV, —J7. AXZT b7 AP 0RE
T B T KB BEIEINNIC & - T2 Y. 202041 1 k>
WCHE Uiz, FAEBHGBR NS VYO &7 A ¥y
OREBEIIGFEL, SYITVREMTEFTITZH
XK 7 APY ERET B HERBDOGTNEh >
Too MR 1999FE 5 20204E F T, 30-35MH DRSS
Rz R Tz,

IS TH3FEICOWT, 30EMDO B X TIHE

HIEREDI LD £ iz, 3fiL E 304EMDIUL
KT T RAES T, ARZ T3 MOY T EHOEEL
BOHERKIEZEBEA A, S VYIAFHDT7 AT DL
BIZARRKICEHZIRALTV Tz, LA LHHTE
MigE L7285 TER T LA Tk, W LEHIE
Koz, ZRICHLIVIYFHIE, AXZT
VAP DOEET B XK. FiHICHBIL
M, AZXZEORAET S, 7AYY L ORAET 4
OB ERTHE Lz, SYITFTOILE L TIEA
ZRIER U 3, 7 AW LT +6fl iR TT
EXBOERE L >z, 7AYoy D4
BLEWV 504EKICHIE LA, oy o
EELRWV 405X THEL T Wz, 7 AP TIE A
AR e ORERTHAHER LN, I vavyy o
EXTREBEEL T RN, TARPFT O E L
TEAXZTICH U -Ml, Y Iy LT +71lo
R E OB L 75> 7z,

5.2 EREA A
AR R DI LREE L SEIWERE I 19904E0 5 20104F

Table 2. Y94 3 MRS 2 STEKELD 30 ‘LB OHERS

FEEL HAEHE i
1990 1999 2006 2010 2017 2020
A ARRT 24 32 40 44 54 50
v avy 6 7 6 5 9 6
7RV 244 251 246 242 238 240
2 fE AAX-3Iva 1 0
AR -T AR 4 6
IYa-TAR 24 30 30 34 32 35
3 ff AX-IX¥a-TAR 0 1 2 1 3 3
ParisReach 302 276 271 265 255 260
BT 600 600 600 600 600 600

Table 3. VA 3 FEiDFi7z I B, F 72130 L2 IBIXELD 30 4RI DILSZ (1990-2020)
WOV IHDHZ 5 LT, ZNFNOENPHEE 23N LI HTEREE & Loz,

FE%, 5L HBUTE KA (+) THRITTE KR ()
YHRL AT Ivasy 7AYY PHRl AXA7 IYavy 7YY
HH »HY HY o »HY »HY
AXRT 435 25 — 5 13 0 B 0 0
SVYaYPY 44 12 b _ 10 P B 4
TAITY +16 50 2 7 _ 40 3 0 B
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F T, 11.4-14.5 ABum®. 42.3-48.5 %D [ T LLER 2
ELTHR LTz, KEREED 2017410 — 7
TERFEL 72T &M 5| 202041 I3 FIIREUE 5.9 A%y
m’, FEIREE L 14.9 %l KE A LT (Table 1)e 2
Y Y OFEEREE, B EEFET ZRHICHE TE &
Mo T2 4 (20064 £ 20204F) ZBR< &, 8.5-11.8 A% /m’
THB L., AXZTICIEH LTz, — /4T, FEHER
ARXBZTDYERTRIETELTH 245 % ThHo e 7R
SPY o2 X O S KEE T, SBNIHK 28T
SEEFREUL 3.2-6.6 ABUm’, FHEBEL 3.4-10.9 % D
MTHERR LTz,

345

P F3M IR S (Fig. 2, Table 1) ICKERBEVHRS
Nico AX27ERaERRdE <. RAREED 200-280
em, FEFREIE—FBHIERTTlE 142-169 cm D[ THER
LTWieh, —XBiERIE 54 emlc 7> 7z (Table 1) 2
Y IPFIREIRBILL . BARED 65-83 cm, 15
B 45-51 emTH o Tz 7 APV T 2O PRI O fE
T. ARSI 130-175 cm. EYIEE 58-68 cmTdH >
7z (Table 1) BHEXRDORAEGDORE M2 HZ & X
ZRTFIFEAEDN 100 cmd EOREERLE, 2V
TIPS OENND L, FIFRAESIGELZS
EEXBZNDIH L, 7 AT EmARES N AL R

Sasa borealis Sasa njpponica Sasaella ramosa
g 250 250 250
g
8 200 200 200
N
£
£ 150 150 150 2006
2 100 100 100
E
3 50 50 50
X
©
= 0 L L L 0 L L L 0 ! ! ! L L L
0 5 10 15 20 0 5 10 15 20 0 10 20 30 40 50 60 70
E
S 250 250 250
=
& 200 200 200
£
£ 150 150 150 2010
2
c 100 100 100
3
% 50 50 50
©
=
0 . . 0 . . . 0 . . . L L L
0 5 10 15 0 O 5 10 15 20 0 10 20 30 40 50 60 70
€
S 250 250 250
~
S 200 200 200
£
£ 150 150 150 2017
‘©
£ 100 100 100
3
< 90 50 50
=
0 L L 1 0 | | | 0 ! ! ! ! ! !
0 5 10 15 20 0 5 10 15 20 0 10 20 30 40 50 60 70
i
’E‘ - 17/
L 250 | 250 250
o
Q |
& 200 E 200 200
£
_-S) 150 150 150 2020
_GC) =
£ 100 L 100 100
8 o
% 50| 50 50
©
= —
0 N (H 0 ! ! ! 0 ! ! ! ! ! !
0 5 03 40 0 5 10 15 20 0 10 20 30 40 50 60 70

Number of qudrats

Fig. 2. Y951 3 BED /B IX T & D i KRR OB /01 DFFAEZEAL (2006 4F - 2020 41 )
IR fk BEZENZTNAZXZ, IY Py, 7 AYYPYZIRT, 2020 FOERORMEIEZ A

AR FEDRA @2 RS,
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Sasa borealis

Sasa njgpornica Sasaella ramosa
50 400 o 250
w0l 200
2 300
=
3 30l 150
kS 200 |
B 20} 100
€
E 100 | 50
0 ! ! ! 0 ! L - - - : ‘ ‘ ‘

02 4 6 810121416

0 2 4 6 8 1012 14 16

0
0 2 4 6 8 10 12 14 16

Age (year)

Fig. 3. ¥V %1 3 Mo Pift oAk

WGEWICE MO 5T, EEREE I Y avYicial,
BEOEOATEREZ o7, ARXZ7 ZENHHICE
ALTEHBRENRZ WD, mARBREDPREWITEXE
HoteM, ke U TIE 144/ (2006-2020) ICFR 1
7ED . 20174 FEITIT AR E D2 mZ i 2 2 )71 KDV
ZTWlzo LA L 2020FEICIZ A X R OFEDHBIL
7T, &RE L TOFIREIEE LK TFLE (Fig
2, Table 1),
BHFmOEFHOFRERIZLTOEY TH %,

ARRT 1Y =-0.178x"-0.161x + 46.9 (’= 0.998)

SYIYPY Y =-130.5x+362 ("=0.953)

T RARY 1Y =-29.1 x +205.4 (= 0.999)
T TRY R xZERERT, HiIROIR— D
TARTHIET ZEHE NS ORFRTEIHR TS L, X
ARZTMIELREEL, FILWTT ATYD 7.14E,
SYaYY D28t EoTe, TRDODERET. AXX
IS, T AR A Y aYyiE oFE
FECORZRHENTHERIT 52 b o T,

6. 5%%

SHEZRODHIEIEERNGRETTRATESOD

ANTEABRHNC 73 A9 2 Y U B3RV L T 2210 K %588
BHAZHROR Uz 304EM T, AX X7 it K&
Kz RLz &3, BE e fRgm, N ZOMER
ADNSHHTE S, AXXTEBEEZT Y IR
g% B R O REHTTR 2 (leptomorph rhizome system)
. FOHTHRZEE TSR ZIERT 2 o5 O
1'% (pachymorph rhizome system) Dl /525> T3
(I 5 2010), I FEDOMEICHET 5 HIEPOAER
Nz EORFEN T UL, 1IN 1 mO 3 T Hh5)
FEIOM N EZMEIT TN TES, TLTHTIENDS
BRzHd & Z2DROREH S0 R LI L. Hz
BT %, MELBRERENEVOTHEZEEINT, L
NEREMPEVCOTEMBAF L, FE L LIRS E
KT %, FORE, A2 II oY IO/ ARD
RAEZ BRI 2Rz HRTseicksd, o
A T EMEAL THRET 2561 LT, FHHH

EANDF <P OEMIR A DN H % (Kudo et al.
2011), F UYL 324E M, 39 cm/yearD#E T
HTIEMEAL, BHREZBRTETHEHMEZ L
TWole, ¥RFUIVPTORER. UM% 198 TR
K 39 m O FEDOIRIEE 2 5d$k L 7z (Tomimatsu 2018),
—J. Y aPGRO7 A YL Bl R O R 2
FRT, AXZTRF PO XS I TRz
BREEERZTENFEALRV, IHICHME HREEN
ARRTICEBDOT, RELUEGIWICAXR T D3
EOTTHREEINGZ Lickb, BEMMEVWIYIY
P RARXZ T OWIE N TREETHETZ T 22 L,
W ETER Y, TARYTHE AL R T Dn01EE
DEFmND 5D T, T IKIEHZEEINZVWA, BET
BITTERBOMENSITD > DIHKT 3 EHHET N
=

HELZROT7ARYHIIRETCHAI VYAV T ELES
TEHDH

MO T ARPT L Z20REEEZIONEIY
IV ORI, AXZTrEIVaYYy, AX275ET
AXPTOMGREFH SN RG> TWe, Y ayy
EHMTEET 2 HERBED, 7ASYY LRET S
HERBOFINE N> Tz HERBOWZZRTET X
YPYOHEKICH T2 2 Y P BT B R,
TAIYY EDREFEXTHET 25K 0E2, TR
SRPFICH LN I T0E EKIICRZ %, LALT
AP HE IV ITTOEET B /5B XKICH I BT
SV AV DOFET 2 AKX TIHALTEST, K
REUTHMOERT 3 AIKNMEA 28R T
(Table 3)s T XD EFERMN S, WifHlE (7T % ATREME
MEWVe THNIIMO TR EICK I HEVDEL, A
WEBRBIC K > THIBRTE RN &, 7 AP T D
EREEE I v a0/ 0D, Y aPTideE
MAEND T, AZXEZT DX SICHEE FEFEICDE>T
ERL, EEWETERNC LICHERD B AT
%o TDXSHERNIC K S BIZTZFENBEWICHRE i
< WVWEISIZ "limiting dissimilarity" & WHA TV (Agren
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The 30 years dynamics of three dwarf bamboo species
in Ogawa research site in northern Ibaraki prefecture, Japan.

Kaoru NITYAMA" ", Mitsue SHIBATA" , Tomoyuki SAITOH” and Shoji NAOE”

Abstract

The dwarf bamboo species have been considered important as indicators of forest vegetation type in Japan. On the other
hand, dwarf bamboos inhibit the regeneration of tree species. Understanding the distribution dynamics of dwarf bamboo is
a major research issue for forest ecology and forest management. Here, we aimed to examine the following questions: 1)
whether the dynamics of dwarf bamboo communities can be predicted by ecological characteristics of culm and rhizome? 2)
whether the hybrid-origin Sasaella ramosa compete with its parent species, Sasa nipponica? and 3) Does the dominance of
Sasa borealis increases toward the S.borealis-dominated climax beech forest? In this study, we investigated the distribution
of dwarf bamboos in Ogawa forest reserve for 30 years (1990-2020). The results of the study in 600 quadrats (2 m X 2 m)
on a 10 m grid in the 6-ha Ogawa research site showed that the distribution area of Sasa borealis increased from 4.0% to
9.8%, that of Sasa nipponica from 5.0% to 7.3%, and that of Sasaella ramosa from 44.7% to 47.3% of the site. The annual
expansion rate was 117, 47 and 53 m’/year for Sasa borealis, Sasa nipponica and Sasaella ramosa, respectively. The
estimated life span of culms was 15, 2 and 7 years, respectively. Thus, the dynamics of these three dwarf bamboo species
were closely related to their culm's ecological characteristics. The culm height and other characteristics of Sasaella ramosa
and Sasa nipponica are similar. It is suggested that the two species will coexist for long time. Sasa borealis having the highest
culm height and the longest culm longevity will dominate and the reserve will change to S.borealis - dominated climax forest.
One of the large Sasa borealis communities flowered and died in 2017. Its recovery from seedlings will be a new study issue
for future research.

Key words: Sasa borealis, Sasa nipponica, Sasaella ramosa, hybrid-origin, culm height, culm longevity
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Factors affecting multi-stem patterns of Cercidiphyllum japonicum trees in
a broadleaf forest under selective logging in Hokkaido

Teruyoshi NAGAMITSU" " and Atsushi NAKANISHI*

Abstract

Cercidiphyllum japonicum has high sprouting ability leading to multi-stem growth form, which may enable
successful coppicing after logging. To evaluate multi-stem patterns, we measured stem sizes of C. japonicum trees
in a broadleaf forest in central Hokkaido, where selective logging has been conducted, and obtained stem diversity
(the inverse Simpson’s index) in terms of their basal area proportions. In a zone (17.8 ha) where all C. japonicum
(71 intact and 11 logged) trees were monitored, 33 (40%) trees had multiple stems. In total 123 trees monitored in
the zone and sampled along a route (3.4 km), the stem diversity increased in logged trees and in trees reaching forest
canopy as their size increased. In 40 logged trees of the 123 trees, we did not detect any factors, including logging
conditions (stump size and age), that affected the stem diversity. These findings suggest that logging facilitates
sprouting irrespective of environmental conditions, whereas bright-light conditions are responsible for sprouting of

intact trees.

Key words: coppicing, inverse Simpson’s index, multi-stem growth form, slope, stump

1. Introduction

Sprouting is an effective method for self-maintenance and
regeneration of trees (Klimesova and Klimes 2007). Sprouting
from remaining stools can extend the longevity of individual
trees after main stems have been lost because of physical
damage. Such self-maintenance enables the reestablishment
of forests from stump sprouts after logging, called coppicing
(Buckley 2020). Coppicing with harvesting in a regular
rotational interval allows sustainable tree production. Sprout
regeneration is effective in managing natural forests, where
seedling regeneration scarcely occurs (Xue et al. 2014).
Numerous tree species have the potential for coppicing, and the
capacity and property of sprouting differ among tree species
(Shibata et al. 2016, Umeki et al. 2018).

Sprouting depends on both internal (physiological and
developmental) and external (disturbance and environmental)
factors (Dinh et al. 2019). Although most factors are species
specific, common factors can be found among tree species. The
age and size of stools have been considered a major determinant
of sprouting (Shibata et al. 2014). The number and size of
sprouts are expected to increase as the age and size of stools
increase because dormant buds multiply and available resources

increase (Shibata et al. 2014). In old stems of large sizes beyond

Received 11 September 2020, Accepted 5 August 2021

a threshold, however, dormant buds tend to be buried in thick
bark and senescent, resulting in decreasing sprouting ability
(Vesk 2006). Physical damage due to natural disturbances, such
as wildfire (Malanson and Westman 1985), heavy snowfall
(Nakano and Sakio 2018), and strong winds (Bellingham et
al. 1994), seem to facilitate sprouting. Frequent disturbances
on unstable substrates and steep topography may also
provide sprouting opportunities (Sakai et al. 1995). Artificial
disturbances, such as logging and thinning, are likely to enhance
sprouting, and logging conditions may affect sprouting capacity
(Pyttel et al. 2013, Adamec et al. 2017). Light conditions, water
availability, and soil nutrients can affect not only the survival
and growth of sprouts but also resource allocation to sprouting
in trees (Bellingham and Sparrow 2009, Dinh et al. 2018).
Cercidiphyllum japonicum is mainly distributed in riparian
areas of the mountain regions in Japan and has high sprouting
ability leading to multi-stem growth (Kubo and Sakio 2020).
This species produces more sprouts in response to disturbances
and increasing age and size of stools, which compensates for
rare seedling regeneration (Kubo et al. 2005). In natural forests,
sprouts of C. japonicum are often found on steep slopes, where
erosion and landslides provide a sprouting stimulus (Kubo et

al. 2001). Because C. japonicum is neither a dominant species
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in forest stands nor the main target of coppicing practice, the
effects of logging disturbances on sprouting have not been
sufficiently investigated.

In a valley in Kuriyama Town, Sorachi District in the
National Forest in Hokkaido, we found many stumps of C.
japonicum (Fig. 1a-c). These stumps resulted from selective
logging of large trees in the natural broadleaf forest, conducted
in 1924-1925, 1940, and 1956 (Hokkaido Regional Forest
Office 1988). In this valley, an experimental forest for selective
logging was established in 1986 and has been monitored and
harvested (Ishibashi 2002). Thus, C. japonicum in that valley
provided us with an opportunity to investigate factors affecting
multi-stem growth form due to sprouting for nearly a century in
the past.

We aimed to detect potential factors affecting multi-stem
patterns of C. japonicum. This study measured the size of
living stems of C. japonicum trees and quantified multi-stem
growth form as stem diversity (the inverse Simpson’s index)
in terms of their basal area proportions (Fig. 1d). We measured
environmental and logging conditions for each tree and verified
these effects on multi-stem patterns considering tree size as a

covariate of those factors.

2. Materials and methods
2.1 Monitoring zone and sampling route
We surveyed all C. japonicum trees in a watershed (the

monitoring zone, 17.8 ha) (Nakanishi et al. 2017) of a valley

» o

Stem diversity in basal area proportions

Total basal area of stems

Fig. 1. Cercidiphyllum japonicum trees (a-c) and variables
evaluating multi-stem growth form (d). Multi-stem
trees on a slope of a V-shaped valley (a), a sprouting
stem from a young stump (c), and sprouting stems
from an old stump (c).

branch connecting to the Yubari River in central Hokkaido
(42.911-42.915° N, 141.934-141.944° E, 120-240 m above
sea level; Fig. 2). The downstream part of the monitoring zone
is a V-shaped valley, whereas the upstream part is a flat basin
surrounded by gentle ridges. The monitoring zone is located in
the experimental forest (60 ha) for selective logging established
by the Hokkaido Regional Forest Office (Ishibashi 2002).
Intensive selective logging of large (approximately >40 cm
diameter at breast height) trees in the valley was conducted
in 1924-1925, 1940, and 1956 (Hokkaido Regional Forest
Office 1988). The main targets of the logging were Kalopanax
septemlobus, Quercus crispula, C. japonicum, Magnolia
obovata, Tilia japonica, and Ostrya japonica. These trees
were logged and harvested on snow in the winter, resulting
in various stump heights. The maximum snow depth ranged
from 0.8 to 1.8 m in typical years with light and heavy snow
fall, respectively (the Mesh Climate Data 1996 compiled by
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Fig. 2. Spatial distributions of Cercidiphyllum japonicum
trees in the monitoring zone (gray envelop) and
along the sampling route (thick line) in coordinates
of Universal Transverse Mercator in zone 54. Circles
indicate intact trees, and triangles indicate logged
trees. Thin lines indicate contours.
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the Japan Meteorological Agency at mesh code 64413715).
Since 1986, mild selective logging has been conducted in the
experimental forest for sustainable management (Ishibashi
2002).

In addition to the monitoring zone, we sampled large C.
Jjaponicum trees along trails in the valley (the sampling route,
3.4 km, 42.911-42.931°N, 141.935-141.947°E, 120-280 m

above sea level; Fig. 2) because the number of large trees with

stumps, which had been logged in the past, in the monitoring
zone was insufficient for analyses. Most sections of the
sampling route were along streams, whereas some sections were

on slopes on either side of streams.

2.2 Observations
We recorded tree locations in the monitoring zone and

along the sampling route. The locations were transformed into

Table 1. Number of Cercidiphyllum japonicum trees in the monitoring zone and along the sampling route. Trees are
categorized in terms of logging state, layer (trees under forest canopy or reaching it), and openness (trees
surrounded by closed forest canopy and located in canopy gaps).

Logging Monitoring Sampling

state Layer Openness zone route Total
Intact Understory Closed 25 0 25
Intact Understory Gap 14 1 15
Intact Canopy Closed 13 3 16
Intact Canopy Gap 19 8 27
Logged Understory Closed 1 1 2
Logged Understory Gap 2 2 4
Logged Canopy Closed 5 9 14
Logged Canopy Gap 3 17 20
Total 82 41 123

Table 2. Parameter estimates of generalized linear model applied to all Cercidiphyllum japonicum trees (n =
123) in monitoring zone and along sampling route.

Parameter Estimate P value
a,: intercept 0.412 0.008
a,: intact (x, = 0) or logged (x, = 1) 0.301 0.049
@, understory (x, = 0) or canopy (x, = 1) 0.367 0.012
a;: closed (x; =0) or gap (x;=1) 0.101 0.448
a4 slope angle a (%) -0.001 0.725
ais: total basal area of stems b (m’) -0.579 0.298
Qg x,b 0.891 0.066
a7 Xb 0.165 0.906
Qg: X3b 0.097 0.828
Qy: ab 0.023 0.012

Table 3. Parameter estimates of generalized linear model applied to logged Cercidiphyllum japonicum trees (n
=40) in the monitoring zone and along the sampling route.

Parameter Estimate P value
B,: intercept 0.087 0.944
B,: understory ( x, = 0) or canopy ( x, = 1) 0.120 0.839
B,: closed (x;=0) or gap (x;=1) -0.054 0.898
B5: slope angle a (%) -0.006 0.559
B,: total basal area of stems b (m”) 1.888 0.722
Bs: total basal area of stumps ¢ (m?) 0.873 0.452
Be: height of stumps 4 (m) -0.016 0.977
B,: decay index of stumps d (0-5) 0.141 0.430
Bg: x,b 1.778 0.650
Bo: x3b 0.175 0.897
Bio: ab 0.020 0.594
By ch -2.089 0.693
Bio: hb 0.991 0.655
Bis: db -0.704 0.177
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longitudinal and latitudinal coordinates (m) of the Universal
Transverse Mercator grid zone 54 and elevations (m) above
sea level (Fig. 2). To describe environmental conditions of
individual trees, we recorded the angle (°) of slopes where
trees were growing using a clinometer (271-3720 LandArt
Inc.). Also, we categorized the layer of tree crowns into those
under the forest canopy (namely understory) and those reaching
it (canopy), and we categorized the forest canopy openness
around tree crowns into closed and gap conditions.

We classified recorded trees as intact and logged trees, the
latter of which had one or more stumps artificially logged.
We measured the diameter (cm) of individual stump(s) on
their upper surface using a tape measure for logged trees. We
measured the height (m) of the individual stump(s) at the center
from the ground surface using a measuring pole. To infer the
stump age, we scored the decay index of individual stump(s)
as 0 (flat surface without moss), 1 (flat surface with moss),
2 (rough surface), 3 (most surface decomposed), 4 (surface
completely decomposed but most stump mass remaining), and
5 (most stump mass decomposed). The decay indices from 0
to 5 correspond from the youngest to oldest ages, respectively.
To describe the logging conditions of individual trees, we
calculated the total basal area (m®), mean height (m), and mean
decay index of all stump(s) of each tree.

We measured all living stems with >5 cm in the girth (cm) at
breast height of each tree. To describe tree size, we calculated
the total basal area b (m’) of each tree as follows:

b=%a,

where @, (m®) is the basal area of stem i obtained from the
measured girth (Fig. 1d). To quantify multi-stem patterns, we
calculated the stem diversity in terms of basal area proportions
for each tree as the inverse Simpson’s index as follows:

1/h=1/Y , (a/b).
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When a tree has a single stem, 1/ A = 1, and when a tree has
n stems in equal sizes, 1/ A = n. When stem size greatly varies

within a tree, 1/ A decreases (Fig. 1d).

2.3 Statistical analysis

The logging state x,= 0 (intact) or x,= 1 (logged) and
environmental variables, including the layer x,= 0 (understory)
or x,= 1 (canopy), openness x;= 0 (closed) or x;= 1 (gap), and
slope angle a (°), are expected to affect the stem diversity in
basal area proportions 1/ A of individual trees. In logged trees,
logging variables, including the total basal area ¢ (m’), mean
height 4 (m), and mean decay index 0 < d <5 of stumps, are
also expected to affect 1/ A . Because sprouting capacity is likely
to increase as the total basal area of stems b (m’) increases in
C. japonicum (Kubo et al. 2005), we considered the effects of
b on 1/ A . Furthermore, because the effects of environmental
and logging variables on 1/ 1 may change with tree size, we
considered interactions between these variables and b.

To examine the logging state (x,), environmental variables
(x5, x3, @), and tree size (b) and their interactions, we applied a
generalized linear model to all trees in the monitoring zone and
along the sampling route using the formula as follows:

1/ A~ gt ayx,+ 0oxot Qsxst Quat Qsb+ 0x, b+ 0x,b+ gxsb+
Qab,

where @, is the intercept and «,- @, are the parameters
of these effects and interactions (Table 2). In addition to
this model, we applied another model to logged trees in the
monitoring zone and along the sampling route using the formula
as follows:

1/ A~ Bt Byt Boxst Bsat Bb+ Bsct Beh+ Brd+Bexsb+ Boxsh+
Bioab+ Byich+ fshb+ B13db,

where f3, is the intercept and f3;- f3,; are the parameters of

these effects and interactions, including logging variables (c, 4,
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d) because they can be examined only in logged trees (Table 3).

In these models, 1/ A followed the Gamma distribution with
logarithmic link function because 1/ A > 0 and its variance
tended to increase as its mean increased. We fitted the models
to observed variables using the function “glm” in R v.3.3.2 (R
Core Team 2016). Differences in parameter estimates from 0
were verified with a ¢-test using the function “summary” (R
Core Team 2016).

3. Results

We recorded all C. japonicum trees in the monitoring zone,
which consisted of 71 intact and 11 logged trees (Table 1).
In the 82 trees, those in the smallest size class (b < 0.05 m’)
were most abundant (28 trees; Fig. 3a), and 33 (40%) trees had
multiple stems (1/ A > 1; Fig. 3¢). Logged trees more frequently
included large and multi-stem trees compared to intact trees
(Fig. 3). Stem diversity in basal area proportions (1/ 1)
increased as the total basal area of stems (b) increased in logged
trees (Fig. 3b).

In addition to the 82 trees in the monitoring zone, we
recorded 12 intact and 29 logged trees along the sampling
route (Table 1). In the 123 trees in the monitoring zone and
along the sampling route, tree size (b) was larger in trees
reaching the forest canopy layer than in trees under it (Fig. 4).
The stem diversity (1/ A ) was higher in logged than in intact
trees (positive a, of logging state x;, P = 0.049) and in canopy
than in understory trees (positive «, of layer x,, P = 0.012;
Table 2, Fig. 4). Furthermore, effects of tree size (b) on the
stem diversity (1/A) changed more positively as slope angle
(a) increased (positive @, of interaction between a and b, P =
0.012; Table 2, Fig. 4), but we did not detect any other factors
that affected 1/A (P > 0.05; Table 2).

In 40 logged trees of the 123 trees, stumps ranged from
0.15 to 1.14 m” and 0.54 m’ on average in the total basal arca,
from 0.80 to 3.50 m and 1.76 m on average in the mean height,
and from 0.00 to 5.00 and 2.98 on average in the mean decay
index (Fig. 5). These variables of logging conditions were not
correlated with the stem diversity (1/A) clearly (Fig. 5), and we
did not detect any factors that affected 1/A in the 40 logged trees
(P> 0.05; Table 3).

4. Discussion

Scarce seedling regeneration characterizes C. japonicum
population, which corresponds to the importance of sprout
regeneration in maintaining trees and populations of this
species (Kubo et al. 2005). In a riparian forest in central
Honshu, saplings were uncommon. The distribution of tree
sizes (the diameter of main stems) did not show a higher
frequency in smaller sizes (Kubo and Sakio 2020). In contrast,

the distribution of tree size (total basal area of stems) in our

monitoring zone showed higher frequency in smaller sizes,
suggesting relatively frequent seedling regeneration. Although
adult trees of C. japonicum produced seeds annually without
poor crop years (Kubo and Sakio 2020), seedlings of C.
Japonicum emerged and survived at restricted habitats on bare
soil, gravel, and fallen logs under bright-light conditions (Kubo
et al. 2004). Thus, infrequent extensive disturbances that create
bare ground and canopy gaps are likely to facilitate seedling
regeneration. In the monitoring zone, selective logging that
has been repeatedly conducted (Hokkaido Regional Forest
Office 1988) and unstable ground substrates that occasionally
induce erosion and landslides (Yamagishi and Ito 1993)
may be responsible for the disturbances facilitating seedling
regeneration. In comparison to that in Honshu, the abundance of
C. japonicum tends to be high in Hokkaido, probably because
of the extension of suitable habitats to lowland and the absence
of competitors, such as Pterocarya rhoifolia (Kubo and Sakio
2020). The high abundance in Hokkaido may also result in
the relatively frequent seedling regeneration observed in our
monitoring zone.

Multi-stem growth form characterizes C. japonicum trees,
which results from continuous sprouting as the age and size of
trees increase (Kubo et al. 2005). On steeper slopes of V-shaped
valleys, erosion and landslides tended to provide a sprouting
stimulus (Kubo et al. 2001). These features are consistent with
our result, which states that the effects of tree size on stem
diversity changed more positively as the slope angle increased.
Thus, natural disturbances seem to play an important role
in sprouting. Light conditions are thought to affect not only
the emergence of sprouts but also the survival and growth of
sprouts in oaks (Dinh et al. 2018, 2019) and in C. japonicum
(Kubo et al. 2005, Kubo and Sakio 2020). Although our study
failed to detect the effects of the canopy gap on stem diversity,
trees reaching the forest canopy had a high sprouting capacity,
which is partly consistent with previous findings that sprouting
was frequent and successful under bright-light conditions.

Logging of main stems often induces sprouting in C.
Jjaponicum (Kubo et al. 2005), which is common in various tree
species under coppicing (Buckley 2020). Our study confirmed
this logging effect and further explored the effects of logging
conditions on sprouting using a wide variation in the age and
size of stumps resulting from selective logging repeatedly
conducted since 1924. Although high sprouting performance
was expected in trees with old and large stumps from previous
knowledge (Adamec et al. 2017, Dinh et al. 2018, 2019), any
effects of logging conditions on sprouting were undetected in
the model applied to logged trees. Various factors occurred in
long durations after logging, reaching nearly a century, which
were likely to obscure the effects of logging conditions in

the past. In oak coppice forests in central Europe, harvesting
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methods (manual chainsaw logging, traditional deep logging,
and fully mechanized harvest) little influenced sprouting
performance (Pyttel et al. 2013). These findings suggest that
logging facilitates sprouting irrespective of logging conditions
in some tree species with high sprouting ability.

Our study confirmed that natural disturbances and bright-
light conditions facilitate sprouting, which has been found in C.
Japonicum trees in riparian forests without logging disturbances
(Kubo and Sakio 2020), and further implies that logging
facilitates sprouting irrespective of environmental and logging
conditions. Although coppicing has scarcely been applied to C.
Japonicum owing to its low density and slow life cycle, sprout
regeneration after logging contributes to sustainable selective
logging in broadleaf forests, including this species. Sprouting
from tall stumps may enable escaping from suppression by
dwarf bamboo, which is a major obstacle of forest regeneration
in Hokkaido. Protecting sprouts of oak stools using fences and
enclosures effectively prevented browsing by mammals and
enhanced the survival and growth of sprouts (Pyttel et al. 2013).
This can be applied to selective logging forests vulnerable to

browsing by sika dear in Hokkaido.

Acknowledgments
We thank the staff of the Sorachi District Forest Office for
permitting our research; Keiko Kitamura and Satoshi Ishibashi
for helping our field survey; and Masako Kubo and anonymous

reviewers for improving our manuscript.

References

Adamec, Z., Kadavy, J., Fedorova B., Knott, R., Kneifl, M.
and Drapela, K. (2017) Development of sessile oak and
European hornbeam sprouts after thinning. Forests, 8, 308.

Bellingham, P. J. and Sparrow, A. D. (2009) Multi-stemmed
trees in montane rain forests: their frequency and
demography in relation to elevation, soil nutrients and
disturbance. Journal of Ecology, 97, 472-483.

Bellingham, P. J., Tanner, E. V. J. and Healey, J. R. (1994)
Sprouting of trees in Jamaican montane forests, after a
hurricane. Journal of Ecology 82, 747-758.

Buckley, P. (2020) Coppice restoration and conservation: a
European perspective. Journal of Forest Research, 25, 125-
133.

Dinh, T. T., Akaji, Y., Matsumoto, T., Toribuchi, T., Makimoto,
T., Hirobe, M. and Sakamoto, K. (2018) Sprouting capacity
of Quercus serrata Thunb. and Quercus acutissima Carruth.
after cutting canopy trees in an abandoned coppice forest.
Journal of Forest Research, 23, 287-296.

Dinh, T. T., Kajikawa, C., Akaji, Y., Yamada, K., Matsumoto, T.
K., Makimoto, T., Miki, N. H., Hirobe, M. and Sakamoto,
K. (2019) Stump sprout dynamics of Quercus serrata

|Bulletin of FFPRI, Vol.20, No.4, 2021

Thunb. and Q. acutissima Carruth. four years after cutting
in an abandoned coppice forest in western Japan. Forest
Ecology and Management, 435, 45-56.

Hokkaido Regional Forest Office (1988) Experimental forest for
broad-leaf tree management in Yubari. Northern Forestry,
Japan, 40, 29-33.

Ishibashi, S. (2002) Experimental forests for natural forest
management within jurisdiction of Hokkaido Regional
Forest Office (III): Experimental forest for broad-leaf tree
management in Yubari. Northern Forestry, Japan, 54, 251-
254.

Klimesova, J. and Klimes, L. (2007) Bud banks and their role
in vegetative regeneration - A literature review and proposal
for simple classification and assessment. Perspectives in
Plant Ecology, Evolution and Systematics, 8, 115-129.

Kubo, M. and Sakio, H. (2020) Cercidiphyllum japonicum. In
Sakio, H. (eds.) Long-Term Ecosystem Changes in Riparian
Forests. Springer, Singapore, 55-82.

Kubo, M,. Sakio, H., Shimano, K. and Ohno, K. (2005) Age
structure and dynamics of Cercidiphyllum japonicum
sprouts based on growth ring analysis. Forest Ecology and
Management, 213, 253-260.

Kubo, M., Sakio, H., Shimano, K. and Ohno, K. (2004)
Factors influencing seedling emergence and survival in
Cercidiphyllum japonicum. Folia Geobotanica, 39, 225-234.

Kubo, M., Shimano, K., Sakio, H. and Ohno, K. (2001) Sprout
trait of Cercidiphyllum japonicum based on the relationship
between topographies and sprout structure. Journal of the
Japanese Forestry Society, 83, 271-278.

Malanson, G. P. and Westman, W. E. (1985) Postfire succession
in Californian coastal sage scrub: the role of continual basal
sprouting. American Midland Naturalist, 113, 309.

Nakanishi, A., Nagamitsu, T. and Kitamura, K. (2017) Genetic
diversity of Cercidiphyllum japonicum population in a
selection cutting forest. Boreal Forest Research, 65, 13-16

Nakano, Y. and Sakio, H. (2018) The regeneration mechanisms
of a Pterocarya rhoifolia population in a heavy snowfall
region of Japan. Plant Ecology, 219, 1387-1398.

Pyttel PL, Fischer UF, Suchomel C, et al. (2013) The effect of
harvesting on stump mortality and re-sprouting in aged oak
coppice forests. Forest Ecology and Management, 289, 18-
27.

R Core Team (2016) R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna.

Sakai, A., Ohsawa, T. and Ohsawa, M. (1995) Adaptive
significance of sprouting of Euptelea polyandra, a
deciduous tree growing on steep slopes with shallow soil.
Journal of Plant Research, 108, 377-386.

Shibata, R., Kurokawa, H., Shibata, M., Tanaka, H., lida,



360 Teruyoshi NAGAMITSU et al.

S., Masaki, T. and Nakashizuka, T. (2016) Relationships
between resprouting ability, species traits and resource
allocation patterns in woody species in a temperate forest.
Functional Ecology, 30, 1205-1215.

Shibata, R., Shibata, M., Tanaka, H., Iida, S., Masaki, T., Hatta
F., Kurokawa H. and Nakashizuka, T. (2014) Interspecific
variation in the size-dependent resprouting ability of
temperate woody species and its adaptive significance.
Journal of Ecology, 102, 209-220.

Umeki, K., Kawasaki, M., Shigyo, N. and Hirao, T. (2018)

Inter- and intraspecific patterns in resprouting of trees in

undisturbed natural forests along an elevational gradient in
Central Japan. Forests, 9, 672.

Vesk, P. A. (2006) Plant size and resprouting ability: trading
tolerance and avoidance of damage? Journal of Ecology, 94,
1027-1034.

Xue, Y., Zhang, W., Ma, C., Ma, L. and Zhou, J. (2014) Relative
importance of various regeneration mechanisms in different
restoration stages of Quercus variabilis forest after selective
logging. Forest Systems, 23, 199.

Yamagishi, H. and Ito, Y. (1993) Geologic division in terms of
landslide distribution in Hokkaido. Landslides, 30, 1-9.

TR BTG 55 20 % 4 5, 2021]



Sprouting of Cercidiphyllum japonicum 361

tBEDIRKENLILESKICE TS B Y S (Cercidiphyllum japonicum)
NDERYEICEZFER

RO R DT g el

"5

71 (Cercidiphyllum japonicum) &, " WHHHREN ZFFE, HHOBN SR 5MIFICE DT
., RBMTORBRBICHEEHDWREE NS, Z@MEEFMT 2772, JbiEsE s o R Kz
ZFTOVBIREBKRTHY SOBDOY A X 20, WEHEEHGICX2BO2ME (7Y ViER
DB Z2RDTzs TRXTDHAYTDAR GERFEARTIAR KRR NA) ZEHZELUZHAERX (17.8 ha) I
BT, 334K @0%) DANEROEN S K> TV, ZORBEXICINA T34 kmDFEIL— MRV
THIE LI BEhi23Ald, &%éhfw%# WHICET S L., BOZHRENGE>Tz, TNH123
ﬁ@o%@&%ﬁm$fﬁ REROKE W OFDOH T I A ) ZEBEROEH THRDOLZHEE
%%Lt%lu@&éh&ﬁcto;h6®@%u BRIBZMIS Db 5 T REED B I 72 (L i
L. B2 WEERBEDNIFMEREAOHEORK E > TWVWE T R RBT 5,

F—U—F UBEER. VTV VIRROME, ZHRER, R, Yok

JRRESZAT C BRI A 1L H RS SRI3ES H S H

1) BRARER A BIZEHT SR AL REk

2) RS CTIESEAT JLHE ST ‘ ‘

* IR E WIS IR FEEIZEEE T 305-8687 IR D < IXTHHARDH 1

|Bulletin of FFPRI, Vol.20, No.4, 2021






[RRMFS ST 28 & | (Bulletin of FEPRI) Vol.20-No.4 (N0.460) 363-369 December 2021 363

%8  #R (Short communication)

BRAEOCHITHRTRELEY V) 279 0/)\%F / JI\I Lycoriella
ingenua (Dufour, 1839) (MEB -/ O/\xF+ / /NI Hl)

EN= =Y/ N 1151 /N

w5

A #3E Y, JEE Y

JONRRIF ) ANTHIC KD T F VATV TFRIKOWEZ MG I 5, IR ORI R THRETIC
LIcOABEIRICRAE LT FRIKRICH R LTz, EZRI T TRED S RH 5 i h 7z P
b, TNSZY 7 )R 7ua)NxF /) INTEFE Lz, FRHC, ENSHIOEKS 1 2 7K
i SRE LA 2GR L, 6 RO 12 Eizfircic i e Ul Lic, ENEEYOE
HHERTH LT /NI 0N F/ INT EAFDOIPREZANX I (2 il i U7z, RS E TR SNk
AIEDOBGFRITIEZ B U YRR R K ORHERBIRR & 0FH LT, RBEAIZ2 D 72 BB 5 i 0

ATREME 2 RRAT U 72,

F—U—FHEEO, BHEO, FE. HA, #E Fh

=487517

A R Lentinula edodes& 7 F > XY Hypsizigus
marmoreus V& NF NEANDE D R ERERED 22% 38
{Z2EDBK 07Tt ES A 2T T3 TR, e AR
o CEHEAE) 924 TR ) & 27% 38 25D 58 115
t HEODEEEIND FREFIT 20200, FELAHEOC
THb, EFRIETFIAVDEREFRHE EEaNEN
THRL L. 2019FEE1ITI 2407 DEFES D 5/t 2B PE
LT % (FREFTT 2020),
BHEOTHEETRELARERNNENTVS (S
2006, HAS IS H B B 12243 2006, SN XK SE R BRI
ZURRBHELRE a2 2011, ARMEREWZERT 20200, TN 5
B TPRERENOBEDAYEAC K> THELZL 5T
BHEEDZESE (LES 2011, BIKS A 247 TlE4FED
F/anTEMERE LTHIBN S CRE D 2019, fFbk
FBIZEAT 2020), F72, 7T F U AVEKOEFERE LT
AR 2 3 C o (WS 2006, H A FHENY) R H
P22 2006), Y Z T I T/NT Mycetophila rosularia
Ostroverkhova, 1979 (LU FHICY < X F ) DU ARE T
FURAYDTREERETZEMMENTVS K
2010)s ZD—J7 T, BARMNGRFENHENZRD 5Nz
W, ARERD B WIFEER R E R CRE - RE 2017,
K5 2019) LfigNTERET B AN T
Bo

7anNExF ANTHIZIUIEULEEHE O ORE
MR THAEL, FRbInd, ThETEHANTERE

JERSZAS - B3 A4 16 H FRSZEE : B3 46 3 H
1) AR WIZEAT LM BRI « SURZSBIRFFEHL

2) RFIRIPRIE S iR E

3) ARMAE T BITERT AR L e Ak

DT OEREEINZI7ONRT ) INTHHE UT5HED
ZFo5nsd CRE - & 20200, chbnasb, Wy
2 7 ISR/ NI Lycoriella ingenua (Dufour, 1839)
LUFHICY 77U 27 7a)Ny) iy cy 7 2ree
FRTICKERWEZEL LT ENHNENEERTH
bo Ri - Bk (2020) (ZEN TAMIC X 5 FHEND
WEZR RIS Lz ldaun e LizhS, %k - i
(1993) IEAFED K EHEAY 7 1V 2 O FSBEE b 2 A3
5T eREMU. G5 (1992a, b, 1996) (& [FE N TR AR
ZRET DR TR Y 7 27 ORI LT % i
NHo., HEOhIEcEZ e HBT EERE LR,
%« O (1995) WEARFENHEIKY A 27 O FBERT
HBE U, FEEEL L THERKROML - Mt & EHRD
SR O 222, TREANDINEDIHEMICE T M

Lizh, Bfkia T — R 2R ERh > Tz, ARIZEET
LI RTRERYAZTDERE LTHLN, RIEOE
EE T —RIIRENTVEVE DD, FHRY A 27
ETHRL rRAICHEERZE 5L, INEBEREKFEE3
£ EN 5 (Kimetal. 2012),

FHHEDICK BUAEDT F 2 A VEROBGBRIIZE TARE
K KB TREDBENRAINZ, £z, ENSHIOR
IR A 2 FEEHERE T, THRENOBEEEHFIRD SN
BOEDD, ZROARBOEANESN TS, AREIC
KBBHEDTADOHERRRZ#A, EfEFHRE LTA
FEDIZREMF M & B X O et 28 L. mA
N DOWF LR 72 FA B R 5 572 Bist U 7z,

* RRMAFE I LML « SUBLEIIIHLS T 305-8687 D IXTARDHE 1
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EWRAEICRIET 2 4f&5 /O T ARIEMERE T 20174
THMNS 20204 6 H £ TOM., BAEE - HEENT/ 0
NERF ANTHONEN S BEEZT ZRRBLUT
FhERELL, BEDOHZ 7RAEEHXEERBT
WED (EFEETH) b0, TI9AFv I 7r—
A (300X300X300mm) AT, M 15°C. EFRK 90%.
12RFREA 12RERRE D& FCEBE L. Rz b E ¥
Teo Z O, 20114 S 20204 F TOR. ERN&HD
VA RTRESRICE N TRD 3DDHETH L Z 50
Te R Fr e OSBRI I T - AR HI TR L T2Y)
HODAIE (rearing: R) ; fiff RIS K TR HE Z W72 H#»
O (AT 4 =BT iSW); MiEY—F T 7 (ST ;
HFETI Ty T (LD, WOEDRNFEGT I R Ty Tk o
TIFO N R E 721 70-99% T %/ — )V
B0 9% 0L T ) a—)ViRIEIEAR L U TR
fE LTz, DM LIz — b Dy T im iRz
L. ZO—Eh5 V) EX V2R LUIZEMHETY— M5
AR, 70%T X/ —)UikiE CTIRIRE L Tz,

HEEDD, A% 10% KEE(LA Y 7 LISk
BUTHIRMHRZ AR L (KOHULER), 3% WEfRTATR & 7%
KT LIz%, =8IV TARATA RHT X EHN
— I ZADMICHALTATA REAZER LTz, H
AT, FAKBEMEE (Olympus SZ61) IC K B BZE N T,
Yty b TEARD SIS SEIRTR 2 A 5 4]0 B
L. B ARICEYBEMEE (Olympus CX43) THEIZZ1T-
Too KOHMFREGICHK D ELaTAZ YD EEL . 99% T
R ) —IVIBIRP K LIzDb, AkERUTASA R E
IC2—/8F )V TH A LT, Mgy — b Lok XUl
75 88O G F g I FEARBEAMEE (Olympus SZ61) &
EWBEAEE (Olympus CX43) ISR LI TV 2V RS
V) 278248 Tough TG-6) 2 WV 7z, AED AR & 32
AR DILEE A HRER =K (2008) IZHE- T2,

ADT—2E LT, ¢ B HFEE EARGRES
(Li.0001-Li.0112), M, AFOFENEENTTF
AT TART ORI, KBEZHREL, £
RCBASTUE L7z HAE, #7851 (FIRIgGEE 2 V7o), 7
EHEEHRW Uz, BEERIRAEE (YR, Az
(NK), E[E7ZE (HKa). MR (TR, JbE1E (HKD).
#WE (HM), KFE=EE (A0), KEEE (MS) ThHhb, &
ST U7EEARIZ T LSS — MMEA L UTHEMRE
WFZEAT (D EH) IKREETN TV 5,

FeE
W) R 7 AINRKF /) DN Lycoriella ingenua
(Dufour, 1839) (Figs. 1-7)
JiAn T HAR g, A, PUEL U GBI 2014),
HEEREEA 107 (Li.0093-Li.0102), ‘& FRIEEH.
IR A 2 2HFA. 7.x.2019. ST, HKi & HM. 1

% (Li.0082), HEMURMIAT, WK A 27 EHFEdE.
9.vii.2019, MS. 357142 (Li.0065-Li.0081), IRk Lk &
M. WK A 27 EmFE4E. 27.v.2019, SW. MS. 253
% (Li.0001-Li.0005), EEFIRHEHI, TF I AVEE
= (AR, 27.ii.2020, R, HKa. 65'3 % (Li.0006-Li.
0014), EWEALEHE, 772 A VEER (T A5,
16.vi.2020. R, HKa. 105711 % (Li.0015-Li.0035), EIFIRr
B, 72 AVRER (CAFED. 17.vii.2017, R,
HKa. 4578 ¢ (Li.0036-Li.0047), E¥FEILEHI, V)
A VEEER (AR, 1492018, R, HKa. 10% (Li.0083—
Li.0092). E#RALSHT. EIKS A 27 LFd. 4-16.
vii.2014, LT, TK. 5549 (Li.0048-Li.0056), I&EIEE
WT. WK 27 EmsEd. 22.x.2010, R, YK. 104"
(Li.0103-Li.0112), IR SHT, BIKS A 27 Fd
L 27.vi2018-18.Vii.2018, ST. NK & AO. 1539 (Li.0057—
Li.0060), M7ERE R, 2016, R, AO. 1512 (Li.0061,
Li.0062), KR HHETMHERTLHT, FIKS A 27 27
4. 23x.2012, SW. MS. 2% (Li.0063, Li.0064), [H] £,
BERS A 2 2mEFEAE, 7xi2018, SW, MS.

Fig. 1-6. 7 7V 2y 7 1)\3F / J)\L Lycoriella ingenua
(Dufour, 1839) R LD NTRILTE,
Lycoriella ingenua (Dufour, 1839).
1, AR, 2, Q. 3, G CRAD . 4, 4
ARSI etin CRED @ 2P HIRDMIAR) .5, 2 el
1Hl. 6, FHIEEHIELARDISE (gp) . WEFR © 4F, H540f
ffi; gs, "EAANET; gp, AHIEEIDZGE; R, s, 25243
£ER.1, 5, 6, Li.0001; 2, Li.0002; 3, 4, Li.0061,
1, Right wing on dorsal view. 2, Male antenna. 3, Right
halter. 4, Apex of right fore tibia in inner view. 5, Male
genitalia in ventral view. 6, Process of gonocoxae.
Abbreviations: 4F, 4th flagellomere; gs, gonostylus; gp,
process of gonocoxae; R,.;, 2nd and 3rd radial vein. 1, 5, 6,
Li.0001; 2, Li.0002; 3, 4, Li.0061.
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fif5d RO KUY - M DZE L#Eig 3R
o R (2020) IEFE LV, ERCEIRS A 27 AR T
ARELIMCHEIR Y A 27 HERTHBFH< R+ anL
$Neoempheria spp. (Sueyoshi 2014, [A1FH: 5 2017, Watanabe
et al. 2020) P> U N F / AINI Allactoneura akasakana
Sasakawa, 2005 CK# 5 2019), F/37 H3%F /) 28T
CR&E. AR LREL TV,

WD JERERFF 1 L AR 5 D X 5L

B (Figs. 1-7) OAVEBIEREIZ. Y 7V 27 7 1S3
DB RV T H % Lycoriella mali (Fitch, 1856) X
Ut b M 7aNxF / aINI Psilosciara flammulinae
Sasakawa, 1983 & L T. Sasakawa (1983) ¥ X U1 /I|
(1993) ICFELABRNENTH D, SEIR LRI TN
S0tk & KK BHT B, ARSEIKS 2 TrOFRL
LTHIbNAMED 7 1Nk F/ NS EICLLTF
DICEINFIC K > TRAIE NS @ FIdFEE L 7zl
ZRiD (Fig. 1) ; I A R4HEEI O R S 3025 ETH
% (Fig. 2) ; /NSRS 1 HNC AR M A2 T2 7500 IR

Fig. 7. WK A 27 BEGEICRE & Nz i) U st
FIw T RICHiBE Y Y 2 sanxF
J NI Lycoriella ingenua (Dufour, 1839) (47)
V7Y Ry LFNZaNRF ) )N Bradysia
impatiens (Johannsen, 1912) (/) (F73) Okt
(g RV LS HT; 201856 1),

Male adults of Lycoriella ingenua (Dufour, 1839)
(right) and Bradysia impatiens (Johannsen, 1912)
(left) on a yellow sticky trap installed in a cultivation
facility of shiitake mushrooms with artificial sawdust
media (June 2018, Shiratori Town, Gifu Prefecture).
W, Y7 27 DARAE 2mm DL E, FAD
HE 1~2mm BETH S & Ol 4 HFTHY
V2T TREEDETRICEL. FNATRIEE
FACSBWTHB T e, @O cmy o
YR TIREMD THD, FNANTREAFTE->TWVS
KIICHZAB,. TETXHIENS,

These two species are distinguished in body length (L.
ingenua: ca. 3mm, B. impatiens: 1-2mm) , length/width of
4th flagellomere (L. ingenua: ca. 2 times, B. impatiens: ca.
1.5 times) , and apex of gonostylus (L. ingenua: pointed, B.
impatiens: round).

|Bulletin of FFPRI, Vol.20, No.4, 2021

DR & el KL —RRICHEE T H % (Fig. 3) ; il
et O NN, ZEORENEZ 2 FEHIROM BN H
% (Fig. 4o Fo, AMLFABOENRERERHETH S
Lycoriella auripila (Winnertz, 1867) h'5 . AAEELEIEHI D
REHNCRITNEN T 22802 HD L TRAlE NS
(Fig. 6) (TH)1] 1993), & BIC, AR AFHET (gs) D
SIS 1RO RUIRZEEZ & D (Fig. 5) T & TRJE DM, 5
KAIEND, R, UIE UIEARM & RIRHCHEET 2 F 8
J YN/ OINT Bradysia impatiens (Johannsen, 1912)
MHEY A X, L A OEX DL, SASHEGETENG
DIBIRCHEHT % T & TIV—RPRFEEFHMEE VT
AT B &N TES (Fig. Do

e H DR
2016 fF 6 Hic, EWRHEHIKD T F > X D4 i
REEBEBENTF / ANTHORKRORE L EETADE
BERNZ R L T3 L DOz 2 CHHGERE Z1T-
Tzo 2020 fE6 HICIZIAAEPEMRY EE R TE ORI &
FRIENOEE (Fig. 8) MRS NIz, F /7 a/NTFH
FEE LTk, Mg\ OFLR AR ILEE, R E N5
BHUOADWG « BEREEOW R ZHR LI, 8 38
B9, FAEEMRTOEEN LTI N, BEZZ T
BEO RIS, SR XS EHDREE (Fig. 8a). ZE1L
IC X BB (Fig. 8b). FRIANTOZERL, BEONTEH
(Fig. 8¢, d) LWV ZEE « HRMBHE OGNz, ThHDF

Fig. 8. W7V Z/r 7 a)N3F /) A)NL Lycoriella ingenua
(Dufour, 1839) (V7 U 27 Z/unx) iIc X3 7F
A I FINOYE,

Damages of sporophores of Hypsizigus marmoreus by
larvae of Lycoriella ingenua (Dufour, 1839).
a, TRIARIANDRE (KA . b, FRIKENIC
RENTZALHOE (—fZ2RKHTHRLRY) .
o, TEENZZELTZY 7R 7anNxyh
(RHD . d, ZLEN, ZEHE T T A RH) BRDS
NIk,
a, infestation on sporophores (arrow). b, entrance (arrow)
of cavities on sporophores. ¢, larva of L. ingenua (arrow)
infesting inside of sporophore. d, sporophore with cavity
and frass (arrow) by infestation.
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JaONTHEEEBRH. FEoXSicy 7 X/ )T
EEE Uiz,

£ =

VIR IANKITNE TICENTER, T4,
W, B, EMOARRED MRS X UMY 37
HEFEZE THREDM SN TV CRE « & 20200, 5
b, AEENETF. BES. S §id, KR, RO&EO
HRY A X T RIEHRBXCEBROBEK T F 2 AY
ETHERRIC B 0T B T L ZIHS M Uiz, T (2014)
FAtIEE E AFO D E LTHIF T3, Bk
FEHISRAEARD T — X I ARHTH %, AFEIZEANDOFIN T
FREREINTEST. ARDPHIEAATH S, L
L. A2 (1992a, b) & AFEAFLES 7% 0 D EF 44 H 5 i
RNICIRKT B L ZEL TWD, KA - ik (1997)
WBEET I Ty TR ERMCEREL, VI U AR
TTANKZEZRETVED, TNSIEREBENTHEAE LZkHE
WFEL I TN EEEN S B,

AFEEIINECIKZ/FE2T7, VAR, VI IR
o FAak o kEEEEHEOCIOEREINT
Wz ORE - 54 20200, AfELE 1990 RISy 7V 277
A i AR TR D FEAIC X o THEIKDOE M H EH
HIET ZIC K-> THEEEPIET 21 LIckRELE (B
7 1992a, b, 1996), T/ FX77, F A3, WK A 27
MR THEDZWVIEFZHRLILEENEE 0D (18]
1993, 2003, Fi 7 « $H]I[ 1994, % « K& 1995), \I'h
DOFEENE BARNEWHEZREENTELT., chb
DBAZDOTHEETIRBENZERE LTER#BI N L
ExD. TRENBEIND, HENRONTZDTS
T EIFHRIROBMCOEN S, 5%IE. TF YAV
BEETOWEILRDERZ I LSO, HOBHEDT TOH
EIEDRE LIRS,

YR FINCKBE TV AVOEBETIEITFRIEDEN
MRS NTZD GEHE 20100, Y7 U X7 xic ks
SREOBETEABOHZEIR SN G oz, VY&
FIORAYRZY 7)) 2 ranNxOhBkD s+
TICKEPRKREN (Y EZF I L 11.6mm, V7Y RT .
1-8mm) ({57 1992a, K75 2010) 15, KELIS ORIV
—RRERFEMBEEH T INSZXAT S L3l
Vo FRIEDZEWMOAEIZ NSO FIIC X B HHE
EXAT BEMO—D B AR D B,

BHZOCHRNTH S 703N F /) IO
Fe UOEES Ifihds. SERE S — b KL%
FHENTWS (RS IIZEAT 2020), BN TIES A X
TRV ) RTEIEDY ) 2 T aNx ORIk S
U T Rl b2 EED KA E Mt Eh T3
(Kim et al. 2001, Erler et al. 2011), F 7z, RO E %
EI 5, MEPHROMEOHEMEE MG E iz (Park et al.
2006a, b 2008, Yi et al. 2008), H&[ETld. {L2HEFI DA
ICHREEME SR SEAMHR Y I 72 E ORE, HFEEME L TDOA

fth

A—VETFRH B 2Bl KR RORM L LI
X B M BRD MR E N TV (Kim et al. 2012), [AIFED
5 TR AEVIZEHT (2020) 1> A 2 HERTH DT
A RF /NI, LIYETYIN NG T HhaATHh
SFVITHY 2 KA OZNRZHS ML, ThH0
I BARR 2 H I SR Bt X N T2 KA D 0O 5
LHRTH SR Z R LT,

TN DN TRISH U T TR A Y
ANZE AN THIBRIR DO ENT VD, Y7V R
s CHREHE Steinernema feltiae (Filipjev, 1934) 7 U 7245
R oV 2T a3 ORI U7z (Nickle and
Cantelo 1991, Scheepmaker et al. 1997, Navarro and Gea 2014),
TR I DY 7 ) 2 G F A U T ik
BEAN KR B BUH| Nemasys M100 Z 8 L7z /5%, 7
TN T/ NTH ORIFIE) D R O F8 A R SR X
KO & diEh o7 GAEE 1998, 1999), Xz, T
BERETT - LT, SEENT O RK S A 2 7 fifk T
B PR %2 Nemasys M100D IS RIS IR/KLEL L 725551 7 1
INAF S/ INTHH CRIAE) ORHEDOFEEEME T L7
MW, B OHOEBER e & eic, RhRMER L7z G5
2000), Nemasys M1007AE 72 F U 72 5l B T O G
VIURTIUNKTHEZDNEDNDHERDLETH S
M, TNEDOKBERRZ VTR R 2R T & %,

WE & A FVRTENT T U7 ERHBEX =2 v
MR AELRFENTVS, E I X TDFEADY &
U BT 7 TN O S EEE N2k DN T
TV RIS U TR D % (Lee et al. 2001,
Moon et al. 2002), HIKS A X T #HREFCB N T, HEMEX
ZHiHypoaspis aculeifer (Canestrini, 1883) 7 fE{AZ [ 30.3
FY/ m’C 7~14 HIERRT 3 MBA LGS, V7 U X7
7 S IVEHERINICHIHE N7z (Kim et al. 2012), K7z,
W) R REICB W THEY X = FHypoaspis miles
(Berlese, 1882) 72 {f{A%5EE 830 L/ m* CHAERTH 5 WIFE
BICRA LGS, V7V 20 7 a3 gh R i
E N7z (Jess and Schweizer 2012),

WERABLRR T & U T B U 7oafs [l i de ki
T TOMIC Ry MEENEIT 5 NS (RMR ISR
HT 2020), 7T > 2 7Zffioizy 7V 2 G T,
TSR EF )Ry FREGHTES LT, VIV
27 7 N2 KRS S B 1B O FE A R0 L R
DA EMZ % T W TER (P - GA 2007a),

VIV RTIANRICE B EHEDIHEDERD
91 BFEIEARMRIC X 2 BEE RN DR AR T IR D
ik BEICHERR T2 2 & TH B, TNIKMATHA
(1992b) 13V 7V X7 fLEEANOWEFR (72280, Ak
EHNOWE - Wifids K CHGERG 2R e U T,
HEGERG IEORRE UTERN FFy TOMHMIEE N
TWBH, AR (1992b) DRI 2 K S ICThHITO
MREEED L, H—DOBARRTEICHKINT 57210 Tk
<, BEBOKERIHTZC LT SRR HIE AR
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END. AROKBEFZ O TRiBRAR 2 iERR Uz b
TREGHZITO. RO & S Y EiBhBRE & THRIK
WP TE EOPHEIBIER E DT 5 T EDNEE LW, AT
WINE ST 28HE DT &2 OREETEEHERZ Huvicy
7)) 27 WK FRHRK S B 7z LR @ i=K -
BOKZR E217 5 BB A 27, BaICEEDICHEIRZ
AW T F I AVBREZHTH B, TNZNICHR)
BHIBRITiEZ RRILT 2 E DD B

Eif3d

BRI, . R, §RRd. KR, ROSROEES
BRUORBEMAKEOM L EH DT < RHEEK (%
BR2) ICiHE - EREANS I AOZ R0, R
e D —E TR L TARMMEF 7 S TBIC K 2 0
EOTWHEOMIF BN FILOBAE (MHRREES
23780176). [ FIMNICHER LIzEIKS A 2 HlF
A= R ST O REMRIA & 78R R EH D MG
(WI7ERRERR S 15K07491) & MR A IIZE AT 247 1
VU b THIKRYA ZrERF A~ RE 2T OHH
IERBERE DRI | DB ZZ T Tz,
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Lycoriella ingenua (Dufour, 1893) (Diptera: Sciaridae) , infesting in
cultivation facilities of edible fungi

Masahiro SUEYOSHI" ", Hiroshi KAZAMA?” , Hiromi MUKATI” and Hiroshi KITAJIMA®

Abstract

An infestation on fruit-body of Hypsizigus marmoreus by a fungus gnat pest, Lycoriella ingenua (Dufour, 1839)
(Diptera: Sciaridae), is reported from Japan for the first time. Sciarid larvae inhabited inside and outside of the
sporophore of H. marmoreus. The adults reared from larvae infesting them are identified as L. ingenua based on the
morphological features. Additional localities of L. ingenua were recorded from 12 indoor facilities of saw-dust media
of Lentinula edodes in six prefectures, Japan. Morphological features distinguishing it from a major fungus gnat pest
of agricultural products in Japan, Bradysia impatiens (Johannsen, 1912), are described. Control measures of this pest
species proposed in foreign countries are reviewed and biocontrol using nematodes as its natural enemies together
with other physical and cultural controls for this pest species are discussed.

Key words : cultivated mushroom, edible fungi, host, Japan, infestation, pest insect
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