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Fagus crenata forest in Minami-Aizu district, Fukushima Prefecture.
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Forest conditions after seawater inundation with the Heisei Sanriku Massive Tsunami.
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Needle discoloration of Japanese cedar (Cryptomeria japonica) along the
Pacific coastline of Sanriku, Japan, after the Heisei Sanriku Massive Tsunami
with the 2011 off the Pacific coast of Tohoku Earthquake

Kenji ONO"" and Keizo HIRAI Y2

Abstract

The Heisei Sanriku Massive Tsunami caused by the earthquake in 2011 ruined many forests along the Tohoku Pacific
coast. Cedar (Cryptomeria japonica) forests along this remote coastline began to show damage over time, although they
seemed to be healthy and thriving immediately after the tsunami. Specifically, their needles became discolored turning from
green to reddish-brown starting in mid-May 2011, probably being caused by sea salt injury resulting from seawater inundation.
We explored the distribution of the salt injury in cedar forests along the Sanriku coastline and tried to determine the cause of
the damage. The extent of cedar needle discoloration seen in the forests was fundamentally consistent with seawater-inundated
areas. In the seawater-inundated cedar forest at Kamaishi-City, Iwate-Pref., the tsunami wave carried in and deposited sea sand
onto the forest floor and washed away the A, layers and surface soils. Seawater inundation caused incremental changes to the
pH(H,0), EC, and concentration of water-soluble and exchangeable Na" in these forest soils. We assumed the dissolution of
superfluous Na” in soil water and the related changes in soil chemistry caused the sea salt injury seen in planted trees in these
seawater-inundated cedar forests. In general, the causes of salt injury to soil were excessive absorption and accumulation of
Na' in the plant body, competitive inhibition of nutrient uptake by Na, and a decrease in the suction potential caused by low
osmotic pressure between the soil matrix and plant roots. Consequently, cedar needles in seawater-inundated forests turned
brownish after fresh needle expansion. It is difficult to remove sea salt from these forested lands because most Japanese forests
grow in steeply sloped mountainous areas. However, high levels of precipitation in Japan may remove sea salt from tsunami-
created saline soils. Therefore, reforestation efforts in seawater-inundated forests along the Sanriku coastal areas will require
continued soil chemistry monitoring.

Key words : The Heisei Sanriku Massive Tsunami, saline soil, salt injury, seawater inundation, degree of cation saturation
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1. ILHIC

2011 4E 3 H 11 H 14 BF 46 731 SRR AR 2 2B IR
& UTHA LI AR MHIE T, RIS RE
DHALH G O KRR ICE R L, KEHORKER
IR Ule, ZREHF IS ARBFE D 5 B IR LR
HIche b, $IEE 600 km DOV 7 ARWETH %,
HHEC A DT BN HIR 2R TH 57, HIEDORA
WG 40.5m (G FREGTESEE) ICE AR (&2
EE A RFEEF — L, 201D KREHE O 74 Bh i -
Bt « B JE bR & U C OEREZ £ DM R RO 7 /1= -
IO VMEMRZIE D, HHARKR RN R ORI
W ER2E 25 Lic, TOMBIC X B3RP EHMKD
MEmA, 2011 4 10 H 17 HEIFE, 1, 065 halcd K
ATE (FREFIT , 2011),

10 m 80D K AV A PHIC 1 U 25 Fo = e e b g
TlE. BRERTEIIIC I 2R RO E RN R8T
Z. TOBREHINIET ZHMTE, KRB > T
HEZAOZMAENTE (FK, 201D, T45b5, i
R RHADBEGEZZ I FIC, BmEEEKZD 3 ~4 HIcB
WTHA B2 EARSNTEZAFRT A~ Y. 7Y (il
BERALEWGEE, BB TV EKT) OENAKIC
BOTE, KIREAD SEBHANOBITIC D, ZOFH4E
ML T 2BSMNE RS TR SN (B,
ETUR R = RENT O A MK QAL He: , 2011, HARE
AT Y (A, 2011) % E), TND DM

BT IR el
Hm E (pE = FEmT 58 o HEERE)

g S
2 &
DEQA}Q ‘\-_1\ e

1 B F15 % i iETs K Ui Hik
Figure 1. Studying sites and dates in the present study.
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WK MIC B O THIARDZERIPETAR, OV TIEA
FEDRM ETR D 51 EHIIC K B HE MR DOILR D
BaRENB,.

A TIE. =R RIS B 2 B2 B A U7 AS R
R Uy IS &K o THE 2 210 Te LR BIAR DI H
DREAEZRTET %o MEMZHRT SR TEET YK
DOFP A FR L, BRERDSZ < OEMPFAENTTH
N, BlicHEEhTwsd B, dkf, 2011 25,
2011 ; AR, 2011D)s L7eh o T, UMD HEED
WMEEINSOMADREICERS L L L, RigTld.
IR B E MO A TH 2 AFHICE T 51
FEREICHEAZRD . HIEIC X 2 KIZIK 0D O HERS
MW HEOCANMTEEICE 725 LT IS DWW TRGT L.
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2. iR XUk
1) BEMIES XORMAELEOHME

IR KB D A FHRICE U iisERmgik, =
MEZESEE4S SR ZhLe LT, B
S THIED MG DA ML LTz, IEHKR B X
G Fig 110RLT.

2011 FF 6 A OB ERFICHE N T, H—»tm LT
HEDOREBEDHER S NI LRSI NIah o T2
Mo WEE LTS8 ahis XU =IO ZFHRICB
T. A4 o7 bzEL (Fig. 2). 2 miE
I L RRE B OIRAE (LM - 1t - FEhd - 9iEE -
HERD DA e - FIGREO A ) ZRIS L. AFSEL
COREELOBEZME LTz, T HIKEFHER M
WTEETE (0-10cm) BXUZD FICHER L /i
i (M) Z R L THREB I © ALZED 2 Tic it U7z,

2) TEOEFEMDODI

T D pH(H,0) IFFFINE % O Bt e 5 X UK
JE L2 VT, mEZRnc izt 10 g ik LTk 25 ml
DEFICED KB A A KkEMZTHEL, Ho

LA

47

= 2011

e — - -

20114E78
BT

HI L HEHIC K B AFHEO MBI LBISDHET

A EMIEIC KO WIE LT,

IKTATERG A A > I IEICBI U T BRENIE 1% O H i 75 HE
WHXUOEE LB L T, J\BZaific iz - 10 g ot
LT/K25 ml &75% K5 WA A >okzhnz T —Ref#k
WL, OBz 8 UKk ZR. 155
NIRRT BT 2051 4 ViIREZ ., R FIREEIC
Ko THIEL 7,

+ B R O SR (Electrical Conductivity,
DUR, TECT &) &, MEZEKEZ 2 mm X v a
O fLE 2 -V THERRI L. 1:5 7Kg B HE CTHlE
L7zo S5, I MERBT =D L5l (peech
%) KB A4 a2 #i7 & (Cation Exchangable
Capacity, LL'F, TCECJ] &\W5) ZAY KT/ —)V
BIE T, MG A A V& TGRS K > TOlr
L7z,

3. RS
1) ZFERAFRMIBA FMICHITBIEEIRT

—“RER I ORMAE T, HEICKS AN
% AFEIEOE R AP, FAMNIC A=

Photo 1. Japanese cedar (Cryptomeria japonica) forests changed needle color being due to the sea salt injury with the Heisei Sanriku Massive Tsunami.
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fEirE =B LT Wik, HFE L, AFHEORBLZILIZ
2011 4 4 HICiZEoH 5 Nah o7z (Photo 1 T &5,
BIFRIR D 5B HANEITT % 2011 4 5 HLIKIC
BEE LIz EZBND, HENEELIZAFIE, Y
EFHEMIE U TOARWEADNKREZ D TWH,
—EBICIE LS EHENHE L, ZTNODREEE L 2
Kt 3 5 Nz (Photo 2),

2) BRIE. BAORKERIFTCAFMOMEKS LB
DIREE

KEBZEIC T U e B iR iTIc B0 2 iR Kig
B AFHRTE, KBFEOEFICXZEAENEAF
B D FRIBZAL D BAIEAL U Te bRy &by DY E — Rt
I FICHFEL e, £ T, 2011 4E 6 H 23 Hic, #t
WA A Y Tl F2&REL, 2 mgic 118
Wrim & 2B U, mIEZEO A IS X 2 AFEIED
IAGZAL DIRTL, MRS LB OIREDE W Z LR L
7z (Table 1), A A D + 5 358 48 AR M £
(Bp) (EC X5, 1976) TH O, KJEHIE I3 [EHEHE
BB X CHERDOEETH > 7 GREFE i T8 & 5
FE e, 1975) 0 AFREMDIC I B RN\ D F5E
DEEIIHIKDOIREN S HUTABICHMTE 2, M
PN OD I 1 22 61 il C UK IR D R T RE A S A & 0D T
K RIS X 2 BIARMIRO K, b OHER, &
JE LEBEADMEADNED 5N (Photos 3, 4), X
TR EE AT T AFEED R OE(LNRD 5N
Too R b 0D BB A ENE B T O SR FHIE DA
. ETH o7 (Table 1), HIBHEE, HKIRK

2T T E IR = O AF N IHRICENTE, &
i e kk, AFEHIEDORBZEAR FTEMHED A, HE
O FEE, RKfE L EEHIC X S BAMRORE. WO
HERE, RELBEAOMWIRALZ L, FRFRPBIEE
nre (XERAEH,

3) HMPRIUREBLIEDpH (H0) HXUZNED
KRB DB A 4 > iRE

2011 4 6 HICEAMDAF A THICHE W TERILL 72
ARBEFZHEERE T O pH (H,0) &, HF AT ER
FiT47~53THorh. HIEMNEEL & cH
WA S NITVIEFT T 5.3 ~ 5.7, HEWWMH - 12857
T3 6.0~ 6.2 (HMEDpH (H,0) & 6.4~ 6.7) IC
L5 U7 (Table 2), FEHPCRBERTT4 ~9 mg
L' Td ol ik o Na™ R, %S & ©
1$26 ~56 mg L' (HEWPJETIE 20 ~39 mg L) &3F
U<HEmU7 (Table 2), EESMAICHERT L T 7Bl
BT Bk, kD pH (H,0) 3K U Na' i
BEIZZFNZENT9 L 232 mg L (Table 2), 8.0 & 1.1
gL Gliko—SEH - i - —F, 1970) THH,
WINERE THOMEI O &< HBIEELERFTO 18
BEKIRIKIC K B KO8 2 < =21 T, —7.
EKELEO Ca™ & Mg™ JBIEIE. IR BERE T T
ZTNFNA40~52L15~18mgL' TH o Iz,
FEEFT TR ZENETN00~03¢03~09mgL"
WICKRELIHD LTz (Table 2)o K IBE X FLEDR
BICHHDET, 47 ~86mg L' OFEFICH D, ifF
IKOFEZIFEALERLNIE o7z (Table 2),

G 2. AFFITEOSMEZA LI & YT R LT EnZe e CATIRE )
Photo 2. Discoloration of young needles in Japanese cedar (Cryptomeria japonica).
PR LIEAFOEDEE () OB/ ROZEE D S TR UTcEEE
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ZLATFREATAFHCBIT 5. HEIIC X ZUPKIIKOMIRPZRIE T AR L B2 oI
Table 1. The states of forest floor. surface soil, and needle discoloration in the seawater-inundated cedar forest at Kamaishi City, Iwate Prefecture.

R 3h 21 No. 1 2 3 4 5 6 7 8
FE 34° 42° 38° 48° 38° 30° 30° 0°
IR EE i3 ® HER) " =) " o) 5
HENER 3 i3 m —IORk X5 X5 EX57 -
KELE~ADBWEA i3 i3 ) " =) " " =)
TREEE " ) i i i i3 i3 -
AJE " ¥) 2] Fh Fh Fh Fh -
MEROHEE" >80% >80% 70% 10% 10% 10% 5% -
#HE (cm) 0 0 0 0 0 0.5 4
AB L E+ £ ®E+ E+ E+ b B+ w
&

HEFDE 75Y2/1  7.5Y3/2  7.5Y3/1

AB 7.5YR2/1 7.5YR2/1 7.5YR2/2 7.5YR2/1 10YR1.7/1 10YR2/1 10YR2/1

HROBEE" BRICEIMREES SVHBEERYEAOET-HEE

2 2. FiAE AU 31 % TR O pH(H,0). 36 X UVKIIHEAR O/ A A4 > %
Table 2. The values of pH(H,0) and the concentrations of water-soluble cations in the soil suspension of each sampling
point of seawater-inundated cedar forest.

B 25 No. 1 2 3 4 5 6 7 8 mk*

EIREE i3 ® AR A A Eo) ) A

pH(H,0) 8
HEFD B 6.37 6.68 7.94
ARE 474 525 528 5.70 5.44 5.95 6.21

Ca (mg L™ HH 3% %) 40
HERE 1.1 0.2 25.1
AE 5.2 40 0.3 0.0 0.1 0.1 0.1

Mg (mg L™ 4 H 38 ) 127
p: 3N 17 0.5 16.1
A 1.8 15 0.9 0.3 0.6 0.6 05

Na (mg L™ $ H 3% i) 1056
HEFD B 38.9 19.7 232.3
AE 42 8.8 33.3 26.0 434 55.7 312

K (mg L™ 8 5%) 38
HERE 255 7.0 334
AE 4.7 6.0 6.6 6.7 7.3 8.6 5.4

—iRSEME RHFBEA - —EI.E’EE'. R AAR—MRHEREE HREE 19708 Y)

B3 HENEREL, WBKINRIK Uz AR ODIRI
(GFRREAT)

Photo 3. Forest conditions after seawater inundation with
the Heisei Sanriku Massive Tsunami.
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B

No.7

B

HE 4. HEEEERT B (No3) X UHEEERRT (No.7) D&JE R K UMK 7
Photo 4. Conditions of forest floor and soil surface at the sampling points (No. 3 & 7) with seawater inundation.

4) REIZBEDEC. CECHIUIRMEGA 4 DEE

EEHEO 1:5 kiR X % HEBREKRO EC 3.
VIR B AT T 0.14 ~ 0.16 dS m™, HEHFEL -
i Fr C HERD M U O fE AT T 0.10 ~ 0.19, HEWYE D OfF
AT 0.25~0.33dS m" (HERPJE Tl 0.22 ~ 0.93 dS
m') TH-7 (Table 3), HEIRMICHER L T2
@D EC 1% 0.56 dS m™ C MK DHERD PR K JF +- 81 LEX,
ZLLEHWEZR Lz (Table 3),

peech IEICHE U TR 7o K JE T IB Otk Na™
W& IR FERE T T 0.1 ~ 0.4 cmol, kg ¥+ T
H ot h, HPEER T T 1.7 ~ 6.8 cmol, kg ¥
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+ (BlE FEHOHERIE 1.7 ~3.4 cmol, kg' #21+) &
KRENEREFTD 4 ~ 60 (5O KE&RMZ/7R LT (Table
3), — /i T, #ELBO CEC, #t Ca”, Mg™ B
SFUK BEEZFNZTN44~64, 12~97, 1.4~
6.5 cmol kg T TH O, HULHE TEEHED 5Nz
DO, FFEFEOAMICK S KERAETRDON
Tinote, oo HECRBIZEEFTIC B 5 AR S
318~23%ThH b, TD6~7EFAZHM Ca™ I
BRI ZEDTH -7 (Table 3), —J7. BILFER
Pt OO ¥ Sk BRI FE IS HERD ¥ e 70 o T BT C 11 ~ 16% &
KDOMEZRLTzDICH L, B FEOHERD D B - 7z
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3. Siidthic 517 % EC. CEC,

SHRPERGA A P, 6 KOS R R

Table 2. The values of EC, CEC, exchangable cation concentration, and cation saturation percentage in each sampling

point of seawater-inundated cedar forest.

£ B ih 1 No. 1 2 3 4 5 6 7 8
IR EE i & BER) ) A ¥) ) A
EC (dSm™y*
HRE 0.22 0.93 0.56
AE 0.14 0.16 0.15 0.10 0.19 0.33 0.25
EREZMAE (cmol, kg '8z 1)+
# 'JE 23 12 7
0-10¢ 52 64 48 45 50 44 55
ZitECa® B E (cmol, kg '8z 1)+
R E 5.1 2.6 48
0-10 cm 7.2 9.7 3.0 1.2 2.1 16 6.8
R EM® B (cmol, kg 8z 1)+
HR B 5.1 25 3.0
0-10 cm 1.9 3.8 1.8 14 2.2 2.2 6.5
ZMENa* 2 E (cmol, kg'8z £ )
R E 1.7 1.0 34
0-10 cm 0.1 0.4 1.7 1.8 2.8 34 6.8
RHMEKEE (cmol, kg '8 1)+
HRE 0.67 0.40 0.55
0-10 cm 0.32 0.53 0.46 0.47 0.55 0.59 0.65
Z R Ca S F0 E (%) (=3 #2 1£ Ca®* /ICEC*100)
HER 23 22 68
0-10 cm 13.9 15.2 6.3 2.8 43 35 13
4R 1 Mg® 82 50 (%) (=3 #2 1 Mg®* /ICEC*100)
HERE 22 21 43
0-10 cm 37 5.9 37 32 45 5.0 12
Rt Na 80 E (%) (=X #:14ENa*/CEC*100)
R E 76 9 48
0-10 cm 0.2 0.7 37 4.0 56 7.6 12
R KRR E (%) (=X #: 4K /CEC*100)
R E 3.0 34 7.8
0-10 cm 0.6 0.8 1.0 1.1 1.1 1.3 1.2
15 HE I (%) (=3 #1ECa?*, Mg?*, Na*, K'/CEC)
R E 55 55 167
0-10 cm 18 23 15 11 15 17 38
*1:5KEHE
**peech;k

fEAT T 17 ~ 38% (MERDIX 69 ~ 209%) & & D1l
5 UTc (Table 3), HEEEERE RO LEICHIT 2E
FLEIRIE I3 A Ca® &S Na IEER L THD
(LBlIC2~4EREDRFEGR), £FHIEO(LAIER
A ENEIC X B MK ERO Na* OF8ximd 2z
EMNHS MM E TR T2,

4. BH

1) RKBEEHICEIFTSAFHEIEDLLE
=488

=

MDD

SR ORI D K 5 7&— KRR KOR A K5
Hi3, LEAOEHIRZICKENY 2 HENZLETFEE
IKEDICEFONTVS CRH, 1958a), AWFZEICE
% =R RIS RO R T O B E T E | 1]
FICKD LHADENZAFEHERBZICOFIAI ., HK
BT & O—BDMRTE 72, AT, F—RHIC
BOTEH, AFEHEDOMRMGOILDOFEA T HIANENEL
FE T CDHRD B FRRBNEE T DAL AR D §
BEREOLTHELT., AR EERETH > 7,

o, MEDFZELCAETREATICET 5 AFHK
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after the Heisei Sanriku Massive Tsunami with the 2011 off the Pacific coast of Tohoku Earthquake

O A R, IR RE, WKIRKOBE D 6 < ER
5Nz, TaDB HEIECKD 1O pH (H,0)
® EC., KIEMEB X ULHNE Na" IRED ERDED S
N7zo T UEMIENLE R EBIC 351 2 HE w58
o OKH) OFEEEICHT %A RS & Ma—HL
TWie (B, 2011, HADBM LTI, s Hulk
HROEGRIZ—KIC Ca®™ > Mg” > K > Na" DJETH
Db Tws GiH, 1989) A, HEFLE, #EK
RKIC K %% 7% Na” OIS K O Z2DNT > Zid
NTW iz, KA KUt Ca™ IR I HER BEIC
Ko TRELBP U (Tables 2, 3), T Hid. BED
FEL., WkDAHIRE D SRk ULz & Tk
HicZRICHHE I NlEEE Na' iIck b, Lo Ca™
s, lEEEE N, BENMSTER LIz LISER U
LEZHNS, Mg” BX UK ICB U TKIENE, 58
PEA A VIREE, BIEREOARICK 2 2LITED 5
Nizh otz

2) EBERKEBHICHITBIEEDRE

TIEBIBE WD ECEZDOHENBATHH T L. 1A
W OBIFEA AV ORIBEICHHITZ T L. (EOm
IKICEEMICEET 2REBELEHTEC L, BED
LR e UTHEENR T D 5 ZRAEEIC
S<HVWENT WS CKH, 1958 a, b, c; fEARIRE
BGH , 1999 5 A TFIRERENIE L > 2 —E R EIH - 15
YREITOY 2V b F— L - BICEETSET (BRET)
2011 5 W, 2011 5 JA K2, 2011), % DR IEHEE(E
. HESREIKO EC T, 0.7 dS m" (HEA I 22 B
,1999), 0.6 dS m" (S TFREXMITL Y X —EKHE
HegE ST 0y o7 bF— L - RN (5%
KHT) L, 2011) ,0.5dS m” (HHE, 2011, 0.3~ 0.6
dSm' JARE,2011) TN TWV3, AMFICE
FBETEREAHO AT, HilE5E & AT o 1 1
D EC IEARBERBATICLEXR, FRIEFHEDENTZEDD,
RATERHR FHBOEE HHICHNT03dS m' T
HO (Table 2). i HHEORE T, EVMOLESE I
MO NMEZ R LTz, BARDMEE O 5 EET
e, AFRFHEPOEH M ITH LT TH N E TN
TWVW3 (KR, 1976) T &h b, B HEORYET
FHESEEE L LTRIEMOLEE EREOHEN LX)V T
&, CFENFEOHRENIELIZAFKTIREOE M
VI THENHEELLEZEDEEZENS,

T B B R R ORER LT A1, CEC
K BEREAHE. B 0RTNTNOEIRKS D
BIFIEIC K > TIRIET 3 2 N2V, —fRICIE. 5
MR OM TR FTEAELTH S Ca™ & Mg” #H
WTZORAE TEET 25502 (H, 1989),
HAOZWKLBICH T % Ca> A tr. ~ 60%.
Mg™ BRI S W& tr. ~20% FEETH S (GH - /N,
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1976). AWMFEDOFRAEM, SFREATHAFHITB T
% Ca™ & Mg™ S I3 FZEOHMICED 5T T
DOHIPHTH > 7z (Table 3)o —7F7. HMLEHTIE—
FRICIR SR TH 53380 Na" I, EmEnE, K
IRIKITHED THEAD Na' i & D 5 ~ 60 f558iC -
5 U7z (Table 3), C DOFEHRIE HEI/KDOMEIREICIEEE
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PEE AT O KA TE Na© I S H i R BGEE AT D 4 ~ 60
RO Z R LTz,
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R 7 SR RN - SRR, FEBUE IS & % 2= RN R
NS OB EZRNC K B KRT V¥ v VOKT
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R E I RE 2 " U 7o HEKRRES DR
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PKDEORLICXBER DWW HR LA L, LHEOM
(LA R BB B IS 1 P BRIBME 2T 2 2 e DT E
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IR U TR Z T C EWAR#ETH S, L
L. BHRIZBWTE., Il EREZEICK S 2RO
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KO, HARICHREMESTTREELEZ DNS, FIEMA.
AR T, WKIRKZZ T etk 7z
Wmice=2) 7352 T, LEOIEEDOK
EREZHIFEEL TS T EWPERTHIEEAD
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PR - BT

COUCOHERE THEINIZHLIC, LDHADLE
RN, BHELHAHF L EF S, KO ZFFICHZD .
BFERMERNY 22— RAAEMB K, FHIEERKIC
VAR BRI D B E BRI F DR EIcB VT, M
VATBUE NRMIR S REZE T AL T BRI
AEFFEIC BT BRI E, KBRS ICBVLTEZ X
BT IEEV, e, ARG EFLHZICHT
S T, MNZITBOE NBRMAR G ZEaT st i Ak
ST, LB A R HE AR R . B LR
e, A S ICRY) R B, CiEERTE
Wiz, TNHDHRICHEL BRHOBEELT %,
AW, GHRBEGHATESELINTR TG
113 : 2% #EMEICHT 5 HKO @ 2MEHERE
HE RO E] O, BXUTEMKESFK 23
T PSR T2 T R MR P R 72 HEXE S 2 SR Bl B 6 S5 3
BRECH O W TR A T TS U Tz AR D RS B
KOEER EFREH ] cX>TirbhidsDTHh
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Influence of temperature and photoperiod on the development of
Ips typographus japonicus (Coleoptera, Curculionidae, Scolytinae)

Akira UEDA"" and Kenichi OZAKI"

Abstract

To evaluate the effects of temperature and photoperiod on the developmental of Ips typographus japonicus (Coleoptera,
Curculionidae, Scolytinae), we reared individuals in bolts of Picea jezoensis upon which eggs had been laid in the field in June
2010. Bolts were placed in the laboratory under six temperature regimes (16, 18, 20, 22, 24, 26°C) and with a photoperiod of
15:9 L:D (LD) and at 22°C with a photoperiod of 10:14 L:D (SD). We recorded the date of adult eclosion and emergence for
the first generation. The developmental zero and the effective cumulative temperatures under the LD regime estimated using
‘Tkemoto and Takai method’, were 5.1°C and 412.1 degree days from egg deposition to adult eclosion, 12.7°C and 141.0 degree
days from adult eclosion to adult emergence from the bolts, and 9.8°C and 481.9 degree days for the whole developmental
period (egg deposition to adult emergence). The developmental rates of the insects reared under 22°C were same between
LD and SD, indicating that photoperiod has no effect on the developmental period of the insects during the first generation.
Next, adults that had eclosed from the bolts at 22°C and under the two photoperiod regimes were allowed to deposit eggs on
new bolts so that we could assess development of the second generation reared under the same conditions as those from the
first generation. The developmental rates of the insects reared under LD regime did not differ between the first and second
generation. Of those reared under the SD regime, only 2 second-generation adults eclosed and none emerged, suggesting that
adults from the first generation had entered reproductive diapause and laid fewer eggs than those reared under the LD regime.

Key words : Diapause, Photoperiod, Developmental rate, Developmental zero, Ips typographus japonicus, Effective
cumulative temperature

wE

VY INF T A L (Ups typographus japonicus) DFEBEICH T ML L HEDRRZ PR B 12T,
2010 F 6 HICHHNTYYNF I AL ZIYVAKICENESE, fE Lk, MKz 6 RERMF
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ROPEH ERHEHZREE Lz, B 1 IMAROEH NMCBI BEMNSPHEX T, BXTPEL S
HE TOWM D lkemoto and Takai £ IC X2 HEX R L AMBEERE X, ThEN5.1°C. 412.1
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W% (Berg et al., 2006), §&bbH, KOV A IHK
& <720 D. ruffipenis OMIFICHE LI ROBEED & X
oz & & (Bergetal., 2006), @IELIC XD, #EkRIE
2EUETE ST DD 1E LN ED D, HHHHEE

DECREMN 2 fFiCko T ENFEREEZ SN TY
% (Hansen and Bentz, 2003; Berg et al., 2006), F7z.
i E BRI KB HF FEORZEME . WEILKICE
LTS EEZSNTWS (Barber et al., 2000),

—FH. BOPETRERFIALVHERICK S RE K
EhHHEBMESEEEX. YYNFT ALY Ups
typographus japonicus) & XYYV INF T A L
Y (Ips subelongatus) \C X5 & DT, WMiHN MU b
H (YR Y, THZYRVRERE), BENAITY
M (ho=xy, JAx0RERE) ZHMESES (1hO
5,1963 ; /R, 1977, 1990 ; FH, 1986 ; 1l 5,
19915 B, 200672 &), YWY NF T A LVIEHE T~
21k, ATV YNFIALALVIEHFE L ~31LT, 1
FEOMRBEITIBOHEZSIFZLEZALNTVS (
EHH, 1986 ; /R, 1990), T eh B, 54, A
fBIC K > THAREDEMT 2 2 & T, #FOHITL
KWERENS, ThZETHT I, YYNRFIA
LIV INFIALALVOMBEERZ LB L
HRELXUREEMEREOHENLEL LS (W
7w %, 2010)

NG 2HOEMMN SOOI E TOFHE L 1 =R
EAMBEIREICOVWT, YYNRFIALIDI—F
VT REHRETHZ 2 AV TYYNFT ALY (Ips
typographus typographus) & 31 XY YV INF 7 A

VIEBVWT, EREIRICKZ@BHMTHONA TV
(Wermelinger and Seifert, 1998 ; #AK + 5 H , 1993),
LU, YINRFTALY BAVTTYINFT AL
ATV IYNFIALALVIE, WENBIEEL
o OMBANICHE > TEHBZITo O BT
7%, FHEEARKOHEICIZ, BEMM CRER R
WEEARDNSRHH S 2 £ TOHM) Zadz2RE MM
DHEXO R EANHERED T — 2N E LT 5,
ETAN. TNHOBEHBICOVWTER, 27U 7Y
YNFTALYD20°C E25°ClEBIZT7—2 Lk
W7z (Wermelinger and Seifert, 1998 © C D& Tl
HEBENME L 30°COT—ZDBRAETNTVS ),
BREHMBLULIEEHMORE Y n A L GHEER
EIETHTH %,

—h. RELPOREAMHEREDNICE, HED
BI59 2 RIRDOFEHE. FRIMARBICKEIEET S
(mﬁ B, 2010)e XAV TV YINFT A LR

ZMUETFTEE LRSS, A DKM RICKE
OT%FEH%L&b\T%HEGC]\éi ERFMENT NS
(Schopf, 1989), CDZ &h b, WAEDY YV INF S
ALTEATIRIVINFIALVE, BHTFTEE
SRR B ATREMED B %, £ T T ARWFETIE. YV

INF T A LY R RIRIRESM R TRE L. NS
Bl E CoOMl (=2REHM) OREBELOR LA
BEEREZL LD, £/, YYNFIALTE22C
EHEEHEA T TRREE L, FHEAKIKST 50E S
Mz DT,

2. /it
2.1 BRHARBROHE
YIYNETALVOEEFICIE, B THEINET T
KEH Wz, 2010 46 H 14 HICHEMER S dtiE
BXTERBMANOZY <Y 2K EL T, HRERT.2
~ 10.7cm. EX# 42cm OIKRZFER L. ¥Rz <
TeDICMiAROZIINT T 0 THoTz B6H15H, It
T8 RS FLR G FE AR B LB S N O T JBL 5tk 5267
MIEIC AR Z 3 E . 13 B 20 73 I HHTIRIC R & BT 72
(Fig. 1o H#iig FEOIKIC, EHETznEV 148
ZAHV Ry H—TEELE, £EHT7z0EVICE. 4
cm A DR Z ANTz 0.06mm [EDF + v 7 {f &K
U7l ralasic, (S)-cis-verbenol (& 97 % ,
Bedoukian Research Inc., Danbury, USA) & 2-methyl-
3-buten-2-ol ( i 98% , Alfa Aesar, Ward Hill, USA)
D1 ﬁ 100 BB W lec IEWVWEDSL, Fyv v o EER
BEHLEEDZH Wz, 10 7R THAKIREDOZE Lz
(E'Ji@“%t 2, 28D T7F—2ul— (KNTRF Y
—A. AT uruy) ZREAFA—)VHEALRD
RABRCTIVIFEZM O ZEEO NI ZNhZNhD
5L, AAKFREZELD2AKDK I, F—2aH—
DEEIN12mILEDEICEFNFNLLDDIT T, #
D%, 6 A21 H I3 FICARE T =2 H—ZEILL 7z,

Fig. 1. YYNFTA LI DLEARILEL TJ?)LL 6 ﬂ 15 EI ICEE LTz
AV
it EBIORKITEST 2 OBV DA S FoR—F 2 EE Uiz,
2010 /£ 6 1 21 HICHARZ, B4 GIE « HR&EMF FOE
maslc ki L,
Bolts set on 15 June to induce the attack of the beetles
A pheromone pouch was attached on the uppermost bolt. All
bolts were moved to the laboratory on 21 June 2010  and placed
into the incubators with various temperatures and photoperiods.
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2281 HAROREELHRE

AU U 72 ALK G I O AR A ZEA LT B
D, TNZHERBICBL, EARRZHLTIE -
HEOEREMSRIIHRE LT, YIYNFIALIZEHETL
720 BB ARMITIE. 46X31X12cm DFEH T 5 XA F v
U Rdae v, 7 23 EAIHICK 8 X 6em D& 2
HUF. 0.5mm A ¥ 2 DEMERICH - Tz, BRI
WKIRESEKEZHN 1em BIC#E, 20O EICALK
3ARZE UM Nz, [HIRISIZ X SANYO Growth Cabinet
HYS-3500 ZH W7z, COEREFEB4MmO 5> 5 31
MHTAEDICIZ>TNWT, AT AEDHIEITWHE
BAOCN 2 A ERETEHDN TV S, HAIKKIE37TW
EEHCA 2 3 HIh 5 1 ARTD (FF3AR) BH LK,
HEWEX., EH (159 L:D). %H (10:14 L:D) & L. &
EiZ. EH 16, 18, 20, 22, 24, 26°C. ®H?22C&
Lz, FHZ 22CZIFIC LEDX, S RIZRIED A it
THHNBZEHNHNTHSD D, ZHOREHRE
WARETHO, ZAV TV INFET ALY DT FEiR
TdH % 20 ~25°C (Wermelinger and Seifert, 1998) D
FEFEPRMEEANEC EICE D, BB, fHICHNE
FAREE, BEX3EA (WERHS 1D TH%,

YYNET A LVET AN TICH > T EVWhiE
ANAZAMASTRELIZDOB, X AH R NI EHIR
DORHLZH O EHE DB EI L, WL L 7sh R RHL
EHEETT AN RS2 O EH TS AR ZEET
%5 (LEH,20077%28 ), bbb, FASIIKEWEZE
RKEINENS 72D, BENMREEAT NS, TT
T, THILHIChY Z—F AT Z2ZHWTHZEASLIL
SOz TEIC, BENHTFEBRNKSICHE,
F1MARORBE RN ZBERE Lz, £ U THE®RT QIC,
FTEHEDDENENK DI ZITICR Ui, BlEE.
FEEASR TRAOTUE Frli ) WEZENS £ T
HiTW, ZOHZIMEH & Ulze TPHEHLIRRE, B
L ORFL) #zidi Lz, BRI ZRD 5ICIE. &
FNCPHE LU 7e Bk O i H 2 8589 2 0 W &b - ¢
ML BRI &2 7R T RIS MR R Z2 i O HE R TR N S
BRI Z7DHUEMNFE L. SO Z R E T
2DERHETH -T2, iz, —HAKRMSHTEYLHE
WCRZEERND 2728, BN D > TEFEH AN
I NTn ENE L RO MTbnlchZz
W 2 DN REETH > ZO L, BH L THITL
TV 2RO ZEMTIEFIEFET DI U 7oA AR
CHTHAD MDEUC-> T, 20°0C A EDWESMNTT
fAE LGa, HHASDN 10 L FOHD 3 ~ 8 Hi
Wicth, ZEORBHILY EIHMICE D LU TERKE 1.
B o R (Rl RIS N,
Tz, 16°C & 18C TR ZHDOMIH AL L T
ENBHIE G A, B 10 L BicE > 7z
HISBITHOF R ZYD TER LT &b, A
T HEILBED 10 Fick>HEBREH & Uiz,
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LCEHEFMATE LS 1 SRR Z B ICH
WL R E AR R SIE T 2 MR OBIE 2175 72,
£9, 200108 HS5 HICHAROE/NT T 4+ VTHE-
TV VALK ARZHE L, B8 H6HIZIWE22C
EHEEHTTOHE 1 HUHFRE U ALK DR 72 H
E. BN TORRERDZ U, O LR D S
B fESRICH 1 AR &l T & % 58 R R 20
AT OZERNAHOE £, BEETKREZRZ, H
BLIAWKZ 3RANTZE 1AM LR CHEARIC
MUz 2L T, 22CEAMNSL DR Z L 2B
B ELFE U 22CTERIICHE L zERERIC, 22°C
FHMD 5 O Z U 7o 7 aR1d 22°CRIF IS HilfE L 7z 18
BACERE Lz, 8 H29 HLM%, 1R EE T
heHE 2 MROFEERI B LEZzmHEIZE L, T
fEHEBHBZRE U, BE»S5 101 HED 11 A
15 HIZ 2 TOIKOMBEZHE, B FOKHRZE
CHEALEDTHA T, £z, KL SHH L., fF
RN TIHC LTV EBRE AT, EfFEAKZE2T
Rl U, IR O RED & MEREZ R Uiz, (B,
MG DWW T A D — T ERHIE N T E Rh >
7z
24 HRECXOREEWREREDESL

REXYOREAMBEREREOR I, EkiThN
TVWAHREHE GEEHBOMED LREOMGRE
B4R BT 3 % /i & lkemoto and Takai 7% (Ikemoto
and Takai, 2000, DL K Ikemoto i L #& 3 ) % H W 7z,
Ikemoto £ IFFEEHM L IWEORZ Y M. BE
H¥7z X 2L v, miFZ oM O EREGRZ M E
WETHET 28D THB, TOHETE. OFEHD
AR X B IR DO T — X O/ & . @ X il
ZRICIREN S DT — IR Zir5. L0 oit
KOFGEOMBEENIREENT VS, £z, HERE
CIREAEMRBERICEVT—XIZDOVWTIE, &7 — %
I Tkhl. EREFRZRIMIICOVTEHRELR
MEAMEEIREZEOHEE 21T > T2,

3. H5H

3.1 EINHDO#TE

BN ALRZGE LTV iz R 0&IRDZ L% Fig.
21CR UTc, AAREZBHZED £/21&H T, 6 H
17THETIEIEEAE20CLLFCHERB LI, 6 H18H
R TRIEMD EA D, 8 HERE K LT 20CEI#E
Tzo 6 719 HE MK T 10 B EfE LT 20°C &
Alzo KK 6 H20-21 HEIKWEMN EHA ST, WHZ
EBLEFHAIRIEZT—20 4 —17T16.0C, ali—
2TI15.6CTHoTz. YIYNFT A LT DIRIE 20
ChRBZTIREN —ERFRIL Lkl T 2 4T3 (8

< EHH, 1982), TOT END, 6 H 18 HIT. Wl
DA ADZEANET, 6 H 19 HIZ, IO R ZADLEA -
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Changes in air temperature while the bolts were set in the field

RENECTEHIM Uiz, 24V TV YNFT ALY
DA ZXDLEALFEINZ UG 5 X TOWMIZ. 15CT
T 21 H, 20CF T 1.0H, 25CFTIWE13HT
& % (Wermelinger and Seifert, 1999), TD T &M 5,
RADOEINE6 H19 NS 2 H%ZD 6 H 21 HICET
Tz &I L7z,

B2 RIS DV TR, 22CHEIRIKEETH B Z b,
MEEHNA ZADZEEAN, BHNAZXDEA - LK. TD
FHZRAOMEINH & Uz,

B32VYNFIOALYDREE

EHTFTOHE 1 RO EIMN S PMEE TOBR I,
REOEFICEE > TIFIEFERMICELIZD., K
BETOFELVWHEERILEXH 5 NEMN - (Fig. 3 /£
L) ZOORERE LIREDOMICEREGRNH 5
N7 (Fig. 3 /1) ERMHRICK2FEEL T AIE 4.6
C. HXNBEEIEE & 424.4 HEE. lkemoto (£ X % ¥¢
BEORIES51C, AUBEEIREZI4121IHETH->
7z (Table 1), 22°CIC BT B FEIRH 5 P F TD AR
. AR EHEEHICEDD AL, 2THUTH-
7z (Fig. 3 /£ F)o

EHTTOH 1 HROBEHMIE., I8CLLFTHL
WIBEN A SNz, 20CL ETRIEEICK S EVD
FEAEGEDN T (Fig. 3R E), 2D, HER
fELIREDOMICERBEGRENH 5N -7z (Fig. 3/
RH ) ERMEIRICEZ2HEEERAZ9.7C. ARH
HUREZ 193.2 HE, Tkemoto IEIC X2 HEL O HIZ
127°C, BXHEERE 141.0 HE T®H > 7z (Table
Do LML, HELWHEEBENALNT 16, 18CD
T—=RERVEEEICE,. WThOHETEHELD
RIS AF AR BRI RIEICEML 72
(Table 1), 22 CEHEMBICBT 2B EHMIE, FiH
MASNIEh > 28 2 BROEHEMAF T 2R &0 H
Ell, MABICEEAEENTRD - (Fig. 3 R

)

B1MAEH FOREHMIE. BERAM & MRIC
ISCUUL N THBEBIENH SNIZT28 (Fig. 34 L), 5
BHEELREOMRMVHEZERICEEZS ANk
(Fig. 3A T ) EAZMHTOERAENIC X ZHEL D
M 7.8°C, AEFEAEIRE X 572.7 H &, Tkemoto i%
KX ZREELOEIX9.8°C. ARIFEBEEIZ 481.9 1
BETHo7- (Table 1), LA L., 16, 18CHOTF—X%
PR Eicid. aiM e FERic, WINDOFIET
EREXLIINEAFAICAD, ARREREE I KE
WIS U 7z (Table 1), i A B NInh - 72588 2 R
DOFHEGTUND 22CEHERHICB T 227 EH
flic, ZEAEEWVWIE RNz (Fig. 3461 ),

51 AR RO RER% 101 HHORKREE., EH
Tk 178 ik, % H TE 22 {fi{&TdH - 7= (Table 2),
COHBEH, BHOZNZEN 20 AT AR LU ZH
1R THB B, BEHTIEH 2 HARDA 158
R EINTzOICH L, BH T 2 k720 Th-
feo MEHIBICEIMEAIC X BT, ZIEL 0 1 TH
o> 7z (Table 2)o EH T, LA T T 52
L AURHVT 19 ik, GFF 71 A TH > FzDicxf L,
HHTIEAKRIMC 1 AR S NI721 TH o 7z (Table
2), HHTIE, FEAEDMEAIPBELILEEDNSE A
HAZRGDEAICER L T s,

4. BE

£9. EINMSIHLE TCORELY O EAEMBEER
JEIZDWTHATHDIE, ZAV IV INFITALYT
. BEzZ7 7V IVIRTHAREE RS ZHNT., &
MADHEZEEBET 5 & T, BRREIFICXK 25
BYORCAMMEEREN., ZNEN8.3°C. 3342 H
fEEEHEN TS (Wermelinger and Seifert, 1998),
FUEBTETHIY Y YNTE T A LY 2 EHEEE
L7zthzecid, 11.3CE 2433 HETH o7 (FK -
S, 1993), SE DY Y NF 7 A L DFE CHIR O
FELOREINS XD KL, BOMEEREE <
olz (4.6CL 4244 HE ), REREZHATHD L,
ZAN)TYINFIALTIE, 15CT0.021, 20CT
0.035. 25°CC 0.051 (Wermelinger and Seifert, 1998).
HIIYVVYINFIT ALY TIE16CT0.021, 19°C
T 0.024, 22°C T 0.043, 25°C T 0.044 (&K - &5 H
, 1993), SEDOY Y IINF T A LTl 16°CT 0.027,
18°C € 0.030, 20°C € 0.037, 22°C T 0.042, 24°CT
0.045, 26°CT0.050 THh-7ze TNEDMBZEZHSB
EL20CAETERAV Y YNETI ALY, ATR
VYINFIT AL ESBIOYYNFET AL LYORT
FREHEICKEZ A2 ZND, 20°C A ORI T
SRIOYYINFT A LY DHERENHNT EHbH
%, —fKIC, RROFEFIFMBEEO M EREKI D E
HHEORE S DEMNRKEW (A - &, 2001), ZDik
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Relationships between temperature and duration of development (upper figures) and developmental rate (lower figures)
Black circles: the first generation at LD (15:9 L:D); open circle: the first generation at SD (10:14 L:D); black triangle: the second generation at
LD; and open triangle: the second generation at SD. No adults of the second generation emerged from bolts at SD.
Table ] EHFH 1 HRORELOR (T0) LAMEEIRE K
Developmental zero (T0) and effective cummulative temperature (K) of the first generation at LD
. . Ikemoto and Takai £
E‘\'\ =!
JELBRIET) linear regression Ikemoto and Takai method
K (H ) K (HEE)
H[E]) Stage TO (degree TO (degree
(C) days) R’ (C) days) R’
PEIR~P{t Egg - adult eclosion 4.63 424.37 0.99 5.09 412.08 0.92
% (PHMb~MiH) Adult eclosion - adult emergence
47— 4 All data 9.69 193.17 0.83 12.65 140.97 0.98
16, 18°C % % < Exclude data at 16 and 18°C -23.55 650.00 0.90 -23.70 652.24 0.64
2 (FEII~iH) Egg - adult emergence
27 —4 All data 7.80 572.72 0.94 9.83 481.92 0.95
16, 18°C % % < Exclude data at 16 and 18°C -2.83 955.00 0.99 -3.60 983.72 0.51
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Table 2 5 2 HACFHATAEFUEIFAR O HL

Number of adults in- and outside of bolts for the second

generation
KHLD %iHSD
582 7 under bark”
7 A male 46 10
A A female 55 11
M54 sex unknown 6 0
1 dead 52
FLAAIFEL dead outside of bolts 19 1
& total” 178 22

TRHBERA LGN DS EEZLNS,
Thrh U 1 IR OB 20 A E EN D,
"Beetles reentered into bolts might be included.

**Including 20 released beetles of the first generation.

. RERBEDRWEKOMZ H W25 EIOY Y N F
A4 LY Tl 20CRIGORIEK TH 2 1% & FEE»
Stz T—2EH N TWEEEZ DN, TN TY
izl N2 A IV INF T LT ETIYYY
NFIALVEDEREYOLEEKL L, GRHEER
rmdliztEZbN5,

i, EHBEE2REHMICOWVWTHTH
e, SmE. EIWNDDL P TOMM TIEH
NGNS KR TCORERIEN B TA LN,
CTHUCPEIS U T RFEE M T &K T OHERIED
£tz (Fig. 3)o YYNF T ALY EFEETICRICHE
9 % Ips calligraphus Tld. F ADZE A5 KA
HETOMMARARSNTWT, Sal & Ak K5
TORBEENDHEIN TS (Wagner et al., 1987),
COXIBFMMRIKTORBEEILEN T2 16°CL 18°C
DT —=2ZRN LT, BEMRE XC2REE R OF
BEORZRD DB L. SREIERE R E Ikemoto % & &
<A F AL %57 (Table 1), HAMEORH, 2=,
MEORBEL O AUCHET 55 600 flOMEZ X L
M7 (1997) lc & B &, EELEORDY A F A& BB
BNT, 775LY, BZDH5Bb0FNTN1HED
T, HHRTEHD WV, £, ThOHEXATADHE
Yomid, ZNEFN-2.4C, -04°C, -08CTH-7zD
WU (Hie, 1997), S RO ERR A & Tkemoto I
LX5%BUIMORELOHIIZTNETN-23.6CL -23.7
CT. EHEWMORELHHBEETNZN-2.8CL -3.6
C (Table 1) &, ThETHEEINIMEIDEL K
Mmotz, 16°CE 18CHOT—RZFEN LGS, HEX
RN DX HEKIRICZ>T2DiE, 20CH 5 26°CD
HOBBHIMOZENDTN2HTH -7 LICEERNT
% (Fig. 3)o AV IV IYNFI AL T, TR
Wz, ARG 3~5MOINEINZEKT % X THAbM

PR 72 P E B 72 BB T H 9™ % (Dolezal and Sehnal,
2007) YU NF T A LIICEBNT20CLL ETEEE
MAZIEE—TH oDk, EHEIRKADFBEN, 20
CULTHENDRE DR EZZ T RN 2m%T %,

—7J7. E#E & Tkemoto iEDEWICH Z A S
b, KRB TRBBLESASNI-HREHMN & 2REH
BHCDWT, 16°C L 18°CD T — R RN U Tz fEHTIC
X5 R HRE (R2) . EHEEETIEZNZH00.90
£ 099 THo7zh., Ikemoto IETIEZFNZN0.64 &
0.51 &7 b, ERREIFEX D & Ikemoto ED 7 HMEA -
7z (Table 1), CHUCx L, ETOFBIREDHZ ZT
T—RICDNWTHE LN R AREIE. ERE T 0.83
& 0.94, Tkemoto £ T 0.98 £ 0.95 & 7% O, Tkemoto
HEDFTHE L %> 72 (Table 1), Tkemoto i (ZEIREBD
HET— 2k AN EN TS (A - &)
, 2001) TS, RERENAONDZGEDOET —
2 7 F W T2 i #7 © 1 Tkemoto 70 J7 C R E008 & <
Toltt&EZAbN5B,

K, HEZHBEPHROENEFRBEIIDODWTHAT
HBH L., HEDEMNNSILE TOWMICHEL &
W ERRASVIYINFIALALYTHENTVS
(Dolezal and Sehnal, 2007), ChiZ. ZEDOY YV INF
TJALYERUTH- 7 (Fig. 3£ L), ZD R, ¥
I 5 PUE £ TOHMICIEHAARIC BN TE EN R
TEW, SRYDTHLENEE o7 (Fig. 3£ E). &
o, BBHME HE MR 5 DO@EEREZ TN
EH. SRS THL Lk o> (Fig. 3 1k |), H
L., FE2MREOTCREBEIHALNE-T=DT, %
BHMOT— 2350, E@REHBICOVWTE., 21
VIXYYNFT ALY TR, BEH N TS L%
B R1I0% DA LDBE LAV, 215 10% D
MEOIHEEHIZEAN FEFEUTHE T ENHENT
W% (Dolezal and Sehnal, 2007), Zid. v F7o
A LYVE I ERORFEEH/D., EHTEEHTTH
CTholtbw iR (Fig. 34 L) &—HT %,

RBIC, FHEERRICOWTHRTH B &, Schopf
(1989) > Dolezal and Sehnal (2007) &. B H FTX A
VIXINFETAL LT EEAETZ L. #90% D
. BHEAORHE BRI NGl b, &
FERER L T3 &I L7z, 2 DOWT, SRy
YNFTALYTE 22CTHE 1 HREZHFE LIZALKD
HIMEFIC, MHTOIKTEHTFOIARKD &AL
B Diz ., BE NIV AN Z W E BT N
e, BH FOIKTIEE L DO—FHMNHIFIEL TNT,
R AL E R Z 5 NEh o DO THH R L& g §E 7
TFT=RE/BZENTE Aotz i, 2RO
WHFRCTR, REICAE->ZDEDI 2Kk T, Bt
IR T NG, AR T TAGEKRIRL TV
fzlkEZ5N% (Table 2), TDOXK I, FENIFHFEHS
TERCOBHEIRMOBIZRIC X 2 IKIROEHEE A T E
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Tho e, HMHTTHE LEE 1 2 ALRICZEA
SETEHWTHLERET ST LT, FLA DMK
MANIREICH > T2 T L ZHSMNICTE 2, Thbb,
2 MROBMMAE THH TORBEDEHICEERE
LDk o7z (Table 2) DX, FHFTHERELIZDOD
FHTICRENTZRRE, ARICEALTEHMEALD
KO RYIEZ IS 121 T, 13 & AL DK BT
KBSz iU, EHKRIRL Tz E
AbNb, £z, HHFOANEH FXD &IETHEA
BN DEh-TzDF, MENTRBEPHERED E B
HENEE FTEILLTED, BHFHZ LAV TY
Telcd, HEEN DR, ERTEREEZADBN S,
AT INEF T ALY TR, BHARIROERH
EWFHXSENTWS, Schopf (1989) 1. A—ZX kY
7 OEEEEZ 20C T THE L. 12L 25 16L DI
S HEMNSH % & Lz, Dolezal and Sehnal (2007)
FESIKKDHLLLIAEL, F 2 aOEKEETIZ 20CT
DOEFRAEN14TL TH BT xR Ui, Fi, 23C
DETIE12L TH> TERIRLIZNT &R, FHEEHE
MN20CTH->TH 26CE 13 COEWSEM N T 13L
THERIRLAEVWZ EERL, BRARAERZKEICK -
T&£IdT % &IPS MIC LK% (Dolezal and Sehnal,
2007) TD FE. AUz —FT YOMAEKEETIX. 20°C
I8L THARIRT BT &R /RL, MELHAAORICHE
95T L&IASMIC LI (Dolezal and Sehnal, 2007).
Fio, BUSHIX 3y mh 5B ERO RO H
Zh., WEHIC 6 HIEFE HICE W22 TIEIRIE L 72 v
(Dolezal and Sehnal, 2007), 4 [al, JLiEE OV Y INF
U ALY T, 22°CRTIOL & I5SL OMICHAHE
MHBT ehbholz, 5. REIC XS ML
b7z PAT HICid. RIREEEIC DWW T O K O BRI
RHE. HAHEANOXR - #EDOFE, BXUH
EOBISHZIMNNZH0END %,

G

AtBR 2 FE L U T 72 720 Fe b e A B R 4 8
ANEMHERICERHT %, B ZTERTTVIE
U7z Atlantic Forestry Center, Canadian Forest Service
@ Dr. Robert Johns ICEH T 2., Zmd6. AW R
IKFERMN BB T 0y 2 7 b TEMKESBHICET
% M ER I BE 1L 0 5. 0 72 &b 0D F% A1 S U 38 i 2 18 D Bl 7
DK 32T TIT > T
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Differential responses to a-pinene of two horntail wasps,
Urocerus antennatus and Xeris spectrum (Hymenoptera: Siricidae)

Takeshi MATSUMOTO"" and Shigeho SATO"

Abstract

Horntail wasps carrying the symbiotic fungus Amylostereum laevigatum discolor the wood of conifers by
infesting it with the fungus at the time of oviposition. Since wood discoloration cannot be distinguished before the
wood has been cut, it is a serious economic problem for foresters. It is important to understand the mechanisms
involved in oviposition preference by investigating volatile constituents from host plants and behavioral
characteristics of the insects. Therefore, we conducted an olfactometer-based bioassay using two species of horntail
wasps (Urocerus antennatus and Xeris spectrum) to examine their response to a-pinene, which is a major component
widely distributed in conifers and which attract for female U. japonicus. In the present study, a-pinene attracted
female X. spectrum, but not U. antennatus. These results suggest that U. antennatus was attracted by other conditions
of the host trees that were utilized by U. japonicus and X. spectrum.

Key words : a-Pinene, attraction, horntail wasps, host selection, olfactometer, volatiles

Introduction

The Japanese horntail (Urocerus japonicus Smith)
and the Pine horntail (U. antennatus Marlatt) are two
species of wasps (Hymenoptera: Siricidae) that cause wood
discoloration of Japanese cedar (Cryptomeria japonica)
and hinoki cypress (Chamaecyparis obtusa) through
the transmission of the symbiotic fungus Amylostereum
laevigatum (Tabata and Abe, 1997, 1999), which infects
the wood when female horntail wasps oviposit in the trunk
(Okuda, 1989; Fukuda, 1997). It was recently elucidated
that the discoloration of Cr. japonica and Ch. obtusa
induced by siricid wasps occurs widely throughout Japan
(Okuda, 1985; Sano, 1992; Miyata, 1999). The market price
of discolored wood is much lower than normal, inflicting
considerable economic damage on foresters (Fukuda, 1997,
Tabata and Abe, 1997; Fukuda and Maeto, 2001). Therefore,
it is necessary to understand the mechanisms involved in
the behavior and habits of horntail wasps, and to prevent
these insects from causing damage.

On the other hand, Xeris spectrum Linnaeus
(Hymenoptera: Siricidae) carries neither symbiotic fungi
nor mycangia. X. spectrum oviposits in wood in which
other horntail wasps have oviposited and introduced the
symbiotic fungus, so the life cycle of X. spectrum is a kind

of social parasitism using the symbiotic fungi of other

JRfRsZAF 2R 24 451 H 19 H Received 19 January 2012

horntail wasps (Fukuda, 1997; Fukuda and Hijii, 1997).

Horntail wasps are classified as secondary wood-
feeding insects (Knight and Heikkenen, 1980), which can
attack and utilize only weakened, stressed or freshly cut
trees as their hosts. In general, secondary wood-feeding
insects utilize the characteristics and specific secondary
volatile constituents emitted from weakened and/or stressed
trees, and when trees are cut down (Haack and Slansky,
1987; Hanks, 1999). To elucidate the mechanisms of
damage by the pest insects and prevent such damage, it is
important to determine the specific volatile constituents
emitted from the hosts and investigate the functions of the
volatiles. Alpha-Pinene in terpenoid compounds is a major
characteristic component widely distributed in conifers,
and is used as a kairomone by horntail wasps that utilize
conifers as their host plants. Sato and Maeto (2006), using
adhesive traps in field tests, reported that a-pinene attract
for female adults of U. japonicus.

To investigate the volatile constituents from host plants
and the behavior of insects, it is important to develop
appropriate methods for bioassay (Kennedy, 1977; lkekawa
et al., 1984), because this can reveal the insects’ responses
induced by volatile constituents and clarify the relationship
between the bioactive substances emitted from the hosts

and the habitual behaviors of the insects mediated by the
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chemical cues. In general, bioassay is conducted using an
olfactometer in order to investigate the insects’ responses
to volatile constituents. This usually involves a dual-choice
type olfactometer to measure the insects’ sensitivy to
volatile constituents (Ikekawa et al., 1984). To estimate the
detailed responses to volatile constituents, it is important to
set up the equipment according to the behaviors and habits
of the insect. In particular, highly accurate equipment is
required for the olfactometer bioassay of horntail wasps,
because it is difficult to obtain many adult wasps from the
host trees.

In our earlier study, we used a dual-choice olfactometer
created for horntail wasps and demonstrated that a-pinene
attracted U. japonicus females (Matsumoto and Sato, 2007).
However, it was not known if other horntail wasp species
were also attracted to a-pinene in the olfactometer. Thus, in
this study, we conducted an olfactometer-based bioassay to
investigate the responses of U. antennatus and X. spectrum
to a-pinene, and compared the results with those for U.

Jjaponicus.

Materials and Methods

Insects. Adult horntail wasps were collected from the
logs of trees that were felled in February 2005 in a stand
of Ch. obtusa in Kami City, Kochi Prefecture. The felled
trees were left on the ground of the original stands for about
one year to allow horntail wasps to oviposit. The tree logs
were then hauled to Shikoku Research Center, Forestry
and Forest Products Institute in Kochi City. The logs were
cut into lengths of 1 m and placed in outdoor cages. Adult
horntail wasps (U. antennatus and X. spectrum) emerging
from the logs were collected daily during the summer of
2006. Unmated females which did not coexist with males
in the cages were used for the olfactometer bioassay within

one day after they emerged.

Charcoal tube J— '

eter
Chamber

Wash bottle

“®)

Olfactometer attraction method and attractant
sample. We used a T-shaped dual-choice olfactometer,
which was created for adult U. japonicus as shown in Fig.
1 (Matsumoto and Sato, 2007). The olfactometer consists
of T-shaped branched tubes (32 mm in diameter), and
glass chambers (85 mm in diameter, 130 mm in height) in
which to place samples. The T-shaped tubes consisted of
a branched part (200 mm in length), a junction part and
an introduction part (200 mm in length). The airflow (4
L/min) was regulated by a flow meter with needle valve
connected to each branch, was purified by passing through a
charcoal tube, and then was humidified by passing through
a wash bottle filled with distilled water. The airflow was
separated equally at the Y-shaped joint to pass through each
chamber in which a sample was placed. During the test,
the introduction part was covered with aluminum foil to
prevent the entry of light. The tests using the olfactometer
were conducted at a temperature of 26 °C, under luminance
of ca. 600 lux and relative humidity of the airflow in the
olfactometer of ca. 85 %.

A sample of the attractant was placed in the glass
chamber and air was flowed for 5 min for conditioning.
After the conditioning, an unmated female was gently
introduced into the end of the introduction part (Fig. 1).
Each test was conducted for 5 min, and finished when
the wasp reached the terminal of the branched part (Fig.
1). A wasp that did not make a choice within 5 min was
recorded as a non-responder. The procedure was replicated
30 times per female within 150 min by assigning chambers
in randomized locations and the number of trials of each
female was counted. Both horntail wasps (U. antennatus
and X. spectrum) were assayed using 10 females.

A bottle (40 mm in diameter and 80 mm in height)
with six holes (each 1 mm’ in area) was used as a volatile

dispenser. Two grams of cotton and 1 ml of (-)-a-pinene

Horntail wasp female

e
.
A) =Py

Airflow (4 L /min)

Branched parts

Introduction part

Junction part

Fig. 1.

Schematic diagram of the T-shaped olfactometer used for testing the olfactory responses of horntail wasps.

branched parts, junction part and introduction part were all 32 mm in diameter. Horntail wasps could move from
the end of the Introduction part (A) to each terminal of the branched part (B) or (B’ ). This figure was modified

from Matsumoto and Sato (2007).
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Differential responses to a-pinene of two horntail wasps, 53
Urocerus antennatus and Xeris spectrum (Hymenoptera: Siricidae)

(purity 95 %; Wako Pure Chemical Industries, Ltd.) were
inserted in the bottle, which was then placed in one chamber
of the olfactometer. As a control, a bottle without a-pinene

was placed in the other chamber.

Results and discussion

The attraction responses of the two horntail wasp
species are shown in Fig. 2. In this olfactometer-based
bioassay for horntail wasps, female U. antennatus were not
attracted to a-pinene (Fig. 2). The number of trials of female
U. antennatus to o-pinene was 13.6 £ 3.04 (SD) and that
of the control was 16.4 + 3.0 (Wilcoxon signed-rank test,
df =9, P =0.10). This suggests that female U. antennatus
utilize different volatile components to recognize their
host plants. It is also possible that a high concentration
of a-pinene in the airflow of the olfactometer prevented
attraction to a-pinene, or that female U. antennatus prefer
different conditions for their host trees. The concentrations
of a-pinene in the atmosphere of the plantation of Cr.
japonica and Ch. obtusa were much lower than that in the
airflow of the olfactometer (Matsumoto, unpublished data).
To estimate the attraction response of U. antennatus, it is
important to use different concentrations of a-pinene in the
olfactometer. In addition, an adhesive trap test should be
conducted in the field using a-pinene as an attractant.

Alpha-Pinene significantly attracted female X. spectrum
(o-pinene, 21.8 + 2.14; control, 8.0 = 2.02, Wilcoxon
signed-rank test, df = 9, P < 0.001; Fig.2). Female adult X.
spectrum have no substantial symbiotic fungi or mycangia
in their bodies, and have a characteristic life cycle in
which they oviposit on host trees already inoculated with
the Amylostereum fungi by other horntail wasps (Fukuda,
1997; Fukuda and Hijii, 1997). Thus, the host preference of

X. spectrum would be strongly dependent on that of other

Control (no attractant) a-Pinene

ns

Female U. antennatus

* % %

anll g

30 20 10 0 10 20 30

Number of trials of horntail wasps

Female X. spectrum

Fig. 2. Olfactory responses of female adults of two
horntail wasp species, U. antennatus and
X. spectrum, to o-pinene according to the
olfactometer. *** P < (0.001; ns, not significant
by Wilcoxon signed-rank test, n = 10.
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horntail wasps. Female X. spectrum search for and choose
a host tree already used for oviposition by another species
of horntail wasp; therefore, female X. spectrum utilize not
only a-pinene but also the characteristic specific secondary
volatile constituents emitted from the host tree oviposited
by other horntail wasps.

We previously reported that a-pinene attracted female
U. japonicus under the olfactometer (a-pinene, 23.1 + 1.52;
control, 6.9 + 1.52, Wilcoxon signed-rank test, df =9, P <
0.001; Matsumoto and Sato, 2007). Thus, the response to
a-pinene as the component widely distributed in conifers
was clarified for three major horntail wasps that utilize
Cr. japonica and Ch. obtusa as a host plant. Since horntail
wasps are secondary wood-feeding insects (Knight and
Heikkenen, 1980), they would utilize not only the structural
constituents like a-pinene but also the characteristic
secondary volatile constituents emitted from the host to
correctly identify their host plants, which mainly consist
of weakened and stressed trees (Haack and Slansky, 1987;
Hanks, 1999). Sato et al. (2004) reported the oviposition
preference of U. japonicus was not related to the diameter
of the host tree or the moisture content of the wood, but was
strongly related to an unknown factor. It is possible that the
unknown factor is the volatile constituents emitted from the
trees.

The present experiments using the olfactometer
revealed that female X. spectrum as secondary wood-feeding
insects utilize a-pinene as a secondary volatile constituent
emitted from the host tree, but female U. antennatus do
not. Bioassay using the olfactometer for horntail wasps can
reveal the responses of the horntail wasps to other volatile

constituents.
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Screening of lignocellulolytic enzyme producers: enzyme system
from Aspergillus tubingensis for hydrolysis of sugi pulp

Tomoko SHIMOKAWA"", Hajime SHIBUYA", Mitsuro ISHIHARA,
Muneyoshi YAMAGUCHI", Yuko OTA?, Kazuhiro MIYAZAKI”,
Tsufomu IKEDA?, Kengo MAGARA® and Masanobu NOJIRI"

Abstract

Lignocelllulolytic enzyme activities from some wood decay fungi were screened for the effective hydrolysis
of sugi (Cryptomeria japonica) pulp. The cellulolytic fungi were first screened using agar plates containing AZCL-
HE-cellulose. In addition to the Trichoderma species, Grammothele fuligo, Aspergillus tubingensis, and Pycnoporus
coccineus showed greater filter paper-degrading activity under subsequent screening under solid-state fermentation.
A. tubingensis KRCF 700 produced remarkable amounts of lignocellulolytic enzymes that include endoglucanase,
B-glucosidase, mannnanase, xylanase, B-xylosidase, and filter paper-degrading activities. Among the tested strains, the
highest synergy between cellulase preparation and the crude extract against sugi pulp hydrolysis was achieved when
the extract from A. tubingensis KRCF 700 was used, followed by Aspergillus niger NBRC 31125. The diversity of the
lignocellulolytic enzyme system from A. tubingensis might lead to the effective synergy with cellulase system from 7.

reesei.

Key words : screening, cellulase, saccharification, solid-state fermentation, Aspergillus tubingesis

Introduction

Sugi (Cryptomeria japonica) is widespread bioresourse
that need further promotion for effective use. In our
previous research, though sugi wood has higher lignin
content and less carbohydrate content compared to
cucalyptus wood, both had almost the same hexose content
(about 60%). The hexose content of sugi pulp was around
90% after alkaline soda cooking (Ikeda et al., 2007).
Alkaline pulping is a widely used pretreatment method
to achieve increased enzymatic accessibility (Hendriks «
Zeeman, 2009). Since the enzymatic hydrolysis of woody
lignocelluloses is gaining increased research attention due
to its immense potential for transformation into fermentable
sugars, the supply of highly active, inexpensive cellulolytic
enzymes is indispensable in developing an economically
feasible biotechnical process (Jorgnesen et al., 2007;
Wyman, 2007).

The well-known cellulolytic fungus Trichoderma
reesei (Hypocrea jecorina) produces a powerful cellulase
system mainly composed of cellobiohydrolase (EC
3.2.1.91), endoglucanase (EC 3.2.1.4), and B-glucosidase
(EC 3.2.1.21) with synergism (Woodward, 1991; Beguin

JERAZAT SRR 23 4210 H 5 H Received 5 October 2011

* Aubert, 1994; Baldrian ¢ Valaskova, 2008). However,
the amount of B-glucosidase in the Trichoderma cellulase
system is reported to be lower than that needed for the
efficient saccharification of lignocelluloses (Holtzapple
et al., 1990; Xiao et al., 2004). Genome sequencing of H.
jecorina (T. reesei) has revealed that it contains less cell
wall-degrading enzymes when compared to some fungal
genes (Martinez et al., 2008). Since the saccharification
process of lignocelluloses is too complicate to overcome
the recalcitrance of substrates, using a cocktail of different
cellulolytic enzymes might be an effective way for complete
biomass saccharification with reduced amounts of enzyme
preparation (Buaban et al., 2010; Andrié et al., 2010).
The screening of cellulolytic microorganisms existing in
nature remains important from the standpoint of industrial
development and biodiversity surveys.

In this study, cell wall-degrading enzyme activities
from some wood decay fungi were analyzed for the effective
hydrolysis of sugi pulp. The cellulolytic microorganisms
were first screened and isolated using agar plates containing
AZCL-HE-cellulose. The strains gave larger halos on the

plates were further screened under solid state fermentation
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(SSF) for the ability of enzymatic saccharification of

alkaline-treated pulp from sugi

Materials and methods

AZCL-HE-cellulose and reduced 1,4-B-D-mannan were
obtained from Megazyme. Carboxymethyl cellulose (CMC)
sodium salt (low viscosity type) was obtained from Sigma-
Aldrich. Soluble xylan was prepared from birchwood
xylan (Fluka, Buchs, Switzerland). Sugi pulp was prepared
by soda-anthraquinone cooking followed by oxygen
bleaching (Ikedad et al., 2007). To determine the relative
sugar composition of the pulp, corresponding neutral
monosacccharides in the acid hydrolyzates were analyzed
by high-performance anion-exchange chromatography
with a pulsed amperometric detector (HPAEC-PAD;
Dionex) equipped with a CarboPac PA1 column. The
monosaccharides were eluted with 1 mM NaOH containing
0.3 mM acetic acid at 30 °C at a flow rate of 1 ml/min.
The relative sugar composition analysis of sugi pulp
showed 82% glucose, 7.3% mannose, 9.3% Xylose, 0.9%
galactose, and 1.0% arabinose (mol%). The klason lignin
content of sugi pulp was 8.18%. The cellulase preparation
Accellerase 1500 was provided by Genencore Co., Ltd. (42
FPU/ml; Filter-paper degrading activity (FPase), 55 U/ml;
B-glucosidase activity, 480 U/ml).

Soil samples were collected from different locations in
Japan for the isolation of cellulolytic microorganisms. The
isolated microorganisms were maintained on PDA plates.
From the destructive fungi collection in Japanese edible
mushroom industry, maintained in the Kyusyu Research
Center of FFPRI (KRCF strains), 26 strains were selected
for the screening of cellulolytic activity. From the collection
of wood decay fungi, maintained in the microbial ecology
laboratory in our institute (WD strains), 79 strains obtained
from Japanese forests were selected for the screening. Some
isolated fungal strains with high cellulase activity were
identified by BLAST (28S rDNA-D1/D2) by Techno Suruga
Lab. Co., Ltd. (Shizuoka, Japan).

The plate with the AZCL-HE cellulose consisted of
1.0% CMC, 0.1% polypeptone, 0.3% yeast extract, 0.1%
KH,PO,, 0.05% MgS0O,*7H,0, 0.1% AZCL-HE-cellulose,
and 2.0% Agar. Kanamycin 25 mg/L and chloramphenicol
34 mg/L were added to inhibit bacterial growth. Serial
dilutions of each soil sample were prepared with sterilized
distilled water, and 0.1 ml of diluted solution was spread on
the AZCL-HE-cellulose plate, then incubated at 28°C. The
isolated colonies were maintained on the PDA plates. As for
maintained strains (NBRC, etc.), a 6-mm diameter mycelial
mat of the strains grown on the PDA plate was inoculated

on the AZCL-HE-cellulose plate to discern cellulolytic

activity.

The solid medium for SSF was composed of 10%
rice bran and 90% wheat bran. The moisture content of
the medium was adjusted to 70%, and then 10 g of the
moisture-adjusted substrate was autoclaved (121°C, 20
min) in a 100 ml Erlenmeyer flask. A 1-cm? mycelial mat
grown on a PDA plate for 2-3 weeks was crushed in 1 ml of
sterilized water using a multi-beads shocker (Yasui Kikai,
Japan). The crushed solution was inoculated in the flask
under sterile conditions. The culture flask was placed in
the incubator in the dark, at a temperature of 28°C, and at
a humidity of 60% for three days. After incubation, 15 ml
of 50 mM sodium citrate buffer (pH 4.8) was added to the
flask, and then the medium was homogenized using a handy
homogenizer. The supernatant after centrifugation was used
as a crude enzyme extract.

FPase activity was determined by measuring the
increase of reducing sugars from the hydrolysis of filter
paper No. 1 (Whatman 1001-813, 2.6x3.1 cm, about 70
mg) using the 3,5-dinitro-salicylic acid (DNS) method
(Miller 1959) with glucose as the standard. The reaction
mixture consisting of 40 pl of enzyme extract, 910 pl of
50 mM sodium citrate buffer (pH 4.8), 550 pl of distilled
water, and one piece of curled filter paper was incubated
in a test tube at 50°C for 1 h under continuous shaking.
One unit (U) of enzyme activity was defined as the amount
of enzymes required to liberate the equivalent of 1 pmol
of reducing sugar per min. Endoglucanase (CMCase),
xylanase, and mannanase activity was assayed using
CMC, soluble birchwood xylan, and reduced 1,4-B-D-
mannan as substrates, respectively. B-Glucosidase and
B-xylosidase activity was assayed by measuring the
amounts of p-nitorophenol liberated from p-nitrophenyl-f-
D-glucopyranoside and B-D-xylopyranoside, respectively,
as described previously (Shimokawa et al., 2007).

Wet sugi pulp was used to measure saccharification
yields. The moisture content of the pulp was 66.72%. The
reaction mixture consisted of 25 mg (dry weight) of pulp
and 100 pl of the crude extract for sugi pulp hydrolysis in
a 1 ml 50 mM sodium citrate buffer pH 4.8. The mixture
was incubated at 50°C for 24 h with continuous shaking,
and the reaction was stopped by heating the mixture at
100°C for 5 min. The amounts of liberated reducing sugars
were measured using the DNS method with glucose as
the standard. The saccharification yield was calculated
from the weight of polysaccharides in the substrates. The
results were expressed as the means of three experiments.
In additional experiments with sugi pulp saccharification,
cellulase preparation (Accellerase 1500, 10 FPU/g) was

added to the reaction mixtures. Degree of synergies were
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evaluated by the determining the ratio of reducing sugar
levels produced by the combination of the enzymes (crude
enzymes containing Accellerase 1500) to that produced by

the separate reactions.

Results and discussion

CMC was used as a carbon source for the AZCL-
HE plate because it dissolved readily in water and the
solution was transparent, which was helpful for the visual
assessment of the halo zones. More than 90 fungal or
bacterial strains were isolated from the Japanese soil
samples using AZCL-HE plates. All the isolated strains
were tested for their ability to produce FPase as an index
of cellulolytic enzyme activity under SSF. The species of
the 12 strains exhibited greater activity were identified by
BLAST. They were assigned to be Hypocrea (Trichoderma),
Aspergillus, and Penicillium species. These species have
been recognized as excellent cellulolytic enzyme producers,
and many commercial cellulase preparations are made from
T. reesei and A. niger (Cherry « Fidantsef, 2003).

All the 26 strains picked up from the destructive
fungi collection in Japanese edible mushroom industry
were tested for their FPase activity under SSF. The 17 of
the 26 strains belonged to the Hypocrea (Trichoderma)
species: T. harzianum (11 strains), T. atroviride (2), T.
cf. stramineum, T. pseudokoningii, T. longibranchiatum,
and 7. virens. The rest belonged to P. brebicompactum,
P. fellutanum, P. cf. paneum, P. expansum, Spicellum
roseum, Cladobotryum varium, Gliocladium viride, A.

Sfumigatus, and A. tubingensis. Among the wood-decaying

fungi (WD), 79 different strains were screened on the
AZCL-HE plates. The tested WD strains, selected for their
rapid growth and potential for wood deterioration, were:
Abortiporus biennis, Antrodia multipapillata, Antrodia
multipapillata, Antrodiella semisupina, Bjerkandera adusta,
Bondarzewia montana, Castanoporus (Cystidiophorus)
castaneus, Ceriporia viridians, Ceriporiopsis aurantitinges,
Cerrena unicolor, Climacocystis borealis, Climacodon
septentrionalis, Coniophora puteana, Coriolopsis
glabrorigens, Cyclomyces fusca, Daedalea aurora,
Daedaleopsis conchifomis, Datronia stereoides, Dichomitus
squalens, Diplomitoporus lindbladii, Echinochaete ruficeps,
Echinodontium japonicum, Fistulina hepatica, Fomes
fomentarius, Fomitopsis palustris, F. rosea, F. spraquei,
Ganoderma lucidum, Gloeophyllum odorum, Gloeoporus
dichrous, Gloeostereum incarnatum, Grammothele
fuligo, Grifora frondosa, Hapalopilus croceus, Hericium
erinaceum, Hexagonia tenuis, Hydnochaete tabacinoides,
Irpex lacteus, Ischnoderma resinosum, Junghuhnia nitida,
Laccocephalum hartmanii, Lenzites betulina, Melanoporia
castanea, Meripilus giganteus, Merulius tremellosus,
Microporellus nanus, Mycoleptodonoides aitchisonii,
Nigroporus vinosus, Oxyporus cuneatus, Paratrichaptum
acculatum, Perenniporia fraxinea, Phaeolus schweiriitzii,
Phanerochaete chrysorhiza, Phanerochaete chrysosporium,
Phellinus igniarius, Phlebia strigoso-zonata,
Physisporinus vitreus, Piptoporus betulinus, Polyporus
arcularius, Porodisculus pendulus, Protomerulius
caryae, Pulcherricium caeruleum, Pycnoporellus fulgens,

Pycnoporus cinnabarinus, P. coccineus, Rigidoporus

Table 1. Lignocellulolytic enzyme activities in the crude extracts from
screened and controlstrains. Mean values = SE (n=3) are given.

Activity (U/ml)
FPase CMCase B-Gluco Mannanase Xylanase B-Xylo
sidase sidase
3 days 6 days 3days

Aspergillus tubingensis KRCF 700 0.80+0.08 0.9610.07 1.06+0.24 1.6010.45 4.81£0.50 5.85+0.52 3.06+0.35

Grammothele fuligo WD 844 1.31£0.28 0.20+0.03 0.68+0.07 0.07+0.03 1.34+0.84 0.87+0.46 0
Perenniporia fraxinea WD 1518 0.4240.19 0.710.03 1.4240.12 0.6240.15 0.70£0.21 5.58+0.18 0.11£0.05
Phanerochaete chrysosporium WD 1416 0.67£0.10 0.8620.10 1.2440.17 0.7610.16 1.15£0.36 3.89+1.05+ 0.14£0.02
Pycnoporus coccineus WD 2263 0.93+0.08 0.27+0.05 0.95+0.27 0.79+0.16 1.181+0.36 1.64+0.37 0.01£0.05
Trichoderma harzianum KRCF 131 0.49+0.08 0.35+0.09 1.4840.19 0.8810.45 2.87£0.35 5.76+0.84 0.50+0.06
Trichoderma sp. Oga-16 1.1240.13 1.19+0.17 1.34+0.40 1.11+0.28 2.8610.42 7.00£0.40 0.29£0.11
Trichoderma sp. Sh-3 0.90+0.09 0.8910.13 1.43£0.13 0.80+0.20 2.80+0.35 5.7240.12 0.65£0.18
Trichoderma sp. Sh-8 0.98+0.08 0.90+0.19 1.4740.25 1.04+0.39 2.5240.11 5.29+0.11 0.72+0.20
Trichoderma sp. Sh-23 0.54%0.13 0.0110.02 0.70+0.27 0.1140.03 1.02+0.29 3.00£0.75 0.1240.04
Trichoderma reesei NBRC 31329 1.3440.15 0.6240.13 1.03+0.03 0.2140.12 1.274£0.22 6.06+0.50 0.51+0.14
Aspergillus niger NBRC 31125 0.68+0.07 0.7610.11 0.77+0.21 2.85+0.71 2.66£0.75 5.23+0.35 1.47£0.39
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cinereus, Skeletocutis nivea, Spongipellis delectans,
Steccherinum ochraceam, Stereum hirsutum, Theleporus
calcicolor, Tinctoporellus epimiltinus, Trametes conchifer,
T. elegans, T. versicolor, Trechispora mollusca, Trichaptum
biforme, Tyromyces chioneus, Wolfiporia cocos, and
Xylobolus annosus. After three days of cultivation at 28°C,
23 strains did not produce visible halos on the plates. Most
of the strains did not show good growth on the plates at
28°C, suggesting mismatched growth temperature or a lack
of CMC utilization ability as a carbon source. Fifteen strains
that showed large halos with vigorous growth on the plates
were further screened under SSF. The first-screened WD
strains belonged to A. biennis, B. adusta, C. aurantitinges,
G. fuligo, I. lacteus, M. tremellosus, M. nanus, P. fraxinea,
P. chrysosporium, T. epimiltinus, T. conchifer, and T.
mollusca. There are few reports about cellulase production
by C. aurantitinges, G. fuligo, T. epimiltinus, T. conchifer, T.
mollusca, and M. nanus.

Among the approximately 200 isolated strains, 10
strains that showed higher FPase activity under SSF were
selected for further research (Table 1). The strains named
Oga-16, Sh-3, Sh-8, and Sh-23 were screened from soil
samples. The amounts of FPase activity after three and six
days of cultivation were shown with 7. reesei NBRC 31329
and A. niger NBRC 31125 (Hong et al., 2001) as control
strains. 7. reesei showed the highest FPase activity and
G. fuligo WD 844 was comparable with that of 7. reesei
NBRC 31329 after three days of cultivation. However,
the FPase activity from G. fuligo decreased more rapidly
during the three to six days. The FPase activity from P.
coccineus also decreased during the three to six days of
cultivation. A. tubingensis KRCF 700 showed higher FPase
activity than that of 4. niger NBRC 31125. Although
many lignocellulolytic enzymes, including CMCase (Seo
et al., 2003) have been reported from A. tubingensis, very
few studies have reported their filter paper-degrading
activity. When KRCF 700 was cultured in a liquid medium
containing 0.5% a-cellulose as a carbon source, no
remarkable FPase activity was detected though the control
strain 7. reesei NBRC 31329 showed apparent FPase
activity during two weeks of cultivation (data not shown).
Endoglucanase (CMCase), B-glucosidase, and hemicellulase
activities from the selected strains are also summarized
in Table 1. Two Aspergillus species (NBRC 31125 and
KRCF 700) exhibited high B-glucosidase, B-xylosidase,
mannnanase, and xylanase activity. In particular, KRCF
700 was an excellent mannanase and f-xylosidase producer.
Since G. fuligo, P. flaxinea, and P. coccineus are not
well-characterized cellulolytic fungi, this study offers

considerable information about their cellulolytic enzymes.

Among the tested strains listed in Table 1, both KRCF
700 and NBRC 31125 showed the highest saccharification
yields of 12.2%, followed by NBRC 31329 (11.0%), when
sugi pulp was hydrolyzed with only the crude extracts (Fig. 1).
Hydorolysis of the sugi pulp with commercial cellulase
preparation Accellerase 1500 (10 FPU/g) alone resulted
in a saccharification yield of 36.5%. The highest synergy
between cellulase preparation and the crude extracts on the
pulp hydrolyses was achieved when the extract from KRCF
700 were used (degree of synergy was 1.21), followed by
NBRC 31125 (degree of synergy was 1.10). The crude
extract from 7. reesei NBRC 31329 could not show the
apparent synergy effect with cellulase preparation from 7.
reesei (degree of synergy was 0.98). The enzymatic reaction
with Accellerase 1500 and the crude extract from KRCF
700 resulted in a saccharification yield of 58.7% on the
hydrolysis of sugi pulp. A number of studies revealed that
the enzyme system of Aspergillus sp. is excellent for an
enzyme cocktail for the efficient cooperative hydrolysis of
lignocellulosic biomass, in most cases to offset a shortage
of B-glucosidase (Tengborg et al., 2001; Xiao et al., 2004).

100 1.4
) A |12
o 80 - A >
— -1 2
> - o
5 o0 <
e (7]
S 'S
£ 401 é ﬁ @
l: T T m
£ 2
Q 20 -
9 g B
(7))
0 - -0
NBRC NBRC KRCF
31329 31125 700
Fig. . Hydrolyses of sugi pulp by crude extracts and

cocktail enzymes. Saccharification yields of sugi
pulp hydrolyzed with the crude extracts alone
(black bar) and that hydrolyzed with the cocktail
enzymes consisting of crude enzymes and
cellulase preparation (gray bar) are shown. Line
in the figure represents saccharification yield
gained by cellulase preparation alone. Degree
of synergies (A) were evaluated by determining
the ratio of reducing sugar level produced by the
combination of the enzymes to that produced by
separate enzymes.
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However, the amount of B-glucosidase activity was the
highest in the extract from NBRC 31125 in this study. When
compared with NBRC 31125, KRCF 700 produced much
higher levels of the lignocellullolytic enzymes: FPase,
CMCase, mannnanase, xylanase, and f-xylosidase. The
diversity of the lignocellulose-degrading enzyme system
from KRCF 700 might lead to the most effective synergy
with cellulase preparation. In addition, Decker et al. (2001)
have reported the multiplicity of B-glucosidase from A4.
tubingensis with respect to substrate specificity, glucose
inhibition, and acid tolerance, which broaden out a variety
of substrates by taking advantage of the synergistic action of
the distinct enzymes. Moreover, an on-site-produced crude
enzyme from KRCF 700 in this study showed considerable
amounts of FPase activity, and to our knowledge this is
the first report to show FPase activity from A. tubingensis.
These findings reinforce the superiority of the enzyme
system from 4. tubingensis. The strain KRCF 700 was
a good producer of helpful lignocellulolytic enzymes
under SSF and may be used for possible biotechnological

applications.
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& ¥R (Note)

EFRBEL/ R 7OERAVINSF I+ /NI
Mycetophila ishiharai Sasakawa ( # B+ / J/\I#})

At B R L e

Mycetophila ishiharai Sasakawa (Diptera: Mycetophilidae), new pest of
Flammulina velutipes cultivated on artificial medium

Masahiro SUEYOSHI" and Yasuaki MURAKAMI?

Abstract

A new insect pest of Flammulina velutipes of artificial medium, Mycetophila ishiharai Sasakawa, 1994 (Diptera,
Mycetophiidae), is recorded from Oita Prefecture, Japan. It is distinguished from M. ruficollis (Meigen, 1818) and M.
dististylata Sasakawa, 1964, known as pests of F. velutipes, as follows: posterior end of subapical dark marking of wing not
reaching to vein M,, or interrupted at cell m, as indistinct marking; apical margin of wing entirely hyaline, without dark
markings; mid tibia with 2 ventral setae. The larvae of this species infested the cultivated F. velutipes in the Oita Prefecture.
We suggested necessity of developing a control method of this mycetophilid species at the cultivating house of F. velutipes and
a possibility of utilization of chemical components of Arisaema serratum (Araceae) which the adults of this pest species visit

female flower, as a cue lure.

Key words : Araceae, Arisaema, fungi, Mycetophila dististylata, Mycetophilinae, Tricholomataceae

BL®IC

I/ &2 Flammulina velutipes (Curt. Fr.) Sing. (& [E
AT 13t DEONERESND (HKEF)T, 2010). 3
HEBHAZEOIDOUVEDTH S, 1967 FELIKE T DL
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I Mycetophila ishiharai Sasakawa, 1994 & [l & N7z
DTHET B,

FORHY

ATINTF IF ) AN (FFR ) Mycetophila ishiharai
Sasakawa, 1994
S35 2 A [ AN (Sasakawa, 1994). JUM (#racse) ]
EEA =/ F 27 (BEFHRIK) 351 &, B&K
B = EMTAYK , 18.1.2006 £%HX , 7.i1.2006 Pk ; 5 5 6
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(M UZEET) 2 %, HH, 25.iv.2007 5%, h
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e (Fig. 1a) ORE (BHAD SRR X T) OF

¥ 3.8 mm (n=7;3.7-4.0 mm). % 4.4 mm (n=15;
3.8-48 mm) TH O, Wi@E (AT BATHREI D 5 fi#sk
MET) OFHE 7 34mm (n=7;3.3-3.4 mm). ¢
3.8 mm (n=15;3.4-42 mm) TH-o e, HEIHIIHEEE
THY., fEIFREQTH >, W Eac, §
B REOTH > 7z (Fig. la), . EICKE R
T SR & RRETC IR SR BB TH - o, B
1-5 fild)IA < e T, SOl G REE TS > 7,
A (Fig. 1b) (3D o 723BIH T, ok & i b B IH
RS AR B o T2 BED RS (Fig. 1¢) D A4Sl
fiii dististylus DR /5 ZEiL & S 1S R OB 6 A 2 .
HHZEEE L FRT, RICEERMEZE T T,
Yy (Fig. 2a) DAL 5-7mm Th - 7z,

AT/ F2roERE LTRSS FEEY
FIFanTh s, BICLUFORRENREL (Fi O
e AR ) I K> TRAIENS - A @RI OIS (1
PERUEES 2 PR ML IS LW, ET 2585 1 h
E m, TRHARICESTH, BYINTZ0 T2 pidss

1. A3NTF 2F/ a)NIT Mycetophila ishiharai Sasakawa OREINTTEEE . a, 2 RN . b, AARTEAS T M, M, , 5 1,2/
IR ; m, FRORERBERC ; my, 2 1 W s, HEREEER ). ¢, I ERR T I (db: T /525 , vb: I AZSEE ). RREARICAEZ TV B MIEI A
SEEREILAN TV 7 b (HIEEDEZ L) DHERIR Uz, EHEIE A TR TH 2N, AEICK> TRANNEERS C

LITERE,

Fig. 1. Gross morphological features of Mycetophila ishiharai Sasakawa. a, adult female in left lateral view; b, right wing in dorsal
view (M,, M,, first and second medial veins; m, medial dark marking; m,, first medial cell; s, subapical dark marking); ¢, male
genitalia in dorsal view (db, dorsal branch of dstistylus; vb, ventral branch of diststylus). All setae on the basistylus and cerci are
abbreviated and only sockets are shown. The left and right dististyli are same in shape but are shown in different angle.
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KRIGBANOHGZICHFE N, RNy JaAEDT ) F 277
NEIBRMEVHI U, BYNEA & &> THEE DB L
Teo [AIAE 5 H 23 HICT Oy ZO#REMZZIF. Thb
t LR EFUHETHS T L2iER LT,

NS DHE 72 200 T PBRITIEZ RS % 72,

PUEEBRZ 2006-2008 41 EEM K FERFSLiEE 1 > 2 —
XOTIN—TICBNTHE Lz, HEBRG TEERR
WKEDFERESNTERY VT 0 )V E— & DRI EIC
AN, HIK 15 EERFOERSS (P2 3 —8 MIR-252)
TIRELIRETA, T/ F2TWEM LTS L ORGHiE
HAETEOLNSIZLICAED (Fig. 2d). ZHEOKRD
PULE Rz, B 6 ORI > I EBE TR,
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ZliEmTholz,

323
EBERCTHKREOT /2 ricEastiLiz+ /0
NI FEEVTFIF /ORI EREEIN, WEEN
7z (1A « /N, 2002), TOF/ aNTIC LB T/ F
R TOFREFREIIRD X S ICHE SN - Y73
R BRENT B 15 EOEESMNT 6 HHICHHE

2. A2 NTF 2F / 2INI Mycetophila ishiharai Sasakawa DY & BEEEERE | a, A1 . b, I . ¢, BEEZ Iz /F &7 . d, 5t
ELMAEBORL Ui (HEROMEY ). B (¢, d) 138K 15 BOERSEECEE LD/ 27 L Z0EY VTRbNE
HWETH D, HEHGO@TEOEFTER (K 6 ERSEM) Tld BH (¢, d) DX S AWEICEELEV .

Fig. 2. Immature stages of Mycetophila ishiharai Sasakawa and infested fruiting body of Flammulina velutipes. a, larvae. b, pupae. c,
fruiting body infested by M. ishiharai. d, cocoons on artificial medium. The culture bottle with fruiting body was kept in an
incubator (San-yo Co., MIR-252) conditioned to keep the degree of 15 °C. It caused heavy infestations by cocoons (c, d). Little
number of cocoons is usually found in the condition kept the degree of 6 °C.
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Examining fluidisation mechanisms of
Hikagemori landslide by means of soil tests

Yasuhiko OKADA ", Ushio KUROK AWA ? and Shiho ASANO?®

Abstract

The Iwate-Miyagi Nairiku Earthquake in 2008 triggered a complex debris slide - earth flow on the east slope of Mt
Hikagemori, Kurihara city, Miyagi prefecture. In-situ surveys revealed the travelled landslide-mass was mostly unsaturated,
but near the sliding surface pore-fluid pressure was built-up with suspension of the fine soil particles. From the undrained
cyclic-loading triaxial-compression tests on undisturbed samples, the measured internal friction angle was only about 18
degrees, the measured cohesion was as much as about 60 kPa, and a soil skeletal-collapse could take place in a case. In the
flume experiments, the disturbed samples showed less mobility in the mass flows than the one expected from the Hikagemori
landslide. However, the fluidisation and long travelling behaviour of the Hikagemori earth flow was likely attributable to the
low internal friction angle, high pore-fluid pressure near the sliding surface with suspension of the fine soil particles, and soil

skeletal-collapse generation.

Key words : Complex landslide, fluidisation, pore-fluid pressure, soil test
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Erosion and vegetation recovery on the landslide deposit
one year after the dozou-sawa deep landslide
at Mount Higashikurikoma-yama, northeast Japan

Yasuhiro OGAWA" *1, Hiromu DAIMARU", Wataru MURAKAMI",
Yasuhiko OKADA", Hisashi SUGITA? and Fumitoshi ESAKA?

Abstract

We describe surface erosion and vegetation recovery on the landslide deposit one year after the dozou-sawa deep
landslide at Mount Higashikurikoma-yama, northeast Japan. The landslide in subalpine mountain region was triggered
by the Iwate-Miyagi Nairiku earthquake in 2008. Surface erosion at the landslide scarp was more severe than erosion
at the landslide deposit. Surface soil hardness of the deposit and the landslide scarp were so low that vegetation could
recover. Four types recovering vegetation at the deposit was observed as follows: (1) a seedling, (2) patchy vegetation
on soil blocks which separated from the bedrock, (3) snowpatch grassland undisturbed under the remaining snow, (4)
vegetation at knick points. The result of vegetation survey and GIS analysis after the landslide seem to indicate that
subalpine vegetation is able to escape from landslide disturbance depends on microtopography and remaining snow
just before the earthquake.

Key words : the Iwate-Miyagi Nairiku Earthquake, subalpine mountain region, landslide, erosion, snowpatch,
vegetation recovery
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Figure 1. Locations of Mount Higashikurikoma-yama dozou-sawa deep landslide.
% :Landslide, @ : AMeDAS observation point Komanoyu
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Figure 2. Locations of study site and the landslide scar in June 2008.
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#£1 Sl1, LIKBIZREBYOEMET) R
Table 1. Cumulative change in erosion pins at S1 and S2. B {1 (cm)
S Pin1 Pin2 Pin3 Pin4 Pin5 Pin6 Pin7 Pin8 Pin9 Pin10 e
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S2 Pin1 Pin2 Pin3 Pin4 Pinbd
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Pin7 Pin8 Pin9 Pin 10 B&
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2009/9/18 -16 -09 02 -06 0.1 -0.5
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Figure 4. The 60-minute rainfall intensity at the landslide
scar and AMeDAS observation point Komanoyu
from June 25, 2009 to October 22, 2009.
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Figure 5. The aerial photograph of the landslide scar in September 2008 and differential digital elevation map created
from LIDAR data in June 2008 and in September 2008.
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X2 MERTHELUHER T OREE LR HIBORE

Table 2. Thickness of landslide deposit and depth of

buried soil measured with a soil auger.

AEES HETHOES EETEZOMRMOODZFES
! (cm) (cm)
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1 60 60(Z1E % T1F
2 1004 E EN:E
3 1001 £ TBH
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5 50 50-70I= L HEFEY
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7 70 TOLLRIFIK 5 Z<IRKERABE
8 30 30-40
100 40 40-60
101 31 31-60
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103 21 21-30
104 20 20
105 8oLl E N
106 25 25[2H L HETEY
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Table 3. The result of vegetation survey.
NI)LeRSoEI81 (BY)
e BaE
Sasa kurilensis FIYY +
Carex sp. ATBRD—E +
Betula ermanii BHrhon r
Moliniopsis japonica Hayata XIAHY r
Acer tschonoskii SRAIT r
Tripterygium regelii oYL r
Polygonum cuspidatum 445K r
Filicopsida sp. LEMD—1E r
Mosses sp. O (BEFR) D—7FE r
unknown LS r
~NI)LEZUEIR2 (B2)
B4 fn & BHE
Sasa kurilensis FIYH +
Carex sp. ATBND—iE +
Betula ermanii Srhon r
Moliniopsis japonica Hayata XIAHY r
Acer tschonoskii SRAIT r
Tripterygium regelii i=ym r
Polygonum cuspidatum L) r
Nephrophyllidium crista—galli ATA4F3> r
Sanguisorba tenuifolia var. alba FHMR/OJILEIY r
Poaceae sp. 13xFD—7& r
Ericaceae sp. IO D—FE r
Umbelliferae sp. RO —E r
Mosses sp. a7 EEE) D& r
ar>—k1 Q1)
74 fn & BHE
Sasa kurilensis FIYY +
Carex sp. ATBD—iE r
Juncus effusus var. decipiens A r
Polygonum cuspidatum 45K r
Sanguisorba tenuifolia var. alpa _FHAR/LATLEIY r
ar>—k2 (Q2)
74 fn & BHE
Sasa kurilensis FIYY +
Carex sp. ATBOD—iE r
Alnus sp. N/ XED—FE r
unknown N r
E R}
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Photo 3. Vegetation recovery of the landslide scar.

(O : Sprouting shoots of Cerasus nipponica near B2. Photo taken on 18 September 2009.
@ : Seedlings of Magnolia obovata near B1. Photo taken on 22 October 2009.
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