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Breeding effort on hybrid larch F1 and its responses to environmental stresses.

Kazuhito Kital, Tetsuto Sugai2, Saki FujitaZ 3, Takayoshi Koike3-4.*
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Abstract: Larch (Larix kaempferi) is a strong candidate for afforestation after the first harvest in northern Japan. We successfully
produced hybrid larch F1 (L. gmelinii var. japonica x L. kaempferi) to overcome the high susceptibly of larch to grazing damages
of red-back vole and shoot blight disease. We also improved straightness and strength of stem in larch and developed new
propagation methods using the branch cutting method on current-year seedlings. Furthermore, we are now trying to produce
container seedlings to realize a low-cost afforestation system. We have been examining the growth responses of hybrid larch
F1 and its parents to several abiotic and biotic stresses for making plantations since larch has a low germination capacity
and limitation of planting stocks. We studied the effects of increasing nitrogen deposition and ground-level ozone as rapidly
changing abiotic stresses. We also examined the effects of elevated CO2 and its combination effect with ozone (O3) and nitrogen
deposition. F1 has high susceptibility to elevated CO2 and O3 due to its high growth rate.
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BORALHREEEM (B 1988) & 1961 4R\ kKB TE
& L CRRR Sz AbimE e BR S © b e L N
D BT, 1987 E, AT = —F R RSED A o3 —
2K o TH T~V ROIERED MRS DNA L~L
T, YIO TS 7= (Szmidtetal. 1987),

ZDOX DR E L O T~ VO EARE~E
FE~EEICOWTORBENE O L ERH - 1k
1981 ; Takataetal. 2005), Z L5 DRFA FERELZ T-HER
FEDTA Y EHT=YHRZB LT A~ VR D3V
ST, D%, KFERBRERT, A <V rEE
1 TS &) 2R E 32 7 A <~ YV M FiL 2208
O CO2 W EERSREZ A L ITRERE I EmN 2 &b,
CO2 N A LTARMEIR & L CHEE SN 2 ElTe-
7= (Kitaetal. 2009), = L C. ZO%FIL. AZIZ X -
T “IRFBWINA DA < HERZ S L TUELYY &
FENDNAD BT T V=2 T—F" L4 b (&
[ 2008),

7285, 2008 F-FE TOAEBREOEHRNE L DB ()
7. 2008 ; Koike 2009 ; Ryuetal. 2009) . Holt D= FEAY
R BIE SN TS (Kitaetal. 2014;7444) 2015), F7=,
MERUE TR~ ORI ER T, Bkt cofkis
REHIT D ERENRE LIS ND Z EAH LN
IZ72 -7~ (Watanabeetal. 2012),



Fi Dig5ER %

RO IR T AT B DR E o728, 32
FHEIZIE, RS oRTEE & REAFEIZOWT, Ads, Hidly
[ CriRE a7 DV ERENE <, FLAIC K D
FEIESBRS Stz (L - SkH 2003 ;5 S S 2010), f§
U K D ARAERENT 2003 £4EIZBRAE S 4L, 2005 4E X
DR S 72, 2016 AEBIAEC, AR 12 TR LAH
ADPEFESITND, ALHREI T8I 5 2036 D4
PEFFE 280 JiA & 1TFRET- 0 3R & < | WIARAPERIIEIC
[0 7= HATEETE . A RE A oAk ST s (e
WHE 2017)

RIEA FLRIZHT AR ERK

EMRA LR

TN I X B B & et UL Ch o7z (B
1968), LvL. EAAGHTOREL Y RIHESL
A FAOBEER (F 5 2000) & Fi O3 GRS A7z,
L2rL, 2005 FENHANTHORENHILHITI U D,
WEFIZIGRO BRI - T 63, 7=V AT
OFEEMR TS SN TV D UNEFF « F81H 2016a ;
JEH 5 2018), ~NTFFEDIRINTS, BT INTTH
ANFUL, RAEE L~ BB E O L DAV VL
oA I f2#9 % (Pinkantayong etal. 2015), A3t
TlZDI, T ONANRFREFTIREEOEIS AR RIS
WX 570, ZOREHRERCLIZ2RETSKE LY
25 EEZ LD,

FIlZ& o T, EOICHEARMEITT 7 2 7 iRETH
%o HMFERMMEROER NS, W7~ L0 FiL o)
T BRI DREEED R < | AR BRI ISR Tl
FI OEE/RBEHER L 72> TRBY CGRA S 2010), FAE
OB, 5% b HRICHETREMETH S,

IBERERICHIT B EMR b L RADEETE

HEAT LEET A RKERBEDO A FLADOH T, HA Y
VEkR, BWRILE. B COr BFEN T~ BRI -
R DB OWTRENT D, FTE (RREAY v (=
HIFRAHTEOA > 5 0~10 km 13T, AbFAFTT#o b
DARE SND) DRI ToH D, NERROFER,
T UPEEIET LW 22N, Rl BRI (NOx <0
VOC : fFMEALEM72 L) ORIFTHIEM & B K
KUEYL DT (Koikeetal. 2013 ; Agathokleousetal. 2015b ;
[ta2017), 5% HEFEMNREINDA LA TH D,
Flo, BFRWEOREMRBIEICR D | AINSHITE

109

BB ER 7% (2018)

FEFNZ L AR BIEE S TS, S HIZ, 2000
FELIREIT 2.0~2.5 ppmy/ A= CHENN LGELT 5 CO2 D2
FRC & 7au, BRI AR U 7= B O SR8 2B 5 23,
BRI, b 0EEHENRBBIZR DT, il
THEEEFIT LT,

1) BYhEE  2FR0E. £V, SRECh

EHRILAEDORSy 2R L C 2015 £ F TIIfE 7 ot =
7 2 (NH4NOs : %) # Tl TE 72 (zuta2017),
FIINEIE Galloway etal. (2008) (2 &5 2050 452 A Dk
EETH D 50kgN-ha-lyr-! (BEFIZEENDZED
EREP L CERAAETUMIC, 2ok, ZHNCm
0115, 5,5 kg N-halyr-1]) (ZLTH -z 72, 2016 4-LL
R, PM2.s SEOOFHRR & PE &NaEm L (Bl - =/
2012), ERFIEREEZHEET Vo E=0 MMIET LT,
COEECTHERZTAEC otz VI EEHED
BN T o AR EN U AREEROK T RR S
7o (EH5 2016),

NT=VEITE (FI L ZOMPBLTHL A~V LT
T=Y) O2EAHAOME & ERAMOFEEE T~
77o X< B L7z kIR H a4 U7 BEE - R EHIRS
+ (1) #WE7- L7230 L Ry MO AT, % (50kg
N-ha'lyrl) ZAFHIRIC 3FERINL, FEREORG:
LA ATHAE L2 (Wangetal.2018), ZOfEFR, Fi @
REEIT D VR TR/ CTH S T283, IROBEOFEIET
HOR /ML RS FhidxfR (2 - U IR
WERKT, EF - UV ANTR/INTH T, bbb
FRTDHESH - U U F T FOSREZREZESE T
7o AFEEICASL ARy MR A, LA AR IR
SEERIINL, 1 R E MO EZ Tz, Z ok
SHE I Y AR 63, ERMAIICHIN L,
— T, WFEICBI L Cid, U AR - ERANT
AIARAEPE RN T L, ERFIMTIREOFISEIMET L
7= (Fujitaetal. 2018),

244 Fi & AERALIEIFZE R D SR B I oD - G 72
75L ARy MIUEZ AT, 5S0kgha &D U g2 KBS U
7L EEHRPFE 1L TC0,20,50,100kg/ha OREEET > E=17
L% T AFTHRIZES TN L kR ST 21T -7,
ZORER, U I ATMONERIT 72 < GNAF THHE D~
TR0 NRZERD R 5372 (Maoetal. 2014),

—J5, HCHAE 2 L7z Fi ORREAC RIE R 20
Z 8 AFHIMICIE S TITV, ZORELFI-L 2 A,
N2 48 F CEFRINOAAFIIHEIMER 23 7 S A7
(Maoetal. 2012), L2>L., ZDOBOBRICITEEN LS
Nipinotz Gk 2015), £z, BHREAINUTIZSEOE



BB E 7% (2018)

IRl 0.6~0.8 cm F2IE T, BRI LR <
Z DRE CHETHETREL 00 MBS LS 2 OR
2017), #EfE.50kg-halyr-! & COZEHRIE CIIEHHEARE,
KETERRASAEI I X T o 7S, AU S
PEZL, PR TH o772 E 255 Kim
2012),

H T = VHEIISMERRE & A b ABFRE A
28, YR ERERE RIS D ERMAINO KX e 21380 o
77o FELL ALD LIERBYIEIRE & <4 D Wilcoxina mikolae
(T avayz g B 6B E R UES L,
R IX Hydnodonataceae sp. (& K./ KU FBL) ki 7z,
Z OFEOTRERITR IR LN AINX TR 10 % 45< |
BB SN AMEERE O FF IR O BRI
ERFOLEZ BILD (Wangetal. 2018),

QDT T =Y L R A EARAR IR A L, IE
PR TAY U EBRELZX Sppb<). KEX (30~35
ppb). HARDERSIHHUEE CToH 25 60ppb X, Z LT 80ppb
BEOLY AfNEd—7 by TF 73— (OIC :
KIFDBAWF Tl 7 L — AT A EREEAN R O
WTEDL7 4 NVATHIEE 88 % BT %) ZHVT2
FEEHIRIER L TR Y BLY = OpkE 2772 (Sugai et
al.2018) (X-1), ZOFER, 17~ Y TOHKRED
A BRI T X > C, AEPRERE & RO MIBtE ST,
IRA b LRI DIEEERTIAR /L A & (Hormests :
FWDFETI2 D IR OEEE DR TR R A 3 2 &)
EFETIL, BT VIIBT BV VIRETAELD I &
AVREE 7= (Sugaietal.2018) . —J7, BT~ V)E 3l
OHEfE QHFA) %, EULKILR L2572 L7z TL AR >
MRz, 55 %2> T, 60ppb DAY A% OTC
ICE o THERLUBEZFN, ZORER, FI ORJER
REDRA Y AL S TR T LT, BEOHE W FI TiEk
Ly sz GEEht) 2, o 2 fEICh~TK
LAY U ELIDZBINLTAER LB 2 Hivd (Koike
etal.2012),

1970 FEARICBRR SN A VB AR TE 5 & W
HIEF LT (EDU) ORI OVERDEE -
TX 7= (Agathokleous etal. 20152), B HIFFCOA Y &
EEREH R A TR E A MR Th D,

BAGR CO Anfis% (FACE : Free Air CO2 Enrichment)
(224 Fi Bt R CH % 2 ZE B IR, COn £+
(500 ppm CO2) #AT- 72, = DOFEF, KX (K
390 ppm CO2) (ZHEATHE B HIFES (T/R) HEd K&
K 7potz, fto TREFEICHEH T VWERRICE LT D 2
ERTHEND (Watanabe etal. 2013), A LK &% T
ITONTZERE TOERTITAOHIE (4EF COo Bl

110

JAVMEFL

!
!

80 (ppb)

TIVRE
(cm)
150 =
A<
120
5 %0
™ 60

FIVEE 5 80 (ppb)

-1 B2 4BEMEOF Y VEETER LA~
VMR R TV D2EBHOEE, A —7
Vhy T TF 2 RN"—=%FH LT, £ENBIHEIZ,
EVERICE DAY VBRER, K&K, 4 U ff
JNX (+10 ppb) . At¥fEE CTO 5 A LAy OB @i
KLz, T3 Esmk LTI ERE
Z LT,

25

Wb B, AFEEO COy THIET S LFT X 57
HEBGHREZ7RT) BRLIL, EA~DFE T DIk~
7= (Watanabeetal.2011),

2) BEEEE BRIBEFIU. FVYVEERE
— R TIIRE LB DEFENHIFET D
LB EE Y., AV URINEORN, L TE
IERTFREND, OTCIZ L DEkiE % FEBrTIE, 7T HE
BHZRBWT, 2R S (L - (L 2011),
—J7, TV CIXERAE RN 50kgN-halyr1 T,
AT R D EERDHHRKIC bR S L7z, [T
< OTC Z =AY o Hilig 7 v E =7 2 ([NH4]2SO4)
BENIRDH T~ L Fi 4 D85 ClE, o



< CHATIIE & Rk DEM T > 7225, Fi TiEA Y
UMM EFRAIINCHAN L iz CEHS 2016), =
ZC, WL E WO, PM2s ARRD EERS 72005
THsH (B - =i 2012), BAHGRA AR Tk
K L2272 15SL A MI2FEAMAEE L, HE
Nz L7=iige T b [ Ll Td > 7= (Dong-Gyu et al.
2015),

MR TS LA L COr DIAEEAL
B, ALK I R ¥ OBGCR IR R T%ﬁéﬂt#
KIBRFRIIBURH DR T T L T o 7SO HRTH -7,

Z T, OTC Z T task %i_%zﬁftﬂﬁﬂ“
DOFNFERRZTT>7- (Wangetal. 2015), AlE&EITAY
MIEARAL T, CO2 MR R TH -7z, A At

MTH->THE CO 12 & - TRREIL COx (LRI Z i
W, ZAUL. B COr TITEAILAHHEIRIC /2 B 728

A OWIIANH STV AER T D, B LT SMER
MR DRGSR ORED ZAREEFR AL b AR & & [F] U A ©
otz IV AKX S TOEAEERIHI Sz T
Suillus (A 7°F) J&IX, 77~V RBIZFRAIC OIS
SMEREIR T, BRI T LR oTz, ZOmIEA %
Btz S BTz iz,

HEMRADEBR

FE%%%MTw%&n%%E%%W?va®ﬁ
RAZDONWTELZE L=V, B2 6 ODIE (T
ﬂ%\~gbt¢%\km XY [, >
SR AR R R OB SFEEN) 35D (A
B52013), ZBHDH T~ @R~ % B
Do MEIOBRTH D3 Bl (FoesiR L oAhfE)
turm@glk:y%%%@éﬁﬁiﬁéMTwé

ZTCar T IS, RESDNIEE A ERWEEHITCE
mTét WZEE R 525, = Z T8ROI, U Uk
AORBREENE L CEX72 L THD (RITH 2011),

3IRIEEE (&, Vg, HU) OB U HAITAE

FEMAREL, Tuaya, TAUD, |77 V0, HE
THRF ORI 90% %2 LHd D, U U HanEBRIIEN
50 4, ZEBIAVITIZ 100 FES S W THET 5 L), H
AIXT AU BB O A 1987 Rz CLIR, T
WCHENGEA LTS, &2 CRERERERET
DI, FEENY v RS ERGT DAMERERE O
BEENTIER Lz (N2018),

Wangetal. (2015,2018) ODHFFEN D BREEA b LAl -
THID LR WBYE R~ T 4 7 FRONEFEREIL

111

BB B 7% (2018)

VY DORZ LT UVNHICHRIAE RIAT Z E DT
LHikfbEM & L CTHIRFCTE 5, A 7 FRITHRICEN
72X ) arEPETEXHZETHLHILNTWD, fHED
717 =Y JBIFARE I BEARE ChH 5720, FDH
AR EFE & OFFFI L EEIZ /25 & b,

— 5T, FI OFBFBMINIHTT DEZ BT 7 <Y &
DHhmWZ eI (BIFED 2016) . —ARICAER
FIRRIZ 72 0 R WEHREE TH DA, R ERIHT
AR R 2 5 ATREMEDS B D L FRTKILIR HHEAN A
NDAHRE ClIASR Y U RZSMTR D03, Rk
BN U RZ HFFETDAREME LIRS SND (Fujita
etal.2018)

RIS AHFEETIIH T~ L HAR U TEFERNEL
WIS R DS R Fi OIREE R & LT 500 ~ 625 /X /ha
T HRALIFE SN TWD, ZiUuTh T~ L~
CCTAMFENEL, PHIRENF WO TH LN, &
BT, FOT =AM D=a—rav7 (BE1992)
DX, Fr OFZIE, FEMOBEENE . AlmiE s
T THMIREMET LAV S0 (BHE 2007) &5,

WIZ, BT~ BEARKITIBIR B TH | KR
FI TIIEM & BEMOERBABIZI TOND Z L b,
FHRIEAA < 72 o TH AL DI T2V 700y (5
1992 ; A 2017) Z &, ALEE Tl R, &
LT 500 ~ 625 A& /ha lZT DA BB SN TS O\
2000 ; ALHEE 2006), 7272, FEAHMICIE. TR O
N EV I, BB KRLRB L, T T X THORE
72 SEFEMET Uiz & SR OIGEM TSI 8
HZTEMB 1,000 K ha BN FREEZEZ HNLTND (K
2000 ; >kH 5 2010),

iﬁ\é%%@énégiwﬁk%hmﬁﬁﬁfy
DOBNNHKIGET H72DITIE, BRI DL\ BREE T
V%%#ﬁﬁéhé@f ﬁ7v/i%$%%:g@%
A %, 72720, /R AIORFITEDRWE S IC
Pibr%E5 2 TR MERH D, RIIH T~V LRRD |
TIEPOERGNEE RS, A R EREI L
TREIHIN TSNS DT AREHETERT ST 5,
TS AV FIRONEERE IR S a T
THEEMT 52 LA S, 2L, T XTI
WIS ER DD EEZEZBNDDT, T T X TfHO1-
TR T2 EMIR T A SR A CHEZ DB B D,

B, ., BTV NTT I NFIT I DE 20 4
A~ ik~ B OB E N ILHEE R S AL FT A~
JER TS CNEFTE - FEH 2016a), BERICIE,
BRRAEFERDME T ULBHERE MK T3 5728, Z24LH
TV XY AL DENTIEEELL D BB



BB B 7% (2018)

b5 UNEF - FEE 2016b), Z O/ ASF IR Y
BOBNDRWVERERZ TICRETHOT, EEEN
ET 2 R OS2 AR~ 15 FANRE TILL WE
ERBE~DFBICEETONERD D,

# O

FEBRIRFFE 2 30T D124 7 » CTREIFZEE Cors:
fivhEdsk, B9 B, PRERAHIEEE) OSHRARTE L, £
7o MELOBER, B SICE KRR Z W 2720
TV OMRERBRL OEHFE, S EEHS, AN D,
BRSNS 5, F£7o. BICRIZRIER OMERT - &
B3R AW 7 ¢ — v R v 2 — DRk
KT &) — AR & O R A7,
LG %,

- >

-
- -

—n

51 Rk

FHEEI - EERLER (1981) 71 7~ Y EHE. Rk
HIRR, O

Abaimov AP, Barzut VM, Berkutenko, AN, Buitink, J,
Martinsson O, Milyutin LI, Polezhaev A, Putenikhin,
VP, Takata K (2004) Seed collection and seed quality
of Larix spp. from Russia: Initial phase on the Russian-
Scandinavian larch project. Eurasian Journal of Forest
Research, 4: 39-49

Agathokleous E, Koike T, Watanabe M, Hoshika Y, Saitanis
CJ (2015a) Ethylene-di-urea (EDU), the most effective
phytoprotectant against O3 deleterious effects and a
valuable research tool: a mystery of decades. Journal of
Agricultural Meteorology 71: 185-195

Agathokleous E, Saitanis CJ, Koike T (2015b) Tropospheric
03, the nightmare of wild plants —A review study. Journal
of Agricultural Meteorology 71: 142—152

FARFET (2015) 8AFERMDERMINE I Z /o727 A
~ YV HERE Fi OSMEBIIRERE. PRk 26 4R dbiEE R
e REFBERSBHE TimsC

Dong-Gyu, K, Shi C, Watanabe M, Kita K, Satoh F, Koike
T (2015) Growth of Japanese and hybrid larch seedlings
grown under free-air O3 fumigation —an initial assessment
of the effects of adequate and excessive nitrogen—. Journal
of Agricultural Meteorology 71: 239-244

SO (2013) BT~ Y ONK7iE. ki (maxy

112

rU— 27 H5e), FLiIR
BORTEHE (2017) A ~ VMR F  ~DEFAIND K

ETHTE~ORE. Tk 28 R ALY - 275
IS

Fujita S, Wang XN, Sugai T, Kita K, Koike T (2018) The
effect of nitrogen loading under low and high phosphorus
conditions on above and belowground growth of hybrid
larch F1 saplings. iForest -Geoscience and Forestry 11:
3240

R RURC « FPEIERS - PRI T - NFER (2018)
TV B2 D 3 T SR IE T B O
—TH—. ALTHRMBIZE 66: 35-36

Galloway JN, Townsend AR, Erisman JW, Bekunda M, Cai
Z, Fren JR (2008) Transformation of the nitrogen cycle:
Recent trends, questions, and potential solutions. Science
320: 889892

FILEER - =JHAIE (2012) HAZRDVEY 720 PM2.5
DEEM 25, pRILEELE , B

AHEE S IARPERRBRY; (2005) 1 T~ HEAANC R 7w 7.
http://www.fpri.hro.or.jp/manual/karamatsu/karamatsu.
htm 01843 H2 H7 7 & A)

dbimE (2006) FEZ DA ZHDS L TAHEEAN. b
HREKEERES R

devgiE (2017) AbifE B PR [ B AR 07 #. hitp:/www.
pref.hokkaido.lg.jp/st/srs/grp/hokkaidoseedplan.pdf (2018
F4H18HT 7 ER)

FGARE (2013) (K= X M @SN OBFZEER 3 S5 M.
MU R R BGE 172: 14-23

FH B 2008) 7 U —rF—F B3y M TH S,
AEHBEOHATFE 51: 12-14

Izuta T (2017) Air Pollution Impacts on Plants in East Asia.
Springer, Tokyo

Kim YS, Imori M, Watanabe M, Hatano R, Yi MJ, Koike
T (2012) Simulated nitrogen inputs influence methane
and nitrous oxide fluxes from a young larch plantation in
northern Japan. Atmospheric Environment 46: 36-44

Kita K, Fujimoto T, Uchiyama K, Kuromaru M, Akutsu H
(2009) Estimated amount of carbon accumulation of
hybrid larch in three 3 1-year-old progeny test plantations.
Journal of Wood Science, 55: 425-434

Kita K, Uchiyama K, Ichimura Y, Moriguchi Y, Tsumura
Y, Kuromaru M (2014) Verification of a phenotypic
discrimination method for hybrid larch seedlings using
DNA markers. Journal of Forest Research 19: 461-468

SREFIA « WNILFT- - AR « Bl sz (20100 &L



AREARE FAEHARERI LT 7 A ~ Y M PR
FERERFZREARIC I 1T D Sl Ol & iERR = 2 b
AL EMCERBR AT e S 47: 1-13

/NI R (2008) ZAENEREE TOH T~ VD EIGE.
ABEEOHAFR 51: 1-6

Koike T (2009) A trial of revegetation practices with larch
species under changing environment. Landscape and
Ecological Engineering 5: 97-98

Koike T, Mao QZ, Inada N, Kawaguchi K, Hoshika Y, Kita K,
Watanabe M (2012) Growth and photosynthetic responses
of cuttings of a hybrid larch (Larix gmelinii var, japonicax L.
kaempferi) to elevated ozone and/or carbon dioxide. Asian
Journal of Atmospheric Environment 6: 104—110

Koike T, Watanabe M, Hoshika Y, Kitao M, Matsumura
H, Funada R, Izuta T (2013) Effects of ozone on forest
ecosystems in East and Southeast Asia. Matyssek R et
al. (eds.), Climate Change, Air Pollution and Global
Challenges, 371-390. Elsevier Publishers, Netherlands

INIZER (2018) 1 7~ B ARDRE O KIF T B
A DTN — FHIVEREEICER LT—. dbs
M 69:42-45

B 5T - REFIA (2003) 7' A ~ >V HEFE Fi1 DYyl )

DO X UAHEGE. AbmE ARG TR S, 40:
41-63
B 5% - SREFIA « WILFDT- « ZAHYA - RS -

RI=5 (2007) REFEEREDET A ~ Y HEH Fi
OinEBAYE.  ANIMGEABRIT TR RN TR RS EE 4:
43-44

BREIER (1988) U7~ BOAMEBERIC BT 2%
HORTEE MR 79: 1-94

Mao QZ, Watanabe M, Imori M, Kim Y, Kita K, Koike
T (2012) Photosynthesis and nitrogen allocation in
needles in the sun and shade crowns of hybrid larch.
Photosynthetica 50: 422-428

Mao QZ, Watanabe M, Makoto K, Kita K, Koike T (2014)
High nitrogen deposition may enhance growth of the
new hybrid larch F1 growing at two phosphorus levels.
Landscape and Ecological Engineering 10: 1-8

iR (1992) #E2F T KRefld 2DlicAMz2ms
A, AETmES  FLIR

T - e Rl - AR e (2000) a2 - BRERA
FAZ L DB R X IPEOLHMETHI.  AimEHEGAER
GAFIEHS 37: 41-49

NEFSFEAT - EEER T Q0162) BT <Y NTT

B0
T NSTFHEE DB L RERORE. HAAIRGE 343:

113

BB B 7% (2018)

17-19

/NEFSFEAT - EAERF (2016b) BT <Y v oNF
ALY DE=FY) T DEDOOT7 =0T NT v
T'OBR%E. 11o< Y 485:4-5

KREHARR « B 52 (1995) 7' A ~ > HEfE F1 OMEIC
B DEFHE. AAMFEZREH TR 106:297-298

KRITAT « Bt « ka\E—R - BHEETR - A
H2011) U EIRAE G & XA KIROR
iR, KBk

Pinkantayong P, Kubo M, Terada T, Fujii M, Kamoda S,
Muramoto K, Kamata N (2015) The effect of successive
years of defoliation by the larch sawfly (Pristiphora
erichsonii (Hartig)) on the foliage properties of the
Japanese larch (Larix kaempferi (Lamb.) Carr.), with
particular reference to the CN balance hypothesis. Journal
of Forest Research 20: 104—113

Ryu K, Watanabe M, Shibata H, Takagi K, Nomura M, Koike
T (2009) Ecophysiological responses of the larch species
in northern Japan to environmental changes as a base of
afforestation. Landscape and Ecological Engineering 5:
99-106

Szmidt AE, Aldén T, Hillgren J-E (1987) Paternal
inheritance of chloroplast DNA in Larix. Plant Molecular
Biology 9: 59—64

Sugai T, Kam DG, Agathokleous E, Watanabe M, Kita K,
Koike T (2018) Growth and photosynthetic response of
two larches exposed to O3 mixing ratios ranging from pre-
industrial to near future. Photosynthetica 56: doi: 10.1007/
s11099-017-0747-7

BN « PR - RN - F5ES 2 - PERIEAN -
IR (2016) =R T v & T A < Y HERE R
DIAFRREIC KT DAY el LR T B = A
ORI, ALTTARMIITE 64: 63-66

Takata K, Kurinobu S, Koizumi A, Yasue K, Tamai Y,
Kisanuki, M (2005) Bibliography on Japanese larch (Larix
kaempferi (Lamb.) Carr.). Eurasian Journal of Forest
Research 8: 111-126

HFREZ (2015) FE [0 7~ OBIRERF-OHER
LERORELE] 12O\, HRNEAERE4: 145-147

Wang XN, Qu LY, Mao QZ, Kawaguchi K, Watanabe
M, Koyama A, Hoshika Y, Tamai Y, Koike T (2015)
Ectomycorrhizal colonization and growth of the hybrid
larch F1 under elevated CO2 and O3. Environmental
Pollution 197: 116126

Wang XN, Agathokleous E, Qu LY, Fujita S, Watanabe M,



MBI B 5 7% (2018)

Tamai Y, Mao QZ, Koyama A, Koike T (2018) Effects
of simulated nitrogen deposition on ectomycorrhizae
community structure in hybrid larch and its parents grown
in volcanic ash soil: the role of phosphorous. Science of the
Total Environment. doi.org/10.1016/j.scitotenv.2017.08.283

Watanabe M, Watanabe Y, Kitaoka S, Utsugi H, Kita K,
Koike T (2011) Growth and photosynthetic traits of hybrid
larch F1 under elevated CO2 concentration under low
nutrient availability. Tree Physiology 31: 965-975

P B - I EEL (2011)  HARDZRMAITE 6 Flik7
DERNELEBR LAY D) 275l AARE
fE5E 61:89-96

Watanabe M, Ryu K, Kita K, Takagi K, Koike T (2012)
Effects of nitrogen load on the growth and photosynthesis

114

of hybrid larch F1 (Larix gmelinii var. japonica X
L. kaempferi) seedlings grown on serpentine soil.
Environmental and Experimental Botany 83: 73-81

Watanabe M, Mao Q, Novriyanti E, Kita K, Takagi K, Satoh
F, Koike T (2013) Elevated CO2 enhances the growth
of hybrid larch F1  (Larix gmelinii var. japonica X L.
kaempferi) seedlings and changes its biomass allocation.
Trees 27: 1647-1655

INYGEZR (2000) 7 A~ HERE Fi OARES FEREE 0O W]
REVE. DEERNZHR 118:1-4

MHE— (1968) 1 7~ Jehlii DR AT G- 5%
JRR DERER b NI R RNFIZRE T 20158, AAM
P46 50:320-324

F=AD



