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The effect of fertilization and cell size of container on growth of Japanese larch
seedlings directly sowed in containers

Kazuhito KitA* and Hirokazu KoN*

25

KT VEED LTI HOBHEM AT 572012, HIEEE ZORE 3070 VEENETORE, MW
KOEFR, WEICH 2 BHEY R 120ml A4 2 v baryrHic@s Gofl: 223%016g K- 1L, #iE : 2
F50ppmN  (FE3FEH) ~100ppmN (B EH)) o 05 (B Z L) 26 2 REOMIEE - EEERRL ZE L, 2013
FE3RI9HE 4 RI9H® 2R, =% /7 — )V CIHEE L7423 L 7o, £72, 20144F1213150ml & 300mlY) 7 3 >~
T FIZHEDO0SME S 2 ROl E - VR TRE L, KRCHESE L% 4 B24H I8 L 72, il
- AR RE SR o0 LER I 3G 38 3E 2R 1% 3 B AR AT44%H 560.7%, 4 HIBHEA6T5%H H708% & 72 0, HlEIZ X b
EWIZ%R C, FFICHT AR ORFHEIED SN n o720 WTFRORETLEENL WIT EREIEE S
7278, HALE - AR EERERO120ml T > 7 F CidEFE ED EOREX CHRIRIEAE < 2 ) 8 H LK, AFEEPET L
7oo HiflE - B VEFEHEROLI0MIT v 7T, WARD0% L EIF T EOW A2 ecmZ 8 2 72725, IR E L,
WITEDHARBE 4 mm| 2572 2 W KD S 05 720 300mla > 7 1%, FERILAME < WiARBIAE 2 72 A2 % 5 -
7275, WEO 2 HBEORE TIZAFEMUT L, @BFEEOMIRE & E 2 57,

F—T— N FIFR L Rk X, IRk, BOCE

XYAYTFEHTREMTE Yz 2 > 7 F~ BT %

BLoic ERFENSL b, ATy Ay oM (258

AR, R OILRERFAUHER S 7ot 3 BRI %
HWRTHY, HEREREOIEARPFERINTL, LerLli
W5, EWEN I A D RWEFEE O S REFE % P EA
PET SN PEEIN TS, BUE, TITHERICHWS
TWwahEARIE, BPCEHLOMRTS 270, JuiliBE O
BN AR T W T, 2 OBROFIEFPKORIREZIZIRS 1
Ho LArL, HIME RO RBIRBLDE N R F 8 AL 2
SEEIUAHIRER SN D 2 E3E <, BEMREM ORI %
DTV Do T UIH L TIRERT LR E N2 0 > 7 T /I, I
AN LI 2018), ML REAMMA R 25 2
& (ENEA 2016) 254 HROERHIWFFE TV 5,

TIAT JBEGHIRIT ONIAAR [Hv] THEREN
50 Y7 FEOERER, JLHEETIZ20004E LV IGED, 7T

F265em72 OARICHE 4 mm, AL LLARAE H 1 AL A 2019) %
W3, EHMHEAR SR 24 W1 E av T
F14E) ZELTWE, 20720, a7 FRBESDEH
KA OB L L2 B0, v FFHOMEAEL Y, F
WM % 3 2 72O OB E o TV b,

WHICTHE YW % a3 v 7 F~ BT % HETlE, &l
BHELCooMiliea sy 7B 2 F Cloii, KR &
M, BRELEHALA LA EN TS, $72, Bl
WX DRDHEG L, REBEOFEKE 2> TWnb, 1TV
&, R LG EFIAIAL L 2B F O F TR LA
MIETHAREZTT) (AR 1978). ThbbZ0FEORK
R ZOEORFEICETHEEEND ), HEORSIZo%
MNoTwbd, TD72®, BHHIIZIT LA ML ALY S

bl E AR A T IR SE 3R Forestry Research Institute, Hokkaido Research Organization, Bibai, Hokkaido 079-0198
bR R Je ey 45575 412 4F 3 H, Bulletin of the Hokkaido Forestry Research Institute, No. 57, March, 2020]
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L CHEWMMMAEMHECEDMREEY DY, Tohdie LT
OV T FICHEBRET L L TRIICE ABOA ML A E L
<L, BmECHE, K BEEoFTmREZEMTLIL
WHMTH B EMES NS G - 4 2016),

HIAREEED T 27 FICHEHHRE L 2 WK E 2 EHBo—>
X, BTV DORFEPAOUEE L IRNZ L THL, LI L
FARIMEIZ & D BHEE CTHEMF %38 T S LB A F,
L/ H5< Y TR SN (Matsuda et al. 2015, 3 2019),
EEAFREICL ) 2 T FHAEH SN WK E B HO—
WRJEE NIz £ 2T, RWETIE, #o~varysFHo
B % WS 272012, SEFEBROBE % RHES 2 Hilr
FEWZAEH LCTgRICIU) MLA 72,

FHEOWOMEZ M S, HFUE 28T 572012
1E, RiRPH#EKE Ty ba—)Lbd 5 &L LY 4 iEiR R
PAWRT, 2D DOFAMM R EI R I N TS, Flz
X, IVTFFEEEICE L L CibRsaaE - Y-
FEACIE, BEAEKEZDETN TR (BRaUEH b
v 7 2009, Landis 1990) . HERESEAEINT, MR ORERL, &
FEIEOTE, MR EEORE, BERIGEOMRE - i+
FABEKZD—-DOTHY, AT LERESIHIH SN2
(Kozlowki and Pallardy 1997)

a7 FHOMREKE, LD R LTV
DEITHEKRT BTN DY, HEHIN L3V & A3
ENTWD (I 2017) 0 AF T ¥ 7 FH CIEHBIg IR
FTHEBELY S, FARDEED & E b7z o Tk Iz
RO 35l 5 % AR MERC R O SR ¢, iK1 & % AERH)
NOFEDHEAN SN CRERIHML, AFETCTIE 2460
Mo TW/BHMMZE 1FICHEMTEL I LRI N
(RF-8TF 2019)0 T7b b, RiflE 7215 T il 2 i
JERE GO T, #RIEDHIE, B X Z N5 OMEHE)
BT HZEDEETH D,

—7, BEIckRay L EMIE, BRoh/ziT
fThs 7z, RN L) KR 2 S22 & BRI
WSS T B BRI, BEFOTEC 7 B L IR EME
TL (7% 2011), HELHEILEOL OBRIL) R %5,
FERIEATE %2 B L HERGOEFRPHERIMET 45 (I
137> 2015, SAARKEIZ A 2016) 0 F 7z, —HEMICISES T
W5 TV TFFREETIE, YVBEOEIES TRVER
ZALL, VAR 2D BG4 X LB OREICEE
TLIEmE SN TS (@lldn 2018), 27z, fl

BLEOELE, NEEZEOLI2IE, BETECHDETELVE
& (MAEE) sl L, mMAMOBESENT 22
EARURTH 5B,

FITARWZE T, #I~YaryFF e EEERICLY
BATO 24550 LT 2B HEZHL 2T 5720
1) Mg, 2) WEE, 3) 32 FFORVERNHA
DEEICG 2 DHBIZOVTRR L 72D T, ZO/RKEIZON
THET %o

mHEFE

1 RS

717 =2, RN IR O B AT ISR A L (bR 1951,
B - ER 1971), B A LB Ch b, A EE A
, ZO@EEPHPOTUIC, MY TRV LEEbNZZ L)
HAH Uit - AL 2004) 0 ST K E /I L 72 BER
HPEOF FRH L METARREEZITV (EER 1978),
MEDRZNIORD > T D, ZDO—JT, BESMID L
WE T CIZBEMIL L, N <Y 05di 2 XK EHILTIE,
WAV DL s TEMEIL L I YR EHD TS
(Nishimura and Setoguchi 2011)s T & H 12 T~V 1L5ESE
FMCE > TEVEEERR LY, EAREZRELAZY EE
eSS T & Tl 2 R o TV B

2 JEHEE - AT REEER

JERE O & & FEAIERE Uil &SRO AE) T D58,
WAL - BRI KITTEELRHL 2T 572012, 20134
WREE W AR A 17 o 720 BUBRIC 1AL & | LR 11 LA
A0V OA T~ YL L, Kil2T, W
50% THRE S LTV 7T (FEFFER34.7%) & Fva7ze BERIC
&, B EL OB WS 720, 95% T8/ — il
L BIHEEEIT, AT 2 L7, HEmIC2T, 21
H B OARIRIEE O S SFRMNIR 2 4T 5 720 L7z > 7
X, ¥4 FZX 1) v ;2w 72HIKO V-120 SideSlit (BCCHL,
Sweden) T, IVZAEE120ml, 40V, a7, WKEE
526f/m° Tdh A (F— 1), B LIZIZE— FEA100%%
a7z,

20134E 3 H19H & 4 H19HIZ 1 v Vv 7= 0 3 HoOMT %%
FL/S—=F 4 NCEL L. BLyoRlh /L z 72 Bk % 58
FLEFL, HA2M, FIHFEXMHRL, —D2DEMIZ2ARE
RIELTCVHE, ROKEVIEROARELELIZIKE -

£—1 BRCEALAILTFOLIEREEAERE

v TR R EARE %
€%D) A /m’

TR - fEAE T RERER 526 B A KRY b
(20134F)

HAEE - B RERR 296 V7
(20144F) 178 U7




72 5 HTMHE TR A 7 — CTERISTLLRIZREE L2
ETEWML, ERKIEIAMODODAT) V771250 9L
170 201, 2> 7 FOIKHID HKANE S F “Cééﬁﬁbto 9
H2 HIZE L7z 0B M L, DMRIETEIC X 2K 21T
5720 WMETEHEH LM ORMENOIEDHERIZ - 1 0
LB TH S,

FEAEERIE, TR EEE GRIE) ZhZiilowv TR X
— 77— (Hyponextl) 2S5 o mA 1 & L, [ L] 05
L T16EL] T2 o ARBICHEI L) bowvwoh%
ARG DLETIT o7z, BARZEIL, 3 H19H 2% THUE 7%
L, TEAE YL A, Toohl L+t 1 ], [oeht 2 w2 | o> 4 4L

H, 4 1907 THERZ L, TiEAC0S), THEAE 1 J, TiAt 2 1,

50 A

e E RSB FE S Nob7

[TEE 1+ 1 ] o 5B T (E-2), ML) o
VFFHBIE3ETH B, TEICIEA AET— PSS F(N
(3P (U )K (VL) =16912, B/ 3~ 4 2

H, Hyponexth) % F\vy, $FFEIICE; LACIRA L 720 IS
&, FREG4EE2S 8HHETIE, "NMERAY T ARY v

— F (N:PK = 6105, Hyponexﬁ) Z, 8HHMNL 8 He
’Uif ZERNE OUEBRE) & SO O BE 2 R E T
L7007y atrnAgRiy 7 A (NPK = 20:20:20,
Hyponexfl) %, MRAME 1L LBAKGNCZA 2 8 AT 8 H
TR OBEREIMEILET S 9 HTHETEI Y 740454
RS 2 ML & B UARIRIEAL 2 AR5 5 2. =N — V)L (NPK
=10:10:30, Hyponextl) #HW 7z, Hifll&E1Z, JCHE 1 54 2
Fa— IV 7 b 4g/ B IL, IR LN RL Y 7 A
A% —=F50ppm N, 7O 7 v aF A RLy 7 A

45 100 ppm N, .=/ 83— )L25 ppm NTdH %, JOE 2 Tlx, JT
o B2 5D 8e Hit 1 LERTICEML, W05, W
5% | W! Il ‘ M’ | MM . 2 TR ;fp%n%mzﬁemosf i, 21ﬁ5 hED
AT et
s 1L|WMWLJ»M il U “h i W (70ml/i4i1L) o A A s
o i CEBEHIM %0 Lo AR REIME) &AM %1201 &
0 L7zl 1 H47- ) ogFaita, il ozhEhodd
| a8 [ s8 | e8 | 78 | 88 |
BB 1 %47 ) O RHME, A0 %8 L aRtas
E—1 2013FENMHIEE - EAEFEHERICE (T2 EEADE MRS+ -3, 412707
ED—ERB OB
ORI, REELA D% < F 72 I ERRE T
REAEILL, MAER D R o TVD,
%2 RELE-B
HAE B - S AE AR ’}m’i@iﬁ;;’“
WERTHE O (20134F) (201425)
SHIOH®EME AH19HEEFE 4H24H R
AR E  120ml O
150ml O
300m1 @)
i A7 L O
o, 5 O
e O
2 O
JEAR0. 5HEEO. 5 O
SERE1HE AR L O O O
SEAE2HEIE2 O O
S B A — S —HESEE A 717 L LCO. iR, 2fF R IEK A ST & e
%fﬂif/\ibﬂif RIE Uz, ARIORERE, B, &, %ﬁr“@uaéfai #-3, 4

22,

x—3 RIEEEE (tht1) ORIEERE

JEHE I mg Ho e ik — %ff@ng/ WL

JHE Smkile S EEEIL - [ Eg LAY 2t
Pt

o 160 4 1 5.3 640

gzt a— bz /s (NPK = 16:9:12, JEZHIRI3~42A, Hyponextt)
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R—4 RKEFEE (RIE1) OREERE

S “ I B : /%%%mg/i%j:u
pie R R pim my PUED
==N
(20134E3 H 19 A & F#)
WAL FEAE 2 50 70 5 3.50 17.5
B 100 70 13 7.00 91.0
Bl 2 25 70 6 1.75 10.5
aEk 24 119.0
(201344 H19H, 20144F4 8 24 H #%F%E)
WA g™ 50 70 5 3.50 17.5
R 100 70 8 7.00 56. 0
B b7 25 70 6 1.75 10.5
aElk 19 84. 0

LNA BRI I AAZ A —F (N:P:K = 6:10:5, Hyponexth)
B m T ey vaFAong Exy 7 A (NiPiK = 20:20:20, Hyponexth)
o= 8—> 1 (N:P:K = 10:10:30, Hyponextt)

3 RRE - I BEHER

2013412 FEHE L 72 fi ot - FEARIERERBR O R 2 B & 2,
20144F12, Hifls & VAR EIZS 2 LB 2T 5
7%, FEIBREZ K AL & & 2 VA e Lt
xS L 720

FRBR A LM 1 175 R 3201347 12 ZE I AT 7 & 88
L, Rik2TC, W% THRE SN Cn/fT (3=
432%) FM\ 7z Akl (2014) (X W AT Oy M2k
THELY /= VZRICL DHFEDNDH D Z L5070
T, MiEE - b VEERBRTIIKIZL A REREZITVILAL
TS % BRI L 7o RUEFEIIX 128 T 5o SRR I
B - FEIETERERER & [F) U 4tk CIRIIR R LB 2 1T > 720 il
HAL7zar7rig, ks - EEEERRL D b v
KE HAREEEAVN S WIFALS0 (AN LA 7 R & A
£ R VZRE150 ml, 400V, 3 YT ), HAREEE296H,/m?)
EJFA300 (4 EELARTE (17 AL &3 4 4%, L IV4Ea300ml, 24
Y/ ars g, HAREELITSE/M?) THDH (F-1), 72
720, Mt - iR REEER I L 72 3 > 7 - HIKO V-120
SideSlitiZH A4 F 2 v M fF TN AS, HilE - RV R
DIFA150 & JFA30013 L VT D FE T2 ) 7 v 7z a >
TFTHb, BHELIZIZE— NEA100%% HV 72,
20144F 4 H24H 2 1 V720 3RO T 2 M L 72, iR
FEOIRERE, BEARDOEMII2013ELF L TH 5. HIHEIL
&, 20134E L IRIZF L9 H 1 HIZBAE L 720 20144EDIRET
Hi L WHEORENOREOHERIIK - 20 B) TH 5,
RO RLEL I, [JoHE05+HEAE0S] [Je/B 1 +HEhEL |, [Jt
f02 +A0 2 | @ 3T, Fv/-iUEofME & §eE
Wit - fEiEERRE L ThD (-3, 4),

4 REOHBEBRE
MEE - REIEEERER T, AL 3 HI9H B O 4

50
45
40
35
O 30
=25
Jul=] 20
15
10

m Jjwu ol ‘W‘".MMUN’l\\‘MMMWW%\WJ'

0
I

I M

58 | 6R | 78 | 8H |
R—2 2014FENMKIEE - LI BREHKRICH T EERDE
ED—FEEOHE
B OENRI, BEZAEA D% F I ER T
MEDZEALL, BAERDIEL o> TWwh,

T N T T |

JLER 4 BI9HRRED THRENZ: L, TAR 1), TICHE 1 +iht
1] @3B AT GAIRTED S FEFATITH T L7290 H &
THE2M%EM L. £72, 3 H19HERETIE, 20134E 5 A20H
(E&RE62H), 7H1H (FfE%104H), 8 H16H (H&fEfk
150H), 10A 9 H (BHE%204H) @ 410, 4 AI9HERETIX
7TH1H (FHE#%73H), 8 H16H (FMEF119H), 10H9H
(EAEZ173H) o 3, fiE% & L7z, BIcfIZ10H 9
HOAREHHIE L7z, MR- 2V ERERTlE, 20144E10H
6 H GFHEI65H %) ICHEERITEOSREZ EL 7
A R LA L G AL A e b 7 T~y T
TR 251 (FE25em, »OBICE 4mbl k) L
B 720

5 KREtEER

FRETRAT \ZAZEAT 7 7)) r—3 a >~ “R ver3.1.2" (R Core
Team 2019) & v 72, ffla - MEfEZRERER T, MAEIC &
LR EIEFROBE AT O 0T 5 720 | IRTEH 255 7
LREBFNZNTHIEH 2 & 2B Helm & anova % i o TR D
—MALRIEE 70N CRE ST AT, A REERIT- 72,



Y, =u+S +e¢ (1)

CZCYEH T T —EBOBIIOFFFEF 7 IIEFE, o
ZEROFHME, SIEiE HOMAONE, cldifiEzr Ry, M
Beglm ) > 7 %1%, Family=logitTdh 5. = DN IZAEH
L7z7—%1%, #5500 H ¢ 2 [mFEh L 7238354
OB L7253, 20134E5 H20H (3 H19HEED A),
7TH1H, 8HI6H, 10A 9 HOWELEKHE,SEM L
HERETH L,

F72, KB X ARSI, IR OENEZH S 22

F 572012, 20134E 5 H20H (3 JJ19H#EEDNA), 7T 1H,

8 HI16H, 10H 9 HIZHIZE L72Wi&, 10H 9 HIZHIE L 72HR
TR, BEUI0H 9 HICHE L2H R EARTCEL BRI L7
ke (BRI 2 v, B#anovalc X)X (1)
LR LETNCTHBGM AT o720 &5 I HLEZ 2
DRENKT T 2R RE M T 5 72O IR A 2R & LT,
Tukey: 2 & 5 L EILE 2 1T - 72

M - VAR, =z, ar7)rox
VEROFELZW SIS 5720, 20144E10H 6 HIZHIE L
7oHR LBIOE, B L O R ERITES SRR L 22RIR I (1

EARGEE) 2HWT K (1) 12, EVEEOHMEE LU,

e E RSB FE S Nob7

FEAEALER & VRO EAEROERZINA 72 (2)RI2 LD
ﬁgiﬁ‘ L7,

Y, = pt+ S+ V,+ S XV, +g (2)

C Y3 T ) =B OFERLEL, 7T —EB D+
VERIOIE R, AR, W, RIE 3B RE, «
ZAEOTFISE, Si3iE H ORI ORR, VIEHFH O+
NVERORE, S X VIdidEHOMLE L jFHOLVERED
RHAEM, e l3ifdsE R,
HR

1 MEE - MEAER AR

3 H19H 18 Tl3abiss 2 MM BECRIFIIHBE Y, 583
FIGIRAEHI0H F TEHIRIZ X > GEOARD SN, 34
HUABE RS & 2B i3 7 < 20 ) e my 2 PR s 3F =1
54.4%7° 560.7% CTd - 7= (M= 37/5) o 4 H19H #7513 Ax
L7 & L OB & 25 Ro@ 32, R
FIFEIFEFRIX675%H H708% & 2 0, 3 HI9HIHE L b & <

otz (M- 34).
SHIOH® THEEZ L | oEfF=R I M@ L C982% TH

80 1 3A19REE 80 1 4F19B &8
60
s
s -0=-BHEL
W 40 e - o= IBRAL
i -®-#&AE1 .
b _ . - 0= EiB1
20 —O— JthB1+&AB1 —
-0 +
—o— TR+ AR2 7
0 : : . 0 d . . .
0 20 40 60 0 20 40 60
EENSD B FEENSOBH
X—3 MIEE - AEFRERERICH T 21810, BIELENOETFRFEROHE
= BRER0.1% A THIMLEE ] CHIFRPR L 5 2 L B E T,
L fERRER 5 %A CHEATALIL R CRIFENE L L T L EEKT,
100 - P S o 2013%3810A4EHE 100 201344 A 19 B &1
90 90 A
g N 0] #7 g *
¥ g0 | o RHEL g0 | o BEEL
it - wAEL A% .
H ok . # --0-- &A1
70 1 O T LRIEL 70 1 o TERRL+ AR
—0— JthE2+& B2
60 60 -—

4H 5H 6H 7H 8H 9A 10H

48 5A 6H 7H 8H 9A 10R

Rl—4 HEAEE - FEAEF/REBRICH (T 2IBTEH, MACLIER DEFROHRE
= fElRER0.1% A CHRIMLALEE I TGRSR LR 5 2 L2 FK T,
* o fEBRER b %A CHRIIEMLIR I CAAFER R 2 B 2 L 2 E T



AbHE AR BB I SR RS No5T
==L - #&B1
TIB1+& R1 =< TiP2+& IR2
50 -
3819R%E
_40
gao
w20
i 10
0

3Ha4AsHeA 70 8A 9A 108

- & fRo.5
== B2

=73l
BAE1

—#=TC B 1+i# A1

50 -
~40 -
530
%20
10

0

48198 &

3Ha4HsHe6H 7H 8H sH10H

—5 HEAEE - FEAEFSREEERIC & (T B EAERIER DB RERER

MEMITERERAET, TV 77Xy MR LY

BIIRBEOREIZB W TEBEER 5 %A

TﬁmHE%EF‘EJ“CEEEfP Bl EET, %MEEO%FJ’KEI BRI CTH B2, A3 <

b7, MHEMIZIHTSTH L7

R T (mm)
O B N W »~ U

_) i [ ] (o] _) un [ ] (o] [ ]
» B H H s o E H H
=& == = & EJ e Be=
= H oA o ¥ X
= 21 = = 8]

(=== o=

IR IR IR
319 &% 48190 1%

X—6 MIEE - EIEHREHERICH (T 21B1EH, RICLIER
D 1EB108 9 BORTE

AR S, TV T 7 Xy MR LA
fEbsas 5 Yo TRIALALEL R CHROTES R 2 5 2 &
ZEKY o

S 7o MO IERIX Tix 8 H iy (EfEA150 H) DAREAAFs
T L, 10/ 4y GEE2041) 1380%Hi 1% & 72 1) fElELc &
LEIFROE DD -7 (- 4/ x*=82, p<0.001)o —J
4 H19HEFECIE [JeiE 1 +{EE 1 ] OARI0H \ZEFFRIME
T LBGARC & 2 EFROE AR S (M- 44, 1*=79
p<0015). 3 HI9H &M & 4 H19H B CHEMLE AL T &
HEAFEEAMT 9 A (AN Sl LT 7z,

WEEEEZ, WINoORMBXTHFHEEZ 222 H 1L <
Y e h/u%ﬂéi’) Y, FNLEE ORI X EN
AHNTE (W-5). 3AIOAFEE X, 107 (EHE
204H) OFHEED THEEZ L] 32em, [EHE 1] 189cm,
[JCAE 1+ 1 ] 34.1em, [JCHE 2 HEE 2 | 35.8cm & jiti AL
HIZEoTRELSEL 572 (K- 5%k ANOVA: v=3,

160 -
b
140 4 PP 2 b ¢
120 +
R 100 { a a +
K 80
S 60 - "R
40 -
20 -
0 T T T T T T T T T 1
_)HHN _)I.nHNﬁ
H» EEEA 4@55%5.%5%
FRREE =R EHR
<)) ¥ ¥ m ¥ +
= - N o= .
B H) =]
oD oD [===]
B IR IR
3A19REE 4H19A#&E

X—7 RIEE - EIEFEHERICE (T 21B1EH, RICLES
D 1FE10A 9 BORRKEE (R IRTE)

AR S, TV T 7 Xy MR LA
fEbsas 5 %A THRIALALELH CRIRIL S92 5 2 &
ZEKY o

F=840.3, paired t test, p <0.001)o [AEEF7Z L] Tl3ZiFk, (13
EAEMERESY, EEIEENEOIMBETH 5% ’é%:az L,
BERNCIETESF 2T L Tz [WEIET ] & [IoiE 1 HigE 1 ]
TIXIOH O F i B A28 { 7% ) (paired t test,
p<0.001), TCIEOFEDIHEIIKE CEEL Tz, F704
HIOH#EECH 2] & [ 1+EL ] oFEiE
WAL EBERE L, BEROR LD RO FELSTE
ICRECHEL W (K-54), —JT3HI9HFEED
[TEIE 2+ 2 | o P EE [T 1+ L] LEWI
7o 72 (paired t test, p=042). 3 H19H#%fE & 4 H19H %
Tl DT R A Ml s - AREES L@ L T2 [T 1+
WAL ] CTHAZ EBED/NE L, 2078 1emb V), il
BRI HI RSB L Tz,



PIRITAEL, 3 HI9HIRET [EEZ L] ©06mmA 5
[JCHE 2+ 2 | »33mm, 4 B19HEMET THEEZ L] @
05mm72:& [Feil 1 HEM 1 ] ©26mmTdh h, FELIZ X % i
VO BEREEENC L 2B CIEH R TR N E L IZIZFE LT
Hotz (K-6),

ke (& o) &, 3 H1I9H B ClE THEHZ L
D613 TH - 72 DITR L, ENLIHE IO & 2 5
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e 110  100.0 100.0  83.6

JEAE1+HK AR 104 100.0 100.0  34.6
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WHEE - CIVEERRICH T B EERE, a2 F7F

- EILEEFO1EB108 6 HOEE (cm)

AR IR R A 7 R o

7 -
— 6 T
EG5
e = 150ml
fg 3 £1300m!
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MR A& WS 5 2 & T, RERE TR R a v
7 T O R A 25em (Al ILARE T RS 2019) %
WMzHIeD (M=-5, 9) WICho72bEZHLNDL,
WZHEE 2 AT D2y, FRE3EZ O LA ML A% 52 THL
B0 LA T 2720 TRIEIR Lo 72, ZHUEE LI
WEFTAHH IV TROND L) ITEILTE A%
M2 SE 20 ThY, AAMIIEEDT Y Fa—)u
NEDLHETHDE VR D,

JLE - fEIE R R ER D 3 H19H RfE & 4 H19HIRFE T, 7]
CHEfEMLETH A [EAE 1 ] & (o1 Wit 1 | 2 x5
&, 3HIHIFEEDIZ ) BHICE, WMELHITKE L, HE
MM a R 5 LICL )RR, HRORERER AT
FICFRO LNz (M-5, 6)o —77, 3 AI9HIEHEOILIKIL
1101 T (K- 7), 7T~ 2 SEABE ORI OFIR
TH 5601 (FRIIEA 2016) L HENTEWETH - 72,
AX 3T FH T, IR % 213 SR OB g
EAMET L UUKREEIZA 2016), FARIEAS10002 2 2 & #490 &
DEFEERDS L (HERIED 2015) Z EAHRE SN TWD,
72y <y TR I > 7 FE ORI £ Y &
A, VAERICIIHE SR ZED &, BlEpR L b g
WEEZELESES UURIEITA 2015). 20134E 3 HiRMECIt
BN 2Bl s L THARZRELTHIENTET:
A, IR DSIEE @A o 727200, 8 LI, AR
LizeEZHN5,

2 BEIBREOEE

3T OR#E VAR (RERY A X)) 1F, B
T D MAOKRE &, Mo FEiA, FioREts
EREA RERICEE SN D, 757V 3 YT FH TIIRERT
w#150mILL F TR B O AR L D &< %), 300mlT
BERSHRE L ) KRE<CA2S @lilEs 2018), —4T, db
WEOWAREFEE L, 300mITIEE < D 1R lh VB TR
PYEETEIA MI% b &) BN A T i a
YT FHELOmMIa Y TS TEH LTS, L L, W&
PHIE & 72 S R VHAD S {, HEEROMRT 248 T &
7o TV B (ki I IARFE R AL FAME) o ARWIZEO KT
AT FHTHREERTHY, 150mla > 7 FI2BWTH
KA 5 2R DITE A SIIIRTTENRE ) 2 b2k B
bOThHot: (F-7),

MR - FEACTERE R Tl 3 A1I9HEM L Y & 1 2 A%
ESEEFHMAHEC L4 HIOHEETL, R ],
At 2 1, [9CA 1 HEAl 1 ] oFARIEAS100% # 2 T w7z (K
- 7)o L2L, fflEE -t VAERRKBRTIE, ZEALHLE



LA I 7 No57

WA 2= VIO BH ST, BREAIVNES o7 (K-
1o FiMEE - €V FEABTIE150mIT ¥ 7 F £ Y 300ml=
T T CEIBIREAVNE 7o e BERICIZE DS & A8
R BEESERZHEMESH ) (% 2011), LIVHE=R
ERELTBIEERRIDNSL BB EZEZONE, T2,
150ml 7 ¥ 7 F 2 H_C300ml 2 > 7 F TR, HELD
WCREL o Tz, ZIUIMERDK E {2 ) #55RK5D
FIHREE 2SI L 222 &2k ), MEKE, HEKELD
WARAE S N2 — T CHEHERRMIEAM S NG 2 LI X Y ILAERK
FIZX D ER L BEOBINGSEEREICL D Z (RS S
N7z ThbHEHESND,

3 &8

HTRVATHENR L, AW LD, B 1 AR CREFETT
e RESICEITHRESEONS I L, ECETHM, +
VR (W AREE) LX) EEDT Y ba—uh%Es,
THHI LN LB oTs —HT, BERBECETE
LINEHIEIC LY, WMAROERILOMA, HAFEOKT ZH
e L T oz RIFFEOMED SN T~V iEED
YT HMOBEWISE L2 AEEE, 150mlT 7 X ) 300ml
arTrERMEy, EEIE4 BT, AL (Dot el
I &E2oNI. — AT, HAREERZ, ZRLENORSSE
PEANE, FoEE LD LS TR EHTLI L b
%\, BTV Y TS ORI, AWZETHS 2
Lo B R BRI AL EREENTNOF R
HhET, BERE RS, BEEZECTRE, Bl A
TV a— WRhlEE RE(LT 5 2 EPLETH L,

5| F 3Tk

T3 (2011) BAMROWELERE.  TEARKE M5 IE—RiE, %
MRAREZE, 224-244, JLAFAR, R

B (2017) RBEICB 2 AXa Y F OB, HMk
Bh42 80: 10-13

FEAAER] (1978) /1 7~ OGS 078, ALK
AR 35: 1-28

JE L A - SRIAIA - SR - A35A0 - TREEBIE - =A%
(2016) #72 BEHHICHER L7z h I~y a v 7 F o ELE
BORED L O EHAERE. HAREE 98 1 158-166.

WoRsge (1951) HARFEEEBR O TS IER (55 180,
MEERBIG I 7EHE  48:1-240)

HERIr - SRHEI - RS - P — - IR - B LR
F - JUREAS - R - SRS (2015) HAL# A IZ
BUIsAFarsFH LB ORE. FibfihksEask
20: 16-18

Jef AR 17 AL A (2019) PR3 LAF sbk Y i R HLfii 5.

At AR R 7 A, AL
FRAEHE b 77 (2009) 34T - AL FE W Fhttp://www.cocopeat.

cojp/old/c-old2html (20194E11H19H 7 27 & &)

SRHAIA (2019) 7 I~ Vilia sy 7FEEs ) —>F—F
WLARD Y TR OFH T L BRBEEEENOISH.
HMBEZER 8:167-171

AN - AR (2016) 71 9~ v HET % FESFMRMELIE -9
W23y T FICHRL L LD BB D RN 178 1-5

AR - FOLEEL (2004) 2SR & ATRBROBIE. N
FAEM, BARAFAREY, 14-26, FIAEE, HOL

SHEEREFIA (2014) Ao~ es)—rI—F (/4
RYXATIVHEE ) Oy ) - VEFRGED X U%E
FIZRITT Ty — VEIROFE. HHGS 96: 187-192

Kozlowki TT, Pallardy SG (1997) Growth control in woody plants.
P. 641, Academic press, San Diego

AIE - AR (1971) HAEBARGAIKE 1 © pll0. 5
HAMERAREIES 1% p216, HERkt:, HE

Landis TD (1990) Containers and growing media, Vol. 2, The
Container Tree Nursery Manual. Agric. Handbk. 674.
Washington, DC: U.S. Department of Agriculture, Forest
Service. 87 p.

Landis TD, Tinus RW, McDonald SE, Barnett JP (1989) Seedling
Nutrition and Irrigation, Vol. 4, The Container Tree Nursery
Manual. Agric. Handbk. 674. Washington, DC: U.S.
Department of Agriculture, Forest Service. 119 p.

Matsuda O, Hara M, Tobita H, Yazaki K, Nakagawa T, Shimizu K,
Uemura A, Utsugi H (2015) Determination of seed soundness
in Conifers Cryptomeria japonica and Chamaecyparis obtusa
using narrow-multiband spectral imaging in the short-
wavelength infrared range. PLOS ONE

Nishimura M, Setoguchi H (2011) Homogeneous genetic structure
and variation in tree architecture of Larix kaempferi along
altitudinal gradients on Mt. Fuji. Journal of Plant Research
124: 253-263

KoV~ - ARt (2019) JEIEEAAFFEET 7 H D
BRI AT R HAGEE 101 109-114

R Core Team (2019). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project. org/.

Timmer VR, Armstrong G (1987) Growth and nutrition of con-
tainerized Pinus risinosa at exponentially increasing nutrient
conditions. Can J For Res 17: 644-647

AL RAR - Ll - SEHEFIA (2018) AbigElc s % 2
YT T H OB EBRES 5~ O EIRER L iR
Ao~ AL BB 66: 69-72

SRAE - PR S - B - ARG - AKREAE - S8H

Il - FPLURRRE T - BoRE R (2015) 2o~y oy T )

WO BAEATE A LBAEREE O R HARREE 97 257

260



JARKERY - tha st - s — - ARZHERMR - R - BPOURR
TS - JORTE - BIREL - ARAHNRG - (L - e
1= (2016) 2Fa > 7 RiOEELRRILOM
FR. HHFRGEE 98: 139-145

REh— - RiIE# (2009) FE3F & gL e, Mk
N TERIE e, SESF RS, 106-122, SC—ARa IR,
S

Summary

We studied the effect of fertilization amount and cell size of
container to develop the nursery method of containerized seedling
sowed directly on container. We established the experimental
treatment that contained from non-fertilization to twice amount of
normal fertilization and two sowing period using 120ml side slit
containers in 2013. We also established the treatment that contained
from half to twice amount of normal fertilization and two cell size
of container in 2014. Germination rates were 54.4-60.7% for sowed
in March 19 and 67.5-70.8% for sowed in April 19, 2013, which are
significantly different with fertilization amounts in the early stage,
but not in the late stage. Seedling growth increased with fertilization
amount in all treatments. However, the ratio of seedling height to
root collar diameter was high and survival rate decreased from
August for 120ml container seedlings with normal or more
fertilization. More than 80% seedlings of 150ml container exceed
the seedling height standard (=25cm), but many seedlings showed
high ratio of seedling height to root collar diameter and didn’t
exceed root collar diameter standard (=4mm). Many seedlings in
300ml container showed low ratio of seedling height to root collar
diameter and exceed both seedling height and root collar diameter
standard. Whereas, survival rate for 300ml container decreased in
twice fertilization, which suggested that normal fertilization was

optimal for nursery of direct sowing containerized seedlings.

Keyword
germination rate, fertilization, root ball size, seedling height, root

collar diameter
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Responsible factors and inter-provenance difference of Abies sachalinensis in
wind-tolerance

Wataru IsH1zukA®, Tomoyuki ABE*, Masuto EBINA*, Kazufumi HAYASAKA®, Ayu NARITA",
Hirokazu Kon*, Yu NaGasakA®, and Hiroyuki ToRITA*
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Gk, ARG EE LREBRO72ODOFMEDT 7 LA, FFH DL
BADAL SGE2ZEBLC, ABROEMICHR S # L5 T
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A DOOHBHITIZIX S END. TIHl, BEBE I M
RRPH D EEME LIZAKS (2019) 12X X5 -

e E RSB FE S Nob7

TWwh, 72, HAED F Ry OERKE (hHES 2018) 12
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Summary

It has been said by our previous research that provenance of
origin of this species was associated with the occurrence of wind
damage. This research conducted the tree-pulling experiments using
the progeny test stand of Abies sachalinensis and evaluated whether
the wind tolerance was related to the candidate traits of tree size,
shape, or wood property or soil conditions and showed inter-
provenance difference. The critical turning moment (R) which
expresses the wind tolerance was significantly correlated to the size-
relating traits that was tree biomass, stem volume, and DBH
(diameter at breast height). R was not significantly affected by the
difference of provenance of origin. However, according to the
modeling approach, the best-fit model estimating R contains the
effect of the provenance of origin as interaction effects with DBH
and H/D rates (tree shape parameter). This result indicated the
existence of inter-provenance difference of this species. Although
further validation is essential, this experiment revealed the

superiority of local provenance in R.

Keywords
Abies sachalinensis, tree-pulling experiment, inter-provenance

difference, progeny test, wood property
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