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Abstract

The landscape of the dJapanese mountain cherry tree Yamazakura (Cerasus
Jjamasakura) in Yoshinomiya, Nara prefecture, Japan, was designated as the World
Cultural Heritage due to the landscape inherited for more than thousand years, and it
also highly evaluated as a cultural landscape. More than 10,000 cherry trees have been
planted in the area of about 50ha. Sustainable and adaptive tree management (e.g.
seedling) is important for managing the vast planted area which has obviously
increased in these several decades. It is considered, that for the sustainable cherry tree
landscaping, the trees characteristic in a group should be inherited. However, the
evaluation method of trees characteristic still has not been developed. The purpose of
this study is to discuss the evaluation method of trees characteristic in a group in terms
of phenological perspective, in order to obtain useful knowledge for sustainable and
adaptive landscape management. From 2010 to 2013, the phenology of flowering and
leaf developing of Yamazakura was observed within a large number of individual trees.
Temperature and humidity observation system was also set up, and the crowns of the
trees were monitored by digital camera.

Making the analysis of locally recorded flowering data from 1995 to 2012, it was
found that the higher average temperature during the bloom period significantly made
the length of the “period of beginning flowering” shorter with moderate correlations.
However, it was considered that besides temperature factors, other factors can also
influence the length of flowering period. Moreover, according to those data, the
frequency of appearance of frost damage risk during the blooming period in 10 years
was estimated for about 4 times. Comparing the results of the budburst observation in
2011, with the locally recorded data it was found that the length of the “period of
beginning flowering” corresponded with the period when the individual number of
flowering in the groups increased. Making comparative analysis of the local
temperature and individual budburst ratio from the 2011's data, it was presumed that
the frost damage risk might be prevented in the whole tree group due to the different
earliness of budburst timing during the period. In addition, 4 rank tree vitality
condition was evaluated, and the relationships between the trees’ healthiness and
budburst variation in the groups that were planted at the same time, were investigated.
Standard deviation of the budburst appearance days was bigger in the group with less
health tendency. There is a weak correlation between the 4 rank vitality degrees and
budburst appearance variation of blooming and leaf developing. Moreover, the color

value of trees’ crown was monitored by using digital camera in 2010 and 2011 for the



healthier group of trees. According to the analysis of L*a*b* color system, the axis of the
red-green colors a*, precisely identified the period of leaf developing and petal falling.
Between these two years, the patterns of standard deviation sequence of each L*a*b*
value were almost consistent, even if the budburst period differ for about 1 week. The
value and its order of L*a*b* between two years was highly correlated and it was
pointed out that the budburst earliness can be almost the stable characteristic.

This study showed that budburst variation in a group of Japanese mountain
cherry tree is characterized by the combination according to the external factors,
such as temperature change and internal factors like the budburst earliness and
tree vitality. These characteristics can be found from the curved lines of budburst
stage ratio in the groups. On the other hand, it was found that the earliness of
budburst timing is thought to be mostly stable characteristic during the years,
which regulates the whole budburst period in each group. As the budburst
characteristic in a group is maintained through the years and due to the different
earliness in the groups, it is suggested that frost damage risk during the budburst
period can be prevented. Finally, based on the phenological results from this study,
it is suggested that the inheritance management of tree variation, especially
focused on seedling, is one of the most important key principles for sustainable

cherry tree landscaping in Yoshinoyama.
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Phenological assessment of cultural mountain cherry tree
landscape in Yoshinoyama, Japan



F1E HROEREAM

1—1. HREODE=R

FEORWGFFCH LM mBIIH RV EEMY ~Y 2 F (Cerasus jamasakura
(Siebold ex Koidz.) H. Ohba var. jamasakura) % Tk & +5 6D Th -1, & T AN,
L RFRRICHIE MR T 5 Y A A 33/ (CerasusX yedonensis ‘Somei-yoshino’)
WHBT S L, HIGRRAZR TR AARPIZIEA Y ORY; - #KIL 2003), BE&WV 2T
VAL AT ) LV BEERBIEN IO 150 EHE D THEMICEETDH L O -
7o BUE, BAROMEBOFRAELE LTOY~F Y T7&2ERETHURBLOATIL, BE
WLEEP (L, RO UL, R R EOB r iz BRE HE D 220,
HELNIREROIZEPRINET 2 EBCHEL, Y~ 7 T ORGRBIOATT L
LCREMICELER TV D, EHLOY~H 2 T00F EICHBND O, FLRIHE
AT O [ A FRE] (SR ARIOE SR & Shd (i 2007, £z, FRRHRE
o 45 EWEEE] ITFEITER Y~ 7 oM 2 AW TR EHEBL A > 7- & Sh b it
FEOSVEIGT D K 01D (AT 2007), 97TIT 1,000 LA RIZ 7 o THREEBLHERS S
NTERZ ENCFMRTIRNS H 2001 % 5, 2004 HiE, HRSEEE Hid gl
MOFEE & BERE] OMREED—DE L TRERIh, AARZRET 2ESMC A
T SRR AR S LTV D,

HILTIEY Y7 72 EREOHEMAL LTHY, BRRZE U T THAR) OEE
DR ST E 72 (g 1993), BUETIEA 1 AL EOY <% 7 72347 50 ha (T
AT L TWD, MM S O 6 N TR (BEEHR 200m~350m), H1 T4 (I
) 300m~400m), EFA (&K 400m~550m), BTA (&K 700m~750m)
EWVHREL AODDORIBUTHIT B, TRENEERMOLFTE LTHLEATND
40 FIFETTFTAR, TR, ETFAROWTNTYH VY~ 7 TR O EREN LK



LTHEY, MEHMOFANRENESS TS RAIEH 2013),

EZAT, [UE (1990) I, BIA 29 (1896) HCWIH TEHEFILZF I, HREOERT-
ZER LTS, EUC kiU, 37 780 123 b ZHFEZETH DD
HZE L TRWIIAREL] WIER 25504, TOHEEB & LT, BRHER#EIC T8
BHOR] ELTHEEENTZ L, ZORIHEA DN HLDTHDL EOUMAEZITZZ &
R L TWD, E72, TOK 40 &1, FEF (1936) XTI 9 (1934) FBeAkiZE
PLZFiNTzE EOHIRZE L O TEY, Y~ 7 T7DL N 30~40 FAEDERTH
L2 &8, TTATIIEATIZAOMBREBIZHD Z L2EML, SEILORSBICEL
TRERI R AR 2 STl 2 52 T\Wd, 29 LIckEfiaSE 2, 1930 FREBFIC
RIBL L BEAEEALE A e S 47z (B 1993) b0 EEX bb, S HITEFRTIE
1990 FERH T AT BIRIC K o RaE M bFd CRBF 2001), 2000 FEREE Y-S & B 1LY
7 THEF— 2L DREGHENFESIN T GEEILY 2 & T — 24 2011),

ZOXICEHEFLOY I THMIL, RRZE TR D ERZFICH AT
WHHEDEHRERINDN, THE TCHIEROEZ HRWE NIz b, Y~¥ 7 F
DHEFERI LRI HERF S, MFF BRI T & 72 (FiH 1993, Sk 2003) &
DERZHID, EFILORSEBIERIZH T > TIE, FMIEROKERCBERIEALE 7 &
(ZINZ, FERENATON T E I AEOF & (R 1993, ik 2003) Ziflkiiic
TV, EFRICEARZ T L TV 2 RSB L bELIND, — 5T, Y~¥ 77
B OBV Z R T 2 K 0 RERRERIZOWN TS HFHIL~OFREE R 2\ K,
FIFE X ELFHET D235 % (Imanishi et al. 2013) & OFEfM L H 5, fifki
OEARILKRMEM 2 S F 2, Fehy CIEIGHI 2 BRTE B (S2AEER) &Rtk o
ERDRIRFICEBCEL HREMFTT D2 ENEE LV, 207HI2IE, BIARERE %
DORERAEARD & OFEA OMHEE 2 BRI DT L, £ Of R AR BUE B OFREHINL
EOTHHEANEETHLEEZEL2BND, ZNETEHLOY V7 TR ONTIX



FITHAREZRREOI A & Z DR BIZ OV THIEARBICHET SN TE 2 (KE

2001, MiF: 2003) EWZ B0, BIAREN S OMHEOHR E TITIEE -S> TR,

1—2. HEDER
FEP OB FBUT, KBEDZ L 4 HIZETT S (NE 20000 Z &6, B
RS A b B2 R L T D b0 Ll s D, Ln->T, ¥~
77 ORIARERICE U CRIEOME 2 R BT 5 2 &%, BSOS & 725 5
MRV AR 2185 Z LoD b0 WS D, REITIE, BHEMFIEO L E2—%
LT, AEOERSZRR™T D,

AARTOEYZRE (7 = / 12— phenology) Bl O A 72 508k, BIR 19 (1886)
EIZBE R R KRR B L0 K[EBUNEDBUE S0, Z OFICER &Y
HELTEDOLNIZEXITHEEDS (P 1969), 1953 FICIXX ST A ZREIBLIEE
D3HE S A, BIHIEE OB BRI ST BIIFE R & BLIHIFES2EICH — S
7z (B - £ 2006) , [T OAEMFEHBN TV 7 THITHOWTLRY AL I/ 055
QLo TWD, —FHT, NI AR SICEROFEEI RSN TEY, £5 1L
TeRiERD B~ 7 T OB A 2 L, 9 fibida 6 20 HALIZ 72 5 BRI e KR ZE
EAHEE STV D (Aono&Kazui 2008, Aono&Saito 2010),

Y7 THOBENEDL D72 A IV T THEDLDONZONTIE, ZHE Tl
BHEMTEZL OMERITOITE T, K% - 80Kk (1947) 1ZEEDOY XA 37,
Y~Y 7, e W T T, Y7 T OREHOWEE T — & LSRRI E & DR
R ZEZNENO TR EER LI, £z, D (1964) °51H (1997) Xv~¥72
7 OBRATE H OB H & KR DOBIRIC DWW T o 217> TWb, Y~ 27 LS Tix, Vv
AA A (HH 1993, F - 5P 2003), B 7 YH2 T (B EiEA» 2006, # EiE)

2007a, FF FiZa» 2007b, #F F1EAH> 2008a, #F FiEd» 2008b, #F EiEAH» 2009) (220



TIFHBEOEmWEER FHIET LRSI 6TV D,

—J, 5IH (1997) 1% 15 EED v~ 7 FIZOWTRECHE R &L 5 FRIFHA L,

REORBEDOBIEN 2 SN ETFHITTNORIBIC L DB ENEELI-Z L%
B L b, RO ERILTEE I 25 TR 5 Y27 ZHOBREH %208
L7z Miller-Rushing et al. (2007) (2 XiuE, £< D% 7 FHET 2 A-3 HFHXIED
1 CERTHITELICHRERN 3 BnD 5 BRRERE AN A LD b, BIARDBZE
HOBRE D ITBIARIZKT HHEO Y A7 ZWRIEDLAEENH D 2 & PR L T
U AT FEIZ L > THRfF ST % (Cannell&Smith 1986, Hanninen 1991),

PRACHIRNC R AT 2 IR F I AOBRELEIHIC R E BT 5 L EX Hh, HH LD
R BLOTERGHERT 22 fii 9~ 2 BRI, PRAEIA] o DO IRIRIR A& DHER I W THRANEIZ A
DWTHRGRE L TBLS BLEHRH 5,

Y7 TORERCRIEL V-7 2/ 0 Y— (EWEE) IEREENH S Z L
DR ST D (P 1964, 1830 1966, 51H 1997), ¥~ 2 7 OBHZEOERET,

BAZEHIRI R 0 DRI AT A RIS L C, #2210 B EEEIE 2 AT il 4
XN TW LD EHIEND, 9 LIEFIFBRERETT 57-0121%, 280
R E xR E L TR ERDH D, LL, ZNETY~V 7 7 ORZFEICET 5BEE
e CiL, Blagatg s L@ e CThinotz, e (2004) 1% 10 4ERIC 7
DY~V 7 T OBRMEMETEL THD0, DT 2 lEExIGE LTNAH721Th D,
F7o, BEH - B (2007) b 5 FMOBIENG Y~ 7 T OBIEH OERZE R4 FahH
LTWD2, 3RO RZGRLE L TWD, i (1964), 51H (1997) D X 9128
TEARS I Z WS TS 15 AREREOEERETh - 7o, ABFJEIE, BEHEMIE L 1358
720, Y~ ¥ FEMOBFRMEZ RS 2 72O HOMEZ IS L L, 5 3 =TI
BOETI7TLEE, 554 3 TIE 102 K, 5% 5 5T 50 A2 AT I v 7z,

L AT, kD7 = v U—LBROEEEMEE ORRIZEBWT, BIESRSE (Innes



1993a), B E (Innes 1993b) D% — 2OV LA LN TE T, LT,
PRZECIEIEDEN, R L O T = ) v D= LIBBIAROFROEE L 725 L O
fibds (WH 1999, EH 1988), LnL, ZNETY~¥ 7 70LEBREIZERL
TeRFFEICIE, B OREET K 2 BRI DOZEA 2 5T L7z 6] (BHIE 2~ 2009, H14 -
Hir 2000), FHUIFTHEZRVE 7] L2 TR Ol 2 1R L7 S (A2~ 2005), 1R%
Gy & RIS 3 KO P O Bk 2 8122 L7 1] (57132 2009), 16 /7 FERFA
2 BAAEIICE B L TR L7256 (5 1PE1E)> 2011) 72 EOBEEMER H 5 b DD,
fEH (1999) ChEHE (1988) MMEHT A L5727 =/ nv— L AFRE L OBRICE

R TR T O TR,

1—3. MIROEM

KB, BRBREHLOY -~ 7 7RI B TR 2 BBl OMERIRK &
D BRI B BRI ORI E B L, 18, BRI OB IRt 8B 5 2 &,
BT, ZORMITFEE EHICESHTHRFT22 L, B, ThLESEXSED
RERBLOMRFE RIS A AR ER D 2 2 BN E L, 20720, 25O
RIS L LIZPEFAE Z 2010 4~2013 FFI2H72 D £ d 5 & & b2, KJEBH LD
TUBNIATICLDRBIEE =4 v T &AToTz, 7ok, AFRTH D Y~ 7 ZI13iE
F L BEHENTIZRIRH R T 28803 H 0, LIR30 RERIEZ 8 LT 5618 TH

), EFEOLOBEBIRELISTHAIE (W) LK 5.,

1—4. ABEXNRMOME
FENE, AR IRAGE O Nk A& & FE RO IHEREICEE E - F R KX
B L, FRPEERIRIT 12C~14CTH D (P 1961), — 5T, EBIL—H TR

200 m~#) 850 m (72D D, EEmEKIBO—KIRBMRICE S &, L



I ET 3C~TCRECDKIREN DL LD LHEEIND, 7 A X ABNAOEL (i)
TOER BRI 1,500 mm T, 1,200 mm~1,900 mm itk z2#BT 5 (K
LT (2010), 1991 4~2009 FOFFHEL V),

5B I — /IR LR S A0 m o TERD IO —FTH Y, {L#Er & (1,915
m), KKRHH»E (1,439 m), HiRr g (857.9m), @ikl (702 m) &RFITIKL 72
D ENROISEICALE ST D (HHITEREEZES 1972), HHILORRE, FMIZIEH
B, EENZITAEBR S0, W& & bR V FRZESIEHR L TS 700, il
[ZRRHE & PRV, HenE 2 ATIEIES 500m LT E7RoTWnD (HEFITLHEELZES
1972),

H BN QA A2 PG IZE M3 2 P REEHR 28I LT, bz WA, mMAlE s & X
O, HEIL—HFIIAMRNAE S D, EBILOMEIL, HAR O =) 22 Ry 5 B I I
BL, EEITREREE EEE S, ROAEE GEREE A, BEEAEZ BIR
ET LM EED DR SN TS (MUERRAT 1957, EH 1961),

B EPILE 1936 4RI & BPRREF [ENZARICHRE S 4, 2004 TR SUERE TRl ptil
MOELEZDSFRE] O—HE L TEERIILTV D, FIZA > THHOBEEEIT
ERIK 70 TANBRPETHER L, BUCERIT 4 HIZEEICZy (A 2000),
Y~ FRRMOEBEIIBAERBR R EETLURBESASHE L TEBY, FHILEEBES
BRI TR 2 U7 TR, Rk, MiilZe E2MThin T\ g (FE LIRS R —
L= HEREARITEANCETFINCAET T2 Y~ 7 I 0280 EFTHH
TWHNR, DRIV I IROPTMIRLD Z Enb D, £, HEEMEDOY 7 FHNR—
I b TWD (FEILY 7 Zi&T — 4 2011),

EIFL O Y~ 7 T I3 E 2 500m L EICH72 0 %L < O~ F s T s REPH ISR
SNTWDH72®, HEOMREMIZ T 7y 2R E L, ZEOMERZ 5B 3 Frit 2 4

BT LBARETHD, £/, FEmRR MM 2 GEEINT 2 Z 812Xy, F—



FORETH> TORIBRMEN R D v~V 7 TEMEZ B TE 28 R0H 5, 2 b,
[ LY~ 7 ZHRHZRENICRET 5 2 & T, BHOBRFREICHONT I Y —fitEo
BWT =2 &2 ENTED, DEY, EHLTIY~V 27 7ORFESE L0 —ix

LU THItET 2 Z L3 FREIC 22 D & B AT,

1—5. ARDER

AWFFED MR Z X 1-1 1R LTz,

B1ETE, BEREHLOY~ V7 FBRORE LML R R AEE ISV TE KR L,
TAFRER S IE R, KEBL LT D Z L &2 4ER L, Fth CIESRZ2 EFEE (34
B OWMENTE L 7eo TN D Z & ailk Tz, AL, BRERREHLOY~H S F
R HIZ I CTA B O BUBIE BN 7oA 7R R %15 2 72012, EMZEHIFHI 72 8L
D OEIAREM OB FREZET 5 2 L2 HE L TERE LT, Y~ 7 7 OB
(BT DBEEAIE R L e 2 — L, WIEDEIR, SRA T RMOBIEE, W8OSR 2 12
RLTE,

52 BT, ML CRIERS LT E 7 1995 4~2012 40D 18 5y DY~ 7 T HHE
T2 B L OHEFEF LT OEIEE O RGBT — 2 2 AT, KR, BKE, EER
FHIEHIM O R SIS RIET R EE R,

fe< B 3 W TIL, Y~ 7 ZHEMOBRIRE L WEE Y 27 L OBMRIZOWNT, kit
DEHINRTET — 42 & L big, 2011 FEOHMBIEEIERT — & 72 b NSRRI T —
FIZEEDWTHRET LT,

—T, BAETIE, LHAOBFRMELBARDERIRE () L oBERE KR
L2, ¥~% 7 TRHMRD 4 £ 102 R ZEGICBFHBLA LBIARD 4 70 7157
FERHALL & DBIfR A B R LT,

5 ETIE, BEMoEmWEMZ XS, 2010 4 & 2011 4FO BRI L1-T



T EVEG DRI Lo BRI (Lra*b* K ER) 2V Ty ~¥ 27 ZHEH D
FHREIC DN T 2 7 F DI B RET L7,

B 6 EOMABETIE, FETHONLHAALEIET S & LB, BIAREROHFR
PEIZ DWW TRIARAEBRARE ) 72 BLS D2 O BER A e Lo, &%IC, KI5
TR ONTZEHIC BT DA FEEEORHE A TT VKT E &8, 5% DWFEDRE
BIEIZOWTER LT,

BTETE, fmE LT MMEREEZSEXEHLY Y7 RO EHER (54

B IZHT--> T, BIARERPARA LTV DBZERMEE KRN K D REE T OK
ENLETHD T L aEH L, FERI BB OM A [T 7oA FE DR DB FRIZ O

W U7,



$18 HEOSELEN
AEOEELEMN, BERELE 1—, BERROBE
PR DR
myeywasye BN eleininlnlinieleieiefeis BT —%
;" RHRHBT—4 —-:- ————————— : (20114F) |
: = : 3= I I
| | BrESORTE | | | FFI/av— | | ;
| | BET—SER | | LEBREURY | :
| | REZOBEFS | 1 | OBFRORT | | :
1| 7 I I I
| | | |
__________ hm e e m e - !
|| e H5E .
|| BETz/0C— | | FPaLAASE | ]
|| LR | | ALV 25ED :
| | EROER EFBIFEEE |
: DHIE I
|

BeE BABER
ABETHELON=FM EDIR
SKHORFFIEISOVTOBAREBERFHNESR

EHICETIEFERESELDRHET DL AN

y

EIE &R

PR RBMEICAT, SEORFRTEREMEKY
SEBEHOREDLEEEIEHE

B 1-1

HRDIERK




B28 185 EHDOFRERET —2 E[REZRDOEERIFT

2—1. XEOBEM

—WRIZH 7 ZHOBALER, EIFOFRE, LEOHE, EHAORHZRT, N THR
DA ZWTE S D L Vo LA R THITL TV, LD -> T, BATE, b, %A1t
&V o e BAMEDOHEITIRFRIT 227 5 W1 B 4 & [ 56 & OBRMEA IR T2 2 L 13
7 ZHOBRIEIT S BUCORE DR EBFT T 25 I ITEERBULL 2D, L, ¥
7 OB A, WA, BERT A & Vo TR OBIEER (BB 2005,
HRIED 2005) CBAAE - fiui B A ~ OB LB RN T 20198 (R - #F 2012) 1%
bHDHOD, BIEHIM & KRR O BRIEL P - 7RSI 720,

Y7 OB A O FINEIEIE 2 AW TR & 20198 (B 21F, FE - 572 2003, £ L
1E222009 72 &) REL<WMVMENTEY, BEHHO B AT 25566, KRR
ROREREBERNTHD L TPRIND, —FH T, BIEOETIRFE D% ITITECREK
(2 K D HER A 22 B AR DMIEHE S 41 5 FTREME & B 2 D, BAIEHIM & 2 OE TR & AT
T ORI E E DI 2l D ZENEETH D,

ZIT, RAETIH204EL L= Y~ 2 F (Cerasus jamasakura (Siebold ex
Koidz.) H. Ohba var. jamasakura) HIHRBLOBRICETEBOKRET —F BEET D
REREFINIERL, Y~¥ 27 7 OBEHME KR, KR, EEE VoK RuHR
EORRMEETRLZ A HINE Le, 3618, BAEOHEITHRERICEE T2 812XV

ED XD IR RGHEF DAL BT 2 O 0 & BfFS 5 720 DA & ik A 12,

2—2. HEDAZE
2—2—1. BHET—4

BB T DY~ T ORI TR AR 2720, 58 LB LR DL~

10



(EBIT AL BIEASHERE 2012, PAF, [BEET —% ) & K5) ZfH Lz, A7 —21%
1989 4F~2012 EDKAE, TTAR, TR, ETAR BTRORIKT LI MBE] (&
RELTLIHEE) OHBIA, TRIA] (8 5~ ~# v #H) OHif, FEIH)
OHB AN SN TS FEINAN ORI R ITcH LY E NSO E RV IZL D), =
DRET —#IZ81F 5 TRZA) ORE, S8 LoY~¥ 27 TEHROMEEBIERICK S
B LHEFORFERE L LB LTEY (BEIZ2, 2013), BIAEOETIERRIZR S
HRGBEROEBERITLOICRY 2T —F B2 LD, AT, KRETH~
DHRGT — X LHERNEET D 1995 H£~2012 FOHEF 18 » FO FFA, HTAR, k
TARD 3 SORIROBAIET — % Zfatetge L Lz (¥ 2-1),

2—2—-2. "RET—4

BAIET — & Lxtih S H D85 T —# & LTI TOBMPIEN 2V, EDls, HE
o THRRIef A R ) 2 B HEIC L TIEMN B~ 60° J7MISHK) 4km B 7250 (K 2-1)
(AL S 2 5 B AATBOAHBIAED (AT, [ERASS) & L5, RE RSB,
T 182m, AbfE 347 227 41.17 , W 135° 53" 58.77 ) TEkIIL TV DHXGHEL
WIEERE AV, 1995 4 4 A BB S TE Y, 20 R O IR O 554712
WL Tn5, [REBIEERE (RATL Y ) w7 A AV A 0 MEEE) OF —42al
—EITHEBIA A =N, EIRIREERE, EEEUREE, R & OB IZTE
A @y E o (MRS Om ST 16m) ORI - 2EH O i FENIZKRE
INTND, {HPIAETIEL 1995 4 4 A L0 BURIZSBIAG S4v, 1 5] 2 & oo A R
Sl W, RE, WER SO BEsdn, ARIRKUR, R (B 280

—ZPHIF SN ABAE NS A (ABME) OREEBRAFS TV D, HBIAHE X
DHUCEI S S N REBIIE R ORI 22T, i s TW DT _XTO RMEZ F AT
(& D Excel IZHTHIALETT — 2L Uiz, RS L THIRI S LTV 7220 H e H

WY . T=ZOREABETRBLA LN, AWFZETIE 1995 £~2012 F£F TD

11



18 7 oy OBRIEMIHI O H ¥R, HEEKE, BEYREOT —2 2 EH L (UUT,
(R 7—4%) L&&), ok, ATILEIMT, 2009 4F 3 A 31 HOALRKREITH -
7

2—2—3. BAE

AWFETIE, BET —2 Tmansd Bl 22D THIA] OoHBIARRAE T B
EPsH, TR.2A) OMBLANG TRIA] O THAETH T TBHERES]), TR
TA] ORTHMNS TESLK L) OWBLAFTA £ T TBERS BRSO L, 2%
OB B ZFE LT, 7235, TBHIE) 0 T3S H) OMBLAATH £ TOREH
% [BHIEMIR) &9 %,

RET —ZIZOWVTIE, FEOHIM B BRORE SITRE I LT 2 ik & "TRgls &
Lo, FEME TR, SHETORFEHRR, BRKE, BEEREO-LE 2 H
HL7, b aznsn [HFFEERIR], THFRSESREKE], THFRSESRE] &L
7o 72k, AWFETIE, BHIOBMBIHT — 2 DHFEELRNT L, [GEHEFEDER L)
M % & ORFRRBRMEZRFTT 5 Z EICERRH 2 2 &, DHOAXIRICBIT 555
R OMIEITIT > TR,

3P (FTA, 1A, ETA) @18 r 507 —2 22O\, IBIERH, B
fERRES ), TRRAEREH]) (231 2 I A8 (H) LHIRESRIE (C), MRk
& (mm), IR (m/s) DD Pearson OFEHEAHBI%E % R Ver.2.15.2 (R Core

Team 2012) 2 XV EHE L7,

2—3. #& B
2—3—1. FRAEETAEORENHT
TR, FFA, ETFRIZEBTDEEEOEITIEEREIZ OV T 1995 F£~2012 £ TORK

e 2R Le (X 2-2), BAEHIMOREOMEM A £ L O bDNRE 2-1 Th D,

12



BAAEBRLAI ), TBAMEREIY ), TBAMEBES]) 12V T, FE (FEINIRERA) 1%
ZhEi 4.3 (£1.8) H, 6.8 (+1.5) H, 3.2 (£1.3) HTho7z, BIEHIH KD
FHE1E 14.3 B, EERAET 2.4 A Th o 7o, REIROYEEE T35, TBRAE R
OIS BB OK -2 B D Z LR ahiz,

Flo, TNTOREHHE OB EZ LT 2 L, 1996 4F T T4 (20 A), 2009 4T T
A (20 H), 2010 £ FTA (20 H) THRAMEZZR Lz, 1999 4£5° 2010 4213 3 Xk &

BRI ORI NEEOEN LY bR Rolz, =T, Ik/MEIX 2002 49 T4 (10
H) 287z, 2002 XN TA (11 H), ETA (12 H) LA, 3 KikE bR
EZ TRISFETH o7,

feu T, BAMEDBHEITIRFRC DWW T AL &, TBRASER AT TI3 1996 £ F T4 (9 H),
1999 4FE LA (9 H) Zd KL L, 2007 T4 (2 B), 2011 4E T4 (2 H), 2012
FEPTA 2R) B Thotlz, —75, [BERES ] TROE-T-DIE, 2007 £
EFA (10 B), 2009 R TA (10 H) THY, RETH-7-DI1E 1996 4 L TA (4
H) Toholo, [BIIEMEH) CTIdRRMER 2011 TR (7 B), HIMEIX 1995 4 1
TA (1 R), 1999 F ETA (1 H), 2006 FFHTA (1H) &2o7,

2—-383—2. [RERLYMBEBDEE

RGEF LW A OBIRIC OV TR RIC L D & (R 2-2), HIFEHRIR &
[ B BUCHE T 2 A B MEAGE O LTz dix TBATERRLE ) @ T T4-0.638 (p<0.01),

BAAEBRAA I ) D T4-0.487 (p<0.05), [BA{EREEN ) O FT4-0.486 (p<0.05),

(BAEMEI) @ ET4R-0.593 (p<0.01) Th o7z, F£7z, IBIEEEN] OFTATYE
-0.467 (p<0.1) OOLITNRERAL BT, Ziub OMBREN VT HADEEZ R
LTV Z&nb, HIMPFHKENES (KS) 22 S SEHMokIAES (KL)
LR RE T (K 2-3),

— 5 C, WIRE MK B & IR B 2o BAfR i, TBIfER S | o T4 0.474 (p<0.05)

13



DFEICHEE ThH o7z, Mz T, BIENEH] o ETARTHOT)MT-0.414 (p<0.1) 23
R B ALz, HIFEEEUEIC OV TIEW TS RIS E E & 72 2 BRI MR S

o,

2—4. & B

TTFAREFFARD TR, FTTARD IBEREH), ETARD TBHIEBH I
R EHRIR S M B L ORICHFHICHBERADOHBERA LD BN (£ 2-2),
FTTAROERILH 200m~350m FEETH Y, [GT — & DM S - AR R &
N 182m & ENDH LD, WHFIC akm 1T EOHEEILH D b ODOEREIZFRETH Y
FRILERIROBM 2R L T\t EZX 6D, LIein-> T, Zivb O AE L W
AKEORIR L D THERMEANRD ORI D EHEEIN D, K 2-3 XN O DEE
Ty FLIZbDTHLN, EEENTHIREE IR K 5CEmvy (V) & B B £
4 AREES (&) ROERAFHEARNT, KIRICOWTIE, 4%, B CTEIRIL -
T — & LA B ST — X ORREEEICT 50 BRMLETH D,

— 5T, WIMEAREAKRE L IR R ORBRERIZE 24, TTAD BERENY] T
EOMBENRA LN (R 2-2), FTAD TBHERENY ) (21T 5 WA X0E & 5
PR BEOFBRENE-0.241 (p=0.335) THY, MAIITABELRMAEIA LD LN
Ripole, TOZ LG, FTTAD TREREN TiE, FHEKERZV (D)
EXOHB A EIIR L (FL) 22 Z PRI, BKIC K DA %IEIZ XD
MR S D E WV o T ARFAE L TWedd, ENEIIRTHBRBELNT,
RN DV TIIWTHOWIRE], KBIZEW T HHEHICAHBEZRBERMET AL 5
niginote (R 2-2), AR THNWERET —ZIEHF T LD HK dkm BV 7 = ICHT
TET DIHAMOBRE Ch 7o, EHILO T TFARITIBEMTE, RIS LBERTE,
EFARITALA E TV RE#E CH DR ELERTH VD, BIHIO BT ER T — # O A

14



HWETRR DR DV, BUHO B W/ N T 5 E R E 2o TNHZ B X6
ns,

b X 51z, BIEOHEATHRIC )b 2[R HEREDOEEICONT, HEFLo 3 Xk
ORFR LI AT — X TS ERF&AT o7, —FH T, KR — 2B 551k
PR BT 21Ch Tz o C, HIEREMA TOEZD L DDOEEBRED A H =X LEEE L
TELELH D, HlxIX, BI0ERSICHNONLEfRREICE, SRk T=TF
LUNERESNAEROBENMEES NS L ONREL HDH (B4R 2012, #ikf 2010),
FU, bR U7 RKE E HIM B ROBEREZE 2 256, BT ORI > TRER
IC X BRHME, & LT OBENED Lz i20is, TEROBEREMEE S U3 Iof 51
BRAEEREI OB N R r oo & bR TE 5, 2D X 9 RBHADNAER 72 ER AR
FHIREROEBET O LENDH Y, FAEHBEOR S OFHIICH T2 > T, ZHORRT 72

EHIG COMERBIEN RO LD,

2—-5. #Eh

REFREFLOY -~ 7 7 BARSEEZ X512, 1995 F£~2012 27 5 H BRI %K
DORIET — 4 72 5 NTEEORGBR A BIT 585 T — % 2 F\WC, PIfERIM o B
(CRNETRBEROZBICONTHRE LTz, ZORRE, TTATIE, HIFFEAKIRA KR
W UhEW) & TBRTEBRAGAI), TBRTERAEM) (ICR W I A< (BL) &b
M H D Z RS, £z, FHEKENZ VY (D) BEI2id TBIEREN )
OHIMNEL (L) R2BANH L Z L bbb MR SN, —F T, FHREL
WTIVOWIR B & L 5 2 70V 2 & DRI S T2y, B & Bl o P Sk o
EWERMRLIEMRERTHLZ ENBEINT, LEOX DI, RFRORERG, BE
HIFIZ B W TRIRSCEK B IIHIM A O REITEZ 52 5 2 LRI, B

TEHAR ORI, JE, B Vo T L » CUXZ O BORENR2 D Z LIS

15



Mg oT-, A, LVEEHMRERIEHRHECET VAR T 572D 0[ AR 255
ZENTE T, EORDIMFIHTZ> T, HALOZEOEKE x5 & Li-BifE Dt
ITBRROBHBIZR AT S & & b, B TORELBINT — 7 2k IcE/T 52 &N

%\%T&)éo

16



T A S N TN SN ==
@&{\ 3 ‘;? N Iz 1 LL\M \ Sy e

e ’/z? X g{(/?\s\»ﬂﬁl-%?

¥
t:ﬁ( e
Y
[

IS - Ny (2R W & iy
‘,4', G ; oy ,__4:‘" "rt‘ f ;;;)/‘/ Q G {Aﬁ W HBAETBHEE
7 A

RN
Anan (58)

X2-1 AEMOMER VKRB AMOLMUE

17



ofFATEREY ofERES o RERY

TEE
BF A
EFA

TFA
PF A
EFA

TFA
BF A
EFA
TFE
PF A
EFA
TFA
PF A
EFA

TFA
PF A
EFA
TFE
PF A
EFA

TFA
PF A
EFA

TFA
PF A
EFA
TFE
PF A
EFA
TFA
PFA
EFA

TFA
PFA
EFA
TFA
PFA
EFA
TFA
PFA
EFA
TFE
PF A
EFA
TFE
PFA
EFA
FFA
PF A
EFA

FFE
PF A
EFA

FH1E

40 50 60 70
3A1BFEEBETHHEE

19954

1996 4F

19974F

19984F

19994F

20004F

20014

20024

20034

20044

20054

20064

20074

20084F

20094

20104

20114

20124

o

N
o
w
o

2-2 1995 F£~2012 F (18 # ) DEATEIKTDHER
(MEFILEFERKRAR ] ITE DI, RTRIEILEADFIYIE)

18



& 2-1

1995 £~2012 F (18 ¥ F) DOFAEHARDHE

19

RiERmH | BERED | FEmRY | 23

FiyiE 4.3 6.8 3.2 14.3

SERE 1.8 1.5 1.3 2.4

R®KXIE 9 10 7 20

=/IME 2 4 1 10
Hfy:H
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= f AR T 2R 15 HARE 15
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LFAK | -0. 593*+ -0. 414+ -0. 083
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(Norway spruce) Tl, BAFEEOBRMICRDIILERELZITLEENEmM< DT L
DRIITND (Segaard 2009), 72\ T H BT AWMLY T OBk L OB
WZHT720, ZRNREKTTF OEDORIET L ORFEARDFEAE L7z (RHEIEH 2011),
Y~ 7 T OLA S FEERICBIENEIT U CEER R L7 IREE CIEEENIT T o RIRR
BRH TG, WRELZITRI< R2EEZ26N1D,
HARFIESIZE T DA ORFERFIIL, F—OBENSORRIZL > THRD LN TNDHD
T <, BOREY 2HIRTIIFEIC K 2 ELRET >, FRIOFRILENRKIZRD K
IIWRDHEN TV D LWRESNTND (KRB 1997), Y~V 7 70546, (RIZH HMEIE
DEBEHREZZTT- L LTh, BZEDO X A I v 7R R D ER N EE L CFET 57
O, LB TH D LAEM DO FULEDS BT L& 5 B & 28> T 5 L HER
Sho, =T, Ak (2011) 1F, KUEEENCE 720 pMESAEBFTRENZEIT S
&, T ENENOAEBFGITICKIT DI LY &, REGEEROHIRIC L > TREZ
BIZKHGE LT D & D RfEE R LTz, LA ED Z & h, £ OBRFRETEMICIE
HEDLFRU K L COEFY A7 2R DBENRH LD LEEZLND,
Y~%7 T OREE, BERHAEERTTND L & bIig, EENTHREGED T
B EEICmh o THAT L CW S FRER B BT, D72, M & OBFEMEE 23 N
L, BEMICERREEEZEETDHZENTEDLEEXLND, Y~ 7 ZITBFEAM
BMEE A LIER DN D OERIZ K-> TRIFEFRRFE - EEISND, 20720, KI5
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TR SN OB R AR P RBUR O b RO FHICEMIICEBK L TV D
bDOLEZOND, —TT, BIROAE, B ED X O AW FEHBLIR T LY A
TEM 208 Lo MM L CREREE L 522, BIIE, 7 ZEEZFMT 289
FRITH) 960 FE R S, £D 95 B 9 FxBHRA LD, BHRMOK ST 7 7
DIERHIN O RBLEHEERL TN D L IND (TTWNIEN 2005), BAFEREICH DD
HLDOLLT, SANFTAFHIIRESIND L) RAR)RX—F—DFELEETHDL (IT
PNIE2> 2005), V7 ZHEOBIERE & #B) L CHBLT 258 LT, BREDY Y,
fERFOL I RY, EERFOL I RIAYR, £ L TESCHRIALT2RBARED
WEECHIEXR, vVavunT, Y~ A7, a7 ZkENREFons (FTHiEn 2005),
AHFFE T LT H OB EREIS 221, BIARMEKRE LR M EiRT 565/
PEOFER AR, THICERHORR L ZOMAEICLEETILOLEEZOND,
72, WHCEBT LY~V TOREIY X U T7~0fHERE L THLEB SRS
(Koike et al. 2008) Z &7 6, LM OPBHZFRE & HEEIZH 00 2 FEER B0 B OB

B L ORNEMEZMRET 5 2 L IIREARFICLHERELRRETH DL L EZA LN D,

6—3. YYYISKHICEITHRFERBNETILDFHEE TOERAME

ARIFFED R Z XN R LI b DMK 6-1 TH D,

ABFFE TR LT BRHIBHAE LT — Z IS < RBLA 7 — L O FEIBAE M X 14.3 B,
BHAEIIR Ofc KRBT 20 A, FE/MEIL 10 B THHZ ERH LMoz (5 2 F),
N (2004) 1X 2 fERD Y~ Y7 T &5t BT 10 - O BRAEH 2 F8 -, B D BH AL ]
DEIZ 11 A~1TH (Y14 H) EREb->TWD, #Z (1964) 1316 k% 11
FERBE L, HE LM E CORMKRELLE 73 B, AROR/NN59 A, ik 9.4
ACHhodZ LafER LT, MAKREHETETETCORKIL66 H, K83 H, /55

HELTWD, 2NHDZ b HENDEAT T £ TN 2 HEOBEMROR S 013 &
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D EDIRENTEY, AFEOREL LIFIE T 2EEICH-T=, —FHT, BT
D)0 & ABARIR N FR D S 7=y, MHBIRENE-0.5~-0.6 AR LFH LD THY,
KBLUAOERZ LM OESICEEL TWE b0 EEZ LN,

< 3ETIE, HEOY~Y 7 FTEMOLEOFERIC OV THZHEIN A2 F25E L= =
ST XY, £ L OBFEEEIEG OB A FRHEIC L Vi< 2N TE, F4
B L B B, B EMAEIS 2 MIFRTEAR D © i HAL 2 8 D BRI RFE DS & A
(272 o Tz, RN S TR H T 5 A RAE A O HNE EBHEF B H DR 1E
RAENKE L, DF VIEHFEAEREE(L L R~ T HROEE /NS <720, BHZFITHN
LWHHIINCRELS b Z e RIS (55 4 %), U A7 [BIEOBLED B ITF A
DHLIIICHIAONDLD, SHROILRIMHBHETH D, —FHT, BAFRHIZ
¥ 1B OT RS -7z 2010 & 2011 FFE I L2 L 2 A, AR FHHREREOHERE S
HZ—rMEFT KL GBS ), 20X REMOBRFRMENSTFAET D LITLY,
BB AR EI A ZE (L O B O X 2373 K 918, (RICBRZFIR B E Y 2 7 854 L
THBAMRABIZE L TOZRWEERMEI R > Tl 0, ERARE L TIHEE Y 27
DEGEENRTETWD EEZ b (5 3 8E), 5%, BAFEEEIEEILEZ ¥ iz #%
ERICIENRIR S & BITHETT 2 2 & T, REIOBZFREIC OV TS BITH LWARLE
FERTE AR H 5,

Y~ FITRIL RO TH 0, BRIES IR 5 Lo R o RSk
BETL® L, WA - @iF (1991) 1, Y~ 27 7884 T 25 K5 4 T 10m Y
Ho7Tay hEREBEL, Y~V TORBEFHIILIZEZA, 37T T8A, 50T 11
RE21REVIFERZ/ T, AR TRINTZY~V 7 T OBEEETIAEE TR
REOFHREEZRZ DERCOANTERTE L b0 & b s, EWEERkIEDE
KaEbTbTfilD—>oL L TRIEABDORENET DT D (SR E I

2012-2020) IRIUIZEBWT, DR ETAERER, b, BRENICEE Y~ 7 F12o
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WTAEFRIFIM R 2 ERT 2 2 L3ttt b BRENB O L LTHER S5,

FED LN & AERER D AEPEMEIZBI L TR 72E 7 /L% (Yachi&Loreau 1999) (2 X
oL, MOSHMIL, ERROEENDFELIN/NE 20 K5I Ty 77 —%)
& ] (Buffering effect) &, AEEMHZT DO LD EZE D D [ARE i L& R
(Performance-enhancing effect) Z4:U % Z & MEfS TV D, ABFFE TR LB
FEEEIEGZCOMBIE, Y~V 7 FEAOHFRMENFT D TNy 77— R & T4E
PEAIIA ERNR ) Z FIRFCHRR LGS ET L LW R D, BB IR ZRREE Y 2 7125
T OEMOMESYEDOEN: (5 3 ) TH Y, REITAE TER LI L H 72, ffEks o
B DR, AHER B OBRICRE SN D EMFEH EAER OfetE 2 BT %
HLDLBEZBND, ZNE TOAERTFHET WAL Z BEHS DM H - 72 (Clark

et al. 2001) 2%, BHIFEAEIEZLOBRIZIZ 5 Lol S 26> bo L #fEIND,
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FTE & W

AREFIETIX, B OT=4 Y v 7 FEEHAG DY CTY~V 7 THEMEROBZERE
ZRETL, R oSN RBEEE (F 2 8, B3 E) &, HENOBARMEaME (6 4
) SEEEOEEME (5% 0L RANRNRERNEGDLI Y, FEMHEICET S
BHEEEAREI S (L O MBI HE SN D Z L B3R a -, —F T, kI L DBz
DA X7 OFBMEIHEREE SNTZHETH Y, #RE L TEO & 2 BBk 23
PAFRNCHERE S, BIZEREI OB T Y 2 7 MR L U CIIEES & 2 8ENH 5
ZEbmmanis (K 7-1), 29 LIEEHOBFEREL, Y~V 27 JICko TS
NOEBFILD XS R BlOgHTICHIc o THERKER D EZ X DL,

Y~ TO%E, Kb LEEPERICBEYZ T LT, HFEOXA IV
AT D ERDNERE L CEIET D728, BIIA 77— L TIERE O/ L TORRE Y
ATFMAOND HDEBEZ LN, Y~V 7 T OMBBAMRT 5120, 5 Lizf
a7 0EHUOY Y7 INOEARZERL, LR L TV &5 2Fkry <
NEJSRI 7R BB B (2B 2RO B D, T DR, REFJETH &N > 72O
BH RPN R 7o TRERBIMERF ~ D R R 2 7o B BRSO REN L EN D, BARAYIC
X, HFIINIARET LW 7 Z8 E OZHEERET 2 -0 o0 5Bl (FF Ly 2
FAET— L 2011) ZRET D X0, EHIOBZFERME A MARKERF T 2 72 O IS HUE T
DB N D RAEZERTHZ LR ENETF LD (K 71), 2N HDER
ZMUC, HEHLEROY~F T 7 OBBHRSREDRER S, ZORREE LTEY
()70 RAEAE BN oh 3 2 G D 3 HERF & ATy (Doiet al. 2010) Z &N TELHH DL
EZXbND,

AWFFEL, T2 RO, R[GRETE, BIARERARRT & o T SRR 2
FISEISUC N Z T, BIRESORME L5, &R 22 B S e Al 7 & o Js IR 72 5 R fEis 2

& LTI LD 2 A AR L7eE L L TIZE ST B d, S BIZ, FINRY A
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