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Health Evaluations of Natural Picea jezoensis

—A case study in the Tokyo University Forest in Hokkaido—

Akio KuranasHr¥, Hirokazu YamamoTto*, Ikuo TakanAsHI*, Shoichi OusaTo¥,
Shigeru Kawauara*, Kazunobu Icucur* and Shoichi SaTo**

L I C & I

V=Y RItBEOHEERHERRT 2EEMETH 0, HEAFILEEREK CIF MY
MJ&%T)T@,&Hfﬁ%@éﬁmevvéﬁibfhéoFFVVH%%6%~Nmm
DO THCHEVTESLEL, V=Y i3S 600~700 m » SHFMBRICH T TE LV, HEKTIE
BEHRICB Y 2HHEREROE =5 ) v 7HEEO—BE LT, Bl (LAS, 1991) TiE +

Fey OREEICET AHEET- 12

AT, ¥V S+ 74 L2 (Ips typographus japonicus NujiMa) ic X 3 hENKEE LTV 3
KEMO /= ZHRICHABEEIT - 1o EMIZ 1981 FEOBE 156 5ic & » TG AE
2 (B85, 1990), FNITE-T 1983 M ST VeV ity v N+ 2 4 & Vi k g
RFEE LI (HHS, 1985), COREDFHLZ 1986 FLHICKRE A A 1H, ZO% bIEEER
EHGEVWTVS (-1, LT, V<Y ORSEREBICN - T, & OhERIEE FHhE
BEREOBFRABETEILIITERL,

HIERD b K=y LREBRIC = Vv Y RAKREWRICBHBEARERE L, SEEE, Eaoill, &
REEGEZEEL T 2R2EABELIT- 12 £, BL2A EHABLURERKER CIF Mk
EARL LBET) ZRBIL, BHE - SRORNAE, BEOFERATE, HESLUVIEARESR
DRt EIT>120 51T, BHADF 5 9 FHiRHBEEIT- D TZOERERET 3,

IL. REDHFE

1. BEKRKORE

AIERD b K= LRIk, RIAMIEEERRME (LM, 1988) THEITADHRK & 2 oHE % i0iE
THILEBNELT, MELEPSBENEBR TV vy RAKONH, S, HERIIETEA LK
BET2R2K ISR IOWETOBERRL O YN+ 74 A VICk2HEREOTFHES N S

* SRR B R T A AL B T AR
University Forest in Hokkaido, Faculty of Agriculture, The University of Tokyo.
B TURRAFE R R I e A
Formerly, University Forest in Hokkaido, Faculty of Agriculture, The University of Tokyo.
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Bi-1 ==y iEARORRINEARE O HE
Fig. 1. Transition of number of killed trees by Ips typographus japonicus.

K-2 BEAOH| (=/=v)
Fig. 2. Example of observation trees(Picea jezuensis).
A EETOm, BIRECCEERE6AE, 94 94 THA THA.
790 m in altitude, from left side volume of needles degree 6, 9, 9, 7, 7.
Photo: Oct. 31, 1991.

AEESHT 28 A% R, F20, EHICEELRTEI LKLl (&1, B-2). F FTY
EHRTHEAOAHNE VD, T/ 7y TRUEEORENSTFESNE0T, HEFEAZS
ABE LD THB, 1991413, 8 A2 HE 10 A 31 HicTHELEM L 1o HEOHEFILK
DEENTHD, DREROBEBEAT-7, OELEEMNRICEEEEOFDE 107 5
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2 (£10-21) KHFHEOFEELFHMEL 7z, OBIBELEENRICEBOIEEE 107 52
(B10—->% 1) I FHIEORBIRELFHE L /2. ORELAEENRICEKREDEFKRRE S 7 5
2 (%, th, b, @D, 8 HTIHEL . OHKEOKERRES 752 (&, t, D, &
D, ) T EME LT, 272, 1 BIHOFEE TIERE « R (1950) 12 & 3R EUICHE U TRE
t, AE, FED3 54 75T,

2. Bek, FEBAELUREROKARE

P I ETERR 11 BB a /NHE, 12 $RBE a /N, S 680~790 m, HHRPE 6~10°DFEEWL
JEFEEEDOT <Y « b KoYy EEOHILERZNTH 5, BHIEIE 1981 4 8 AOoREHKEEX
FTVWAY, FABHMIIZFRE BRSO EICH B -DWELEHEN TV S, WHRBEICBVL T,
1986 fEh & 1991 FFic i) TIRERE 16% DIREH 1 [EiThbhTEY, 20K, /v Vv y
NEFL LVICEBHEBFEE LD, TORERYEA 1989 FF & 1991 FiTiT- 1o,
FEAIR Moy LEBC, AR EBRES SRAYN L TREAR (K-3), A (K-
4) BLUHEK (K-5) 2& 2K, 316 A% EF, Thox19914F9 A 11 Bk L 7o
a) HIRBOEE - BRABE

R oOBBIEE & FERHHO P FeYELUTLUTOEBY TH S, OMBFHMOME
B 5ol 20 R0 FEER O S 2 FHI L 7o, QR ORFE: B IRER O S BPRER D int B A%
B RBICEA o, QB 5, 10EB LU 15 FAREERT 28R IcBVT, Th
FNBERZRBURTHOFERFOBEEREE 10 BE 0% LU L) - 0 (BE0%) D117
5 2 AT TEIE LYIE U, DLEofhic, @SHEZE : #TERRED 5, 10 BL U 15 4K
AR T AREMICBVT, Fhehoxhh 2 FETSOHE IS AT IOV, ZTOESE,
18, ExBLUL s THOSIIAE <A 7 02— — S EEXFEHEEIC L > THAIL 72, OBFR
FEEE: RITRSNR L D ST S ItXS L 1991 FOBERKAERAE L, FARBELIATH -2
T E D SRR D VT4 I HERR Tég&@fgﬁﬂﬂto

b) BRI

HHIO b K = i U TREIADOHIEH 0.0 m, #1 1% 03 m, 13 m XU 13 m P& 2m
PR TR A8 L, & FIBoMiR 1 #2 1 m R E L7, (k% STFEBEROBESEHIE L,
SMAROERE, Bf 10 FRB LU 5EH T & OB OEEE LMD S 90 oMz &
T AHERE Lo 758, RIEBAIIZ 0.5 mm & L1z, BT oFEicE S %, SBEOBE,
e, M REkmEEAEL 7.

¢ ENAAE

B OREBIRTTIS 2 &I % TOBK, $13EL L OBRBIRIS W 2B (F0 5B,
FEoEE HFEEBLUCSUER 2Vv—<2AVTF v L, MAT, ZOBTFER
OHFEREE GEER) 24752 D (L), D(+), d(H#), £ H)] 27T TR

3. ﬁSﬁ*@#‘?S”J‘ﬁﬁﬁ
RAEFEHIBAN ORGOBEE L T /'~ v 156 KEET, ﬁﬁ??%ﬂﬂ%i’)UDiﬁ%f b4 ‘(%Uﬁﬁ
+ 35 4 r OABERROBERER </
1B, EEORIE!IZ BreteEnBacH and KrRANzLIN (1984, 1986), 4BH - A48 (1989), {Fik
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Table 1. Health evaluation of

HEARS EE  WSEE EEORE BEOREE HiARY
No. of "C*’J‘Hf Al 4 b h Color of needles  Volume of needles Lichens
sample MR (m) Oct. (cm) Aug? Oct.! Aug. Oct. Aug. Oct.

1051 10a 580 62.9 8 8 8 8 + +
1052 4 ” 52.4 8 8 9 9 (L) (L)
1053 ” 4 60.3 8 8 9 9 (L) (L)
1054 ” ” 709 6 5 6 6 /D (L) +
1055 ” ” 58.7 6 6 6 6 £(A) £(A)
1056 ” ” 59.9 7 7 7 7 D(L) (L)
1251 12a 670 49.9 9 9 9 9 (L) +
1252 ” ” 53.5 6 6 7 7 (M) 7> (L)
1253 ” ” 58.7 6 6 7 7 b (M) do (M)
1254 ” ” 68.2 9 9 9 9 + +
1255 12a 710 375 7 7 8 8 (L) (L)
1151 l1la 770 56.2 8 8 8 8 & (N) +
1152 ” ” 62.5 8 8 8 8 /L (L) (L)
1153 ” ” 50.1 7 8 8 8 + +
1154 ” ” 58.6 9 9 9 9 (L) +
1155 lla 790 63.3 7 5 7 6 (L) +
1156 ” ” 519 9 9 9 9 % (N) +
1157 ” ” 429 9 9 9 9 & (N) +
1158 ” ” 41.2 8 8 8 7 & (N) $E(N)
1159 ” ” 48.6 7 7 7 7 + +
1160 ” ” 60.8 6 6 7 7 /(L) +
1161 11b 820 76.5 8 8 9 9 (L) +
1162 11b 850 58.3 10 10 10 10 + & (N)
1163 ” ” 64.2 8 9 8 8 H(L) (L)
1164 ” ” 64.7 7-2(9:1) 0 8 0 (M) (M)
1165 ” ” 676 7 7 6 6 (L) +
8151 81f 400 554 6 6 7 7 g1 (M) (M)
8152 ” ” 54.2 8 8 9 9 B (L) +

D sAAFAR Aug: 1991 4E8 H 2 H Oct: 1991 £ 10 A 31 H

Data of observation. Aug.: Aug. 2, 1991. Oct.: Oct. 31, 1991.

D72(9:1)1390% HT7HAT, 10% H2/HETHBT EERT

Figures are shown that 90% of crown is point 7 and 10% of crown is point 2.

3 KR (Pt B %) LERROBERE, B, D, WD, 052752 HE

Lichens and cone bearing is divided into 5 classes; (A) abundant, (M) medium, (L) little, (+) very
little, (N) nothing.

Y BSRBIRA L (U), KFEH), FTED) D351 7IcHE
Branch type is divided into 3 types; (U) up-slanting, (H) horizontal, (D) down hanging.

Y MEERE. R, hE
Declined pattern: (D) declined, (I) insect damaged.

(1955) 3B L &g (1979, 1991) OEEBEIC LT, BECHEBCEETCERVERIC-WT
B, FEEREEMRAZCHLRY, ERSBRESH - EE8ABREA0ALEASEEL.
fz, RBIROEERELFHADF 5 ¥ risiHaid 1991 £ 9 Aha)icERL 72,
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{RFRIR IR T
sample trees for observation
R BT SRR o
Cone bearing Branch Declined N
otes

Aug. Oct. type pattern
BN) AN R (U)~KE (H) Ro—# %165 root damage
£Z(A) M) #EU) Hh4 A %% Phaeolus schweinitzii
1 (M) th (M) 7KF (H)~FE (D)
(L) (L) &k (U)~TF# (D) BE(]) B
L (L) (L) 7K (H) 28 (D) JGY = butt resin
(L) A (L) A (H)~TFEE (D) R (D) JTR N butt rot
L (L) + 7K (H)
# (N) £ (N) 7K (H) =R (D)-hE(]) #87F needles into brown
(L) (L) JK3E (H) =R (D)
B (L) L (L) T# (D)
(L) 4 (L) 7K¥ (H)~TF= (D)
(L) (L) Lk (U)~KFE (H)
L (L) » (L) K3 (H) #8Z needles into brown
L (L) (L) 7K (H) =B (D)
o (M) i (M) 7KE (H)
th (M) L (L) 7KF (H) hED)
L (L) + T (D)
(L) #E(N) 7 (H)
& (N) #(N) 7KE(Hy~TF=FE (D) .
1 (M) (L) 7K (H)~TFE (D) =8 (D)
1 (M) (L) 7K (H)~TF % (D) fiE (D)
L (L) +  KkFE(H)~TFE(D) ;
L (L) +- 7K (H)
L (L) #(N) #F(U)~K¥E(H)
(L) (L) KE(H)~TE(D) HE() LN heart rot
L (L) + 7K (H)~F % (D) o
B (L) + FE (D) R (D) </ Hh % 9 %4 Porodaedalea pini
(L) (L) #E )

K-3 {REFEEAR (E2AK No. 2)
Fig. 3. Sample tree (healthy).
) S 680 m, EHIEERE 104,
680 m in altitude, volume of needles
degree 10.
Photo: Sept. 11, 1991.
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K-5 fBREAR (hEAK No. 5

Fig. 4. Sample tree (declined). Fig. 5. Sample tree (insect damaged)
&) BEE680m, EHEREA4A #) EETT0m, FHIERER 0 A
680 m in altitude, volume of needles 770 m in altitude, volume of needles
degree 4. ' degree 0,
Photo: Sept. 11, 1991. Photo: Sept. 11, 1991.

K-6 #HEAK No. 1164
Fig. 6. No. 1164 of observation tree
F) &850 m, HERMO0 A
850 m in altitude, volume of needles

degree 0.
Photo: Oct. 31, 1991.
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Table 2. Outline of sample trees for stem analysis
FAEARES
No. of sample tree 1 2 3 4 5 6
R FR A R i =R i HhE g
Declined pattern declined healthy declined healthy insect insect
damaged damaged

K () 235 235 277 144 149 212
Age (yr)
ﬂﬁ'ﬁ,‘%é (cm) 54 54 44 48 52 58
d.b. h.
B (m) 25.8 25.3 254 24.2 26.5 31.0
Tree height
BHEEZ (m): NS 8.8 84 9.2 11.8 9.7 84

:EW 75 9.1 6.7 114 9.6 6.8
Crown diameter
wEEOEE 5 10 7 9 0 0
Color of needles
HEOEE 4 10 6 9 0 0
Volume of needles
e 4 10 6 10 0 0
Cover degree
eyl K K IR KE « T Mk IR
Branch type horizontal horizontal horizontal horhzontal up horizontal

& down
kKR [ D B B 1 i3
Cone bearing very little little very little little nothing nothing
HARSHEE th i3 b w 2
Lichens medium nothing little little little medium
S (m) 680 680 770 770 810 810
Altitude
Rl NW NW NW NW w w
Slope direction
R () 10 10 5 5 10 10
Inclination degree
III. #ERELUER

1. 8 8 K

1991 FED 2 [Hicb - ZBRBEAOEERRERIEXZ-1DEBY TH B, D HEEAK No. 1164
138 Ao#ERICIE, REOKERED SN LDOD, TEOEE L THcisid 10% EE Lx
Kot LL, 3 » %D 10 HOHAERICE, TXTOESEEL TV (K-6),

DS ICHERDOKRBERIET IELSHETTEIEMBbh T, TOMDEEARTIE, No.

1155 MEFEX A v + DETHRD S BET,

BEAEEHIE Y, HA HeHEOHIKE

OEERNIBELEOOREOBEVERKRKEIEZEVERSED Shc, L L, BEKROFHEKKR
LEE . .EHOREOMICBEECERERD O hLh -, ThETOEELOBERR» S
HERE LA EE X 02 3 ER0H 50T, ZOTFIE L THEDE L OBAHRE S
pict B, S0, HoRRRETEL, AELT- 20 1 EHOATREN - 7@m1
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#F-3 REIEhc B 3R 20 FERO
Table 3. Total (A) and periodic (B)

HEARE Ritii & b DS
No. of 1 2 3 4 5 6 7 8 9 10
sample tree (1991)

1 A (total) 2.5 34 5.3 85 11.2 12.7 145 16.4 18.0 20.3
B (periodic) 2.5 0.9 19 3.2 2.7 1.5 1.8 1.9 1.6 2.3
2 A 21.0 29.0 39.5 47.0 64.0 73.0 90.5 1080 126.0 153.0
B 21.0 8.0 10.5 7.5 17.0 9.0 175 175 18.0 27.0
3 A 2.0 38 5.3 8.4 1356 175 20.0 235 25.2 29.0
B 2.0 18 1.5 3.1 5.1 4.0 2.5 3.5 1.7 3.8
4 A 11.5 224 26.0 30.0 37.2 47.0 58.0 62.0 69.0 81.0
B 115 109 3.6 4.0 7.2 9.8 11.0 4.0 7.0 12.0
5 A 1.0 116 18.2 23.5 325 42.4 525 62.0 70.0 80.0
B 1.0 10.6 6.6 5.3 9.0 9.9 10.1 9.5 8.0 10.0
6 A 0.5 2.0 4.0 7.0 10.0 16.0 21.0 23.2 25.5 28.3
B 0.5 1.5 2.0 3.0 3.0 6.0 5.0 2.2 2.3 2.8

-4 HHE#E & 0 Bl 20 R o

Table 4. Dead whorl branches in the

HEARS Rt & » OFE

No. of 1 2 3 4 5 6 7 8 9 10  Total

sample tree (1991) (A)
1 0/0 0/2 0/2 0/1 0/1 0/2 0/2 0/2 0/2 0/1 0/15
2 0/2 0/2 0/3 0/2 0/4 0/3 0/3 0/2 0/3 0/2 0/26
3 0/0 0/2 0/2 0/2 0/4 0/1 0/2 0/2 0/3 2/2 2/20
4 0/2 0/2 0/2 0/2 0/3 0/2 0/3 0/3 0/3 2/3 2/25
5 0/0 3/3 1/1 3/3 4/4 4/4 3/3 4/4 3/3 2/2 27/27
6 0/0 0/0 2/2 2/2 2/2 2/2 3/3 3/3 0/0 2/2 16/16

LN, -7, LS (1991) i3, BB VT, ==y OhERHIBEFE, BORD,
B OH#M L OBIRAFARTV 30, ThoOEL SN PLTWEEEHBIT S gLV
ERBNRTVWE, Lichi-T, BIEAFAEII N Ny OBEALERICHE 0 BIAMIBBESLET
b, £, SEOBHEHLSY Y NF 7 A LV ICL 5RERDESRTARBIKEC ST &8
BEIhIoT, DB EHF2RIOBRBEIPVETH B LEL B,

2. B2K, EBASLIUREROLHBE

REFABAOMBREZ 2 ITRT LBV TH S, M3 144FEH» S 2TTETHHEO + F=vic
KT, ERCHBAEVY, Afd oShBADREE BB E DBIRIIRWAEIIN,
FABAROEFRRZBLEA 2 KD, BHA2RiIED, HER2KIETHY, 1991 Fo
HEWEEO x V< Y REAKOEERRGDTH > 12, BEODBWEDLD, ZHOMIcH %
DEWHSKEh-bDEBDNS, '

a) IHRIBOEE - ERABE

F-3 I Rl 20 fERf oS ERIE, &2 K Nos. 2,4 if 3105, 165.4 cm THEFFA Nos.
1,3?M47.0,60.5cm IcH~RT 3 HWVWL 6 fEOBMEERL TW3, HHEAK Nos. 5, 6 1 202.0, 86.8
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BERE (A) B X UTEHSERE B)
height growth in the latest 20 years Hf7: cm
(age from the tree top)
11 12 13 14 15 16 17 18 19 20 (average)
(1981)
229 26.2 28.2 30.1 34.0 36.5 39.0 41.2 440 47.0
2.6 3.3 2.0 1.9 -39 2.5 2.5 2.2 2.8 3.0 2.35
1665 1750 189.0 2120 228.0 2420 2580 280.0 2900 3105
135 8.5 14.0 23.0 16.0 14.0 16.0 22.0 10.0 20.5 15.53
31.0 37.3 41.8 440 46.5 48.6 51.0 53.5 55.8 60.5
2.0 6.3 4.5 2.2 2.5 2.1 2.4 2.3 25 4.7 3.03
84.5 87.0 99.0 1090 1150 1205 131.0 1378 1470 1654
35 2.5 12.0 10.0 6.0 5.5 10.5 6.8 9.2 184 8.27
87.3 950 107.0 1190 1300 140.0 1530 168.0 1885 202.0
7.3 7.7 12.0 12.0 11.0 10.0 13.3 14.7 20.5 135 10.10
31.0 38.0 415 44.1 49.0 56.5 64.5 70.5 78.2 86.8
2.7 7.0 3.5 2.6 4.9 7.5 8.0 6.0 7.7 8.6 4.34
SRR ORFEIRTT (RFEAE/ FHEARRD
latest 20 years (dead branches/sampled ones)
(age from the tree top)
11 12 13 14 15 16 17 18 19 20 Total (A)+(B)
(1981) (B)
0/3 1/2 0/2 0/2 0/2 1/2 0/2 1/2 1/1 0/3 4/21 4/36
0/0 0/4 0/3 0/3 0/2 0/3 0/3 0/2 0/2 0/4 0/26 0/52
2/4 0/3 0/2 0/2 0/1 0/4 2/2 0/3 1/2 0/3 5/26 7/46
0/0 0/2 0/3 0/2 0/2 0/2 0/1 0/1 0/3 0/5 0/21 2/46
2/2 3/3 4/4 4/4 2/2 3/3 4/4 4/4 3/3 3/3 32/32 59/59
3/3 4/4 2/2 2/2 2/2 3/3 5/5 3/3 3/3 3/3 30/30 46/46

cm T O EFPAL BN, No.5 132K No. 4 DFNZE FE-> T3, FidE 1972~81 &%
¥ 1982~'91 DR 10 FHOREEZ KT 2L, B2AR2ALEFTA2 R EH T v ELHI
W, HFARDEI 20 FHOE O EPREEOXHIRIE, No. 113 1.6 ~39cm, No.3 i3 1.5~
6.3 cm TP E K BHD TEBLEES L TW3, HEAK Nos. 5, 6 13H%¥ 10 FHjoEkE
DR PEBERIARLTWS, D243 199145 A 13 HO#EHER <12, HBiEoKEy D8
ENEELTHY, AEMESHO L TH - O THREFEKRE U TREE L #, No. 5 IFHIE
1990 &£ % TRIFRMUA/RL, No. 6 JREL SHUMNEL TS, MAFHEAL b 1991 Fi3id
EAEHT TV, BEAOR 10 FEOMBERE, HAEL L 2 RKOMTHLOEL, £D 5
B 1 ARASNIChEHBOMEOERN BRED 1990 £ TRERLEDLSBVEREERLT
Wiz,

F-4 1R U - RIRER DA B OFEFEI, 1~10 AR E TIIEIHTAK No. 1 &EE2AK No. 2 it
£ 15, 555K No.3 LA No. 4 I3 ZF N EFN 2 FED S WIE TEHIT WV, 11~20 4
BBV TIHREAK Nos. 2, 4 1232 HEFEA2 L, TIAK Nos. 1, 3 13 4~5 ARFEEELC TV
%, HEAK Nos. 5, 6 i3 & bIC 2R AHESE L TV 72, Nos. 1, 3,5 (38T 10 R0t OF
BEHDIZ
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#=5 HEMEHOSERIOWREREOKE X
Table 5. Size of whorl branch by branch age
_ . W oE B
FEAES Whorl branch
No. of
sample tree £ B E& (cm) BE1X (cm)
age length diameter
1 6 10.8 0.7
11 29.0 0.9
14 42.9 1.1
2 5 69.5 1.7
10 128.0 2.5
16 170.5 3.1
3 5 174 0.7
11 53.0 1.5
17 88.5 1.6
4 5 41.0 1.1
10 48.0 1.0
15 125.0 2.5
5 5 315 0.
10 515 1.1
17 112.0 23
6 5 12.0 0.8
10 35.5 18
15 67.8 19
=6 RIEHIE ORI OB
Table 6. volume of needles by branch age
HABEARES R B EhERR DEIERE (Volume of needles by branch age)"
No. of Whorl
sample tree branch age 1 2 3 45 6 7 8 910111213 14 151617 ﬂi Total
1 6 101010 7 8 4 49
11 1010 98 4 4 4 2 3 0 0 54 169
14 1010 89 8 7 7 4 2 1 O 66
2 5 1010 8 9 6 43
10 1010 96 5 3 7 2 1 1 54 140
16 10 4 64 4 5 6 3 110 0 43
3 5 101010 5 6 39
11 101010 8 56 6 6 1 0 O 54 131
17 1010109 1 0 0 0 0 0 O 0 0 38
4 5 1010 10 6 3 39
10 1010105 6 3 4 4 0 O 51 145
15 1010 86 7 6 5 2 1 0 O 55
D ETERRE 10 (B 90% LILE) - 0 (BE0%)

IQ?over 90% volume of needles - 0=09% volume of needles.

KD ICBEEREEHENE L L BERNORORE S 2R L, FRAEROKORE3ES3

IR U B EioE@EE & 2iIF—B L Tv 5,

F6 IR REH T ORFRII OB RERES 5 L, SGEEHLTi@é* HEEAL b
WTFNOFHERSHESBEL TV B, T1, 10, 11 FARK Rick

EHEE L THEORICH % © EHEE

BH LT,

50T b 8~10 AR FF T8
14~17 AT, Nos.1,2,4 13970 L
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Table 7. Various characteristics of needles by branch age

KL (kD

R R (mm) ¥& (mm) JE& (mm) stomatal lines
characteristics length width thickness .
(upper side)
BAE#S 2) ) 4
branch age 5yr? 10 yr.” 156 yr. 5 10 15 5 10 15 5 10 15
FABEAES

No. of sample tree
1 1096 11.40 1428 156 141 153 0.80 078 0.77 76 68 85
2 2283 2887 2364 193 192 185 087 097 093 83 92 92
3 13.46 1255 1430 1.77 166 162 076 076 083 104 93 99
4 1539 1501 1405 171 161 176 0.77 072 0.76 80 86 8.1

Y 15 KD TH 5. Figures are average of 15 sample needles.
2 No. 1: 6 fE4:H. No. 1: 6 yr. old branch.
3 Nos. 1, 3: 11 fE4EK;. Nos. 1, 3: 11 yr. old branch.
Y No. 1: 14 #£4#;. No. 1: 14 yr. old branch.
No. 2: 16 #E4#. No. 2: 16 yr. old branch.
No. 3: 17 fEH#;. No. 3: 17 yr. old branch.

10 4EAERS & TEHENEAE L, H59K No. 3 OFHEEI3 5 AR L TLARD ST, fthod 34
HANTHEOHMME . BERDOR 16 FEROHERM >V T Y Y LRI F2Y
B B E, BEATRI Y2y 9~104E, b Fev 10~11FETHETHE D ZRZBD SN
A4 A

$HEDEX, 1§, BB LUKHIIMOTEEEE-T IR, $HEORS, HEBLUIRIC
SVT LA No. 2 BVFHOBALIC BV T ORAEERT, No. 4 BRI TRPPRVHH
OBTIRSE VEDY ML, FHITA No. 1 OHEIRHE L BV, EEOSKAIELE No. 3
TRPE LMD 3ADORITIEH T DED D AT\, Nos. 3,4 O FHEICIKFINIEFELEH - 1
5, No.1D6EAEDS> L 2AK, 11EKDS 5 8ADHEPLPE 1 BV L 250K
(No. 1 13 2 FEAEROFRIMNE L, LFIEVHESE I/ BRLN, No.2D 5 FEAERD D
b3 &I AV 1 FIOSAME Sz, ThdORERREY» SHEFROHEDRHE LT, st
EHHE W &V S B AFERD DT,

%8 1o R RTERIEM OB BRI E S 5 &, BEATE (EFRIBLTDED, REKRD S
% No.5 dRmBSEREDS 20 I3 L& L TV, No.6 EREML2EBD LN, -1,
LLE, BAK, =EABXUCHEROREEICEY 3 FTHOMER, REROEINBLUE
BHRIRO IR AT > 120 7 DR, HHAIEEAI LA TRE 20 FROMESE ZH S I
HBLTWAY, REmoEhiEERBIC- VTR, BEREOMICHETERIED SO
Vo LichioT, BETERA b F Y HEAROMMIMICR S hic & 5 SEPRISBYEERR IR
BoNIEh T, BEEBIEEACDEL, BERTPPEL B -TEY, O F2Y L
FARICLTVWS, COMICOVWTI}, SERALZBEAOMERE L - THSHPICLTYE
AR . ,

WA (1980) 12, [= =y OMEEEE L TBEOhEL LokgicEAE L, HEAEPELLT
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Table 8. Cone bearing by branch age class I« BETELFh bR DEMICE AT

HEARS BiRER R B, —H, b F=vOLFER - BEOFhbES
No. of sample branch age Number ERIERIC, ZOERME LT SRR I TR &
tree class of cones h, TEE b BABNLHA & BRI S, | &3k
! (15:?0 (2) NTW3B, DBV EL F=YyTit
11~15 2 Bt B BHMRREL B, SEOHE I8
16~20 12 T i 2 B R L BEB L OBIFIC D
2 1~5 22 WTiE, TSI TE R p -1, DA
- ¢ EoWTH, 4% 5 CRERISLETE
16~20 78 %o

3 1~5 7 b) HHERRRNT
6~10 11 KRBEREROREMITEE9 BLUN-T i
o2 o AUt HIBIEE THIEHAD No. 1 & diEA
. e " ® Nos.5, 6 HENTEYD, 60 FLER|%RTHE
6~10 22 10micELTVADII LT, 2K No. 2
11~15 89 L HEEARD No. 3 BHHEMMNSEL, ¥ 3ED
16~20 5 180 L ABLT WA Ebibh b, DT
° e 0 E 5, PINIRRE & BIEOREORIC ReEED
11~15 0 BRfRIZEED S Nisw, 7, BIOREERS L
16~20 0 BLTA2E, AfboRELHNISh 24K
6 1~5 0 BRICENTEY, BEHLTHLS LK hi
o 0 2ANE TS, LipL, BEA 2 AORE
16~20 0 DEFRIIFHA 2 A% LEl->THY, RLK2

KIEVEREEZRLTVWS, COT & BBERERRK
BOHTHETH 3,

Kiz, F-10 &L UR-8 IR TH#H_EEHOEAREIC >\ THRIF 40 SR oM[ 2 HxTA 3
&, @B2ANo.2 TR E 16m OFS T, KEL TEES 5 mm Y LOBERRELRRLTY
7o 2K No. 4 i3, Bl 20 FERIOREHZ ORID 20 FRIE N2 LR LTHED, KEIE
VBB LNB, TOMEIR, HFFA Nos. 1,3 LHEAKRD No.5 TbaH LN B, HcHEHBA2 A
DEGE 20 FFEHOEIAAFE L <, FFHA No. | OB 10 FRIOFEFEEZEHE | mm PIT
TH b, T LT, HEKRD No. 5 (ZEFEF 3 mm BiBROKERTH 3, %72, HEAD No.
6 3G 2 mm B ORE L 7-ER % 40 FRIMEE L TH D, B®R FSOBERKEDOEAS
Baohlid i,

L7485 T, 255K No. 1| OFGH 10 FEROMERE 30945 0.07 m® T, FHEFR 0.3% ic L
ISRV, THhITH LT, HbBREDOIEET/RAAK No. 2 i, B 10 FERORKERS 0.66 m?,
No.4 13 046 m® T, FRERICLT3.2% & 26% ZRL TV, COX S CEEBVEOER
KESCBLEDEPBALEOBRERDOEL > THATWAZ Ebbhot, &5 LB
25, REROER 10 EHOMBERER%.% 5 &, No.5 48040 m®, No. 6 5 0.32 m® & =HE§A
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Table 9 (1). Growth analysis of sample tree.
#H#AK No. 1 Sample tree No. 1 (FEFGA: declined tree)
A (m Ba5E E (cm) HarE Wi (cm?) M (m®)
Fin Tree height d. b h Basal Area Volume
Age X - - ;
(yr) Bk GEEREK) Bk GEFERRE) Bk GEERE) Rk GEFERER)
: Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
235 25.80 (0.04) 53.33 (0.06) 2233.32 ( 4.60) 2.507 (0.0073)
234 25.76 (0.04) 53.27 (0.06) 2228.72 ( 4.60) 2.500 (0.0075)
233 25.72 (0.04) 53.22 (0.06) 2224.12 ( 4.60) 2.493 (0.0076)
232 25.68 (0.04) 53.16 (0.06) 2219.52 ( 4.59) 2.485 (0.0078)
231 25.64 (0.04) 53.11 (0.06) 221493 ( 4.58) 2.477 (0.0080)
230 25.60 (0.04) 53.05 (0.08) 2210.35( 6.25) 2.469 (0.0066)
229 25.56 (0.04) 52.98 (0.07) 2204.10 ( 6.24) 2.463 (0.0059)
228 25.52 (0.04) 52.90 (0.08) 2197.86 ( 6.23) 2.457 (0.0061)
227 25.48 (0.04) 52.83 (0.08) 2191.64 ( 6.22) 2.451 (0.0063)
226 25.44 (0.04) 52.75 (0.08) 2185.42 ( 6.21) 2.444 (0.0065)
225 25.39 (0.04) 52.68 (0.12) 2179.21 ( 9.46) 2.438 (0.0097)
220 25.19 (0.04) 52.10 (0.24) 2131.89 (19.41) 2.389 (0.0159)
215 24.99 (0.04) 50.90 (0.33) 2034.82 (25.57) 2.310 (0.0271)
210 24.79 (0.04) 49.28 (0.26) 1906.97 (19.48) 2.174 (0.0304)
205 24.58 (0.04) 48.00 (0.40) 1809.56 (29.17) 2.022 (0.0287)
200 24.38 (0.06) 46.03 (0.25) 1663.71 (17.48) 1.879 (0.0267)
195 24.07 (0.08) 44.80 (0.24) 1576.32 (16.66) 1.745 (0.0250)
190 23.68 (0.08) 43.60 (0.21) 1493.01 (14.21) 1.621 (0.0210)
185 23.30 (0.11) 4255 (0.24) 1421.96 (15.81) 1.515 (0.0217)
180 22.74 (0.11) 41.35(0.32) 1342.89 (20.38) 1.407 (0.0230)
175 22.19 (0.11) 39.75 (0.25) 1240.98 (15.06) 1.292 (0.0210)
170 21.63 (0.11) 38.53 (0.27) 1165.67 (16.05) 1.187 (0.0196)
165 21.10 (0.10) 37.18 (0.35) 1085.40 (19.96) 1.089 (0.0211)
160 20.60 (0.10) 35.43 (0.40) 985.62 (21.63) 0.983 (0.0235)
155 20.10 (0.10) 33.43 (0.30) 877.47 (15.40) 0.865 (0.0215)
150 19.60 (0.15) 31.93 (0.36) 800.48 (17.54) 0.758 (0.0202)
145 18.86 (0.22) 30.13 (0.46) 712.76 (20.94) 0.657 (0.0224)
140 17.74 (0.21) 27.83 (0.40) 608.08 (16.85) 0.544 (0.0194)
135 16.70 (0.20) 25.83 (0.31) 523.81 (12.01) 0.448 (0.0135)
130 15.70 (0.11) 24.30 (0.24) 463.77 ( 8.93) 0.380 (0.0089)
125 15.13 (0.06) 23.10 (0.24) 419.10 ( 8.31) 0.335 (0.0086)
120 14.84 (0.06) 21.93 (0.18) 377.65 ( 5.91) 0.292 (0.0063)
115 14.56 (0.06) 21.05 (0.23) 348.01 ( 7.40) 0.261 (0.0059)
110 14.27 (0.06) 19.90 (0.20) 311.03 ( 6.09) 0.231 (0.0064)
105 13.99 (0.06) 18.90 (0.14) 280.55 ( 3.94) 0.199 (0.0037)
100 13.70 (0.06) 18.23 (0.18) 260.87 ( 4.89) 0.181 (0.0029)
95 13.41 (0.06) 17.35 (0.17) 236.42 ( 4.39) 0.166 (0.0033)
90 13.12 (0.06) 16.53 (0.15) 214.47 ( 3.81) 0.150 (0.0028)
85 12.83 (0.06) 15.78 (0.16) 195.45 ( 3.86) 0.136 (0.0031)
80 12.54 (0.06) 14.98 (0.16) 176.13 ( 3.66) 0.120 (0.0032)
75 12.24 (0.06) 14.18 (0.14) 157.81 ( 3.04) 0.104 (0.0024)
70 11.95 (0.06) 13.48 (0.18) 142.61 ( 3.68) 0.092 (0.0025)
65 11.65 (0.06) 12.58 (0.15) 124.20 ( 2.95) 0.080 (0.0028)
60 11.36 (0.28) 11.81 (0.25) 109.45 ( 4.32) 0.066 (0.0035)
55 9.97 (0.27) 10.58 (0.28) 87.83 ( 4.27) 0.048 (0.0031)
50 8.63 (0.22) 9.20 (0.31) 66.48 ( 4.04) 0.033 (0.0023)
45 7.52 (0.27) 7.68 (0.31) 46.26 ( 3.36) 0.021 (0.0020)
40 6.16 (0.27) 6.13 (0.35) 29.46 ( 2.85) 0.011 (0.0012)
35 4.80 (0.25) 4.40 (0.36) 15.21 ( 1.96) 0.005 (0.0007)
30 3.55(0.17) 2.63 (0.20) 5.41( 0.67) 0.002 (0.0001)
25 2.68 (0.15) 1.63 (0.16) 2.07 ( 0.31) 0.001 (0.0002)
20 1.92 (0.14) 0.83 (0.17) 0.53 ( 0.11) 0.001 (0.0001)
15 1.21 (0.09) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.75 (0.09) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 0.30 (0.06) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
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Table 9 (2). Growth analysis of sample tree.
FHAEAR No. 2 Sample tree No. 2 (f#4K: healthy tree)
S (m) KT E R (cm) KSR (cm?) M (m®)
Fin Tree height d. b. h. Basal Area Volume
Age N N ;
(yr) RiE (BERE) KRk GEERE) Bk GEERE) Bk GEERE)
i Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
235 25.30 (0.14) 53.60 (0.65) 2256.42 (54.39) 2.467 (0.0791)
234 25.16 (0.14) 52.95 (0.83) 2202.02 (68.08) 2.388 (0.0739)
233 25.01 (0.14) 52.13 (0.67) 2133.94 (54.91) 2.314 (0.0638)
232 24.87 (0.14) 51.45 (0.75) 2079.03 (60.17) 2.250 (0.0637)
231 24.73 (0.14) 50.70 (0.65) 2018.86 (51.43) 2.186 (0.0592)
230 24.59 (0.14) 50.05 (0.80) 1967.42 (62.39) 2.127 (0.0642)
229 24.44 (0.14) 49.25 (0.72) 1905.03 (55.67) 2.063 (0.0540)
228 24.30 (0.17) 48.53 (0.78) 1849.36 (58.60) 2.009 (0.0584)
227 24.13 (0.17) 47.75 (0.85) 1790.76 (63.19) 1.951 (0.0707)
226 23.97 (0.17) 46.90 (0.78) 1727.57 (56.62) 1.880 (0.0671)
225 23.80 (0.17) 46.13 (0.66) 1670.95 (45.77) 1.813 (0.0544)
220 2297 (0.17) 42.85 (0.71) 1442.09 (45.81) 1.541 (0.0529)
215 22.13 (0.17) 39.30 (0.64) 1213.04 (37.90) 1.276 (0.0440)
210 21.30 (0.20) 36.10 (0.62) 1023.54 (33.65) 1.056 (0.0431)
205 20.30 (0.20) 33.00 (0.58) 855.30 (28.74) 0.841 (0.0325)
200 19.30 (0.22) 30.10 (0.55) 711.58 (24.82) 0.678 (0.0310)
195 18.19 (0.26) 27.35 (0.58) 587.50 (23.40) 0.523 (0.0291)
190 16.90 (0.38) 24.48 (0.77) 470.47 (27.11) 0.377 (0.0245)
185 15.01 (0.29) 20.65 (0.62) 33491 (18.55) 0.255 (0.0183)
180 13.59 (0.38) 17.56 (0.39) 242,18 (10.21) 0.163 (0.0108)
175 11.70 (0.40) 15.60 (0.39) 191.13 ( 8.85) 0.110 (0.0068)
170 9.70 (0.24) 13.68 (0.37) 146.87 ( 7.32) 0.075 (0.0046)
165 8.50 (0.20) 11.85 (0.17) 110.29 { 3.05) 0.052 (0.0020)
160 7.50 (0.11) 11.00 (0.13) 95.03 ( 2.10) 0.042 (0.0015)
155 6.94 (0.09) 10.38 (0.14) 84.54 ( 2.20) 0.035 (0.0012)
150 6.48 (0.09) 9.68 (0.12) 7352 ( 1.77) 0.029 (0.0009)
145 6.03 (0.09) 9.08 (0.14) 64.68 ( 1.92) 0.024 (0.0008)
140 5.567 (0.07) 8.38 (0.19) 55.09 ( 2.30) 0.020 (0.0008)
135 5.23 (0.04) 7.45 (0.16) 43.59 ( 1.77) 0.016 (0.0006)
130 5.05 (0.04)" 6.65 (0.08) 34.73 ( 0.76) 0.013 (0.0004)
125 4.86 (0.04) 6.28 (0.07) 30.93 ( 0.64) 0.011 (0.0003)
120 4.68 (0.04) 5.94 (0.05) 27.75 ( 0.46) 0.009 (0.0002)
115 4.50 (0.04) 5.69 (0.05) 25.44 ( 0.44) 0.008 (0.0002)
110 4.32 (0.04) 5.44 (0.05) 23.23 ( 0.42) 0.007 (0.0002)
105 4.14 (0.04) 5.19 (0.05) 21.12 ( 0.40) 0.006 (0.0001)
100 3.95 (0.04) 4.93 (0.05) 19.11 ( 0.38) 0.005 (0.0001)
95 3.77 (0.04) 4.68 (0.05) 17.20 ( 0.36) 0.005 (0.0001)
90 3.59 (0.04) 4.43 (0.05) 15.39 ( 0.34) 0.004 (0.0001)
85 3.41 (0.04) 4.17 (0.05) 13.68 ( 0.32) 0.004 (0.0001)
80 3.23 (0.04) 3.92 (0.05) 12.08 ( 0.30) 0.004 (0.0001)
75 3.05 (0.04) 3.67 (0.05) 10.57 ( 0.28) 0.003 (0.0000)
70 2.88 (0.04) 3.42 (0.05) 9.16 ( 0.26) 0.003 (0.0001)
65 2.70 (0.04) 3.16 (0.05) 7.86 ( 0.24) 0.003 (0.0001)
60 2.53 (0.04) 2.91 (0.05) 6.65 ( 0.22) 0.002 (0.0001)
55 2.35 (0.04) 2.66 (0.05) 5.55 ( 0.20) 0.002 (0.0002)
50 2.18 (0.04) 2.40 (0.05) 454 ( 0.18) 0.001 (0.0000)
45 2.00 (0.04) 2.15 (0.05) 3.64 ( 0.16) 0.001 (0.0000)
40 1.83 (0.04) 1.90 (0.05) 283 ( 0.15) 0.001 (0.0000)
35 1.65 (0.04) 1.64 (0.09) 2.10 ( 0.20) 0.000 (0.0000)
30 1.48 (0.04) 1.18 (0.11) 1.08 ( 0.16) 0.000 (0.0000)
25 1.30 (0.05) - 0.63 (0.13) 0.31 ( 0.06) 0.000 (0.0000)
20 1.07 (0.05) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
15 0.85 (0.05) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.62 (0.05) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 0.39 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
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Table 9 (3). Growth analysis of sample tree
#FHBEA No. 3 Sample tree No. 3 (B85 declined tree)
AiiE (m) MEIEE (cm) K rET R (cm®) HEE (m?)
i Tree height d.b.h. Basal Area Volume
vy RRE GRFRE) MR G RRE GEPRE) | RE GEFR)
Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)

277 25.40 (0.05) 44.53 (0.21) 1557.03 (14.30) 1.711 (0.0181)
276 25.35 (0.05) 44.32 (0.20) 154273 (14.24) 1.693 (0.0175)
275 25.31 (0.05) 44.12 (0.13) 1528.49 ( 9.00) 1.675 (0.0126)
274 25.26 (0.05) 43.99 (0.18) 1519.49 (12.41) 1.663 (0.0121)
273 25.22 (0.05) 43.81 (0.11) 1507.08 ( 7.22) 1.651 (0.0115)
272 25.17 (0.05) 43.70 (0.12) 1499.87 (.8.23) 1.639 (0.0110)
271 25.13 (0.05) 43.58 (0.12) 1491.64 ( 8.20) 1.628 (0.0136)
270 25.08 (0.05) 43.46 (0.12) 1483.44 ( 8.18) 1.615 (0.0133)
269 25.03 (0.05) 43.34 (0.17) 1475.26 (11.55) 1.601 (0.0140)
268 24.99 (0.05) 43.17 (0.12) 1463.71 ( 8.13) 1.5687 (0.0137)
267 24,94 (0.05) 43.05 (0.16) 1455.58 (10.95) 1.574 (0.0115)
265 24.85 (0.05) 42.73 (0.15) 1433.68 ( 9.98) 1.551 (0.0141)
260 24.62 (0.05) 41.98 (0.21) 1383.79 (13.99) 1.480 (0.0187)
255 24.39 (0.09) 40.90 (0.34) 1313.82 (21.08) 1.387 (0.0262)
250 23.97 (0.11) 39.23 (0.26) 1208.41 (16.05) 1.256 (0.0268)
245 23.41 (0.20) 37.90 (0.31) 1128.15 (18.08) 1.122 (0.0258)
240 2241 (0.22) 36.35 (0.30) 1037.76 (16.50) 0.993 (0.0243)
235 21.30 (0.15) 34.88 (0. 47) 955.25 (24.62) 0.871 (0.0256)
230 20.53 (0.15) 32.55 (0.36) 832.13 (17.66) 0.743 (0.0226)
225 19.76 (0.23) 30.78 (0.39) 743.85 (18.03) 0.630 (0.0208)
220 18.63 (0.32) 28.85 (0.39) 653.70 (17.08) 0.526 (0.0191)
215 17.01 (0.29) 26.90 (0.30) 568.32 (12.32) 0.430 (0.0136)
210 156.59 (0.22) 25.40 (0.23) 506.71 ( 8.97) 0.363 (0.0098)
205 14.50 (0.20) 24.25 (0.23) 461.86 ( 8.37) 0.314 (0.0075)
200 13.50 (0.22) 23.13 (0.24) 420.00 ( 8.49) 0.276 (0.0076)
195 12.41 (0.22) 21.93 (0.31) 377.55 (10.14) 0.238 (0.0069)
190 11.30 (0.11) 20.40 (0.39) 326.85 (11.90) 0.204 (0.0080)
185 10.74 (0.11) 18.45 (0.36) 267.35 ( 9.92) 0.164 (0.0071)
180 10.19 (0.11) 16.65 (0.26) 217.73 ( 6.41) 0.128 (0.0055)
175 9.63 (0.12) 15.38 (0.17) 185.66 ( 3.88) 0.101 (0.0034)
170 9.03 (0.13) 14.55 (0.16) 166.27 ( 3.45) 0.083 (0.0026)
165 8.37 (0.13) 13.78 (0.16) 149.03 ( 3.26) 0.070 (0.0022)
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Table 9 (3) continued
FH#HA No. 3 Sample tree No. 3 (FEFHA: declined tree)

BfE (m) HIEER (cm) MM eI (cm®) & (m)
i Tree height d. b. h. Basal Area Volume
o MR GRERE) | RRE GEERE) R BN e GEFRED
Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
160 7.70 (0.12) 13.00 (0.22) 132.73 ( 4.30) 0.059 (0.0024)
155 7.09 (0.11) 11.90 (0.21) 111.22 ( 3.67) 0.048 (0.0020)
150 6.56 (0.11) 10.88 (0.14) 92.89 ( 2.23) 0.037 (0.0011)
145 6.04 (0.11) 10.20 (0.10) 81.71 ( 1.56) 0.032 (0.0011)
140 5.51 (0.06) 9.70 (0.15) 73.90 ( 2.13) 0.026 (0.0010)
135 5.19 (0.04) 8.98 (0.14) 63.26 ( 1.86) 0.021 (0.0008)
130 5.00 (0.04) 8.29 (0.05) 53.98 ( 0.58) 0.017 (0.0004)
125 4.81 (0.04) 8.07 (0.04) 51.09 ( 0.56) 0.015 (0.0003)
120 4.62 (0.04) 7.84 (0.05) 4827 ( 0.55) 0.014 (0.0003)
115 4.43 (0.04) 7.62 (0.05) 45.54 ( 0.65) 0.012 (0.0002)
110 4.24 (0.04) 7.34 (0.09) 42.31 ( 1.04) 0.011 (0.0003)
105 4.05 (0.04) 6.88 (0.08) 37.12 ( 0.79) 0.010 (0.0002)
100 3.87 (0.04) 6.50 (0.09) 33.18 ( 0.84) 0.009 (0.0002)
95 3.68 (0.04) 6.08 (0.10) 28.99 ( 0.87) 0.007 (0.0002)
90 3.49 (0.04) 5.60 (0.08) 24.63 ( 0.64) 0.006 (0.0000)
85 3.30 (0.05) 523 (0.12) 21.44 ( 0.93) 0.006 (0.0003)
80 3.04 (0.05) 463 (0.11) 16.80 ( 0.75) 0.005 (0.0002)
75 2.77 (0.05) 4.08 (0.12) 13.04 ( 0.68) 0.004 (0.0002)
70 2.51 (0.05) 3.50(0.17) 9.62 ( 0.82) 0.003 (0.0004)
65 2.25 (0.05) 2.65 (0.20) 5.52 ( 0.66) 0.001 (0.0001)
60 1.98 (0.05) 1.68 (0.22) 2.20 ( 0.39) 0.001 (0.0000)
55 1.72 (0.07) 0.58 (0.12) 0.26 ( 0.05) 0.001 (0.0000)
50 1.39 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
45 1.24 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
40 1.09 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
35 0.95 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
30 0.80 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
25 0.65 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
20 0.51 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
15 0.36 (0.03) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.23 (0.02) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
( 0.00) 0.000 (0.0000)

5 0.12 (0.02) 0.00 (0.00) 0.00
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Table 9 (4). Growth analysis of sample tree
FHEAK No. 4 Sample tree No. 4 (f|#2K: healthy tree)
& (m) llﬁhm é (cm MarsiMiE AR (cm?) Fi#& (m®)
iﬁﬁ% Tree height Basal Area Volume
e
(yi) Rk GEERE) Bk GEERE) Bk GEERE) Rk GEERE)
Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
144 24.20 (0.09) 48.89 (0.58) 1877.28 (44.28) 2.015 (0.0549)
143 24.11 (0.09) 48.31 (0.45) 1833.01 (33.99) 1.960 (0.0454)
142 24.02 (0.09) 47.86 (0.46) 1799.02 (34.42) 1.915 (0.0429)
141 23.93 (0.09) 47.40 (0.43) 1764.60 (31.87) 1.872 (0.0389)
140 23.84 (0.09) 46.97 (0.54) 1732.73 (39.61) 1.833 (0.0456)
139 23.75 (0.09) 46.43 (0.46) 1693.12 (33.02) 1.787 (0.0446)
138 23.66 (0.09) 45,98 (0.45) 1660.10 (32.70) 1.742 (0.0438)
137 23.57 (0.09) 45.52 (0.56) 1627.40 (39.44) 1.699 (0.0472)
136 23.48 (0.09) 44.97 (0.56) 1587.96 (39.66) 1.651 (0.0547)
135 23.39 (0.09) 44.40 (0.58) 1548.30 (39.84) 1.597 (0.0436)
134 23.30 (0.09) 43.83 (0.48) 1508.46 (32.24) 1.553 (0.0381)
130 22.93 (0.09) 41.91 (0.44) 1379.51 (28.21) 1.401 (0.0331)
125 22.48 (0.19) 39.71 (0.60) 1238.48 (35.72) 1.236 (0.0447)
120 21.55 (0.32) 36.74 (0.69) 1059.86 (37.84) 1.012 (0.0452)
115 19.97 (0.25) 33.30 (0.67) 870.66 (33.37) 0.786 (0.0373)
110 18.70 (0.20) 29.94 (0.72) 703.80 (31.90) 0.599 (0.0330)
105 17.70 (0.38) 26.33 (0.75) 544.29 (28.80) 0.434 (0.0287)
100 15.80 (0.37) 22.58 (0.62) 400.26 (20.35) 0.291 (0.0201)
95 13.97 (0.43) 19.50 (0.65) 298.49 (18.17) 0.190 (0.0150)
90 11.80 (0.42) 16.26 (0.53) 207.65 (12.50) 0.115 (0.0090)
85 9.70 (0.35) 13.60 (0.37) 145.16 ( 7.35) 0.070 (0.0048)
80 7.97 (0.21) 11.75 (0.25) 108.43 ( 4.30) 0.046 (0.0026)
75 6.90 (0.13) 10.52 (0.22) 86.92 ( 3.40) 0.033 (0.0018)
70 6.23 (0.13) 9.44 (0.25) 69.92 ( 3.51) 0.024 (0.0016)
65 5.57 (0.15) 8.17 (0.20) 52.36 ( 2.37) 0.016 (0.0010)
60 4.84 (0.15) 7.18 (0.22) 4049 ( 2.32) 0.011 (0.0006)
55 4.07 (0.15) 6.07 (0.17) 28.89 ( 1.54) 0.008 (0.0002)
50 3.30 (0.06) 5.20 (0.23) 21.20 ( 1.66) 0.007 (0.0005)
45 3.02 (0.06) 4.06 (0.20) 1291 ( 1.12) 0.004 (0.0003)
40 2.74 (0.06) 3.06 (0.12) 733 ( 0.51) 0.003 (0.0002)
35 2.47 (0.06) 2.47 (0.18) 4.79 ( 0.56) 0.002 (0.0002)
30 2.19 (0.06) 1.59 (0.21) 1.97 ( 0.35) 0.001 (0.0001)
25 1.91 (0.03) 0.56 (0.11) 0.24 ( 0.05) 0.000 (0.0000)
20 1.76 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
15 1.38 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.99 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 0.61 (0.12) 0.00 ( 0.00) 0.000 (0.0000)

0.00 (0.00)
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Table 9 (5). Growth analysis of sample tree
FH&A No. 5 Sample tree No. 5 (5K insect damaged tree)

- 5 (m) ﬂﬁ!rs: Z (cm) oS (cm?) Mg (m®
A Tree height b. h. Basal Area Volume
e
(;) Bk GEEREK) Bk EFERR) Bk GEERE) Bk CEFERER)
Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
149 26.50 (0.07) 51.90 (0.45) 2115.55 (36.53) 2.570 (0.0441)
148 26.43 (0.04) 51.45 (0.35) 2079.03 (28.19) 2.526 (0.0364)
147 26.39 (0.09) 51.10 (0.30) 2050.84 (24.01) 2.489 (0.0355)
146 26.30 (0.09) 50.80 (0.35) 2026.83 (27.83) 2.454 (0.0351)
145 26.21 (0.09) 50.45 (0.40) 1999.00 (31.57) 2,419 (0.0416)
144 26.12 (0.09) 50.05 (0.40) 1967.42 (31.32) 2.377 (0.0428)
143 26.03 (0.09) 49.65 (0.35) 1936.10 (27.20) 2.334 (0.0432)
142 25.94 (0.09) 49.30 (0.35) 1908.90 (27.01) 2.291 (0.0413)
141 25.85 (0.09) 48.95 (0.35) 1881.89 (26.82) 2.250 (0.0411)
140 25.75 (0.09) 48.60 (0.38) 1855.08 (28.52) 2.209 (0.0400)
139 25.66 (0.09) 48.23 (0.41) 1826.56 (30.26) 2.169 (0.0402)
135 25.30 (0.15) 46.60 (0.36) 1705.54 (25.84) 2.008 (0.0420)
130 24.53 (0.15) 44.80 (0.56) 1576.32 (37.85) 1.798 (0.0466)
125 23.76 (0.17) 42.03 (0.54) 1387.09 (34.19) 1.565 (0.0488)
120 22.94 (0.18) 39.35 (0.49) 1216.13 (29.05) 1.321 (0.0409)
115 22.03 (0.18) 36.93 (0.54) 1070.85 (30.18) 1.117 (0.0358)
110 21.15 (0.15) 34.23 (0.75) 919.98 (37.87) 0.938 (0.0404)
105 20.38 (0.15) 30.50 (0.60) 730.62 (27.33) 0.736 (0.0304)
100 19.61 (0.18) 27.50 (0.44) 593.96 (18.05) 0.584 (0.0222)
95 18.70 (0.20) 25.33 (0.37) 503.72 (14.00) 0.473 (0.0178)
90 17.70 (0.19) 23.50 (0.36) 433.74 (12.78) 0.384 (0.0156)
85 16.75 (0.18) 21.70 (0.27) 369.84 ( 8.92) 0.306 (0.0106)
80 15.85 (0.22) 20.35 (0.31) 325.25 ( 9.53) 0.253 (0.0114)
75 14.73 (0.29) 18.80 (0.39) 277.59 (10.92) 0.196 (0.0108)
70 13.30 (0.33) 16.85 (0.37) 22299 ( 9.14) 0.142 (0.0082)
65 11.63 (0.27) 15.03 (0.36) 177.30 ( 7.99) 0.101 (0.0062)
60 10.30 (0.25) 13.23 (0.38) 137.37 ( 7.24) 0.070 (0.0046)
55 9.05 (0.25) 11.35 (0.34) 101.18 ( 5.61) 0.047 (0.0035)
50 7.80 (0.30) 9.65 (0.34) 73.14 ( 4.70) 0.029 (0.0024)
45 6.30 (0.27) 7.95 (0.32) 49.64 ( 3.54) 0.017 (0.0014)
40 4.94 (0.18) 6.38 (0.29) 31.92 ( 2.63) 0.010 (0.0009)
35 4.03 (0.17) 4.95 (0.25) 19.24 ( 1.70) 0.005 (0.0003)
30 3.17 (0.13) 3.70 (0.17) 10.75 ( 0.87) 0.004 (0.0002)
25 2.50 (0.13) 2.85 (0.24) 6.38 ( 0.85) 0.002 (0.0003)
20 1.83 (0.12) 1.65 (0.33) 2.14 ( 0.43) 0.001 (0.0001)
15 1.22 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.80 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 0.38 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
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Table 9 (6). Growth analysis of sample tree
MK No. 6 Sample tree No. 6 (HBZEAK: insect damaged tree)
FiE (m) M= B (cm) HirE W (cm?) M (m®
i Tree height d. b h. Basal Area Volume
Age : -
(yr) enkk GEERR) AnkE GEERE) Bk GEERE) ek GEERE)
Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
212 31.00 (0.04) 58.58 (0.35) 2694.72 (32.11) 3.755 (0.0420)
211 30.96 (0.04) 58.23 (0.25) 2662.62 (22.82) 3.712 (0.0324)
210 30.91 (0.04) 57.98 (0.22) 2639.80 (20.45) 3.680 (0.0326)
209 30.87 (0.04) 57.75 (0.22) 2619.35 (20.37) 3.647 (0.0316)
208 30.83 (0.04) 57.53 (0.23) 2598.98 (20.29) 3.616 (0.0319)
207 30.78 (0.04) 57.30 (0.27) 2578.69 (24.69) 3.584 (0.0308)
206 30.74 (0.04) 57.03 (0.23) 2554.00 (20.12) 3.5653 (0.0331)
205 30.69 (0.04) 56.80 (0.22) 2533.88 (20.04) 3.5620 (0.0284)
204 30.65 (0.04) 56.58 (0.25) 2513.84 (22.17) 3.492 (0.0291)
203 30.61 (0.04) 56.33 (0.28) 2491.68 (24.27) 3.463 (0.0283)
202 30.56 (0.04) 56.05 (0.21) 2467.41 (18.64) 3.434 (0.0308)
200 30.48 (0.05) 55.63 (0.25) 2430.13 (21.17) 3.373 (0.0297)
195 30.24 (0.06) 54.40 (0.25) 2324.27 (20.70) 3.225 (0.0300)
190 29.95 (0.06) 53.18 (0.28) 2220.77 (23.08) 3.075 (0.0301)
185 29.65 (0.06) 51.78 (0.28) 2105.38 (22.07) 2.924 (0.0291)
180 29.36 (0.07) 50.40 (0.24) 1995.03 (18.77) 2.779 (0.0227)
175 29.02 (0.07) 49.20 (0.21) 1901.16 (15.68) 2.665 (0.0250)
170 28.68 (0.07) 48.18 (0.26) 1822.77 (19.04) 2.540 (0.0365)
165 28.33 (0.07) 46.90 (0.31) 1727.57 (22.10) 2.358 (0.0302)
160 27.99 (0.07) 45.38 (0.30) 1617.05 (20.68) 2.207 (0.0329)
155 27.64 (0.07) 43.90 (0.30) 1513.63 (20.33) 2.042 (0.0364)
150 27.30 (0.13) 42.40 (0.30) 1411.96 (19.63) 1.860 (0.0298)
145 26.68 (0.13) 40.90 (0.31) 1313.82 (19.54) 1.711 (0.0328)
140 26.05 (0.13) 39.35 (0.38) 1216.13 (22.63) 1.547 (0.0308)
135 2543 (0.11) 37.48 (0.37) 1102.99 (21.24) 1.393 (0.0310)
130 24.90 (0.10) 35.63 (0.35) 996.78 (18.84) 1.238 (0.0267)
125 24.40 (0.10) 33.90 (0.34) 902.59 (17.40) 1.105 (0.0260)
120 23.90 (0.10) 32.23 (0.33) 815.60 (16.28) 0.975 (0.0224)
115 23.40 (0.18) 30.58 (0.36) 734.21 (16.55) 0.863 (0.0252)
110 22.50 (0.20) 28.80 (0.30) 651.44 (13.00) 0.737 (0.0201)
105 21.50 (0.27) 27.33 (0.34) 586.42 (13.94) 0.636 (0.0200)
100 20.16 (0.23) 25.65 (0.34) 516.73 (13.06) 0.536 (0.0181)
95 18.99 (0.15) 23.98 (0.37) 451.45 (13.40) 0.446 (0.0170)
90 18.22 (0.15) 22.13 (0.34) 384.46 (11.20) 0.361 (0.0151)
85 17.45 (0.35) 20.45 (0.39) 328.46 (11.79) 0.286 (0.0149)
80 15.70 (0.31) 18.53 (0.39) 269.53 (10.75) 0.211 (0.0115)
75 14.16 (0.33) 16.58 (0.41) 215.77 (10.01) 0.153 (0.0098)
70 12.50 (0.40) 14.53 (0.34) 165.70 ( 7.30) 0.104 (0.0066)
65 10.50 (0.40) 12.83 (0.36) 129.18 ( 6.66) 0.071 (0.0054)
60 8.50 (0.35) 11.05 (0.38) 95.90 ( 6.03) 0.044 (0.0040)
55 6.73 (0.29) 9.15 (0.36) 65.76 ( 4.61) 0.024 (0.0020)
50 5.30 (0.17) 7.38 (0.31) 42,72 ( 3.21) 0.014 (0.0013)
45 4.47 (0.17) 5.83 (0.23) 26.65 ( 1.86) 0.007 (0.0005)
40 3.63 (0.13) 4.70 (0.19) 17.35 ( 1.26) 0.005 (0.0001)
35 3.00 (0.10) 3.75(0.19) 11.04 ( 0.96) 0.004 (0.0004)
30 2.50 (0.10) 2.83 (0.22) 6.27 ( 0.77) 0.002 (0.0003)
25 2.00 (0.10) 1.75 (0.25) 241 ( 0.44) 0.001 (0.0001)
20 1.50 (0.09) 0.50 (0.10) 0.20 ( 0.04) 0.000 (0.0000)
15 1.03 (0.09) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.57 (0.07) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 0.21 (0.04) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
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Fig.7 (1. Growth analysis of sample trees (tree height).
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Fig.7 (2). Growth analysis of sample trees (d. b. A.).
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Fig.7 (3). Growth analysis of sample trees (basal area).
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Fig.7 (4). Growth analysis of sample trees (stem volume).
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Table 10 (1). Annual increment of upper diameter
F4EAK No.l Sample tree No.1 (E55A: declined tree)

il =] Bl 10 £ERE 20 &ERI~10 FFHT 30 FFFI~20 £FE/ 40 LERT~30 £ERT
Height Latest 10 yrs. 20-10 yrs. ago 30-20 yrs. ago 40-30 yrs. ago
0.0 m 0.138 cm 0.360 cm 0.338 cm 0.273 cm
0.3 0.110 0.330 0.350 0.275
1.3 0.065 0.283 0.325 0.243
3.3 0.092 0.155 0.225 0.213
5.3 0.042 0.120 0.278 0.210
7.3 0.045 0.155 0.213 0.223
9.3 0.048 0.170 0.268 0.240
11.3 0.035 0.116 0.236 0.231
133 0.036 0.155 0.212 0.287
153 0.038 0.126 0.238 0.258
173 0.051 0.173 0.216 0.259
193 0.047 0.117 0.261 0.284
21.3 0.048 0.266 0.320 0.407
233 0.072 0.270 0.305 0.297
243 0.085 0.218 0.146 0.028

#H#EA No. 2 Sample tree No. 2 (f#42AK: healthy tree)

S Bolt 10 £ER 20 FFRT~10 A 30 FEFI~204F/I 40 FFAT~30 £Edif
Height Latest 10 yrs. 20~10 yrs, ago 30-20 yrs. ago 40-30 yrs. ago
0.0m 0918 cm 0.785 cm 0.648 cm 0.725 cm
0.3 0.820 0.765 0.735 0.720
1.3 0.748 0.675 0.600 0.563
33 0.605 0.555 0.550 0.545
5.3 0.560 0.560 0.550 0.568
7.3 0.545 0.510 0.555 0.608
9.3 0.540 0.588 0.543 0.658
113 0.515 0.503 0.580 0.680
133 0.500 0.525 0.570 0.725
153 0.488 0.525 0.570 0.750
173 0.480 0.563 0.533 0.525
19.3 0.505 0.595 0.460 0.000
213 0.460 0.485 0.000 0.000
23.3 0.430 0.000 0.000 0.000
24.3 0.240 0.000 0.000 0.000

Z kEly, BR2ERKIGEVEREERLTWVWS, COTEHhOHER2 AR, Sl CEEROHEL
DEDFENOERTRERLES T VEDLSBVWIRETH - dDEEDbN B,

BREDOBEREEZ LSV LEVERORETRTAS I Licd 2, HEHBERLT, +41
AHZTHLERIEEE 10m IEL B EBET 5 &, BOK 2 RIEBRESKEEREDTH
5, 60FRELMEBBLTVRV, T LT, F55A No. 1 i3 170 4E, No.3 2 100 4F,
FEANO.6iF 150 EHZBLTVWE, CO&LHIHENRIEMLTHSOBRITA S &, K
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#-10 (2) EHEROSEERKER
Table 10 (2). Annual increment of upper diameter
FAA No. 3 Sample tree No. 3 (FHFFAK: declined tree)

b -5 Bolt 10 4ER8 20 4ERT~10 4ERT 30 £FAi~20 FFR] 40 FAij~30 A7
Height Latest 10 yrs. 20-10 yrs. ago 30-20 yrs. ago 40-30 yrs. ago
0.0 m 0.190 cm 0.258 cm 0.410 cm 0.425 cm
0.3 0.193 0.258 0.370 0.435
1.3 0.148 0.183 0.300 0.303
3.3 0.158 0.193 0.285 0.290
5.3 0.138 0.173 0.280 0.310
7.3 0.113 0.158 . 0.278 0.295
9.3 0.138 0.188 0.300 0.346
11.3 0.128 0.163 0.285 0.365
13.3 0.120 0.148 0.303 0.373
15.3 0.128 0.140 0.328 0.390
173 0.128 0.145 0.353 0.405
19.3 0.110 0.165 0.365 0.430
21.3 0.108 0.150 0415 0.430
23.3 0.110 0.155 0.323 0.048
24.3 0.088 0.175 0.093 0.000

F#A No. 4 Sample tree No. 4 (#2K: healthy tree)

p: il o= Bolt 10 £/ 20 fFAT~10 4E/ 30 FFERI~20 {40 FEAT~30 £FHi
Height Latest 10 yrs. 20~-10 yrs. ago 30-20 yrs. ago 40-30 yrs. ago
0.0m 0.733 cm 0.586 cm 0.820 cm 0.921 cm
0.3 0.763 0.599 0.814 0.889
1.3 0.507 0.518 0.680 0.736
33 0.466 0.437 0.565 0.665
53 0.431 0.420 0.613 0.695
7.3 0.454 0.449 0.657 0.751
9.3 0451 0.482 0.668 0.735
113 0.443 0.492 0.711 0.743
133 0.404 0.489 0.688 0.710
15.3 0412 0.499 0.691 0.669
17.3 0.391 0.500 0.668 0.319
19.3 0.329 0.511 0.483 0.000
21.3 0.296 0.400 0.068 0.000
223 0.239 0.198 0.000 0.000

ORI E HARTE R FHREVRD, ERCEREEHERLTVE0LEIBILATE S,
BEBRITORED O, MBEOMBE L2 T ENBTE 5, HNMER 105 13, BEO 10% OFS
DRAEFE Doo 15t d 5, MED 50% DEE D Dys OHE LTERS N, HHHIIREE£R
gL LT kS BV oG, 22T, SIS OERREREIC 5 RAEYTIIHTH
WHBEGERARE L, FEOAEOBREEHETE L1, NS HRRXORE I I FRIEMA 6 Ll E
MBI 125 O TRIE 7.3 m & 15 3EELIETIOMNERIERD TOREW (F-11), HXTERE 75 25
K EVODIZEEA No. 1 EHEANo.6 T, BELEE LD TV 2 HMINSEL, BREELT
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Table 10 (3). Annual increment of upper diameter
FHAAR No. 5 Sample tree No. 5 (¥EAK: insect damaged tree)

;i o= il 10 £ER4 20 FEFi~104ER] 30 4EFI~204FR] 40 £ERT~30 4
Height Latest 10 yrs. 20~-10 yrs. ago 30-20 yrs. ago 40-30 yrs. ago
0.0 m 0.530 cm 0.723 cm 0.735 cm 0.740 cm
0.3 0.508 0.730 0.730 0.750
1.3 0.368 0.458 0.510 0.643
3.3 0.328 0.430 0.510 0.570
5.3 0.330 0.415 0.490 0.5638
7.3 0.285 0.400 0.520 0.505
9.3 0.293 0.380 0.523 0.515
113 0.318 0.388 0.493 0.5635
13.3 0.310 0.373 0.505 0.475
153 0.318 0.428 0.488 0.460
17.3 0.318 0.428 0.498 0.460
19.3 0.293 0.438 0.518 0.455
21.3 0.300 0.455 0.453 0.163
23.3 0.278 0.380 0.135 0.000
25.3 0.253 0.000 0.000 0.000
26.3 0.060 0.000 0.000 0.000

FAEAK No. 6 Sample tree No. 6 (h#FAK: insect damaged tree)

Hh Bl 10 4FRS 20 #gi~10 £EHj 30 £ERFI~20 A 40 SERIj~30 £FAi
Height Latest 10 yrs. 20~-10yrs. ago 30-20 yrs. ago 40-30 yrs. ago

00m 0.363 cm 0.395 cm 0.373 cm 0.295 cm

0.3 0.377 0.465 0.375 0.270

1.3 0.253 0.245 0.278 0.223

3.3 0.200 0.200 0.210 0.143

5.3 0.193 0.175 0.190 0.155

7.3 0.185 0.173 0.175 0.140

9.3 0.178 0.170 0.180 0.155
11.3 0.178 0.175 0.205 0.155
133 0.178 0.183 0.178 0.158
15.3 0.195 0.175 0.175 0.185
17.3 0.175 0.183 0.188 0.188
19.3 0.170 0.163 0.165 0.170
213 0.145 0.170 0.175 0.178
23.3 0.130 0.163 0.165 0.163
25.3 0.163 0.160 0.160 0.135
27.3 0.163 0.158 0.168 0.145
29.3 0.128 0.190 0.180 0.045
30.3 0.135 0.090 0.000 0.000

0.72~0.76 DfEZ#FE L T3, EARNo.5 &, HITD 40 413 0.70 Btk OE A ZEE L TR
LTWie, CThicxt U TEELK No. 4 12 50 FERij» S 10 R TD 40 R I 28U FERERHS
JEXLTHYD, 2K No.2 i3 55%ERiH» 5 25 FRijE TD 30 ERNCHTER 705 BEALTO
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BA10ER/ 20~ 10/l 30/~ 20 /1 40E/T~30Fd
No. 1
(FHXK)
(declined tree)
No. 2
(f22A)

(healthy tree)

No. 3
. T (FTHBAR)
(declined tree)

No. 4
(fgex)
(healthy tree)

No.5
(REAR)

(insect damaged tree)

301
» No. 6
% 201 (REA)
- (insect damaged tree)
(m) 0]
0 HEERRE (cm/yr)
oy

: 0 05
K-8 FHEMEXROHEFRER

Fig. 8. Annual increment of upper diameter.

o —7, TH95A No. 3 I 90 4ERTIZTHE K4 L, 30 MU 0.70 5 057 iib L, £ DED
30 FERic 063 F THEL TV 55, 6 ADOHTIHKBEE OMTHER 705 BB S/NE Vo LLED
CEhs, HEAR 2 AR 40 FERFRE I IBRLE LERIEA R - T, BERPELD
EDEHOETHILEL TV LD EEZ LN B,

c) HERE

£-12 KRR ETBA (HEAEEE) TLLALFERRLE ZOFERRETRYT, Bl
IN-BEHOEERKE, BEATIE, HHATRENIVPPEZLV6ETH 1, BONIH
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#F-11 HYEE (Mos=Dys/Dyg) DHERE
Table 11. Transition of relative diameter Nos (Dos/Dag)
AR FEAES No. of sample tree
yIs. ago No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
1 0.747 0.695 0.629 0.686 0.694 0.727
2 0.749 0.707 0.629 0.695 0.700 0.728
3 0.750 0.706 0.628 0.695 0.700 0.727
4 0.751 0.707 0.629 0.694 0.700 0.727
5 0.753 0.707 0.629 0.693 0.700 0.727
6 0.754 0.708 0.628 0.693 0.703 0.729
7 0.753 0.709 0.629 0.693 0.700 0.728
8 0.753 0712 0.629 0.692 0.701 0.728
9 0.753 0.714 0.629 0.690 0.700 0.728
10 0.753 0.713 0.629 0.688 0.699 0.728
11 0.754 0.715 0.629 0.688 0.699 0.727
15 0.753 0.703 0.631 0.674 0.693 0.725
20 0.757 0.701 0.630 0.669 0.695 0.725
25 0.759 0.705 0.629 0.648 0.693 0.726
30 0.758 0.698 0.625 0.632 0.689 0.729
35 0.756 0.694 0.617 0618 0.688 0.729
40 0.751 0.678 0612 0.585 0.691 0.731
45 0.743 0.651 0.605 0.576 0.677 0.724
50 0.739 0.627 0.597 0.547 0.669 0.727
55 0.737 0.602 0.579 0.531 0.683 0.729
60 0.739 0.623 0.568 0.553 0.678 0.727
65 0.736 0.655 0.572 — 0.668 0.724
70 0.736 — 0.5682 —_ 0.659 0.725
75 0.742 — 0.600 — 0.636 0.726
80 0.744 — 0.635 — 0.603 0.732
85 0.736 — 0.661 — 0.601 0.731
90 0.738 — 0.703 — — 0.732
95 0.743 — 0.702 — — 0.732
100 0.752 — 0.702 — — 0.733
105 0.756 — 0.672 — — 0.733
110 0.760 — . — — 0.740
115 0.752 — — — — 0.750
120 0.741 — — — - 0.751
125 0.744 — — — — 0.744
130 0.724 — — — — 0.718
135 0.726 — — -— — 0.719
140 0.744 — — — — 0.721
145 0.754 — — — — 0.735
150 0.761 — — — — —
155 0.764 — — — — —
160 0.760 —_ — — — —
165 0.752 — — — — —
170 0.760 — — — — —
175 0.733 — — — — —

&) Nos. 1,3: B5EAK, Nos. 2, 4: @4LA, Nos.56: hELR,

Nos. 1, 3! declined tree, Nos. 2, 4: healthy tree, Nos. 5, 6. insect damaged tree.
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#12 Vv ORRENA (K - BEIA « HEA) TRHS W FERHE T OFERK

Table 12. Fungi found on adult Yezo spruce (healthy, declined and insect damaged tree) in
natural forest and their parasitic degree

' £ K
On healthy trees

FERH (18) B TR
Fungi Part of attack cgree of trul
body developed
Chrysomyxa deformans (BFZFIES DIRE) ¥+ ¢ % *
on needles
Lachnellula sp. (DA L ¢ iRE) * 27753 +
) on dead branches
Lophodermium nervisequia (F3> 5 \WiHE) * ¢ IE +
on needles
Thekopsora areolata (FRE & UFREY) ¥ B R +
on cones *
GatA2A)

Number of sample tree: 2

HIFA « HEAR

On declined trees and insect damaged trees

on dead needles

Tryblidiopsis pinastri (v ) 7) 7 1 & 7 ¥ ABHERE) ¥ FILEH
on dead branches and trunks

Valsa abietis (¥ b R # 5 JFSHEE) ** ‘ FRFERER
on dead branches and trunks
(FTHEAR AR, FF/AKR2, Yy F74LVvHEKR2)
Number of sample tree: 4; declined tree 2, insect damaged tree 2
*FOSEE, P ARAEE CETEE T SURH
Ascomycetes, Fungi imperfecti, Basidiomycetes, Rust fungi
+: #/), rarely recognized, +:/, slightly recognized, +: 1, moderately recognized

Aleurodiscus amorphus (75 239 v 7 4 i) ¥** +

on dead branches )

Hirschioporus abietinus (/34 % /) ¥¥* HFEE R +
on dead branches and trunks

Lachnellula calyciformis (A4 L ¢ JRE) * Lt 7543 +
on dead branches and trunks

Lophodermium nervisequia (33> 5 WiRE) * FaE +

..H

+

id, WIh b FEAOTBKERE /& L, PPHM > THES WO REIIARD Tryblidiopsis
pinastri (M) 7)) F 4 &7 ¥ ZAERERE) OAHTH->7 C D¥RER 12 HEpTING (1964) B X U
EEE(1979) e L Ud, b o LB Y BRAOKIEREAECTRFEEL 5> TV A5, W
BREBWEINTVS, COXINTELD, T/ VETRORFOFRIMOERICL S b
DEEEIND,
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3. FSYTEBE

T2 YEEA 15 AOMB TR (Eh) »5RE<F 5 5 rREOHEBERERZD 5h
1B5hp o oo BEARADECIDE 5 IEEERY 3LEHS 5, BTk L AREEE O
BEH s Wb D EHERIS W B,

Iv. % & B

FMBERRORBINGE=45 Y v /yHEO—BE LTHi# T Fev R UHIKIcBVT, =
SR RBREHRIC 28 KOBBAEBRE L, 518, BEKREEFABLUHEALE 2
AFORE L, Bibbh - SERE, HE - EARER ORI & L CBESERROBEET - £,
BEALREROFEORKR, ROFHASHLMIcINL,

BER EoBRLLONBNSRERED > (3555 SHM LA, TR LA
ICHANB ERD 1)~4) DL S BB O PITIE o F2, Fho, ¥ NE 2 4 Lk 3 [hEA]
i3, B2AREFTHRICHANS E5) BLU6) DELIHLMcshi,

1) BHEMREZRL T 5 0B EL, B 20 EROME B X VIRARE 39 & 2 1o kbR
LTWw3,

2) HIRMOBHEN L EERIFENEREAL, O FevERACRE R &S g
RSB EERRIZED Shisu,

3) SHEORIMPEWMARISED Sh 3,

4) FIITREERLDETIRAMOBOERIBY SN BL o1, £->T, TOERORE
HRERLUADERICE 3 b0 LHfERIc N 3,

5) Bl 20 FREOMER, EAREREF A% LE->TH0, BEKCEVBEEARLTV 3,
LIchioT, ¥+ 4 6vRMBTLOREDET LAKREBEL TWE EERES L,

6) Bl 40 FERIEM 2 IFLE L HBIEE R -THY, BBELEXOEOEHIBVT
BEREL T bDEEZ SN B,

EFED )~3) 25, BEKEFHAROBEEBRPEDBHDEGBAREORERDELEL T
BNBL0ITLNTEE, COIDR, AHHO N Fo Y ORERBREEBHTEL —HT 5, L
=T, /=Y RBOTHHELOBEBLEOETED SRADRLELHET 5 2 & ot
SHCHIRET H 5,

72, 5),6) 5, TV =Y OKBIABNCREICAONTOEY Y N7 4 LA vDIIEILL -
TREETT 5700, BRERBIVEOBRHICESVLBLECKERD > NETHET2C
LRFELV, TORIZOVWTHE, S5IERBEHES LABELSROBEAOREEL ST,
Gl E HERORHPETREL & 25083 L TRAMNICRIT 240845 3,

HIERD b K= T3 EERLE O FEH o BRSO THZA D HEHE & £ ORI Lic
DVTORGETL, EFEFICRPROEEHE L->TVBLRELSNHEVE WS ERLE
Ko TORIDVTE, TV YROVTHEHK, + Fev tEcEEEEC ST 2ReE
HELREBRE EDQIEOEAH 5 8 IR EITE S LEBNS 5,

k- =
HERHICE T 2HMBRRROET =3 ) Y /FE - HEO—BELT, vV "0 4 400
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& BHEARDSFELE U T 3HRKRFILEEEEHOERS 400 m~850 m OKKMKicE TV
2V ENRICTEABEET> 7o B+ Foy LABICBEAREREL, BE TEoml, SR
L RLEEREEMGE L, 51T, BLK FHiK, RERERK2ATOKRAEIL, BHE-BR
ORI, HEB L UERREBOBT2IT-> o TOBERE, b FeYvTBARICH S N
BOEDHIZBLRZ IBD SNEh - o BT 20 FRic B 3 & « [BARER ZRE2SAKIZ
Bh, BEEARREBL TV, HEROBEERIREHALD SHEETH -1, =V oy ORGEI
YUyRFIALVOMEICEL > TRECHETL, FER HOBHLTLIES K RLECKER
DPoEINEFRTEIEIREETH BT Ebh o1, BHASTT 2EHRABRL L+ 554
WA, S 1E, WREOCEEE F 5 5 rRERRES B Lo, Led->T, ZOFBOFR
FEH GREE) kb b0TREL, thoBERIck b0 LBbhl,

F—TU—F: HFHRELR, VoY, YUNFIL LAY, BEE EEE
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Summary

Continuous observations of forest decline in sub-arctic coniferous forest were started in
the Tokyo University Forest in Hokkaido in 1991, and the health condition of Yezo spruce
(Picea jezoensis) growing in the forest damaged by spruce beetles (Ips typograhpus japonicus)
was investigated between 400 m and 850 m above sea level in the same area. The health
condition of Yezo spruce trees was investigated by an assessment of volume and color of
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needles, in a similar way to that in an investigation of Todo-fir in a previous report
(Yamamoto et al., 1991). According to this information, the trees were classified into two
categories: normal and abnormal. To analyze the volume of needles, cone bearing and stem
growth of sample trees, two trees from both the normal and abnormal categories and insect
damaged trees were cut. In addition, the presence of pathogenic fungi on these trees was
investigated. Concentric defoliation of the crown top was not found in the sample trees.
Height and diameter increment of the normal trees were larger than those of abnormal ones
during the latest twenty years. However, insect damaged trees grew larger than abnormal
trees. Based on this information, we estimated that healthy grown trees were Kkilled by the
spruce beetles within a few months. Consequently, it is difficult to predict insect damage on
the basis of health indicators and stem growth. No pathogenic fungus or the mycelial mat
of Armillariella-root rot were found. Therefore, it was considered that the decline of Yezo
spruce observed on the sample trees was caused by factors other than pathogenic fungi.

Key words: Forest decline, Picea jezoensis, Ips typographus japonicus, Health evaluation,
Defoliation



