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E g2, TARZ, £ 2, IHE, AFAV, 2EL, I4N

(L F ARl R AR A G BB 2 e XA 25 T R R T ST bty VI8 B AT 2100375 2. F iAol Ry A= 3
EIEEAERE o BAHO B EI AR oL, VIR mE A 210037 3. FE GOl AR EUR) PE AL R AR B B IXAE RS
KSR FE B E Z AR SR E, BRPY PE4E 710048)

WE: [ 86y ] HiTmEE R R BT T 204 MR AR 23R FACH R fe L3 RN BE ey AL, AT IZ R F |
RIGAITHARESRERSVEREAE, ANEERTELEZEFTERSEAASKAEEIBESRE, [ F&E] XA
= AR 69 ik, STAMRIR AR ARG R RR B eI (5. 13 a) 69 & & L3 (0~10 cm) F2AL M R Fe RSP B 7 M 24T )
E, I ASAEANBNT T TR LAE, ARAERANE, [4R] OAXELE pHES, KA 3art s
B MAM TR FMAENFTRA TS RE WM (P<0.05), LEAKER TG, LIEANBR TS HALELS
a Bt 2% T % (P<0.05), & 13 ambiR#iik 4 ZAAFAKT ., QEER I BHEART B- AW B, FIK BEGF B4 b Ak B2 By
M EM (P<0.05), ®& T B-HBF B E1E; B R Bfeid BACHBEF WA BRI I ATH (5 a) RIABARAY, 13
a AP A B AR AT AR T, QRN A 13 a i 13 2% 3K BUBE/ RK BB YR (Eqn) 1388 3K BB/ A 3K BBl Yo AL (Ep) Ao Bl
A2 KEZERZ (P<0.05), AZME S5 abt Eqp Ao L3k QK B/ BRI BBGILAE (Enp) BERS, ANBAEZTAZLE
FHEIK (P<0.05), [%£# ] AR ERER, LIERS . AV RAHEE 2RI A4S, pH A Y w L
BB ERRAME T TANXER T, RS LEREYEMIIR LR FHRF A TER, SHIFRKT ., At
FIFRh 69 R0, B 3 & 4 4 41
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Effect of thinning restoration on enzyme activity and enzyme stoichiometry in
the topsoil of oak-pine mixed forest

TAN Rui'?, YU Shuiqiang'?, LI Yu'?, WANG Xiangfu®, XU Xinying'?, LI Yuanhui’, WANG Weifeng'?

(1. Regional Ecological Sustainable Development Research Center, College of Ecology and Environment, Nanjing
Forestry University, Nanjing 210037, Jiangsu, China; 2. Co-Innovation Center of the Sustainable Forestry in Southern
China, College of Ecology and Environment, Nanjing Forestry University, Nanjing 210037, Jiangsu, China; 3. Key
Laboratory National Forestry Administration on Ecological Hydrology and Disaster Prevention in Arid Regions,
Northwest Surveying and Planning Institute of National Forestry and Grassland Administration, Xi’an 710048, Shaanxi,
China)

Abstract: [Objective] This study, with an investigation of the effects of different recovery periods after
thinning on soil physical-chemical proprieties and extracellular enzyme activities in oak-pine mixed forests in
the Qinling Mountains, is aimed to better understand the nutrient cycling processes under thinning treatments,

providing basis for developing programs of sustainable forest management and exploring better ecological
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restoration measures. [Method] First, pace-for-time substitution was employed to explore the effects of
thinning restoration process (5 and 13 years, no thinning as the control) on soil physical-chemical proprieties
and enzyme activity changes in the surface layer at 0—10 cm depth. Then the enzyme stoichiometric ratios and
enzyme vectors were calculated for each treatment. [Result] (1) The total phosphorus, microbial biomass
carbon, and microbial biomass nitrogen contents in the soil increased significantly, whereas the inorganic
nitrogen content decreased in the 13-year restoration (P<<0.05) and the soil pH increased in the 5-year and 13-
year restorations; following a 13-year restoration, the soil organic carbon content progressively recovered to
pre-thinning levels after declining dramatically in the 5-year restoration (P<<0.05). (2) Thinning significantly
increased the activity of B-glucosidase (BG), while decreasing the activities of B-xylosidase (BX), nitrogen
acquiring enzyme (NAG+LAP), and acid phosphatase (AcP) (P<< 0.05); after the 13-year restoration, the
activities of phenol oxidase (POX) and peroxidase (PER) showed a decreasing tendency during the initial stage
of thinning (5 years treatment) and then reverted to pre-thinning values. (3) In the 13-year restoration, thinning
significantly increased the soil enzyme carbon-nitrogen ratio (E¢/y), soil enzyme carbon-phosphorus ratio (Ecp)
and vector length value (P<<0.05) whereas the Ep and soil enzyme nitrogen-phosphorus ratio (Ey,p) increased
significantly and the vector angle value decreased in the 5-year restoration (P<< 0.05). [Conclusion] Soil
nutrients, organic carbon, and oxidase activities showed a recovery trend with the thinning recovery stage with
the soil pH being a key factor affecting soil enzyme activity and the change of enzyme vectors. Thinning
decreases the phosphorus limitations of soil microorganisms during the initial stage of recovery, but it has little
effect on the phosphorus and carbon limitation in the later stage of recovery. [Ch, 3 fig. 4 tab. 41 ref.]

Key words: forest tending; soil extracellular enzyme; enzyme stoichiometry; nutrient limitation

LB (AR5 F AR B, DR AR X 285 SE A A AR, 35N T R PR S, O2E T 4%
MONSAGERN LIRS, DRI AR A R R G W T2 3 A Y bR R A, DLROZIE R R %
O —— T IERCEYG S BT . AT, AR T 2 OC T Tk . ARG PR OC 1Y B A%
W, UNEREG [B-ATBEYEE (BG). £F4E M/KfREG (CBH). B-AWHFEE (BX)], AW [B-1.4-N-Z B ILH %
WEH B (NAG) . SoZPRZ LIRS (LAP)] FIBERG [ BRPE S MEBE IR (AcP)], HIEME AT A Y oe i o5
BC AT ARIFE AR . 7235 5306 2 30 1) s e 1 A 0T = B AR Ak ] B W 2B P e % 1R AR K- . SINSABAUGH
P BB B A T R TERBRINE [k . EURBEE PR A OCE T i i 1:1:1, KU IR
THE L ERASE ., BWAMR L, TIEML T R RS, SEHRHEY Al GE 2 B aE o0
SRS (B . AR mRR T,

V) FR A it X6 - 8 &7 s P Rl A 2 T A S TS N B A o A - SR T P A AR PR B AR 253
I/ DO SRR AN AR R 22 BT 3 R SR AN [ (] A58 B T T PR (s U T AR it %) 5 i 2R i 2
Bt AR AR 2 S R A AR AR N QIU AU Xk SEFE I N AL YE T Hs Larix principis-rupprechtii N Tk
PEAT BRI 9 a e B9 AS A B - (A ARH i 2 5 09 I 1 -4 BG. NAG+LAP I AcP {if £ . 1fii LULL
SV M i KR Quercus ilex MRIJRG SAH 2= 7 a W, ZFBEIG IR EE A 16 M 00 K & 4R 3% oAy .
(SR8 2 LS N 7 A1l 2 s [T 2 5 A 7 o 7/ e w8 A -8 0 7 1 A0 4 O R i SO | S 761 7 N
A - SR A A R AR AL, TR W B UROR T SR M A e A e, AT RE R AR W 2 B [R5 43
Ay BRI T

AT, OCT A Ab 38T - S5 i S S M 0 B9 K 2200 3 T () AR B AN MR S R BiE o, Tiixs
FARMA S R B RAR G A R A2 B B A SRR P i oE 30 . STk, ASHIF oY R 25 T R sk ] 14 7
2, BRI Z IS AARIR SEMRTEPE T Ta) A5 AN TR A2t ] Y pRb 8 22 T IR TR PR . k2Tt Lo iy
AR, Rl R AT R 28 T 58 B PR AR AR SR A Tt B AR A
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1 FIRHEXG5HHEF E

1.1 HRERER

B XA TR VG4 22 B T AR MOl R B8 Mg (33°20'~33°26'N, 108°32'~108°34'E), HhibZ# 14 111
ik, M4k 1400.0~1 800.0 m, %X & TALIERGH SR, AEHTEN 8.5 C, P IREKE N
908.0 mm, +HEAILIHIAZIE . AF5E X 20 22 70 AEAR RAR ST AR BUHIE B U AR TR AR,
SR Y S A B2 ) e FNARE T AN S PR AP 2B VR i o BRI EZE LR Pinus tabuliformis . Bt 15 Hik A%
Quercus aliena var. acutiserrata. € |1 ¥y Pinus armandii 3 £ 5 EEEFh , 4G B W Toxicodendron
vernicifluum . /N4 U1 Ligustrum quihoui . T VEW Acer davidii %5 ¥ F o MK T 45 9% UL T2 F Euonymus
alatus . R 2% F Litsea pungens. #% %1 2 ¥ Carex lanceolata. W 4 B Agrimonia pilosa. ¥§ % Rubia
cordifolia ¥,

2021 4F 10 A, ARAEHFIE XA SEBR A AL B . RO A KRN A A ARG, e 49 37 b A% R A — B Ak
gy, VEE 3 FPlEIRALE, BIREK (k). BEKE 5a(5a, 2018 40 {K) FEEIKE 13a (13 a, 2010 4F
B ) o AT AAL RS 4 S AR 20 mx30 m YRR, ot 12 Sedfih . S B IR A b 2 (B AH B4,
FEH Z R B AS/NT 100 mo AT RGBS AR S WA i 38 0, 5087 T B4 Prerocarya stenoptera
ZE Castanea mollissima, & K Alnus cremastogyne. kI & B Cornus controversa Fl i ¥k Wk Juglans
mandshurica W Fl . Horp 488 b P )b = & B2 R Shannon-Wiener 5502 B X R AEN (9 it 8. A
M A BEAREDL UL 1.

F1 O RGHEMEAREIR
Table 1 Basic survey of test plots

[A] A Pk R/ WREUE R Bt/ YF  Shannon-Wiener A4 HL/

_— g
St m @) om O g gl ehmeal) R ERR
k  1585.00+61.85 1420488 14.60£0.49 0.7 25 2.48 7.01£0.37 Ml G, PR, SEM. 24,
¢ Rt OB ' VST ke cmin
BUAHHE . SR WA . AME. TR,
5 1457.32413.14 12084355 13.80£0.84 0.5 32 2.78 5.69+0.26 "
TR FEA

BB, RS . BIUIAR . B KIS
REF . JTER
Vil BBk Prunus tomentosa, FEWI Salix babylonica, —Mi%2j Lindera obtusiloba, VAHE Betula platyphylla, % Ulmus pumila,
JKEER Ligustrum obtusifolium .

13 1757.57420.17 1 254+207 13.80+1.19 0.6 29 2.68 6.55+0.29

1.2 REFigit
2023 4F 7 A, M S RIBURE VL, TE ek, Sa. 13 a [AlfRAEHL, FHEAEH 3.6 cm fY 4R 4E 0~10
em MRIZLHE, NEHRRE T AZ BN, B HERA A T KB A B, PR A R Y 1R 5250
T, EENTTMRAGE 2 mm G, —03#E HFET 4 °C WKEORAE, HTARCE . T Emes A+ 15
YA REIIE ; 55— 0 RS F AR, FH A A S B A T I
1.3 MEIERRF*
1.3.1 3ok ial g HHESKRRM 105 C Mk 3 pH R H S (B KRB & el
1.0:2.5); HHERECRHITREAHAGNE ; +5H PR B IR A A fL-AM ik, HHEA AR S
HAEAS R EA, 73R A 2 mol- L™ S LARFE-Fe iy i Lo ik | SUARBR R IR0 K RN e v
W7 s 8RR R IR - = A R - AR B P L k™, A E ik . RORHA DT 2R, (R SR
A BT E
132 L3RSl EW R BT E6 M E S5 208 SATYA-CORK ZM vk, e S50k, A . WG
BV R BTG, AR TR 20K . fRIFR BORP W3 2. o, JKf#EF (BG. BX. CBH. NAG.
LAP. AcP) it R HMALRZOEE:, FHZIIReEbs (AR 365 nm K ALIEE , 450 nm P ARSI E ;
AALEE (POX. PER) ifithk H DOPA-4M RV, HZDIBEEEFRUAE 450 nm IR AR E
TR . ZURBEBEE M LU E Y M A B R Y, R, SRR R AR b, 1
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Table 2  Soil enzyme along with their enzyme abbreviation and substrate of soil enzyme

it fayR JIE#)
B- B i B-glucosidase BG 4-MUB-B-D-glucoside
B-AHE T iFB-xalosidase BX 4-MUB-B-D-xylopyranoside
214k — WK ff B Cellobiohydrolase CBH 4-MUB-B-D-cellobioside
B-N- . Tk SL 2 B 11 i B-N-acetylglucosaminidase NAG 4-MUB-N-acetyl-B-D-glucosaminde
5L PR A S K Leucine aminopeptidase LAP L-leucine-7-amido-4 methylcounarin
TR WERFAcid phosphatase AcP 4-MUB-phosphatase
T S AL P Phenol oxidase POX L-dihydroxyphenylalanine(L-DOPA)
i S b Y Peroxidase PER L-dihydroxyphenylalanine(L-DOPA) and H,0,

Uil : MUBN H £ ) Bl i Methylumbelliferyl,

MRRE (V) SRS (V) B e e Ab BEXH A P BE 0 FE SR AR BRAPR B, THEE AT .

Ecn=InHgg/In(HNaGTHLaP); (D
Ec/p=InHpg/InHacp; (2)

Enp= In(ANaGTHLap)/ InHAcp; (3
VL=SQRT[(Ecn)*+(Ecr)’]; (4
Va=Degrees[ ATAN2(Ec/p,EcN)]o (5

A (D~B)H: Ecn. Ecp Exp 3l h 35800 AR WU /R RIS He e . T3 a R B /W AR e LU . &
35 R AR U /9 AR MU LU B 5 Heg Hnag~ Hiaps HacpZ3 518 BG. NAG. LAP. AcP [ il i 7 ;
SQRT M- 77 HEpR %, Degrees M ff FEEH k%, ATAN2 N IEYIpRE, vV Mok, W5 PR 8™ &,
Vi LL a5l oy Biek, >45° iR, <45 a PR, mesfe bk, FREIFLE oS,
14 FIESH

fdFH SPSS 25.0 XA [R] [ (o & st 6] 9 38 BRAME BT . BOARNEEG M . AL SAIT R L . MR R E
FUfR BE Y 22 F R AT B0 [ R 7 220 1 (one-way ANOVA) Fl % /)N i 3 1k 22 59 (LSD)(P<<0.05); # HH
Sperman 6 46 44T 5 - S TG R AR AR AL S A OC A R, R Origin 2021 251, DA P
HIREAENYIF T, HHEFPE AR AL 7, FIH Canoco 5.0 #ATIUAY /M. 3 22 ik 1
(VIF) HIWi i As e 2 [ 2R Mo R, SIBRILERPEAR (VIF>S) (75 aE, XRIAH) pH. ACA . ALK
At 4 AR A TRFSE .

2 FERGHHT
2.1  [EMfEREXT T IERL R A

3 AT (AR X 4 pH, AR . . AL ABE . AAR . MR . ek
Yy RO W R R R LA B R (P<<0.05). R 5 a B9+ 1E pH B3 5 T ck (P<<0.05). ¥kE 13
a i R34 MUEY RERAMGHEY B EY B E ST ok (P<0.05), 735l ck 19 1.28, 1.19 F1 1.15 ff%.
AR . A LA L B ELT ok (P<0.05). MKE 5any AN B BT 25.93%
(P<<0.05), {HWKE 13 a 1) +HEA HLER T i 0 BOR WK S AR R RTKF- o [P G T 3 5 KSR
pRES AR
2.2 [EMfRPRE X T IEEEE M R ESMEEITTE L IR

M TR UL R AR BN AN [R] A S R Y O R — 38, KB 13 aBf 3 BX. AcP Al
NAG+LAP 5 1 B 3% TR (P<0.05), % ck 3 BIFRAR T 25.39% . 22.92% K1 46.25%, [RIA 1 BG 16 Pk
BERE (P<0.05), & ck B9 1.34 f (P<<0.05). THE4fLAF (POX. PER) #l CBH I 145 fk #a % 15 iy
4 FPEEANTE, FERE S a BTG PERAR, FEPKE 13 a P3P s o



55 41 5 6 W OB MK S AR SRR 1 M SR TR 1205
F3 AEIE KRS ET L EREL R IER SR
Table 3  Soil physical and chemical properties under different thinning treatments
V] f S PR A i)/ pH TR/ % AR/ (mg-kg™") 2R /(g kg ") /(g kg ") TR L
ck 5.48+0.10 b 37.2844.01 a 21.34+1.96 a 4.58+0.86 a 0.60+0.08 b 10.02+1.16 a
5 5.98+0.13 a 35.10+6.81 a 17.19+0.48 ab 3.28+0.68 a 0.52+0.10 b 9.34+1.41 ab
13 5.76+0.17ab  40.37+1.67 a 16.56+0.58 b 3.93+0.44 a 0.77+0.07 a 8.55£1.32b
MR EN A A HBR(g kg ) TEDRGRAg ke MAYEA(ekg!)  RUEWRRALL
ck 7.49+0.71 a 35.94+3.84 a 1.14+0.04 b 0.20+0.01 b 5.97+0.37 ab
5 6.45£0.95ab  26.62+2.79 b 1.14+0.09 b 0.22+0.01 ab 5.09£0.13 b
13 5.04+£0.34 b 33.33+2.27 ab 1.36+0.02 a 0.23+£0.01 a 6.11+£0.33 a

VAR BB PR EDR . ARRVING R RN R AL 25 57 18 3 (P<<0.05)

_ 4r 120 a a 600 -
= N = &
3l ab a . T 450 B
o0 ‘?o i b sp Ten
= 2F . = L 300 -
E = 4t : :
=~ 1+ 4 = 150 4
< &2 > >
I~ & A @
0 0 0
ck 5 13 ck 5 13 ck 5 13 ck 5 13
16 43 S5 VSN 1) %S5 W SN i /a % S5 W SN il /a )%k S i /a
~ 0F a = 240 _ 1200
":' T a a .‘S}
: b b -
o 60 L o160 F b w, 800
— g -
a = :
£ 30 = s0f £ 400
& 7 5
5 <
© 0 0
ck 5 13 z ck 5 13 ck 5 13
)£ J5 Pk SIS ) /2 B A% I P 52 B (1) /2 B A% I P 2B [ /2

Figure 1

RIFING B R R B ) 2 5 B3 (P<0.05).

A1

IR M AT £ R M0

Effect of thinning treatment on soil enzyme activity

WAL RN RIL: Vy>45°, H Eyp<<l. Ecn>1 (181 2A), RUIDFFEIX BIERUEY) R R ACH 32
SRR B[R] R o ARAR I Ecp R Ep 225 1, ELIEIA) 5 I 1] 10 35 25 10 228 0k 52 Il 28 1 KR
(P<<0.05, & 2B). V, Ml vy 75 3 AR Z R4 B 822 5 (9] 2C~D). 5 ck ML, AR 5 a
Vo ERRAE T 4.42%, 13 a By VI ck B9 113 fi5 (P<<0.05). 2 WA ] (o it 76 Ik 52 100 10 B 0% 2% Mt - S 6k
AW SRR AARDL i Je BEK I I 18] i R5 2, b 32 i R AR R I e 23000 (P<<0.05) .
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Figure 2 Effects of thinning treatment on soil enzyme stoichiometry and enzyme vector

1.5
1.2
0.9
0.6
0.3

ba
m

mEck
O5a
bOl3a

baab

a
|B|EH
E

C/N

EC/P

|

N/P

L
AFNG TR FI AL BE 7 22 53 53 (P<0.05).
A B A R EAG B A kY

ME V) A

S

54t
52t
50
48t

46

a) '|
\ 1 aby

o | A
gl \ b
of by a
J o é '

1 oob !

\ 1] o

| N b

) 1

ck 5 13
E) A3 5 VRSN 1) /2

REKE T,

—_
(=)}
T

—_
W
T

—_
N
T

—
w2

1 [}
| “\
a
[l °
Ny
bl @%@
' %y
b} ' |
\ o
E1Y |
éo«% "
1 1
ck 5 13

)% 5 1L [ /a



1206 WroIL R R K A R 2024412 A 20 H

2.3 TEMEATANTEBEAERNEXES TR TR

FHOCHE T (% 4) 2. JKMIGTEE S A SCE . APURABUE Y B R A R IEHE R, Hph+
SERRIRHUEE (BG. CBH) 540k, AHLER. BUEW RS B3 (P<0.05) 8k B3 (P<0.01) IFH
K, BXIEMES A A . MUEY B A R B E IEAK (P<0.05), HIEERIUE (NAGHLAP) Fli
UG (AcP) 215 + HEA 2R B W W2 IE A G (P<<0.01). ByEfL¥E (PER) (& 5 pH & i 3 114 X4k
(P<<0.05), 5A MR . AWK A L2 EIEMAX (P<0.01). VyIU5 pH 2K W& 74 ¢
(P<0.01). V, Se®MigEYEik 2 B3 EAAN (P<0.05), A5 %8 2T fAHE (P<0.01).

®4 TEBTHSTEBAMRABRES

Table 4 Correlation analysis between soil enzyme changes and soil physical and chemical properties

Ei=1 7 pH IN TP socC MBC MBC/MBN N/P
POX —0.54 -0.29 -0.04 —0.07 0.26 0.30 —0.04
PER —0.65* 0.19 0.32 0.45* 0.22 0.52%* 0.21
BG 0.28 0.35 0.73%* 0.55%* 0.63%* 0.38 -0.25
BX -0.53 0.54%* -0.01 0.27 0.10 0.45% 0.56
CBH -0.01 0.24 0.46* 0.43* 0.53%* 0.65%* 0.17
AcP —0.72% 0.57%* —0.38 0.06 -0.13 0.22 0.85%*
NAG+LAP 0.17 0.66** —0.08 0.14 —0.01 0.00 0.60
Va —0.95%* 0.01 -0.30 —0.06 -0.04 0.35 0.43
v 0.45 —0.28 0.70%* 0.31 0.48* 0.15 —0.63*

VLA IN B HHER A, TP L 3E4wE, SOC i HHEAH MLk, MBC HMUA Y atfk, MBN IHU/EW A, NP AHAEABL,
POX NS AL A, PER Ml bYW, BG by p-HiMH11 A, BX N B-AMETEEE, CBH NEF4E_H/KMEET, AcP MRRTERE
2 W, NAGHLAP Sy 23K U (B-N-2 1k 28 64 A7 A5 1 W AN 52 2 MR 2 3L KA BV R, vy NER M, VL A K.
R EHIE (P<0.05), **FRHEEHE (P<0.01).

TUAGIHT (P 3) W1 . SRR AEAE Lk 56 3 1 08
ARG, pH. AR . AR TR T A
PERNEG o A8 510 73.71%. Ferf pH HIAG HLGR X _ .
IR R RS AT, T o | P
K 48.80% 1 13.10%. [l pH SHHSHAL S EM &
3 (P<0.05), 2 2

<

3 itib
30 ERWRE SR IR R RS
By 22 i m ck SOC

i) F 5 T %06 A I S RS2 4 pHL 13 e |
SYFRERAMEL, AAER R I B R — B, A 10 10

Axis 1 (70.85%)
33 H HEmE
Eﬁjh EP il £ 5 £ pH i, LR AR 5 IN NG5, TP N L34, SOC NHHEEHLIK.

XL EMHREGR—. WX =2 POX AEYEALYIEG, PER Jyit%Ub s, BG A p-HikET

5 B-ABEEE LT — K iR %
Picea crasszfollam] BRANKIERS Pinus taeda™ FRAFFE @@EEB?%XEZE?EB ﬁ?ﬁﬁp %%gfﬁ}%g @*ﬁﬁﬂgﬁﬁ%ﬁ%ﬁ

LW D TR M VR IR A PLIR 2 A PRI RRRISER M 2L A , 7, NEEREAIL, 1,
AP, TR LR pHL AR it b s
BRI AN Y B S I AR LR RS A TR, X m 3 RmsiE s mALM R A A 6 AT
E—ERE e m ik, FRt, H4&fE 1€ Figure3 Redundancy analysis of soil enzyme activity and physical and
TR AR WA LR T 5 2 e chemical properties

Je B AR WA F 33X AT RS PR oy 1] £ 5] N A i

JEABAI L/, B R R p [, WA EEAR T AR P A, R T K T AR,
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TEWINEN T3t =B A HURIR , 38 2o O 2 Ak g 5 )R] Bt i AR T -4 pHL,  SE A Y1 o
fitt, TOAE HHEFR KRR MIET ok, MERIKE 5. 13a)5, HEDRSHKE E 81.16% il 93.41%,
AR 13 a 19 H A8 BRI HLER T 0 800 I d i, R IR Rl RREL, ARIT45 0 SR DG AE RS
WA — B DB . AL, ARG P M . RUR A R A R IR 13 a JR AR L
POR—F, AlRER R IAMR G M P B T 5E . FEAR UK S BHPEAE Y, DA ARk . PRI B 25 ]
WA, BB ARXT 2 EERE I, ARREE AR R ;WY Z, ART I A R BURPY, ik
T ESCH R PGEA AT, X - G B AR M T RIG K, B A A TR RO TR . 3X 5 T
EES Xt 8 AEAMIAZ Cryptomeria japonica N T MRIFEAT ARG BOMF 5T 45 R —3%
3.2 (AR RS R X+ RS M 2

TEARFFE R, AR AR PR 30+ BX . AcP HIl NAGHLAP 51 B F R, (X Hofth + S Al % 1
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