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KB WEMIRARFMGHERERLTE
A WAk & B T B AR R4 E

RER m F FHE & F ITWYT Eml

(ARAbARoll R2EpaaBe , I /RE 150040)

i E REEEERMALEAIR AETAMWNEERGEHRXR. AARUKE LR E
I MRAAGHE R E AN B, B R R ®RE R T AR EANK AR E > H X HE W
BIAR BARAE 3R 3F T R A B 5 BUOW IR 3 FRAR 138 A B Ana L 3 B R L R ek AR AL HL.
HREW. MEAERLELETAINRELIELEMTRE(0~20em) RET E LKA
AR, 2 3 C/N B B KT W v 2o AR A8 A T B 2o AR AR A R 0K 4 AR £ 3 (0~ 20
em) AR EEFHE MY 147t hm™” Y F294g-m”-a 'ty F3ER LI 5. L3E A
BAAEALEMRANIE L EF XA IR EZEMX, —H LAV RN ERZRHAE.
R amMhESRAML, AN E AN HHERERESRAN LI L B4 ST H IR0 5*&
ERABAEE TR MR, RAGHRAER L EBANRO R R ETARE HRB A AAN
FREAEANTZRFENRE(0~10cm) , AHABEZAANK AHELREZR, BH
HAEREAFNHK ANEGE BEXRLPRILAINEZES TH MK, L+, ZAH MK
HEFHEMT 85t - m? XU AREELLRFT L EANK AENE W EEZETT HM
GHXRERLEANR RENY R FAEY 2R TR LEBAINTT R F R EHE
LR E R A EA TR PIEANK AER NN EEZR LA

KER REESH; RMLE; ALK, 24 REHE

Co-accumulation characters of soil organic carbon and nitrogen under broadleaved Korean
pine and Betula platyphylla secondary forests in Changbai Mountain, China. ZHAO Hua-
chen, GAO Fei, LI Si-wen, GAO Lei, WANG Ming-zhe, CUI Xiao-yang” ( College of Forestry,
Northeast Foresiry University, Harbin 150040, China).

Abstract; The retrogressive succession is an important driver for dynamics of soil organic carbon
(SOC) and total nitrogen (TN). We studied the quantitative distribution and synergistic accumula-
tion characteristics of soil organic carbon and nitrogen in the primary broadleaved Korean pine
(KP) forest and Betula platyphylla ( BP) secondary forest in Changbai Mountain through paired
plot approach. Further, we analyzed the changes of carbon pool and carbon sink effect in temperate
forest soil caused by secondary succession and their carbon-nitrogen coupling mechanism. The
results showed that the BP forest accumulated more organic carbon and nitrogen in the surface and
subsurface soil (0-20 cm) than the KP forest, with relatively low soil C/N. Compared with KP for-
est, soil organic carbon storage in BP forest (0—20 cm) was higher by 14.7 t - hm™, equivalent to

>+ a™". SOC and TN concentrations were positively correlated

a soil carbon sink gain of 29.4 g + m”~
in each soil layer of all forest types, causing a co-accumulative relationship between SOC and TN.
The coefficient of determination ( R*) between SOC and TN in the upper soil layers of BP forest was
significantly higher than that of the KP forest, indicating that SOC accumulation under the relatively

N-rich BP forest was more dependent on the accumulation of organic nitrogen. In the upper soil lay-

A H [ G BT A TR H (2016 YFA0600803 ) FlEI K F AR 24 55 42 8 s 30 H (41330530) % Bl This work was supported by the National Key
Research and Development Program of China ( 2016 YFA0600803) and the Key Project of National Natural Science Foundation of China (41330530).
2019-03-18 Received, 2019-04-18 Accepted.
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ers (0—10 cm) where organic matter concentrated, there was no significant difference in light frac-
tion organic carbon and nitrogen stock between the two forest types, whereas the content, stock,
and allocation percentage of heavy fraction organic carbon and nitrogen of BP forest were all signifi-
cantly higher than that of the KP forest, with an average increment of 8.5 t + hm™ in heavy fraction
organic carbon stock. Those results indicated that the increase of soil organic carbon and nitrogen
during secondary succession was mainly due to the increases of soil organic carbon and nitrogen
pools in mineral-bound stability. The carbon-nitrogen coupling mechanisms in litter decomposition
and soil organic matter formation was an important driving mechanisms underlying the changes of

soil organic carbon and nitrogen pools during secondary succession.

Key words: secondary succession; forest soil; organic carbon; total nitrogen; carbon and nitrogen

coupling.

FRAR 32 Do FE AL A LR R, AT
e SIEAR A AR LAk, LI
s TETREAE K CO, VR AR AL Al 55 b i FE 2
LT e 8= ¥ S| N QLY ¥ SELE /L (N O 3/ N
BRG P RAE S TR A S R G —F
(1146x10"° g) , M 2/3(787x10" g) XABLE T 7Rk
4 R T AR AR SR I AR AL S R e T
XoF TR 2 B i o b A 25 2R 0 AR B AL S RN U T sk v
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A5 H 2R B AR 2 R G0 BRI A
s T U £ A HLA (SON) Fl - 56
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A HLBR U (R /N1 e RN, MR
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AR R 2 AL R e 020 B R (R
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SRR RALHE F AR i U, D R K ISR 1
R I 72 A T 30 Bl A A T A A ) e
JE AN BRARIS B LH BRI 25 54 B s ) 3 V5 )
B R AT 2 DT S 3 A W e
SERE TEE A R 25 S R e - A LR AN
RAFL Ead fe 10728 20 fit4d 50—80 4EAL, K 1L
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B R e 7 Ay e I U A MR A E O AR TR i e T, 2R
RTINS 26 1 e A s A A4, H e SR T 7R
MAEB RGN RGP R, T B A LAk |
FURE IR/ AN 1 A2 A RV LA [ 2R AR TR
s AN R B B S ALK L AU A B 2 2 [
P2 B JELER R R STt 2% AR R T A
SERIFFA B A WA Dy o R A i 2R b DR 4
BRAAR A o BERURR X, DA SR Z1 A B TR S bk e
AR A SR B SR ] A AR ST BB U
St T WA Ay - AR I S AE SO e A2 £k
7 AL LB AT A7 X LER) 22 IR 14 5 i
B ASCGE LA SO FE bR AR, REHTE TR A
L Ji i ) - 20 A ARRT S A ME T A AR L 385 L
B RIERI RN o3 A 5 R sE v, DL R AL
B R (8] B4 R S AR LU [0 2 L R (e 4
WS IR A LR PR AR A B B U A LB

1 ARMREHARAGE

L1 RS DS RIRE i ik

WFFE XA T L F AR ORI S & X (95 B
F AT R B KT PR S AR SRy ), B A AR S T R
42.3193°—42.4978° N ,127.8332°—128.1319° E( A
1) GZIX LA A 6 o A, b A R P22
B AR, Y FE—EAE 0~ 5° TR AE 700 ~ 750
m. Ja8 Il T R 2 XU, AR 7K B 7E 700 ~ 900 mm,
AR RAE 0.9~2.5 °C, ALK 100 d.3% X
JB TR AP IR RS RGO B 58 3.
b AR R A LA ZT A oy DI 344 T %) - o) TR A2 b (17
PRIEHLLAABR) | T AR Z ST R b 22N L0 ( Pinus
koraiensis) , i 4 VP F)s ( Abies holophylla) . 41 ¢ 7= #2
( Picea koraiensis) f18§ 7 4% ( Picea jezoensis ) %5 ; @I
R S8R ( Quercus mongolica)) /K - ( Fraxinus
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42.4978° N

127.8332°

1 BT i ]
Fig.1 Location of the sampling plots.

[ 52678 20 XTI B White dots indicated 20 pairs of sampling
plots.

mandshurica) . 4 K (Acer mono) . F& i ( Ulmus
pumila) 55 1T NN T, A X n AR T AR 2 KR
ol /L, ] P A AR RS DRI, G s B R ) A
FIHE ( Betula platyphylla) | 11145 ( Populus davidiana)
Ry R HE IR AR AR BIE ST X T2 B RO 7 X R
EOHL ERE R LB R AR R (B
L, CST) |, R L FIR AL AF A i P A

R1 MR IG R & MR B ER 2 PR S HRE

R R)Z KA RZ(AK)Z) B 1,
B3 s YR S T

2017 4% % 2018 4 8 H i A), 781 B 5% IX
PR 20 X BHLTED [ 46 i) it 210 MR 1 S i 48 1) 4
HEUAEAREE R (30 mx30 m) (& 1) ML+ AY )
JE MAHEESE AR 0.7 DL b R 2R R ¥ %2
HRETIE, EMIZLM T & 6 DL L ik A
MRS 40 4 DL _E PRORAE K R 4 (BT “ SRR B
MR A AR AR ) LR AE il TR ] 174 300 5 A A
HI7E 10~20 m & P9, LABH £ 57 1 5% 14 1 — 2
P, (RIS ke AN [ (4 301 R A b 1y HE A —
LA REAE A IRV A3 0 LR 1 AR 2.

1.2 FESLCRAERT &

K2 SR A R RS TR DA
BEALIEH 5 ARAEE R /O BBRERAVUZ)E , 7051
IR 0~5.5~10,10~20 .20 ~40 .40 ~60 cm IR %
AR LU R L[R2 5 A ERERMR G A
B AMERIZFE R R SR AR TS A I 32
S35 G 2,0.25 mm G B - AF T4 W A
100 B, g5 % H.

Table 1 Stand characters of the broadleaved Korean pine forest and Betula platyphylla secondary forest

A o T WERAHZ

Forest type Stand Forest litter" Forest floor?)
i HRAE e BT AR LN /N pH JRERE Biea s
Stand Closure Tree Basal area Input (H,0) Thicknees Stock
age height (m? - (t-hm2- (em)  (t+hm™2)

(m" )Y ah)

(LRI >250  0.70~0.85 31.3a 81.6a 4.12a 55.5a 4.32b 7.2a 11.51a

Broadleaved Korean pine forest

PR Ak 40~60  0.70~0.80  25.7b 44.5b 3.78b 36.6b  547a 3.4b 5.60b

Betula platyphylla secondary forest

1) 6 XTHEH i A UL 45

SE-3{H The mean of 6 paired forest blocks; 2) 4= 20 XF#EHIAE 8 F HA) iy I A 45

SE-44{E The mean of total 20

paired forest blocks, which were determined in mid-August. /N [Rl/ING SAREF 7R R [F] AROEL ) 22 5 .3 ( P<0.05) Different lowercase letters indicated

significant differences between forest types at 0.05 level.

R2 AMORARTEERERED T R HN - EEEER

Table 2 Selected soil properties in the broadleaved Korean pine forest and Betula platyphylla secondary forest

MY KAR [ N TREE FH b g A Bk pH HHL ) /N

Forest Soil S PERE L Thicknees BD Silt Clay (H,0) oM TN

type horizon TCU (em)  (g-em™) (%) (%) (%) (%)

(EliRAR AN A BRIV D 10.2b 0.88b 34.5a 25.6a 5.21b 12.1a 0.49b 14.6a

KP E B G 14.7a 1.19a 46.3a 12.5a 5.18a 1.8b 0.12b 10.1a
B B G 42.3a 1.41a 23.6a 40.2a 5.32a I1.1a 0.08 7.8a

PR A bk A R D/ZH G 13.1a 0.92a 33.7a 26.1a 5.67a 11.6a 0.56a 12.5b

BP E B G 12.3b 1.18a 45.3a 12.6a 5.22a 2.2a 0.14a 10.2a
B B G 43.1a 1.41a 22.9a 39.7a 5.32a I.1a 0.08 7.8a

A JEF M )Z Humus eluvial horizon; E: ZEH MK Z (22 40)Z ) Albic eluvial horizon; B: JEF)Z Tluvial horizon. TCU; Transition characters
to the underneath horizon; D Distinct; G: Gradual; BD: Bulk density; OM: Organic matter; TN: Total nitrogen. KP: Broadleaved Korean pine forest;
BP: Betula platyphylla secondary forest. T[] The same below. FU4f& 47 20 i iy opoCo 51 T 90 52 25 5 -3 Al the data were means of the cen-
tral soil profiles of 20 paired forest blocks. AN [F]/NG F-BEF 7R AH [F] A& A B A [RIAR AU ] 22 57t b 2 ( P<0.05) Different lowercase letters indicated signifi-

cant differences between forest types under the same soil horizon at 0.05 level.
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1.3 FESITHT

+ 4 Bk A A E A H 3 CN 4 BT A
( Heraeus Elementar Vario EL, Hanau) B 2. & F
L ARAR - S O BB R A , B LA A5 1 4 1 S
WY A U R, BT I R 4 Ko
LS BRI E A A HLR RS bR

e 2 T H ZH Y53 85, AE Janzen 25542 H Y
S3EITIESEA M PASGH 1) FRBGE 2 mm B 59X
T+ #£25.0 ¢ T 100 mL B8, A 50 ml. Nal
() 1.80 g - em™) &% 1 h(200 r -
W] 75 22 B8 3 min (400 J mL7™") , SRS 7E 4000
r - min ' AN B 20 min (A0SR B VRO 0] i ok
B HL B % 3 m 3 s O B T ), R B TR R R
F WL E R L1 R AL AT 0.45 pum JE TR R
RS ke P R g 2) R BRI 2~3
W, HERA W WA B IR, s R 5T K
YRR AT P 2 E R R v T B AR i R A
FH1 75 mL 0.01 mol L™ CaCl, ¥EAT 8L, T 255
FOKUEDE 3 IR, UEAC I R 414 MLV B TR B o
IR, 76 60 C R HET 72 h, FR, X — 414 A
4 ;3) R ELCE NUTIEM 50 mL Z818K , 7E % 0.5
h(200 r - min~") ,ZRJ57E 4000 r - min~' S5 T &0
20 min, 7K BV, EE VR 3 WK, EHNUUEH
95% LR B VR ETom, Y M B, X —4
SRR 4) DL A5y BRI ES | 3 100 H i
JEREAE R FE A R L R AL F AL 5 A L
e U I [R) B AR HIE ST AN 20 XA i v Bl AL AR
B 10 XFREHD 0~5 1 5~10 em B4+ )2 AL S AT
LA AT

A AR R A DL AR

S=CxBDxTx(1-RF)x10™" (1)
Ao S HHEZ IR S ALK R B0 FEH A L
W EAER (1 - hm™) 5 C %2 B B A PR
HEHEAN AR RS2 (g - kg™');BD. T RF
DIRIZZE IR AEE (g - em™) (EEEE (em)
Ke>2 mm AR R EH .
1.4 dEabr

K HI SPSS 19.0 B AF AT e it oA, W Fh Ak Y
[E) 1) 25 S SR P RO 580 ¢ A 6, AN ] 4 )23 ) 1) 22 572
K FH SR 295 2% 43T Duncan G55 ; R FHZM: 1A
TEAL 1 8 P s, 2 1 & &R, Al A SigmaPlot
(12.0) FAAER.

min")

2 ERE5SH

2.1 HHEEA PR RS ArAR

ALK AR )E O, B R IR BT
EHI.0~5 em +JE A LA & T ALE i 100
g+ kg AL ,5~10 em HJ2A HLAK A (A 5 55 50
g - kg ' LLE,0~10 em 2 A PUAK 1Y FEERE)ZAE
0~5.5~10,10~20 cm )2 , BHER AR 1 84T Bk
B P A i ZLAR AR 5.0% . 15.7% \53.6% , t-
HEA LA 5 50 0 b e i 2D PA AR R 8.2% . 14.5%
51.1% , 25 5735938 10 3 sl 8 5 7K. 76 0~20 em +
2, R A MR AT DL A i 3504 LU 21 i) i bR
5 14.7 t - hm .20 em VAR 12, IR 1 35845 HL
T S AR 0 W 3 25 5 (&1 2) , R MR sk
A= R XTI X A AL ) 5 i 2R TR 2 5
WFRE.

A S R 53 A S A HLRR A ARLO ~
S5em FREEAGTHRPAERIL 6.0~70g- kg™,
5~10em L2 2 A & & T MNEESE
4.0~5.0 g+ kg',0~10 cm LA TERER.
FE0~5.5~10.10~20 cm )2, R A 2R
B i i) e R i 2D AR 17.2% .30.3% .58.8% , +-
B4 A I 43 531 L s I 2D AR 5 20.8% ,28.9% |
56.2% , 22 5 AR R FE K AE 20 em LLR 12,
PR RIS R AR TR E LS (K 2),%
A BRI B U A R X AT 9 X 4 4 2R M A, = 22
RFRZHTREZ.

5 C/NEFIEAERZ i, bl 2 R B I
FBI.AE 0~5.5~10 em + 2, g HEUR A= K £ 1
C/N{H WA T R 2D AR (1] 2) . 7E 10 em DATR £
2, IR ARR -3 C/N (R & 2R
2.2 HIEEA PR AW PHEFL SR

TEARR RS R R[] £ 2 o, 588 LR
AR IR A & W IEA S R (K 3) R
FIEW R L E 19 ( co-accumulation ) P4 % & F A L
PR A PLAE S AL R L, Bl
AN 35 A DL R S22 A AL R 4 R P R AR R
AR AR JE AL

£ 0~10 cm )2, MR AE MR+ 2 R0 Bh
PUBR AP RE 250 ( R ) WA i 5 T JEL 4 B - 0 A R ([
3) , Ui BH -5 AH X B LB D R 2T A R AR 2 R G AH
Ho (1.3 2 B 2)  MxTE Atk MRS R
B2 A LR PR R AT R AR AL (&
RAPR) LR X —48 ) Gk AR MR Z -4
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Fig.2 Distribution of total organic carbon, total N, and C/N
ratio in soil profile (n=20).

ANTFINE FREFR R A — AU ) - J2 18] 22 53 3, ARl R 2 Bk
AR R 2 AN R bR R ] 22 53 5 2 ( P<0.05) Different lowercase letters
indicated significant differences between different soil layers of the same
forest type, and different uppercase letters indicated significant differ-
ences between different forest types in the same soil layer at 0.05 level.
I . HERAEMK Betula platyphylla secondary forest; 11 . [ 21 AA AR
Broadleaved Korean pine forest. | [fi] The same below.

140
0-5c¢cm  I:R=0.80,P=0.000 ol
130 F 1I: R*=0.45,P=0.001 ol P

120 -
110 -

100 [

5-10cm [ :R=0.87,P=0.000
80 1 : R*=0.80,P=0.000 °

[
S

10~-20 cm I : R°=0.94,P=0.000
r 1': R*=0.95,P=0.000

BAEHIR SR Total organic carbon content (g-kg™)

20-40 cm I:R=0.97,P=0.000 o
10k I: R=0.93,P=0.000 o _~<

10 - 40~60 cm I : R=0.94,P=0.000 -
1 R=0.92,P=0.000

o® P N N ® O
T

1 1 1 1
.4 0.6 0.8 1.0 12 14
4% & Total nitrogen content (g-kg™)

B3 AFLZESEIRS SRS R
Fig.3 Correlation between total organic carbon and total nitro-

gen in different soil layers.

C/N AL T FE - LAAARARAT (1] 2) 5 Ak G 1m0 it
LR R e AE MR E 2 P A R
FIFAR ik G B R PR AR AL 10 ~20,20 ~ 40,40 ~ 60
em LR AKX RZFAKR(EI) , BRI 5
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Table 3 Organic carbon and nitrogen in soil density fractions and the C, N correlations (r2=10)
A 12 24 Light fraction 4] Heavy fraction
Forest Soil A LBk OC N /N R HHLEE OC AN /N R?
o OO TaR @E oo AR BRI R T T
(g (- soc (g (0 (%) (g (- s0C (g (- (%)
k™)) hm™2) (%) kg™ hm™2) k™)) hm™2) (%) kg™h)  hm™2)
it 0~5  543Aa 174Aa 515Aa  141Aa 046Aa 234Aa 38.8Aa  043*  444Ba 142Ba 43.0Bb  4.18Ba 1.34Ba 69.8Bb 10.6Aa 0.92%*
LB KP 5~10 17.7Ab ~ 8.7Ab 32.5Ab  0.44Ab 0.22Ah 11.3Ab  40.2Aa 048 **  32.7Bb 16.4Ba 60.3Ba 3.30Bb 1.67Ba 84.8Ba  9.9Ab 0.96* *
AT Total - 26.0A - - 0.66A - - - - 30.7B - - 3.01B - -
7129 0~5 50.6Ba  16.7Aa 45.7Ba 1.50Aa 0.49Aa 21.5Aa 33.5Ba  0.66" * 54.9Aa 18.1Aa 49.6Ab  5.28Aa 1.74Aa 75.3Ab 10.4Aa 095%*
A BP 5~10 16.5Ab  8.1Ab  26.2Bh  0.43Ab 0.21Ab  8.5Bb 38.8Aa  0.64™ *  42.9Ab 2[.1Aa 68.3Aa  4.47Ab 220Aa 88.4Aa  9.6Ab 096" *
At Total - 24.9A - - 0.71A - - - - 39.2A - - 3.93A - -

ZE AR A 10 XTREHII E 25 51 F-249{E All the data were means of 10 paired forest blocks. R?. HiE 2K Coefficient of determination. LOC ; #2047 41
il Organic carbon in light fraction; HOC: B41A L% Organic carbon in heavy fraction. /N[l KE FHE:F R MR L2 AR R E] 22 57 28 | AN F/INE 5
B} FR AR RIS [R] 1 J2 7] 22 57 1.3 ( P<0.05) Different capital letters indicated significant differences between forest types under the same soil layer at
0.05 level, and different lowercase letters indicated significant differences between soil layers within a forest type at 0.05 level. * P<0.05; * * P<0.01.

AR TR R A OC R RE I EARBIAE R )R

0~5.5~10 em )2 (JLHATE ) 2R A
MLBRAYHR E 2 B0 /N T 10~20.20~40 em 1 )2
(K 3) BT F B+ )2, T2 ALk R
T m R AR AR ;X 5 0~5.5~10 em 12
C/N B B AR 28 5 A B B | T R B - 2 AW
A (K 2).
2.3 HHEEmEA T RA PR R IR R R

TE0~5 em 12, FHER RS A 45% ~55%51
A FE 2 2H o & 4 sTAE5~10 em + )2, NAER
2 H A LB LT BB 30% A2 A, AL A BLAK
LU U 28 60% ~70% . AH 3T A7 MLAK , 29 43 A 54
] FEMAL I AE 0~5 em + 2, 29 20% 1) + R
SRR, 2 T0% 53 AEHE 4 ;5~ 10 em TJ2E, 51
MIER AP R LT S 10% A4, mHAR N
N2 80% LA I 241 4H 73 C/N 7E 30~ 40, H 4]
53 C/N TR 10 2247 5 554 41 43 vh 06 A AL
BRI R %0(0.92~0.96) B i K T4 40 (0.48 ~
0.71) (R 3). KM E TiRAH, EAHA LK (H L
J) B BRAE TR O A A WL R,

A A I ZEAAR LA AR IR A M T4 3 e L A5
A AR R A TE R A 4 43T (EUPR R ) 42 2H A L
B RGO 3 22 55 ME R A MR AL A PR
R i ST L34 8 3 v T R LA AR
H0~10 em HJZFAA PR AU 5 51 2 FE 4
FAMREY 1.28 (1.30 15, 55 41A LA At & - 335 i 8.5
t - hm 2 MR A MR AL E A4 50 1) C/N (HREAIG
TR pk, g HmA (LR HAah R
XA ML P PR 2R 5 B I P T B bR T 3 P
W38 43 b i e b Scrp JAH B £ 2 ¢ C/N AT
(Bl 2) HAaZ00 S MR e REE R (B 3) 7

At FEAFMERE AT BEALE T I, Wi 2k A
MAEFIR & R AL o3 Be 1T 8 & el A HL
ik A (K 3).

3 8

WA S AL AR

AR K LU ARAR A BLR it e 72 Ak i A2
R AWGEAG ) B TAL e A i & fge it Jr
2, 1K AR - S HILAR 5 %% 5 Bl AR AR 2 2R
(SR BL) RIS B AL IF AR 350 K
SRR R IR S R ARMRER 2 A HL (A& A
ERAR /NP NN N R SR (1R A (U < T N
FEIE AR B OV AR b R AR, A5 S B g M AR
MR A Lk A0S R R 3 W 2 v T R I
HRLIAAAR (1B 2) X —45 R 5 AT NBUA AR 7 )
FOAE b 57 L 2% A FIAR 3 2 A ) 4 o 28 DG T

N N7 52/ N TR 7 2 A X ST i L A R VN
2% S P T 2 B e S S AR AR R R A
2SS ST R AL R A HLZ SR R (forest
floor) , HLyRk A J& H R 11 A 5 4= 200
P £ AR R G TR ERA Y2 PR =
ARG 20 FrpAEL AT HILAE L R0 T o] AR DU T o 1
JRAHATH 22 B35 L B A B 0
TERIN AL €, 8)8 = 2 ( Picea abies) 55 3 B0 #5¢
MR Ay < A AR PR S ( Fraxinus
excelsior) Mk (Acer pseudoplatanus) J( Tilia cordata)
DU By 452 LR g« R A b g 7 121220 AR K
FI L DX S LOAN BT [ TR SRR BB 23 08055 LA 1Y
“CEFIR I HAHEU A AR AN S B [ AR e
LR, ELJS 5ARXT TR 0 i iR ) 8 SR 3
B (3R 1 18 2) s sE e &, R HLZ h AR

3.1
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S AUk Sy PR AR KT JH Al 0 i e 468 2% A
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