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Abstract: [Objective] This paper aims to reveal the influencing rule of liberation cutting intensity on the
medium and long term carbon sink of Korean pine forests by planting conifer and reserving broadleaved
trees (PCRBT), and to provide basis for the restoration of zonal climax vegetation broadleaved Korean pine
forest. [Method] The carbon storage (vegetation and soil), net primary productivity (NPP) and net annual
carbon sequestration (ANCS) of the mid-term (35 years) Korean pine forests by PCRBT under different
liberation cutting (LC) intensities (control(C), low-intensity LC(L)-1/7, moderate-intensity LC(M)-1/5, and
high-intensity LC(H)-1/4 (volume ratio)) were measured simultaneously by the relative growth equation and
carbon/nitrogen analysis method in temperate Xiaoxing’an Mountains of northeastern China, to reveal the
law and mechanism of the effect of liberation cutting on carbon sink of Korean pine forest. [Result] (1) The
vegetation carbon storage ((81.15 + 3.63) — (85.48 + 2.30) t/ha) of the Korean pine forests by PCRBT was
significantly lower than that of control ((100.24 £+ 1.10) t/ha) by 14.7%—19.0% (P < 0.05) after liberation
cutting 30 years, but the difference of vegetation carbon reserves was not significant among the low-,
medium-, and high-intensity liberation cutting (because the carbon reserves of upper canopy broadleaf trees
decreased with liberation cutting intensity (21.1%—31.2%), while the carbon reserves of Korean pine under
canopy increased by 39.0%—107.4%). (2) The soil carbon storage ((108.32 + 6.27) — (121.42 + 11.75) t/ha)
of the Korean pine forests by PCRBT was similar to that of control (—8.4%—2.7%, P > 0.05), however, the
spatial distribution patterns of soil carbon storage were changed by the liberation cutting (on the horizontal
distribution, the soil surface carbon storage decreased with increasing of liberation cutting intensity; on the
vertical distribution, low-intensity and moderate-intensity liberation cutting made its vertical distribution
changed from upper soil layer > middle soil layer = lower soil layer in control forest to upper soil layer >
middle soil layer > lower soil layer, or upper soil layer ~ middle soil layer > lower soil layer). (3) The carbon
storage of ecosystem ((189.47 £ 5.16) — (218.44 + 10.65) t/ha) of the Korean pine forest by PCRBT had
been recovered under low intensity LC (=5.3%, P > 0.05), but moderate-intensity and high-intensity LC still
made them significantly lower than that of control by 9.3% and 13.3% (P < 0.05), and the carbon storage
distribution ratio of the ecosystem was slightly changed by all the three intensity LC treatments (the carbon
storage ratio of vegetation was reduced by 3.06% — 4.57%). (4) The NPP ((8.02 = 0.79) — (9.51 £ 0.79) t/ha)
and ANCS ((3.72 + 0.37) — (4.42 + 0.37) t/ha) of the Korean pine forest under low intensity liberation
cutting treatment had been restored (—11.5% and —9.7%, P > 0.05), while moderate-intensity and high-
intensity liberation cutting still made them significantly lower than that of control by 15.4%—15.7% and
14.0%—15.8% (P < 0.05), but there was no significant difference among the different liberation cutting
intensity treatments (which because the net primary productivity and the annual net carbon sequestration of
upper canopy broadleaf trees decreased by 20.8%—25.6% and 19.3%—24.5%, however, those of Korean pine
under canopy increased by 0.90—1.12 t/ha and 0.43—0.52 t/ha, with the liberation cutting intensities
increasing). [Conclusion] Low-intensity liberation cutting has made the ecosystem carbon storage and
annual net carbon sequestration amount of the Korean pine forests by planting conifer and reserving
broadleaved tree restored after 30 years, while moderate-intensity and high-intensity liberation cutting made
them significantly reduce by 9.1%—14.3% and 14.3%—16.7% in the Xiaoxing’an Mountains. Therefore, from
the perspective of maintaining forest carbon sink, it is more appropriate to adopt low intensity liberation
cutting in the management practice of the secondary forest restoring zonal climax vegetation.
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Tab. 1

I FARE MRS HLI

Overview of arbor forest in test site

Aib# i P W FHEE/(Bhm?)  EBTEA/(m hm ) PRI J 4%
Treatment Canopy density/% Tree species Density/(plant-ha”')  Basal area/(m*ha™')  Mean DBH/cm DBH range/cm
EI#E Betula platyphylla 611+123 18.6+£2.9 18.9+0.8 2.1~32.0
W4 Populus davidiana 32571 9.8+2.7 18.7+0.0 10.7~43.4
M, Tilia amurensis 100 + 29 1.9+0.6 133+1.6 5.5~40.0
c 0.80 B Phellodendron amurense 67+ 16 0.6+0.2 10.9+4.1 45~92
IK M0 Fraxinus mandshurica 94 +28 1.6£05 10.5+3.7 42~292
HAth Others 561 +122 11.7+2.6 13.4+33 3.3~324
J.it Total 1444 +229 33.1+3.7 15.6+1.0 2.1~434
21K Pinus koraiensis 967 + 49 33+04 58+0.5 2.0~12.6
HH#E Betula platyphylla 494 + 96 142 +4.1 18.1+0.5 7.5~41.0
th#%) Populus davidiana 244 + 56 53+12 16.6+1.7 5.8~28.6
L 0.75 KM Tilia amurensis 150 =24 23£0.5 13.3+3.8 2.7~264
KN Fraxinus mandshurica 44+ 10 0.8+0.5 143+1.4 5.8~27.6
JAth Others 289 +34 40+13 13.5+5.1 6.1~32.5
JitTotal 2189+ 86 300+ 1.1 11.1+03 2.0~41.0
K2 Pinus koraiensis 694 + 56 46+0.7 79+0.2 2.8~16.9
H#E Betula platyphylla 444 + 139 12.8+4.3 18.3+0.5 8.0 ~30.7
W4 Populus davidiana 317+ 68 73+1.9 16.0+2.1 7.5~552
M 0.70 S8 Tilia amurensis 75+ 21 1.0+02 11.2+3.1 7.2~20.1
B Phellodendron amurense 33+6 0.2+0.0 8.9+2.7 4.6~11.6
HAth Others 483 + 100 94+15 144+0.6 22~353
Sl Total 1650 + 89 28.6+0.6 13.0£0.1 22~552
41K Pinus koraiensis 650+ 138 65+1.0 9.9+0.4 2.8~29.2
EIME Betula platyphylla 467+ 118 140+ 4.4 18.6+0.5 32~328
1% Populus davidiana 150 + 35 43+1.7 20.7+3.2 10.9~31.4
A Tilia amurensis 50+ 17 1.0+ 06 182+8.6 10.7 ~30.3
H 0.63 B9 Phellodendron amurense 75+ 58 03+02 40+22 3.0~11.2
KM Fraxinus mandshurica 72417 1.1£02 15.1£85 3.9~26.6
oAb Others 200 + 45 2.1+06 9.8+2.0 2.8~39.7
Mt Total 1639123 292+ 0.44 132+0.8 2.8~39.7

VE:COTHEG H SRE B AR E (1/4): M. FE BN E (1/5); L B EBE L E (1/7). RPEE N TFIIME £ br#E % T . Notes: C, control; H, heavy-

intensity liberation cutting (1/4); M, moderate-intensity liberation cutting (1/5); L, light-intensity liberation cutting (1/7). Data in the table are mean +

SD. The same below.
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Tab. 2 Soil physicochemical properties under different liberation cuttings (0—30 cm)
ki LB Kb P Treatment
Index Soil depth/cm C L M H
0~10 0.42 +£0.03A 0.43 £0.05A 0.45+0.02A 0.43£0.01A
MBS Soil density/(g-cm ) 10~20 0.58 = 0.04A 0.58 £0.12A 0.63 = 0.06A 0.62 + 0.05A
20 ~30 0.83 £ 0.02A 0.68 £0.21A 0.83 £0.03A 0.76 £ 0.03A
0~10 125.12 £ 10.2A 125.18 £ 17.01A 97.97 +7.52B 93.87+7.72B
7 HUEg 5 & Organic carbon content/(g-kg™") 10~20 51.90+2.33B 7251+ 1551A 5485+ 1027AB  56.70 £ 9.83AB
20 ~30 4237+ 10.17A 40.03 + 2.24AB 36.34 +4.54B 4220+ 10.73A
0~10 0.89+£0.07A 0.79 £ 0.05AB 0.80+0.12AB 0.69+0.16B
£ 7KZ Moisture content/% 10~20 0.63 £0.12A 0.61 £0.16A 0.56 £ 0.14A 0.55+0.13A
20 ~30 0.46 = 0.08A 0.46 £0.12A 0.57£0.15A 0.40 = 0.06A

VE: RFRIKE 7 EER R AS A A ) 22 57 .25 (P < 0.05). F[Al. Notes: different capital letters represent significant differences among varied treatments

(P <0.05). The same below.
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R3 FREERTERE TEERMEERSELLS]

Tab. 3 Carbon storages and allocation proportions under different liberation cuttings

AL Treatment

izt =374
Index Layer C L M H
414 Korean pine 0.00 + 0.00 C 5.92+0.29B 8.23+ 1.85B 12.28 £ 2.06A
W& -4 Fh Broadleaved tree species 96.04 £ 1.00A  75.82+1.69AB  70.61 £3.72BC  66.06 +5.81C
¥R Tree 96.04 +1.00A  81.73+ 1.92A 78.85 + 1.87A 78.34 £3.93A
= hm 2 ;
PR/ (chm™ WEK Shrub 328+030A  2.66+064AB  2.67+0.75AB  1.69+0.39B
Carbon storage/(t-ha™")
HAR Herb 0.09 + 0.02A 0.06 + 0.02A 0.07 +0.02A 0.07 +0.01A
JHIEY Litter 0.83 + 0.08A 1.03+0.11A 1.02 +0.14A 1.05+0.12A
T Vegetation 10024+ 1.10A  85.48 +2.30B 82.56 +2.50B 81.15+3.63B
TR Tree 95.81 95.61 95.51 96.54
ACE #EA Shrub 3.27 3.11 3.23 2.08
Allocation proportion/% A Herb 0.09 0.07 0.08 0.09
V&Y Litter 0.83 1.20 1.24 1.29

VE: TR R HEARR . AR EFETEYZ . Notes: vegetation includes tree, shrub, herb and litter.

rh R I G ER A R8I R R R R B A B A R
WIRFBEAR T 21.1%(P > 0.05) 26.5% 1 31.2%(P <
0.05), 5 I HH B S T 7 o R 1Y R a2t ek 1 4% Ak
A [RIET, 3 3800 FE SN 1 2004 BB fi o 5.92 ~
12.28 thm’, HH, S EENIL B BB E AL E 2
BT 39.0%(P > 0.05)H1 107.4%(P < 0.05), T3 H!
B 3% P8 o 0 KT 1 1R AR A R M . e
B R RO E A R 2 BB A B O R R A
T 18.9% 1 18.6%, T 5 FE 325 Ytk & W45 HL 2 2% %
KT 48.5%; &9 JE i etk & 1 H AR Z i =3
WEAR T X 1R (22.2% ~ 33.3%); & 50 B e ih & il
5 ) 2 VP e s 2 320 g6 v T 0 R (22.9% ~ 26.5%) o
KL, 3FEGTEE 30 45, Hh iR et O i > 20 Fa AR 1)

TeARZE ERZ S B Z B ki 2358 A B2 BE
FEEARR, ALY V& P 2 ok i B 20 P v
22 EXEEREXFKERA LAWK LIERIEE
=B

B3 4 7] DI 2, %3& 60 F AL BEFE Hb 1) 1 158
TRAEE I ATEC(108.32 £ 6.27) ~ (121.42 £ 11.75) t/hm?
6], Forh, B8 FE I G HE B 4 HS = T R (2.7%),
RSB YL B L RSAR T R (—2.19%), 5@ E &
T B A HAB00T HE BTG P2 A X R (—8.4%)s 7E 3 Fif
FOCIRE M, . R ELE LB IR
BN E LT 4.7% F110.8%, LI BEECTEE
CE R DN 0k A =k I (E RS N o < ozl 5] 8
Joe =35 550 W2 [A) - S5 o i B 35 Wk 3 2 A

x4 FTEAEXAKFERETLEGIRMEERESMIFE t/hm?
Tab. 4 Soil organic carbon storage and its vertical distribution under different liberation cuttings t/ha
LR KB Treatment
Soil depth/cm C M H
0~10 52.59 +£4.59Aa 50.79 + 5.34Aa 4521 £4.41 Aa 43.87 +4.75Aa
10~20 35.27 + 4.68Ab 41.32£4.07Ab 41.04 £3.45Aa 34.31 £4.39Ab
20 ~30 30.34 + 2.33Ab 29.31 +4.52Ac 29.43 £4.30Ab 30.15 + 4.34Ab
0~30 118.20 £ 10.19A 121.42 £ 11.75A 115.68 £ 8.52A 108.32 £ 6.27A

VE: RNENG FEHMUR A H N &+ )2 2 75 B (P < 0.05). Note: different lowercase letters indicate significant differences in soil layers within the

treatment (P < 0.05).

RIECHEE 2R AR T g i = 1 2 [
ik R o fEKFo0 A0 b, BB 0~ 10 cm +
132 J2 (B i B ) A AE 43.87 ~ 52.59 t/hm?, Fir, #%,
WL BB R B BN IR BRI T 3.4%
14.0% 1 16.6%, 53 H BHE G 5 581G KM 95

(28 A 3455 10 ~ 20 em 3 2 () B £ = 40 A7 AE
34.31 ~ 41.32 t/hm?, .t EEE G A H B0 H 42
& 1 17.2% 1 16.4%, T 58 5 3% 640 & 5 0 e AH I
(=2.7%)3 20 ~ 30 cm T3 = KBt &= 5> A 1 29.31 ~
30.34 thm’, % 58 BE 3% 6 T8 B FF b 35 5 ) A ik



60 b mw # kK % R

43 %

(—3.4% F1-0.6%) . HIULTT L, . 58 & L4 B &
KM A 7 1 T 038 2 1 e 1, 1 4% PR
PR B BOKIE R 1 Hor il L2 Bk it =

TETE B 046 b, & iE R P0 E AL B b 1 1 8 ik
i 5 1) 52 T HH) I b A8 R 4 0 7 38 9K 1D 43 AT R A
P o (E 3% A R M T SR AR A B 1) 3 L) A A SR A T
Ao BB IE LB R SR IEREHAR—%, 0~ 10 cm
510 ~ 30 em LRI Z 2 M AEAE B 2 2 7, v o
2 2 MR REE et B FE S )2 2 (M3 A7 E B 3 2%
St W0 3 3 REGEOGEEE L 0 ~ 20 cm 5 20 ~
30em LIEE X RIFEEEERME, TS 22
U, SR e B G R i ) T LA AR IR C R
Wi, T R B o T TR E A AR .
2.3 EREEREINHIRA ARRES RS
fEERF M

H# 5 nTLMS 3, &ZEE R FEA N A S &R
Gy B oy A AE (189.47 + 5.16) ~ (218.44 + 10.65)
thm?, b, 8RO T8 B A g AR T xR
(=5.3%), {HH 58 FEIE 6 Ph & #4822 % T 0 iR

9.2% 1 13.3%; [FIW}, . 5 BB etk & ff ALK T3
EENEEHERE O R E (4.2% M 8.4%). It
A, 3 FE G R A TR A R B LA
BAAG S 33 fif o o LU A T 51 (3.06% ~ 4.57%)
BRI, IR E 30 455, /N6 220 i R IR
AIMMAET RGREEAEREZGEELAE T CE
BV, AL HREEE G B A EE T A R A 3
WA, B G W IORAR T R BEE LR E s BBt s
X AR RS B Gk fits 2 43 i LU A B A RS o
24 EXEEREXN KRB DIRREH FR
4 =N FNE G E = R RN

H 3% 6 7] LAI1H 3], %3&E 60 & A 3 FF 1 (1) NPP
1 VNCS 43 #i 7E (8.02 £ 0.79) ~ (9.51 + 0.79)t/hm?
MI(3.72 £ 0.37) ~ (442 + 0.37)t/hm?, o, 2%
Fe X B fd H NPP Al VNCS BE A F XHEEZ 712
ANEZE (—11.5% F1-9.7%), i 58 % etk B 218
HL NPP #1 VNCS {2 2 1K T 56 # 15.4% ~ 15.7% Al
14.0% ~ 15.8%; {H 3 P& ik & 9 L [8] ) NPP #l
VNCS #1706 % 3 72 51, . 50 5 & et & AU

RS AREALERETESRERFEERE S WL

Tab. 5 Ecosystem organic carbon storage and its vertical distribution under different liberation cuttings

MEFE Treatment

febr JZIR
Index Layer c L M H
iM% Vegetation 100.24 + 1.10A 85.48 +2.30B 82.56 + 2.50B 81.15+3.63B
(7= Ny -2 . .
BAEht/chm™) +5% Soil 182+ 1119A 12142 11.75A 11568+ 8.52A 10832+ 6.27A
Carbon storage/(t-ha ™)
75 R4 Ecosystem 218.44 + 10.65A 206.90 £ 12.58AB 198.24 + 10.96B 189.47 + 5.16B
SrLtl TE# Vegetation 45.89 4132 41.65 42.83
Allocation proportion/% -3 Soil 5411 58.68 5835 5717

®6 REBENEERE FEESNAERS NS5 E8EHE

Tab. 6 Net primary productivity and vegetation net annual carbon sequestration under different liberation cuttings

AL Treatment

Eizpi B
Index Layer C L M H
#I ¥ Korean pine 0.00+£0.00B 0.90=0.09A  092+0.13A  1.12+0.25A
W& Fh Broadleaved tree species  7.88 £0.82A  6.24 +0.44B 586+026B  6.01+0.61B
BRI J1/(thm™-a™") TFAK Tree 7.88+0.82A 7.14£0.46A  6.78+025A  7.13£0.82A
giﬁ?r;ejry};mducnvuy (NPPY WA Shrub 143£0.15A 1.13£027AB  1.12+031AB  0.73+0.17B
ELA Herb 020+0.04A 0.15+0.03A  0.15+0.04A  0.16 = 0.03A
T Vegetation 9.51+£0.79A 8.42+0.66AB 8.05+0.17B  8.02+0.79B
#I ¥ Korean pine 0.00+£0.00B 043+0.05A  043+0.06A  0.52+0.12A
W& Fh Broadleaved tree species  3.67+0.33A  2.96+025B  2.77+022B  2.79+0.29B
VR E/(thm 2-a) F*AR Tree 3.67+033A 339+028A  320+0.09A  3.31+0.38A
Annual net carbon sequestration (NCS)/
(t'hayear ") WA Shrub 0.66+0.59A 0.53=0.13AB  0.53+0.15AB  0.34+0.08B
ELA Herb 0.09+0.02A 0.07+0.01A  0.07+0.02A  0.07=0.01A
Hi# Vegetation 442+037A 3.99+037AB 3.80+£0.73B  3.72+0.37B
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NPP I VNCS B T EE LA (—4.4% ~ —4.8%
F1—4.8% ~—6.8%) . FIL, FEHIEE 30 FF )5, /I%%
WA << Rt O B £ A PR 1) [T Bk e ) 7248 BE i 6k
B FOAREWKE, e SREE IR E T RS2

BT o R N A ol 4 R ik R
Wl KRR A BT AN ] o 8 s SR IR B A AR
JZ 1] NPP #1 VNCS X B& IS T % B 9.4% ~ 14.0% Al
7.6% ~ 12.8%, {H =3 &35 F&AIK 1 R I B Fl ¥ NPP
F VNCS(20.8% ~ 25.6% 1 19.3% ~ 24.5%), [F i},
SCHETN T Z0KA B NPP AT VNCS(0.90 ~ 1.12 t/hm? 1
0.43 ~ 0.52 t/hm®), 317 X H F¥ A 2 (1) NPP F1 NCS
BT TV AME: BB T ELECER B S HERZ (1) NPP
AT VNCS B FEAK T 21.0% F119.7% 8% 21.7% F
19.7%(P > 0.05), i 58 B % G HE B #0448 H & 2 PR IK
T 49.0% F1 48.5%; = 3 1 K g B h PR AR 17 5
A JZ ) NPP Al VNCS(20.0% ~ 25.0% #1 22.2%, P >
0.05). [k, EHIEE 30 £ )5, /N2l dr kst
PRI LA MR S B B B R R TR A2 HEARJE
TR T2 (1 ] Bk 58 77 3594 AN [F) R FEE 1 B3I, a2 T 51
A A AR [T Tk B 77 v AR A5 B P

3 Ak 5tk

3.1 AREXKEREXERHRIEEHZN

AT FUAF B /N D 22 0 v B ARE IR i 20 ha RO
HHEE 30 ), &iF LA 9 AL A A B Ak i =
U2 AR T X A MR, (B % &I B b B 2
MRS O LR EEZR . XE5RELER
B E 2 BRAR A 7 1L A B SRR A AR Bk
fitig, HA2, J s EEE L & PSR FE A A —
B, X AU B IO EE A 9 FE T A AR OR A A0
AR #5252 140 82 1) A 52 IX 338 B bk 4 288 8 ol |
Yy, AN, HR R Gf E (81.15 ~ 100.24 t/hm®) B
T )L Ll SEBG AR 37 45 B AR RS 50 4F 7 A KR AR IR
A WK e B i B (44.82 ~ 82.06 t/hm®)PY, {H Iz ik T
e 1 L 55 AT AR RS DA AR Jir s ) P 214 AR 43 Tk
fiti 1 (152.87 t/hm»™, 3K i B 7 /8 D% 22 14 v <k
EHR R AAARE N TEE 30 4 )5, HAE gl byt &
AMET RIR AR, (HPRIAR Y ARAE T T00A b 41 A8 i
HEA 7 HERMRAZ0

LR DR TE - R AR e il iy o 2 R o
PR HBAL B TR A JZ B At 5 (95.5% ~ 96.5%), Hi&E
Gy =il A R L MRS Y ST NEAR VNN ER ISP
R, T X A B i B AR AN TR RS, B B
TEE LI K, b2 R AR R B A B (66.06 ~
96.04 t/hm?) 5 i JkEa 34 (21.1% ~ 31.2%), T |41

FARITR A E(5.92 ~ 12.28 t/hm®) ) S i a4 (% 3),
T b 3B KB TR 5 R A PR TA) R A B i £ 1)
7 S TN o (H TR N 20 B ar i T
LS ARBY BE(35 45, HAEKB MR BRI K
PECZLRA & T Hp i B AR AR R 0D, A 2 BLRAh b
JRIZDCIEE B gl MR A AR R . A TP E A
Ji FELG ] Tk R 3 5P, R B Tk 2 RE A B AR ) £
FEPEFIRE 4 2 Bkt 2=, Bl 20 A v S B PR A= K AN
fi] et RS e D BRI B, R E R AR A R AR R
(YRS Tt AN W7 358 22 (A B L 32 A A i B D), A8
FLAE W B 7 S A A . AHEEAR KL
P, <R DR B L0 R RN 4 Bk it =2 AR 22 15 31 56 4
W, B2 A BKIEERE .
3.2 AREXKERE TIERIEE RN

AW FRAARE LT 30 5, B . S
T B R 7N 22 U v 3R A ) 21 KA bR - 3R 5k £y o
LU 35 R, IX 5 I & K Ll R R
W] 21 A R - S8 Bk i 52 R TR AT R 0 R R G B 3
M B AR — 3, H S H A S i B B
MERFEIFE IR E 5 B A H B3 PRI AE . H R
BRI T P9 3 R U I et & 9 FE AN R, ARA 50
(1133 e Hh B W8 e s A 25%, AAH S T 5 & IR
I E . (H5INERIL TR E 4K 9 F
Je hof 3 G R 2 S TR — 2. AT RR R R
B AR K T BEAE P E IR E Y, R R AR A
(/0 kR 2 T A ML (AR 28 BT AP, A1
R P OFTE B AR AL . A R Ak B (108.32 ~
121.42 t/hm*) 5 7EME L 1l SL 38 AR I7 00043 (1) 50 4FA R
SRR K - S5 B i B (64.73 ~ 179.25 t/hm®) B —
0 ABAK T 1 1L 28 AT Bl JR3 I A5 7D DR 2 ) P 41
FARK LR A% B (155.30 /hm®PY, X P HECTEE
30 4 Ja /N2 22 08 v A O ) 21 F AR L IR i
HEA B, B BEE AR R PoE A K, +
e 3w i C E DN E 53

BEAk, AHE LTS BB LT B R R T A
T Aty 2 119 25 100 A7 6 JRy (L 398 3R 2 ks 12 B 3% Ok
T & o P 3G KM ek . S i E o T TR
Bk R AT b > F = TR B> >
TEL R = > TR HiE R R TR A G E
FERER, TR 2R 2G4 (15.93 ~ 17.22 C),
TR 3% 2 L SR W B 451 %, 0 2 R A ok O 9 420
N B 2 TR, 5B IR R kv I ek S5
JEPRITE T b 2 B 0 Bl iR AR R IR R B A 1
0 ~ 20 cm) FILLAA NIRIR R L YIMAR R EZ AR 1E
10 ~20 cm 32D, LLFAGIIRIE T AR R 43I i
BTG T 10 ~ 20 em J2 1 Bk il & T+ 1 (16.4% ~



62 b mw # kK % R

43 %

17.2%), 4z 1 EEZ G & 1 H 28 B /5 A% = B
YRR b > = N B> > RELE = >
N MR EE L EME 0~ 20 cm HIEEHAKS T
Py B T HE T /5 1.08 °C, AIREMNK T 0 ~20 cm +
S8 ISP R B 461 2, A L 3 2 T R AR R R 5
HRAHIT . IX SAEYIAR R 1) 20 A B4 ) L35G Lk
1) T B 43 AT 10, - g R RS M R AR IR AR AR
TR IR S 256 1 B (R T IE AL e — 3
33 AEEAKEFREMESREREENZNE

FCIEE 30 fF)E, REEEHHAT RS
WAt BRI, T SRELE G A B 2 %
16 H = ¥l A 25 R G i = 49 e L s A 0k
. HIE SHE MAROE 2 AR AL SE R fE R AR S &R
Sty fits B HLBEPE 1 )45 56 5 498 KT 3t sk i 34 1 B
BERIFA I, AR ZATET R ER D% 2%
H AR BT PR B DR ARAE S R Gt it = R R B L2
TR E TR B3GR e . R PRE T % R O
HIEE 30 4E 5 H ARG - mR 6k ok R B A,
AN A JF A e e i B S 3 PRI, (H R BB YRR A5
J5E 33 Y4 B A AR ol Bk it 2 P LR P AR T, X R
JoR NEAR VNG SR IS i Bviprty =54 0B DN K7 SEAR VA
Tk fits 5 (1) D B2 RE T BE 2 38 K G R 4044 ANCS
0.43 ~0.52 t/hm>) (K 6). J& K E N EmE T
B RGN E 5 L (R 41.32 ~ 42.83% Fil L35
57.17 ~ 58.68%) 55K )" AW R AR A MEIRAE TS R Gutk
it B P R A A B 15 B 35.9% ~ 43.6% 5 35T
it 5 L 56.4% ~ 64.1%"F— 3. H R FATE T RAK
S 0B B B A B TR A R (R LS AR B R AN e
NS B AR B R, WCREOLTEE R T
Tl T iy B 8 S 2 PRAG (14.7% ~ 19.0%), {H H:BEAR IR
FEE AR, 38 17 5 S50 H A 4 e s = 2 T, L 491045 s A oK
AR (BFAK 3.06% ~ 4.57%) -

NP2z U R B AR TR R LA R IE R E 30
R, HAEER RS B (189.47 ~ 218.44 thm®) 55
B )L LL SIS AR I M43 1 50 4F A RARIRAEMRAE TS R
SER A R (143.18 ~ 261.31 thm®)P2AH — 5, (HIE Ak
TR 1 1L 2R TR a3 45 1 i s ] £ R AR AR
B ARG R (326.78 thm»)P, W& EE LT E
AR FE 30 AF J5 H BT OR B L0 R MR AR A R GG
B E AR R A E CRE COIKE &b mEna
FTBEARD, ABATS4EFRTE IE 5 [0 R AR IR A MR AE 2 R Gk
fiti B KT, e HLBE 2 20 0 BIRE 3R N A i 3 s A K
BB, <A IR B LLMM R A2 R G il 2 0K 2
(CEID NI =
34 HEEESVMREFHMESERE

FENILE 30 )5, BEEE G E A

WIZLA 7= 77 NPP FIAE 4 [E ik & ANCS 13 211k &,
[ ENEEESep ity A=K R A G2 AR (BRSSP vt 7 =]
JE ¥ 7 [A] NPP Fll ANCS 176 i 35 22 Sk . 3 5 ]
16T 5 K 2 NPP F1 ANCS (5 Ho A5 8 19 3 44 Hiy 47
(82.9% ~ 88.9% F1 83.0% ~ 89.0%), &AL H 30 £F
J&i» W R R NPP A1 ANCS B 60 & s 23R
##(20.8% ~ 25.6% F1 19.3% ~ 24.5%), 1H i1 T4k
St A5 B 41 F AR 38 0 T 40 8% NPP Il ANCS(0.90 ~
1.12 t/hm?® F1 0.43 ~ 0.52 t/hm?), k(i HF7AJZ NPP
A ANCS 15 3 7 — & 2 BE #2161 5 B2 3 Ol
& B J5 £ NPP Fl ANCS {3 W& A% T Xt B (—11.5% FI
~9.7%, P > 0.05), 1fi H'- 5 %% Lk & J5 H NPP
ANCS K] b JZ [l it #§ 3] B 453 2 AR RHEORATS S ZE IR T
X W (15.4% ~ 15.7% A 14.0% ~ 15.8%, P < 0.05),
H A4 b B AR TR B A K (14.3% ~ 16.7%), INZ 41
For BIRE 1E N b fE ARG AR KB B, AT AT AR SR L
+HEFRAZ NPP Al ANCS NMESEEEEME, &
BEHBORIEER RS .

AN DLW R R AT PR RE LA MRBE B EEE 30
fEJ5E, HNPP Fl ANCS(8.02 ~8.42 t/(hm>a)H1 3.72 ~
3.99 t/Chm*a)) 5 BLA #F 7t 45 16 B AR AL A # NPP
(6 ~ 14 /(hm*a))™ I —5; H ANCS 5 4 5kl
i ANCS(4.1 t/Chm? a) )M A (—2.7% ~ —9.3%),
B A B AR T A [ iy b A 4 ANCS (4.9 ¢/(hm?-a))™!
18.6% ~ 24.1% . #4558 B % 6Tk B AL B 30 4 J5
R AT BE L0 AA AR NPP A ANCS B ¥ R 15 31 58
AT e OV S b S B I A BT B AR, (B3 Re
YEFp SR [E RROK T, HBEE & N ig 2 NG
PO A K B, AHAE [ Bk B ) 0K 2 15 31
RIGHEF: o DRI, MR SR AR AR BRI 1 FE 2% A J5 48
TR PRI 52 1 1 TR A A ) I ST AR AR 2 S e vh
KHUE R CE UL /D&Mt E 7 A EE H
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