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Effects of soil characteristics on forest gap regeneration in different types of

natural Pinus koraiensis mixed forest
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LIANG Weiwei’

1 Museum, Northeast Forestry University, Harbin 150040, China
2 College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: The present study examined the correlation of soil characteristics and tree regeneration in canopy gaps and
adjacent closed areas of three forest types, including Tilia amurensis—Pinus koraiensis mixed forest (TP) , Betula costata—
P. koraiensis mixed forest (BP) , and Picea koraiensis—Abies fabri—P. koraiensis mixed forest (PAP) , using a combination
of field investigation, sample collection, and statistics and analysis. The study aimed to provide basic data that could be
used as a practical reference for plant regeneration, restoration of degraded ecosystems, and sustainable management of P.
koraiensis mixed forests in the Xiaoxing’an Mountains of Northeast China. The results indicated that levels of soil organic

matter and total nitrogen were significantly lower under gaps than under the adjacent closed stands, and the levels of
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available P and K in the BP soil were significantly different from those in the other forest soils. In addition, the pH of the
soil under the gaps was slightly higher than under the adjacent closed stands, but the difference was not statistically
significant. However, the difference in the total and sapling regeneration densities of the gaps and closed stands was
significant (P<0.05), and the total and sapling regeneration densities were highest in the PAP. In the BP, there was no
significant correlation between gap area and regeneration density, but the regeneration densities ( seedling and sapling of
tree) were significantly negatively correlated with soil organic matter(r=-0.400, r=-0.475). The regeneration densities of
seedling and sapling of tree were significantly negatively correlated with total N(r=-0.519, r=-0.603). In the TP gap,
total N was positively correlated with seedling regeneration density (r=10.092), but negatively correlated with sapling
regeneration density (r=-0.585). Meanwhile, in the PAP gap, total N was negatively correlated with both seedling and
sapling regeneration densities. In the closed stands, seedling regeneration density was negatively correlated with pH and
levels of soil organic matter, total N, available K, urease, and protease, respectively. Principal component analysis

indicated that total N was a critically influential factor in determining tree regeneration in both forest gaps and closed stand.

Key Words: natural Pinus koraiensis mixed forest; forest gap; regeneration; soil property
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AR [ A1 XA R s A [RIAR B R ARBRIEA T T e 2 5T, e rh SOk > LA 2R e b S AR B 1
OB AT THA M AT, AR MOR A R A AT, Aoy P IR+ JRJRE IR i AR S [8] 4y
AR A5 H R W AR AR SR R AN RUEE T SRR AE (30K 53 pH H VR | 3R ) S
WSS ) 18— R E DI AR R AR AR B 3 A AR T B — AR AR e 3
PR %53 R KB R A X Ll 50 BE LI i A AR A A LA o MBS S R B T 2
[ G 2R A 50 /0 DA T 20" PR MG R AR 5 - S ARl A 5 R A X B 5 AR PR 7 3 25 B AR st 0y o B R A T2

e P2 RA PR AR AE AR TR T L M st TOURAR B T R TR L 2 48 1R P s R R B 5 4%
TEIIZEET 1) o R ZLASMRAE Vi 45 A8 B0 25 B A AL A BT 5 2 ] - AR ARBIE S ) PR TR AL, o BT B T 2
SRR SIS T T L RS2 PRI T HIE 2 B I LA BRObR S 45 A A R A e 11 T K Bl g /%
ZE e ] - L AA PR CL HEA TS ARBRAIE ARBRIE ST BRBSU S 45 07 T R RIFSE 2 AR SCLA/N DS 208 UK [ 5 2%
FARDRAP X R AR ZLRA TR S bR 3 FiAS [ AR B (BB 2L RA TR SR 5 ¥ A2 LM AS MR FIARME LM R AS AR ) S5
XA, JA A R BUR ATEHRAR L, HFARFTAN [RIAR L A BR B A S [ 5 B A BRI 22 [8] ) SIS X AT A7 A
FRHNTE, DU N 12 DX R SR ZIAR TR SOMAR I T S R E S R Gyl e 2 B R L HE TR =2,

1 ARMXEARRSHARTE

1.1 WFFEIX AR

5T b AT U AE SRR VTAR PR T A IS X K B R F AR OR3P X (47°7/39"—47°14/22"N, 128°48'30"—128°
55'50"E) , iZHiIX 1A IERRIE AR RR -0.3°C AR B E s AR 7.5°C AR R AR -6.6°C L AR
PIRE K& 676.0 mm, 24 [ 7K H A 120—150 d, FUE5H 130—150 d, 4 FIHXHEE 78%—96% , 4 F-375 K&
1t 805.4 mm, 4F H WERTEL 1850 h, APl 1.2°C , % £29 2.0 m, FWIFRES VKL 6 A~ H , TTFEH 100—
120 d, Mo PEAEBE S DL ZEAS (Pinus koraiensis ) oA 3 0BT FRTR A AR, & 1R £ ) TR 28 MR A7 6 358 S0 3 7
B,
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1.2 FEMBREHR A B

TEBUK E G0 A SRR DX AR DR DX P AR B I e R S SEBR IS A 17 00, O 32 S BB £ AR SR ( Tilia
amurensis—P. koraiensis mixed forest, UL F &K TP) , IMELLWMR S MK ( Betula costata—P. koraiensis mixed forest,
VAR FR BP) , =V AL ANIR I AR ( Picea sp. —Abies nephrolepis—P. koraiensis mixed forest, LA T % PAP) 3 Ffipk
RIIARBR (R 1) o

AR L2 BT A A R R R A B ( Canopy Gap, i FKX CG) FlY M ( Expanded Gap, fiij F
EG) (TR, RGP NRTEAR  FE R D ARB B 2 mx2 m BIFE T 5—9 (B 1) . 7EBEARPR I 2%
10 m FYABPI AT ( Closed stand , LA R AR CS) IWAHRL B E 1 > 20 mx30 m AR BEAEHD B0 4 4~ 5 mx5 m
ANFEDT . TEREAFETT Y, T4 DBH<1 em 41 Al 1 em < DBH<5 cm B (14§ Ff 44 B 4t | b A% | i 2
(DBH) A5 (H) P72 AR Rl i RO I B A | em 3 BEAD MO R ELARAS B0, B B N
FEJ5 R RIS L S50 D7 T AR PR, 5 — PR B AT P AR 53 1) T 285 88 kg A b DAY A 1 B 2 52 ) ~F- X L
TP Hif A 29 SARBL, BP Sl A 28 NAREL, PAP L3 18 AARER, 2E4E 24 AMABPHAR 43 A Xk BEA: b ( [R]—
BUBRB B AH PRSI o, H ] — % HRAE 4B )

R OEMBER

Table 1 General situation of different sample plots

T H Item HBAR LT IATR SR (TP) IRHELTIATR AR (BP) TR AISLIANIRSEM (PAP)

A JE ] Distribution range s -0 s R 451,

+ 3 Soil A I A BH W H A

P IRMBRE ALY m? PN 1059.75 1127.82 987.22

Expanded gap size /M 98.65 89.77 184.93
T4 390.02 365.40 481.68

A BRIEFL/ m? PN 438.03 376.18 388.88

Canopy gap size He/ME 42.12 20.71 96.43
T 158.87 161.17 236.46

WHKE Betula costata Trautv.  £1 J7
K% Picea koraiensis Nakai. 1%

R

Main associated tree species

#EAK Shrub

LA Tilia amurensis Rupr. |21 %
=42 Picea koraiensis Nakai. R 1%
K2 Abies nephrolepis ( Trautv.)
Maxim. , # #¢ Betula costata
Trautv. . 2 M #i Ulmus laciniata
( Trautv.) Mayr., . i B Acer

mono Maxim.

4 M 2 % Lonicera maackii
(Rupr.) Maxim., % db 1l #§ 1€
Philadelphus schrenkii Rupr. . 53t

B
amurensis . J 7o fill Acanthopanax

Deutzia  parviflora  var.

senticosus ( Rupr. Maxim.) Harms |
£ B ¥ Corylus  mandshurica

Maxim.

A% Abies nephrolepis ( Trautv.)
Maxim. , 28 #% Tilia amurensis
Rupr. | MM Ulmus laciniata
(Trautv.) Mayr. ZKHHHI Fraxinus
mandschurica  Rupr. | K H W
Populus ussuriensis Kom. | T ik
Acer mono Maxim. . 77 1% W& Acer
tegmentosum Maxim. | TEREBR Acer

ukurunduense Trautv. et Mey.

E ¥ T Corylus mandshurica
Maxim. \ 530 L€ Philadelphus
schrenkii Rupr. HALE R Deutzia
parviflora var. amurensis il m
Acanthopanax  senticosus ( Rupr.

Maxim.) Harms.

21 2 742 Picea koraiensis Nakai. &
% ¥ Abies nephrolepis  ( Trautv.)
Maxim. . 7 # #% Acer tegmentosum
Maxim. . £ ¥ ¥ Acer ukurunduense
Trautv. et Mey. 4% Padus racemosa
(Lam.) Gilib.

JIEE 2= Ribes burejense Fr. 3 Bk A
Sorbaria sorbifolia (L.) A. Br.

TP Tilia amurensis—P. koraiensis mixed forest; BP: Betula costata—P. koraiensis mixed forest; PAP: Picea koraiensis—Abies fabri—P. koraiensis

mixed forest

1.3 &K

RAE RIS — AR O G O AR G AE 9 A R )R (0—10 em) 3ERES , [R] IR 4R X6 R AR
PR B8 SR i, X HEIE S . B — AR 2R A B 45 B JC B B I SRS R 3 TR A VKA 2 i)
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Tt igs FH . e iy R AR . pH (A HLIT 4
R AR A R A IR T o R
HLA I RS IR AP O LI T B R B - B B
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1.4 HdEabm

S SPSS 18.0 5 Excel 2010 #4: wH B B 44T
EOM St 1t ok R K J7 2 53 1 % ( One-way
ANOVA) 43 BT AN [F) AR BRI Bt 22 [] b B 5 08 PAT A 3 (%
{0 Dl 111 11 7S R R 7 NS S 0 - O = - e )

Ex

]

E1 MEAEFEETEE
Fig.1 Schematic diagram of the locations of nine quadrates in
forest gap
Ce :MRERH1 0 Gap center; Cy: MBI H o0 AL FB X 5 Center to

northern of near gap center; Cg: FRPEIE 1.0 19 #F X J5 Center to
Tl 7R # X 8 Center to
0 VE S X 38, Center to
western of near gap center; Ey: MR ZILFFIX K Northern edge of

Pearson FH 57312 70 A AN [R AR R AR B P LA K AT AT bR
ST SO SRR s P H ES R N TR A nt s L (8
DT AR AR S o SR T2 1 Ak e 2 52 T AR B A
PRI R A ST B G BE I K

2 HREH

southern of near gap center; Cp: FKBPLiT
eastern of near gap center; Cy : MBI
gap border; Eq : MR X I, Southern edge of gap border; Ey :
MR G AR B X 3 Eastern edge of gap border; Ey : MRER 212 PG

[X 5§ Western edge of gap border

2.1 A[FEIARBUARER S AR P AR L S T A

ISR R M ) i B R, R RGR A  EE A MO A KR B IR A
ARBE T BN B I 1) 28 S BORAR IR A ] 0 7284, oA (AR B 1) L SV BUR AR A TR R k2, 3R
2 AJLAFE HY 3 RARBUARER A LA HLST 2 R IR TR AT AR ), HL23 53 S5 AR A Ak o) 22 53 1. 35 (P<0.05) ,{H 3
FRBUARBR 2 [ 22 S 449 8 B2, 3 bR B AR B P b S5 A7 2000l 14 A0 T4 P AR o3, ROHE 21 FA TR S8 bR ( Betula
costata-P. koraiensis mixed forest, LA T T FX BP) | = & A2 LN IR S MK ( Picea sp. —Abies nephrolepis-P. koraiensis
mixed forest, L T i #x PAP) MRER 5B MRS ( Closed stand , LA F i FR CS) 22554 B.& (P>0.05) . PAMELLANIE
M (BP) BJ SBLTHMRAS AR ( Tilia amurensis—P. koraiensis mixed forest, LA T iR TP) . =& 2 LLFMR 3K
(PAP) BRERLA AR SRS (CS) M HHEARL P 252573 W38 (P<0.05) , AN [FIAREDMR B P 381 K 44K AR P AR 2
(CS) , HABM LIARTR IR (TP ) ARBL SR AZLLHMR SR (P AP ) ARERE SHE AT AR 22 53 A8 3 (P>0.05) , fHAR
HELLAMRASHR (BP ) $45 H A PRI AREY AR PRI 22 5 03 (P<0.05) o 3 FVBRBUARER Y pH 1B 1% 25 T HAR
MM (HSHZERBIRRE . ZWR LI (PAP) ARER Y + 8 Wy i fie/ )N, RBAR S A ARAR B (TP ) 1Y) dc
K, AT RE S ARBI N REARJZ I RA)Z 36 5 A L B0 BEL AP 0 A ROAR B0 Bl R B SR PR TN A 5, 3 bk Y
ARBRE L e MG DRI R S AR AR 22 R R B3
2.2 AS[RIARBUARER PN B AT AR o3 e A BE

H1 2 3 75t JCiB AR AREY AR , $ 38 SE 9% BE 1 3 N8 AR AR B N 34 3 TR AR 3 (R 3) o 4R 3R
Y, SRRPA AR 3 AH FEE , 2 REUAR BT AT R TR AR RO SR, 3 Rk h | R A2 LIRSS AR (PAP ) ARBR T A %)y
WEHT L (0.41 FR/m®) WIEHEHTHE (0.28 Bh/m?) (OB BV (0.62 Bi/m?) Bdok . A [FIBRELAK S5 AR
PAIAR 3 2 1) 4 BT | BECHT G B ) 22 S 1 3 (HUR [RI AR B MK Bt 22 0] 22 S 241 W 3% . PAP AR AN TP
ARER LI SR %5 B2 5 BP ARBR A B SR B 2 e
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Table 2 Soil properties in forest gaps of different types and closed stand
T H Item HRMELRARASARARBE BRMELT AR IR ST AR AR PR ZAR /N VN Rk N

Forest gaps of TP

Forest gaps of BP

Forest gaps of PAP

Closed stand

FHHLI Organic matter/ ( g/kg)
4= N Total N/(g/kg)

A% P Available P/ ( mg/kg)

% K Available K/ ( mg/kg)

pH

A/ (10°CFU/g T 1)

Microbial biomass

261.38+20.86b
7.76+0.54b
44.59+3.14a
295.15+7.35a
5.81+0.04a

319.45+30.72a

265.46+£22.27b
7.13+0.62b
27.99+1.66b
281.77+5.10b
5.77+0.08a

315.12+22.79a

189.72+£26.22b

6.97+0.80b

47.88+2.99a
292.91+9.70a

5.93+0.13a

269.46+31.11b

370.98+26.66a
10.54+0.44a
49.98+3.88a
310.81+4.75a
5.68+0.07a

308.99+34.58a

FENERS Invertase/ ( mg/g) 0.86+0.03a 0.82+0.04a 0.86+0.05a 0.85+0.03a
X Urease/ (mg/g) 0.38+0.03a 0.30+0.02a 0.35+0.03a 0.36+0.02a
E A Proteinase/ ( mg/g) 0.11£0.01a 0.09+0.01a 0.08+£0.01a 0.09+£0.01a

PIE+RIEZE (Mean=SD) . [AFTAR/ING F-BEFR 7R 2 MRAUIRBR 2 18] WRER-5 60 P A 22 [ 24 B2 5 {225 (P<0.05)

x3 FEREREFREARSHRENREE
Table 3 The regeneration density in forest gap of different forest types and closed stand

B R/ (MR/m?) TR LTRSS HRARERE AL AR A AP TR LA RSy
Regeneration density Forest gaps of TP Forest gaps of BP Forest gaps of PAP Closed stand

BT B
AL . . 0.37+0.27a 0.39+0.37a 0.62+0.50a 0.09+0.06b
Total regeneration density
Zﬁmﬁ%ﬁ&f; . . 0.17+0.18ab 0.13+0.15b 0.28+0.24a 0.03+0.07b
Seedling regeneration density

bt 5 3 pragi:s
AR 0.26+0.27a 0.29+0.26a 0.41+0.40a 0.04+0.65b

Sapling regeneration density

A A B, PEABO 2 AN TR 5E

HHRREH AR,

R4 FTEEFHTEEERE

Table 4 Quantitative characteristics of main regeneration tree species

AR CTP) AREE P F5 A BB b R 2 A 8 b, e rb 5 M B 0 T £ B o 40 XA
TR 230 7 BB S 25.009% 1 35.87% , LR R SR AKMERIZIAR , Ath ] R4S AR T BB 4 v 4l R
B FAA, TEPRMELT AR ASHR (BP ) FRBR N, T AT A 222G 9 F, T5 4 BT 4l 1 4l vt o A e X A 3, o
HUHT AL 60.89% , BAAE | FL A BRAIAERS SR 5 A3 R B LLAg], 535018 11.22% ,10.89% Fl1 6.73% . =¥ AZ4L
FATR SR (PAP ) BRI TR A FZETHRIFIA O Flr TR B A0 BEORIT A6 RS B [ ) 180 1 SR 4l e 2 i) 324
5350 o5 TR S 47.26% 20.70% F1 12.89% ., FERBHIMR Y, S AR T At A 9 B, BB BCER 1T LA AKX
KT LTS A2 AEREIRARZE (R 4) , BB, 78 3 R A ARBR Y, 2148 B3 v Al ¥ 4 /0 | I

' :E?‘F;ifﬁél%‘ :Eﬁyﬂiéﬂ% EKL’%*Z@I*’A\ IR (CS)

FFl Tree species TR (TP) R3S (BP) R3S (PAP)

A B C A B C A B C A B C
FEAE B Acer ukurunduense Trautv. et Mey. 9 2.27 1.54 21 1.78 1.97 33 1.83 1.56 31 1.11 1.46
T Acer tegmentosum Maxim. 46 1.6 173 190 140 1.86 121 137  1.57 133 1.04 1.41
TLFAK Acer mono Maxim. 66 1.19 1.22 34 1.69 1.53 53 1.15 1.13 41 1.28 1.73
2L\ Pinus koraiensis 14 0.64  0.56 0.64 0.72 8 1.41 0.95 52 1.94 1.54
LM Tilia amurensis Rupr. 21 1.16  0.82 0.62 236 4 1.20 1.07 25 0.86 0.7
B2 Abies nephrolepis (Trautv.) Maxim. 4 2.31 1.47 5 2.38 1.45 8 1.57 0.94 43 2.45 2.22
HAKE Betula costata Trautv. 15 1.39 1.76 13 0.82 0.81 — — — 4 0.59 0.76
FAii Ulmus laciniata ( Trautv.) Mayr. 9 2.01 1.91 8 2.25 1.49 5 3.72 3.46 8 1.44 1.47
W2 Padus racemosa (Lam.) Gilib. — — — 35 1.25 1.09 13 0.92 0.98 28 1.10 0.95
K Fraxinus mandschurica Rupr. — — — — — — 11 0.99 0.91 — — —

A: BR%L, Plant number B: F447314% | Mean root collar diameter(cm) C: “F35,

Mean height(m)
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2.3 AS[RIREIARBR TR A B -5 MR B AR A A ERRAE PR A A
2.3.1  NHELTAMTR A AR (BP) MR

Pearson MR (2 5) , Fo ARG AW 5082 B S5 97 RARBR 28 B B OGO RN 83 7R K
S RARBR AR U O (r=-0.167) , FRARLIET Wb o8 2 S5 A HLT & R B A Tk G (r=-
0.400,r=-0.475) , FeARLITH LW EH 2 5 4 N ¥R R W A SE(r=-0.519,r=-0.603) , #FH
TR B S R R A, TG Ao B S A K R AR S RNIEA OG, LR A IR R A
it TGP 5 TR ARSI 2R I B 4 R IE A OG

BP ARBE B2 S AR B - ERRAE R 1 A e T R S A A 1 B sk Rl 82.507% (%
6) ., TERLARBRPY, X 5H— F2 Ao A KA A R | 28 IR AN AL, 25— 32 00 vT LA B X S 48
WRZEG T S — R B RRIE iR, U 2 A AEMR BRI A B 8 T M, B
BT IR AR | A TR A AT [ i A, B R AR 1 R, U A B R R R

R5 MEER TESEETFSERSERRBHEXRE

Table 5 Pearson correlation coefficient between gap area and characteristic soil factors and regeneration density

LN AR ST N TR LL AR SE Ak FRRCy AR Y HRHIMR I TR AR
TR TR 0 WA Pt
SiH Ttem Arbor .reger'leration Arbor r'ege‘neration Arbor 'regv::neration Arbor r'ege'nera‘n‘ion
density f in BP density in TP density in PAP density in CS
4 EILG) L] FILG) (L] LI EUli] L
Seedling Sapling Seedling Sapling Seedling Sapling Seedling Sapling
P RABIFB EG area -0.167 0.006 -0.206 -0.349 0.128 0.273 - -
TZE R CG area 0.094 0.304 -0.171 -0.193 -0.033 0.050 - -
HHLIT Organic matter -0.400" -0.475" -0.014 -0.261 -0.310 0.014 -0.118 0.309
4= N Total N -0.519"" -0.603 " 0.092 -0.585"" -0.331 -0.095 -0.180 0.218
¥ Microbial biomass -0.323 -0.196 0.163 0.178 -0.270 0.023 0.080 0.199
HHY P Available P 0.100 0.202 -0.160 -0.265 0.265 -0.058 -0.046 -0.062
HH K Available K -0.105 0.310 -0.047 0.058 0.128 0.350 0.055 0.194
pH -0.016 -0.304 -0.244 -0.207 -0.301 0.057 -0.383 0.344
JEWER Invertase 0.315 0.476 0.449 0.057 -0.389 -0.242 -0.178 -0.186
Kk Urease 0.163 0.535 0.117 0.199 -0.542 -0.428 -0.072 0.122
FE 1T} Proteinase 0.149 0.551 0.112 0.049 0.749 0.815" 0.108 0.102

EG: Expanded Gap CG: Canopy Gap; * Fll * * 43 Jjl|38/R7E 0.05,0.01 7K CBU) | b ZEAH G

F6 WHAMEZW(BP) MEEH S ZEEETHAFFERE
Table 6 Principal component eigenvector of total arbor regeneration density of forest gap in BP

F A4 Principal component

A5 HE Variables
P1 P2 P3 P4 P5

P IRMBE A EG area 0.530 -0.060 0.795 -0.050 -0.075
JEZS BRI CG area 0.344 -0.067 0.863 0.219 -0.102
AHLFE Organic matter 0.663 0.452 -0.230 0.202 0.113
4= N Total N 0.707 0.509 -0.243 -0.078 -0.008
{14 Microbial biomass -0.216 0.698 -0.003 0.356 0.390
AP Available P -0.174 -0.724 0.038 -0.178 0.227
R K Available K -0.561 0.104 0.316 0.598 0.019
pH 0.163 0.432 0.380 -0.542 0.498
HEREEG Invertase 0.706 -0.545 -0.183 0.012 0.168
JIkE Urease 0.254 -0.498 -0.089 0.398 0.665
EHM Proteinase 0.685 -0.118 -0.176 0.338 -0.333

http ; //www.ecologica.cn


Dell
高亮
与全N均


12 4 Xl S5 SN AN [R] PRI KSR LA S AHOPR B SE BT 9 L AR Ak A 7

EIIUIETE S LN Pl V7 A e e Y TR AV SE SR s = NI S D Ry ST R AR B N R DR AL O 5 N 1 1 R
T 3 AR 18] S i KR U SRR . 255 B RTIA 520 BP ARER T A S B e R R o 4
R e s B AR A K FIREE (£ 6) .

TEHE 5 A>T XAy B Al SR AR SRR AL [ AT A, B STk 87.017% A 80.
117% . MFE T R RLA Y, 08 2y e S0 BE o — s W R B o - A PB4 B AR B, 2
PR m RO 5 SR = R DY R L TR TR ) B R R 8 2 B R A e e s B R A S DR
Zi b R R A S e P B B N T O A R R s B I AR ST R IR, X B A —
ER R - A AT HLBE (R A O, e R AR IE ) B R R, AR T R = AR R
TR HRHIE 1) B R AR e et el s Bt B pHL{ELARTUDR ISR , DRI, B2 M0 201 WY BERf 2 12 e T 1) [H 1
NAER BEYE e B pH {E AR

R7T PMEAREZH(BP) MEFAGE SR EHRBEEERIHFEOE
Table 7 Principal component eigenvector of seedling and sapling regeneration density of arbor in BP
FRARL T 2P T8 B 3 843 Principal component of seedling and sapling regeneration density of arbor
P1 P2 P3 P4 P5

AREL V7o

A7 Variables
4 4 L) L) 4 4 Ay H ZIL) 4 4

Seedling Sapling Seedling Sapling Seedling Sapling Seedling Sapling Seedling  Sapling

P RMBATE A EG area 0.476 0.370 0.239 0.345 0.786 0.803 -0.012 -0.095 -0.151 -0.043
JEZS BRI CG area 0.259 0.139 0.251 0.334 0.862 0.878 0.218 0.183 -0.061 -0.027
HHLFT Organic matter 0.783 0.768 -0.251 -0.240 -0.182 -0.040 0.189 0.255 0.117 0.104
4= N Total N 0.852 0.851 -0.309 -0.297 -0.191 -0.052 -0.080 0.004 -0.031 -0.069
#E YT Microbial biomass 0.006 -0.005 -0.720 -0.722 0.058 0.125 0.309 0.292 0.457 0.440
F%L P Available P -0.347 -0.321 0.562 0.588 —-0.044 -0.178 -0.106 -0.310 0.023 0.251
AL K Available K —-0.481 -0.555 -0.304 -0.212 0.297 0.279 0.635 0.504 -0.050 0.198
pH 0.242 0.266 -0.275 -0.324 0.435 0.434 -0.578 -0.613 0.507 0.356
WEHERE Invertase 0.537 0.549 0.682 0.694 -0.226 -0.224 0.046 0.009 0.084 0.154
JIKA Urease 0.076 0.114 0.572 0.528 -0.120 -0.166 0.378 0.261 0.675 0.723
B Proteinase 0.600 0.611 0.344 0.313 -0.176 -0.103 0.301 0.425 -0.197 -0.276

2.3.2  HRLIRAR AR (TP ) RER

Pearson FICAMTRIA (2 5) , oA H i 54 N Ukt nEvERE  JIREG 5 B 520 A O,
Hh RO A 3 A OG5 S AR AN B3 O OG . TR ARG ST Wt R KRR A | DK Ik R 2R
FIBF R IEARDC R R |, 5 HAFE bR A ARG, Hoh 5 2 Z0 ik 25 A ¢ (r=-0.585) .

MR LIRSS AR (TP ) ARBE 7 25 B2 55 AR BT L SRR AR X 19 2 B o A R B, 4 A 3 o 19 R 3 ok
RK T1.700% (£ 8) o TEMARB P X5 — 3 A s M 5 R A 7 TR AR Bt e AR A WL | 42 R0 RI e 28 B fT A
oy FRARBS AR A AR ) i K, VAR LAEARBR I AR B i 2 T AME . SR A = AR A
REAE ) S B KA 43 B A A P AR K BRUZE i, 25 b, SE AR AR 2D A TR S AR (TP ) ARBR 7 A B 387 ok 285 3 e
FEMH T AP RARBR T AL P HE K Ay (£ 8) .

VPR 5 AN F RN A AR T R S ARBR SRR N AT AT, BT STER R 43R 77.003% 1 T78.
998% ., M 9 W LIFE i, XF&I T o 4 S AR — 2 A S R K A B SR AR T AR A ML A A e s B

L pH A A, b AR T AR RRAE ] s e . 55 = 50 = S8 DU 58 T 32 A0 R RRAE 1] e R 1 4331
HARLP ALK A BN, 25 TR S 4 TR R e L TN R ARBR AR A AL P AL
K A RURER B, X S B 7 23 B 5 — A sE M K A 1 A LT T R ARBR TE AR pH i, e 45
FYRHE R, 55 5 — S D B R R A R [ e R AR O A 8K P AR K B N R
L, 5 MR LI AR B 2 e R BRI T R AR P Rk KB R R
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x8 BRAMBLEWN(TP)KREHZEEEIH I HERNE
Table 8 Principal component eigenvector of total arbor regeneration density of forest gap in TP

F A 43 Principal component

75 H Variables

P1 P2 P3 P4
P IEARBRE A EG area 0.798 0.311 -0.429 0.090
AP CG area 0.590 0.460 -0.626 0.055
HHLIF Organic matter 0.696 -0.348 0.276 0.075
4= N Total N 0.684 0.003 0.287 0.282
fif 2 # & Microbial biomass -0.149 0.530 0.221 0.643
AL P Available P 0.108 -0.764 0.063 -0.204
AL K Available K -0.023 0.593 0.730 -0.106
pH 0.475 -0.368 0.403 0.327
WEWERE Invertase -0.449 -0.108 -0.475 0.469
K Urease -0.173 0.548 0.211 0.019
H B Proteinase -0.261 -0.447 0.009 0.674

R BRIRBETHRFIADE HHEFRZEEIRNFEQE
Table 9 Principal component eigenvector of seedling and sapling regeneration density of arbor in TP
TEARLNTE LB o B %5 BF 32 i3 Principal component of seedling and sapling regeneration density of arbor
P1 P2 P3 P4 P5

AR Y

AL 5t Variables
4y 4 Ly ZILG) 4y 4 Ay FILG) ZUl] 4

Seedling Sapling Seedling Sapling Seedling Sapling Seedling Sapling Seedling  Sapling

P IRMBE N EG area 0.756 0.677 0.367 0.469 -0.462  -0.488 0.093 0.089 0.105 0.176
TEZEBREFE CG area 0.548 0.432 0.498 0.575 -0.640  -0.660  —0.020 0.051 0.135  -0.134
AL Organic matter 0.665 0.697  -0.291  -0.198 0.213 0.181 0.337 0.055  -0.331 0.060
4x N Total N 0.605 0.732 0.067 0.134 0.200 0.241 0.522 0277  -0.239 0.096
¥ 91& Microbial biomass  -0.225  -0.239 0.529 0.491 0.168 0.242 0.510 0.635 0343 -0.062
A% P Available P 0.185 0273  -0.763  -0.735 0.081 0.037 -0.149  -0.181 0.031 0.163
B K Available K -0.034  -0.053 0.591 0.566 0.737 0752  -0.029  -0.105  -0.049 0.216
pH 0.502 0.503  -0.329  -0.261 0.364 0.325 0.309 0.325 0.380 0.033
REWEG Invertase -0.531  -0.473  -0.133  -0.191 -0.522  -0.444 0.415 0472 -0.033 0.237
JIRE Urease -0.218  -0.274 0.531 0.496 0.209 0.236 0.039 0.053 0.109 0.092
E [ Proteinase -0.264  -0.107  -0.428  -0.467 -0.046 0.029 0.508 0.710 0.532  -0.206

2.33 =B IZLAMIRASH(PAP) RER

Pearson FHC/MTRIA (3R 5) , T ARLD M BB % B 54 R AP IR AL A 2L P SUR0BR B 1 B3 0 AN B 3
IEARSE, 5 HABSEAR Y AR BE A, ToARYM 54 N AR P B AR 0 AN 3 R O, 5 HA
FEPR YN IEARDC  Horh 58 i R il 2 TEAHOC (r=0.815)

PEFE 5 A ERIT AT 00T, RIT DTN 90.924% , mVRAZLLANRASHR (PAP ) ARER BB G % B 5 1 4 ]
T F RT3 (2 10) AEBUMRB b X — S B B R o0 - e A AL Bk e AR (g,
A U ARRIE ) K, UL @ EAE MBI AR Pl 5 S AME . R385 = BRI B R b AR
AIE 1) £ B R 430 Sy ek 2 B T AR AN K pH (BRI 2L P, 25 b, 5200 PAP ARBRTE A BB i EL A R T 4
RIS BRI L K pH (EFMARL P,

VPR 5 AN RSN A AR T R S ARBR SRR I AT AT, BT STER R 3R 86.697% Fl 88.
198% ., LA At | 5 ) &) v B8 3 28 B e o 2 1) PR S A S et A BT IR pH BRI RL P 52 4))
PR B 2 e L o e S A BRI AR R pH (BRI R P(E 1),
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Table 10 Principal component eigenvector of total arbor regeneration density of forest gap in PAP

F A4 Principal component

AR B Variables

P1 P2 P3 P4 P5
P IRMBRTEAN EG area 0.261 0.854 -0.254 0.051 0.337
JEZS B CG area 0.183 0.906 -0.147 0.064 0.321
A HLI Organic matter 0.854 -0.308 -0.162 0.018 -0.071
4= N Total N 0.905 -0.142 -0.145 -0.154 -0.050
A= 9 4 Microbial biomass 0.719 -0.450 -0.260 0.233 0.245
H L P Available P -0.320 -0.416 0.044 -0.236 0.755
AL K Available K -0.148 -0.330 -0.815 0.365 -0.054
pH -0.001 0.203 0.327 0.763 -0.419
BEMERE Invertase 0.303 0.014 0.441 0.690 0.435
JIRE Urease 0.115 -0.332 0.811 0.006 0.158
FEEf Proteinase 0.588 0.303 0.368 -0.509 -0.227

R ZRTARMBIMKETARLYE HHEFZEENSFHERE

Principal component eigenvector of seedling and sapling regeneration density of arbor in PAP

TEARLNE  AB B8 % B 32 i3 Principal component of seedling and sapling regeneration density of arbor

254 Variables Pl P2 P3 P4 P5
4y (LG A 4 4y 4 Ay 4 4y 4

Seedling Sapling Seedling Sapling Seedling Sapling Seedling Sapling Seedling  Sapling
P EMBRITA EG area 0.262 0.310 -0.814  -0.651 0.333 0.579 -0.018 0.036 0.376  0.338
FEZEBREA CG area 0.217 0.268 -0.878 -0.759 0.212 0.485 0.002 0.053 0.348 0.313
FHLIT Organic matter 0.788 0.751 0.388 0.511 0.239 0.166 -0.025 0.016 0.012  -0.055
4 N Total N 0.844 0.832 0.229 0.353 0.243 0.210 -0.202  -0.156 0.009  -0.042
MAEYIHE Microbial biomass 0.642 0.597 0.519 0.632 0.314 0.143 0.179 0.216 0.298 0.276
HH P Available P -0.390 -0.311 0.394 0.250  -0.049 -0.346 -0.285 -0.259 0.624 0.703
HA K Available K -0.215 -0.337 0.330 0.556 0.754 0.537 0.444 0.326 -0.074 0.173
pH 0.129 0.038 -0.226 -0.237  -0.384 -0.093 0.781 0.794 -0.272  -0.472
HEWERE Invertase 0.349 0.410 0.001 -0.145  -0.420 -0.379 0.573 0.694 0.572 0.357
KA Urease 0.114 0.261 0.327 0.001 -0.789 -0.870 -0.098 0.033 0.254 0.009
FE i Proteinase 0.651 0.663 -0.259 -0.277  -0.290 -0.073 -0.527  -0.480 -0.249  -0.353

2.3.4 FHRHIMS

Pearson AHOC/M TR (3R 5) AR 5 HAE Y& A IR H B A B3 B A DG, 5 H A K 73
AN ARG . T ARSI 54 85 | T It 250 SR AN 3 (R A G | 5 LA A S AN S R ARG

PEFE 4 A FRUTHAT /0T, BT DTk 78.738% , ABMAM T T AR T BT % B IR - A e BT R
WI(K 12) 5B — FE RO MR N A A LB IR | w0 2 1l rp 4 0 AR ] o 5 K5 7R 56
T R SRR I s R I A3 A pH A A AL PO K, £ b SN AR AR 3 T R B T S
HH R R TR pH (E AR P FERL K,

VEFE 4 A ER W AT W TR S R OC R, BRI STEkR 40 R 75.803% 1 75.392%, 45
HOYMIAFH (32 12) MR T B A 4 N pH {H AL K AR P, RN QR B3 4% 1 32 5 A
T RHAPUE pH (H UEY R FARL P,

3 Fit5iTie
MR T SAT LT 42 N AR 0 B TR P AR 23 1338 R DR DA AR - 3 10 3 R DB IR AR A bR
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o3, A AT e R W RIS SRS R AR AL RS B BEA T, A HEA AL AN A R B B AL i T AR S R G
ARG, ARBTG5 AL XA IR 25 5 — 8 P2 A SRR B2 B T 8L &4
5y T B HEAR Y A T, A DUTTHAT 285 Fe™ R AL 455 B 1~ Y MW A7 2 w8 w3
AIVERT . AR ARBEA T BILR B0 20 i ol HG 5 i R 17 S Al o A A BIL 2, i LB R - 338 1) A7 25 ok
R SCMFEAR T o ARBR A A K B4 5o - SRR AR AR EC , BERHARTR A AT R SEE X AL K HAT IEAL, bk
BT AT S0, 5 HARRF T 2 RN — 8

12 BWARIFAEHLZE YH YHEFRZEIRSHFLEEDE
Table 12 Principal component eigenvector of total arbor regeneration density, seedling and sapling regeneration density in closed stand
FEH4) Principal component
P1 P2 P3 P4

B g g B 4 A Bk A el BiR 4 O
Total ~ Seedling Sapling  Total Seedling Sapling  Total Seedling Sapling  Total Seedling Sapling

A5 4 Variables

H LT Organic matter 0.738  0.697  0.851 0.278 0306  0.184 -0.127 0.198 -0.180 -0.042 0.191 -0.169
4= N Total N 0.852  0.832 -0.014  0.029  0.058 -0.020 0.403 0.337 -0.081 0.130 -0.278 0.409
¥ & Microbial biomass —0.030 -0.046  0.552 -0.641 -0.620 -0.324 0.086 0.333 0.820  0.620 0.161 0.327
P Available P 0.570  0.564  0.006 -0.049 -0.032 -0.193 0.711 0.213 -0.394 -0.286 -0.742 0.603
H K Available K -0.022 -0.098 0.337 0.541 0.590  0.582 0.242  0.619 0.060 0.706  0.157 0.353
pH 0.299 0.339 0.640 0.668 0.639 0.678 -0.429 -0.390 -0.025 0.054 0.321 -0.411
FENERS Invertase 0.674  0.676  0.766 -0.518 -0.512 -0.573 -0.296 0.011 0.130 -0.037 0.281 -0.294
Ik Urease 0.745  0.764  0.715 0.216  0.211 0.232  -0.034 -0.087 0.021 0.013 -0.007  -0.015
MG Proteinase 0.724  0.707 -0.206 -0.305 -0.291 -0.280 -0.405 0.087 0.278  0.161 0.468  -0.341

MBS pH (EARIE = FAK AT SAKB N 3 pH {H 22 5% .35 (P<0.05) , MRET A A R T + SR
FIBRA , S5 A Wy s P A DB RTE U A6 DA K N (P K FL#5 Ff il 0 3R A S8 4 08 173 B A 2%
o B SRR YRR, RIS LL MR D IR CIARAR IR 22 | T BE- S AR N BE AR IR A2 56 2 A WL
AR AL B9 A ROIR B0 B B S PR I A

R R T R AR R, LA B S AR R A B SRR I A AT T M K
o G RE | P R AR R A W A S R U, G R R A W R AR A W PR A A Y SR
S SRR AT WL ) A R U A 1 K AR A R, TR 3 A LUK R S A, A
Wi B 3R 3 AR A RS R R R R A IR R R B R

ASBIFTE SR PR PO PR S - SRR A A A T A2 1), = MiOPR IR AR T 5 1S AT AR 2 o ) SR O 1P 22
AN NS PR BEAS [ B 39 - S T35 1 00 5 A ST 45 SR AT, A KRR R 1 AN [ o (o2 il o5 i o 7 2
ST DR RS A b DX LT A MRbR B - R HET T ShAS MBS, AR TR A BRI AR AL T O S A I s
JRE,

3 PRI AR B S AR P A - SR IR 0 22 57, O e TARBR I B, DG IR R IR AR A R AR AR A AN TR AR L
YA ST R RS AN R S B AR R I A | HEAS A 0 25 5 LA S W A A )
(5 BIPAR B LR B AR IR GRS L RBEGT RS AR 18 507 27 A TSR A S0, BRI N £ 5850 28 2 LU PRI AR A3
CAMBIARDRIRAES " TR (0.28 #k/m*) (4 (0.43 BR/m* ) B9 TEHT 3 BEAE = v AL L0RA Ml
J A K B S DR DA AN [ B AR S B AN — o, PRI S Bkt AN — A S T AN TR b £ X AR B ) S R
DURHAE IR ZEWE ST IR ATTIE . = FlARRUBREE ) BB 5030 B T ARGl 4 540 ST 4 E 25y v TR AT AR O, HL 22
S UL WA s XK B 225 SR 77 AR B 38T

MELLAMMRARBE TR AR A B 5 9 FEARBR AR OC , 156 25 B IE AR 5C | Bd AR B 04 10 G 3800 %) S8 A sl . A
LS EARY NS R ST IS RS Pkt S el s PSR D W AV N S R e AR W N U L e i 7
ZLRAMOPRBR T A LIy v R WY ST 6 S5 )™ JR AR R4 O TE AR G | T AR 4y vf B 8 2 -5 e 2 B A AH G, T 40 i
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W LSS B U SE AR o ARBR AR I/ IS AR B ) BRI TR 1, AN [R) RS Aol X b B 1 Sz e A — e, i L[] —
PBLEAS [R) A 5 B BOW PRSI/ NS BORE AN — A | AN [R] AR (8 AR B S0 B ot A — e, S SSRGS o T A 2
5t AER ST AP XA R R AN TR A 7 B B AR A4 SR A T IR A IR

TENHELL AR AP LT S ST ARG AR SR B IR B W B AT SG . AW S 4B 4l S e R 4%
MIEMIRKR . IR Yy A & i 5 HORT s R O S AR GG 2 . TR ZDAR AR P e U i 5 T R 4wy
FEHI % 1R 0 38 4 35 AU G 5 S AR 5 TR AR A BT T Sy TE A G 5 Bl A W R R L SR R R A B S A O
KE o TED AL HLBURITT A LA S0 B O IEAR G 5 0% i 5 SO B B AR SR G 2 A AL
W5 TR ARSI SO R N IEARSC s pH (B TR AR AR SR 5 B O IE ARG . 3 P 55 o 5 T AR 4 B R 0k
B0 EADG, 27 ERTIR, = FOMREIARBR T AR LI ZIR) 0 S 2 B X b SR 43 1 S NS — | X2 R =
AR Fof 28 ARG 28R AT 22500, i ELAS [R) PSR AE AN [R] A 75 B B2 3 B HE X8 IR 3R e MR I i
J1 EmZES A HIX Y SRR PE IR AT TR B A SR

AT X SR BT 8 — BB R S A IUR A 2 N A RS R 1%
BRI TR 43, SR G B YT OC 5, S 25 A W T B R AL BORRE P T ) (Bl A &
e R F B SRS 1] S TR S B AR OGS A S ARG

A =R BARBR I AR AR R i VR, A X R TG R AR B T g
JE AW FE I AIESE RS BAR BRI i T BTSSR A [R] S SOE 0 35 0 B RO AN ], BRBE AR A B
BT TR AR AR S OC R FUAR I AR 2 2% | U AR B Bl A B LA S PR (9 R a5 R PATRR o 8l 2 T 40 1
IR B S R A B 3R] O pH E RS P

AWEFE B ARV /DL LW TIRLHAMR LR UMK B B BT 5 b e 00 10 SR , 165 S 5T okt ok — 20
PRV RIS AR o7 Bl R FHARRAE , B 52 M bk 20 BB foe BRI 7, R T R AR AR v (0 B A5
B W IAE S Z R AERR LR TR AR/ TR R RRE B, AR A B IR GELRE RS SRR A
S R RN s SN F) S
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