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Abstract: Using different succession types of Pinus tabuliformis plantation in the Beijing area as the research object, this
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study investigated the change rules and interaction of stand spatial structure, understory vegetation, and soil water of three
different succession types: Pinus tabuliformis pure forests, Pine-Quercus mixed forests, and Quercus variabilis pure forests.
The results were as follows. (1) There were significant differences in horizontal and vertical stand spatial structure, species
diversity of herbaceous layer, saplings growth, and soil water physical properties among the three different succession types
(P<0.05). In addition, the angle index, stand layer index and opening degree index of stand spatial structure parameters
significantly affected the shrub and grass diversity of each type of stand (P<0.05) , while the mingling degree, stand layer
index and neighborhood comparison significantly affected the growth of saplings (P<0.05), and the mingling degree and
stand layer index significantly affected the change of soil water (P<0.05). (2) The biomass of shrub and grass, saplings
growth, and the physical condition of soil water were all the better within the mixed forest than in the pure forest and were
mostly influenced by the mingling degree and the stand layer index. (3) The natural regeneration saplings of Quercus
variabilis were observed in all succession types, with mixed forest having the most saplings and the best growth and the most
intensive competition for forest resources. Therefore, interspecific relationships and forest resources can be regulated by

adjusting the spatial structure of stand, so as to give full play to the functions and values of forest ecosystem.

Key Words: Pinus tabuliformis plantation; succession; stand spatial structure; understory vegetation; soil water
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Table 2 Spatial structure parameter and variance test in different stand succession types
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C; 0.356+0.029a 0.386+0.051a 0.401+0.078a
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Fig.6 Ground diameter and height of Quercus variabilis saplings in different stand succession types
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Table 3 Correlation analysis between stand spatial structure and biodiversity index and undergrowth biomass

TR A Y ¢ HEARJZ Shrub layer HRJZ Herb layer
Spatial structure parameters D H Jsw s Ab D H Jsw s Ab Ub

W, -0.091  -0.305  0.381 -0.517  -0.049  0.769 0.808  0.836*  0.639  -0.206 -0.187
0P, 0.361 0.819* -0.241 0.918** 0.025 -0.611  -0.613 -0.753 -0.377 0.221 0.153
M, 0303  -0454 -0317  -0271 0.242 0346 0376 0.473 0.295  -0.394 0.388
SL, -0227  -0.038 0517  -0.336 0.186  0.909*  0.909* 0.806 0.952**  0.197 -0.073
U, -0.198 0577 0328 0354  -0411 0356 0.319  0.093 0.610 0.387 -0.293
C -0.104  -0.565 -0.077  -0.516  -0.051  0.346 0.364  0.495 0.181 -0.220 -0.294

 E0.05 KTAMERE; « + 76 0.01 KA 8.3 ;D : Simpson 54X Simpson index; H'; Shannon-Wiener $( Shannon-Wiener index; J gy : Pielou #54{ Pielou
index;S" ; Patrick F6 41 Patrick index;Ab: {5 [/ 41 Above ground biomass; Ub: {5 A4/ Under ground biomass
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(P<0.05) . JLrh IRAZIE Y 0—Lem HAR AR BAARLI I O ) 3 IEASE (P<0.05) , 15 4—Sem A2 Z AN 4—5m
145 B G AN R A 3 TEAR SR (P<0.01) , 45 AR i A ORI 155 J3E 0 Al 42 JC W 35 AH SR 1 (P>0.05) s AR B S
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1—2cm Fl 4—5cm AR AN 1—2m 4—5m = A il 3 EAHC (P<0.01) , 5 3—4em IR LI R
W IEAER (P<0.05) , 5 3—4m & BEANR ik 2 1 A 56 (P<0.01) , 5 6—Tem 220 H1 2—3m 1= BE 4 4
B M I 25 TE A DG (P<0.05) , -5 H AR M AR ORI 2 BE R A 19 T i 28 AH P (P>0.05) 5 RN HEAERS 0—1em HBAR
40— 1m /&5 P R AN Tl i B ARG (P<0.01) , 5 5—6m & R AR N B3 A (P<0.05) , 5 H 4 H
RN E R TC 0 A M (P>0.05) . LRGSR RIAMIPIEAC TR B Mo T A5 1) MR- R 2
TRGEMT SR A A= K E A5 S 40, B R 23 [ 4540 2 850 5 KT B3 2l v 80 oK 58 31 i S AH DG OC &
(P>0.05) ,

x4 MOTEEMERTEFHHLEMEREEEREES HEXIH

Table 4 Correlation analysis between stand spatial structure and ground diameter class and heigh class distribution of saplings

LB WS HESR

Spatial structure Ground diameter class/cm Height class/m

parameters 0—1 -2 23 34 45 56 6-7 0l -2 23 34 45 5—6
w; 0.107 0.176 0.089 0.353 0.184 0.155 0.028 0.017 0.157 0.203 0.393 0.326 0.128
0P, -0.145 -0.282 -0.095 -0.014 -0.329 0.033  -0.198 0.017  -0.313  -0.251 -0.091 -0.394 -0.189
M; 0.674*  0.465 0.493 0.256 0.722** 0.190 0.189 0.470 0.532 0.551 0.402 0.717**  0.484
SL; 0.115 0.615*  0.568 0.689°  0.609°  0.538 0.668 * —0.150 0.607" 0.660° 0.782*" 0.675" 0.415
U; -0.869 ** -0.022 0.171 0.293  -0.571 -0.043 -0.065 -0.814 " -0.086 0.109 0.155  -0.553 -0.586

0.251  -0.367 -0.355 0.030 0.018 -0.277  -0.150 0.261 -0.358  -0.228 0.152 0.095 0.121

2.3.3  MRoras gy 5 KA HOC A

H R 5 W AN [RIECE R bR 3 23 (W] S5 4 S 405 1 587K 43 0 25 40 G 1 S TR A FE FIMRZ 48 81 (P<0.05) .
Hop JRACRE S 138K & B IEAHDE(P<0.05) , 5 H A HIK /- 48 PR 34 JC 3 M 5GP (P>0.05) s M2 4R
B 3 LB A - S RN K O B IE A DG (P<0.05) | 5 3 B FLER B A 3 B A Hk B o
HETFAE(P<0.01) , 5HA F K485 T0 0240 M (P>0.05) o AT WSS HRIE 1 10 42 2 45 46 o 412 25 Ak
M KSR B S AR #EE T e MR 2 R A5 S80S T EK A BRIB B KR (P>
0.05) .

x5 MOTEEMELERINEXDN

Table 5 Correlation analysis between stand spatial structure and soil water

IR e S A K AALBRE BESLBRE HIRIES /S s BERKE
Spatial structure Bulk density/ Water Total Capillary Saturated water Capillary water
parameters (g/cm®) content/ % porosity/ % porosity/ % holding capacity/%  holding capacity/%
w; 0.266 -0.283 0.076 0.147 -0.122 0.054
oP; -0.119 -0.013 -0.400 -0.439 -0.227 -0.305
M, -0.422 0.584" 0.345 0.457 0.424 0.503
SL; -0.450 0.321 0.695 " 0.765"* 0.681" 0.762"*
U, -0.137 -0.362 0.107 0.047 0.099 0.129
C; 0.495 -0.253 -0.208 -0.165 -0.392 -0.283
3 itig

3.1 R[AE AR 2R TbRAS (8] 25 F R AR

B BLAR S S5 AU AR 5 B AR A 7 TR A 25 R GEMR S5 DAk i T 2L BERE 1t W R VR e A
UeRpRe e R RIS L AR I, RS AAR AR SRR He AR bRk 3 1) TR S8 BE I IR AN Ak
JRARBAFAE R F 255 MARRIRSSARBTRAC B 15 M2 98 Bcdm s , (ELHT SRS foe M1, R WA 70 2 B 5 /K454
PRl Ay 5 2 MR ELSBE R, 0] S 4 80 ELIAS TR S 00 (3R 1) A THRRES . AR L
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1968 xR 43 4

AN TTARGEAR R T HAT AR AR B T s 6] MR 8] 5 4 A 585 . e BEARAlAR WP 58 4B A , A B MR AR T
JENAL T Y XL AL, A B S AR AL TR % (K 1),
3.2 [RS8 RIS HA X AR T 8 e f 2

PIFh 2R R A S R G RE R RIS A R I RERE ) ARBIE S R I, =R B MR 2 R 2
FEVEZE S AN 8 AN AEAR AR S REAS R AR IR 28 KT B R Al AR SCE 7 W 45 2R A B, iy ROBE MR
JZHREON T A Z A SR B W GBS R T BT AR R A e — B, ARE
FAEMST K28 (A 25 | ST WO T AR R/ NI 5 b2 A BORAE AR G 3 B2 () 454, S Wbk AR [R] )2
DA IR 0 EBENL B RN RIS ek AASUAR AR AT READ LA KA AMAT A BEAIR 29 10% .

AW R AN AR T 0 o A 7 S RE A O Al SRR TR AR S A R A TRD S AR BE T 1Y
PRI AR A BUAR RIS S BR300 S B AN 38 T L 4% S AR 43 2 () 22 1 2 MO0 0 o 1
P o AN 2 A FL D ] RS A% R S UMK MK T A AR SR &R i 4 1 R s ) SR A
BRAEMOMK T BB 4l i Bt 5 R TR AR AT, AR MR SSMOPK T SR 4l i i WP B R T AR B 1 2 4%
(1), XRUIIT A5 RE AR AR S AL B E ARG, X ARG IR Pt R 25 B SE i L, HIR ASMobk
T S A T R

AL A% SRR Tt 22 RS2 AR 7K P 2 1) 45 A 1 2 [ 45 4 1) S R 14, 6T 4 o
AR T Z R R AE RN R Z —,

3.3 AIRIHEZEHUBR ST 25 (R 25 G 0 PR S A KR 52

U b I, =R A R AR SR A B, 5 SRR U RARRIR SRR SR A A (< 3
o, R ILTE SRR fe 2 AR RIS i R L AEAR B0, ST AR FE 4 R — B0 X 2% R 2 UM s AR
WA AR BAT B R ) 25 (] S5 A S RO IR S E R/ EBOMIARIZHE 8, IR A HE AR/ N U RO B T bk 7321
JB SRR 3 A R BE S5 7K P 25 K PR S 4 ) 0 52 0T YR S R S S ) v b A R v FE bR T 4 AR
e TR/ HE R0 S 25 53 i (PR M A2 0 M g PE RO T AR A A I, BRJZ 48 BRI 1 AR 70 3 LA 19 2 W R
B IR Z2 MK T SR 4 AR G RIRY e 0 140 2 S 35 TR AR O, SR B A2 R AN M XK N R 85 1) 35 1
I, BETT AT S0 AR SR AR R 25 BRI, 45 FERUAR AT AR ARG 1) A A 52 bR G322 1) 235 6 KT 23 )
SRR RV TR SR e B MR Al A R A B AR 2L A
R SN e i e 7 O e LT 2 b e w7/ N S

BT K I, FAMRIR SO 3 18 LS R M A P LA, S T AT 2598 — B0 AT 4
KW Moz MIZSH S BRI FIMZ 38 80 HHOK M e dr i o i, B2 WIS . S ahAs Sk B2
BRAEMAH L , FAMRIE SMR A S22 S5 4 RT3 TbR 3 PR AR | 418 R bR 0 e R /K DR 422 3 M/ R 2 455 1 T 2 Y
T3 TR YR AR e AN T AR AR B I AR S A RS — I AR AR AR G T 9 R 43 1 U O N BF
T3P B A R B K R AP RE At R DL AR PRI S PR A A2 SR SR A O T A
BRI AIRBL

4 #ip

TN ZIAR AARRIR SRR KRR =Bh AN [ SRR I3 1) 7K BT EMR I3 25 TR 25 A0 A7 A 1 35 22 53, T
Wi ¥ 25 SR BRI AR T FE B 2 REPE AR A AR I DL K o B4, FARRIR SRR T e B A W | SR
LR AR AR A B K T AR B T4k, T ELR A2 MR /K 123 [B1 25 K At L2 [ 2SR R BE PR T, AR A
SRR ST Al 5 T8 R PR BT IR A S S A IR SR P O, DRI, AT L ol e A bR s [ 45 4 S B ] 56
Z AR R , 3 s AR AR S R G WRE T A7 ARG E N, LLTE o R AR AR A5 R G 45 Ty BiE
e
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