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R F LA TR FRIE, [ Fik ] Amd s X300 R HHL k% 40 F 2 LA THRAFFET S, +HEAS
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Effects of stand spatial structure on understory plant
diversity in Pinus taiwanensis plantation

LU Kangting, ZHANG Ershan, LI Siying, JIN Shanshan, ZHOU Mengli, YAN Dongfeng
(College of Forestry, Henan Agricultural University, Zhengzhou 450002, Henan, China)

Abstract: [Objective] The objective is to explore the key stand spatial structure factors that influence the
understory plant diversity in Pinus taiwanensis plantations and provide a scientific basis for constructing
healthy and stable P. taiwanensis plantations. [Method] Three analysis methods were used (grey correlation
analysis, Pearson correlation analysis, and canonical correlation analysis) to discuss the effects of stand spatial
structure on understory plant diversity in a 40-year-old P. taiwanensis plantation. We selected uniform angle
index, mingling degree, spatial density index, storey index, opening degree index, Hegyi competition index as
stand spatial structure parameters, and Simpson dominance index, Shannon diversity index, Pielou uniformity
index, Margalef richness index as plant diversity indexes. [Result] Grey correlation analysis showed uniform
angle index had the highest grey correlation with herb plant diversity; while mingling degree had the highest
grey correlation with shrub and regeneration plant diversity. Pearson’ s correlation analysis indicated that

uniform angle index was extremely significant positively correlated with herb Shannon diversity index, herb
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Margalef richness index, and shrub Simpson dominance index (P<<0.01); mingling degree was significantly
positively correlated with herb Pielou uniformity index, shrub Shannon diversity index and shrub Margalef
richness index significantly (P<<0.05); while spatial density index was extremely significant positively
correlated with the Margalef richness index of understory regeneration tree species (P<<0.01). Canonical
correlation analysis suggested that the six stand spatial structure parameters had a strong overall canonical
correlation with herb and shrub plant diversity with corresponding coefficients of 0.998 5, and 0.999 5, respecti-
vely. Especially, uniform angle index and mingling degree had a greater impact. [Conclusion] Stand spatial
structure significantly impacted understory plant diversity in P. faiwanensis plantations. Therefore, it’ s
a feasible way to improve understory plant diversity by adjusting stand horizontal spatial structure, optimizing
stand competitive condition, and regulating stand vertical spatial structure. [Ch, 6 tab. 34 ref.]

Key words: stand spatial structure; understory plant diversity; grey correlation analysis; Pearson relational

analysis; canonical correlation analysis
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Table 1 Basic information of the sampling plots

51185 ER/m WREAC) Werm) R BZ WREEE/(k - hm ?) SFHf 42 /em SEEI S /m

1 845.4 13 i} 0.72 767 219 10.9

2 834.5 17 [LE]d 0.70 567 22.7 115

3 841.4 0 0.65 400 26.4 12.1

4 902.9 23 (L] 0.80 1234 159 9.8

5 886.9 35 N 0.74 1217 172 9.4

6 853.8 17 ] 0.75 1000 18.0 9.8

7 901.2 25 piceld 0.71 1017 18.2 10.4

8 939.8 18 pild 0.70 834 18.6 9.9

9 9443 18 it 0.72 717 18.6 10.0
10 881.3 22 piceld 0.75 967 21.1 10.6
11 912.7 30 it 0.76 1084 16.2 10.8
12 909.2 18 A 0.80 1034 19.6 11.5
13 839.0 26 [iiE] 0.75 1034 20.1 11.2
14 839.0 32 [E] 0.72 1100 17.7 10.1
15 817.4 20 AL 0.76 917 18.9 10.3
16 820.1 26 (L] 0.85 1584 17.9 10.4
17 829.4 10 [LE]d 0.86 1450 16.8 9.7
18 7783 20 ] 0.82 884 18.1 10.1
19 862.2 23 [iiE] 0.80 1 400 16.5 10.1
20 824.0 31 [LE]d 0.90 1167 18.9 10.6
21 790.1 17 ] 0.76 734 19.9 10.5
22 831.4 25 [iiE] 0.67 433 21.6 12.3
23 840.9 28 [} 0.52 333 24.6 12.8
24 756.2 35 [iiE] 0.52 500 26.6 12.1
25 776.4 17 L] 0.78 500 25.3 13.0
26 813.5 34 [E] 0.75 517 20.2 10.7
27 8232 20 b 0.83 617 20.4 10.9
28 792.7 27 [iiE] 0.82 1067 20.7 12.2
29 794.2 31 [LE]d 0.85 917 21.9 13.2
30 782.4 23 [} 0.86 1417 20.0 10.9
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R3S, S9EIRAC . ERAS . SRR A A R TR AC s 25 (1% BEHE PR I MOR 23 [ 43 A1 2 B AR,
HUEFE [0.00, 0.50], (0.50,0.75], (0.75, 1.00] X[H] P, 4 HIZRARMA Z [ 3451 504 o BlHL S A0 AR 4
a3 MIZHE BT T B 10 L2 SR B 20 R Y YA X R R (0, 1], LB, UiEA MRS
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FETEELT 1) LR RZ R A s R RO T IR AR B T AR BE RO, BUE R 432 (0.00, 0.20], (0.20,
0.30], (0.30,0.4], (0.40,0.50] F1 (0.50, + ©), ZFHIFRRMITIRERHAL . AL EAFTRE ., LU
KMARFEE o Hegyi 56 G 48 BUR B T AR 3Z 3 SR 1 58 G ZURE B2 21 BUETE [0, 6), [6, 12), [12, 18),
[18,00) IX[H], ZpJillFRon g9 . ARBE . B | BRBE 4 DIaP 5.

MR iR MR o328 M 25 S8 5 REBUE R/, B ERRE<10%, >10%~<100%, =100% Xl45H
SHRE | ARG AR SRR
2.3 HEYESHEERNITE

YE P A Simpson I3 HE %X (D). Shannon Z V484 (H). Pielou 45 FE 5%k (J) LA X Margalef
F & EHRE (M) AR FA | PEAR R R 2 FE KT
24 IRBXREBESH

R AR A I D7 LT BRAE AR S A 4 . KSR AR T AR Z R MR 25 [ S5 S8 (R RUE . R
ERE . A AVE AR R . MRTE R TFRUE ISR FHE B R TR0 (X)), i=1,2,3,4,---, n5 S35 AR B
A FEARFNHEH R FAE Y Z R FR bR (D, H. J. M) YEREEIF A (X)), H Xo=[Xo(1), X5(2), -+, Xo(k)],
XA[X(1), Xi2), -+, Xi(l)]o LA A bR s> 25 [ 25 A S8 S AR T AR Z REE S AR OCER R B . TP 91 S5 BE7
G S — st 20 1 X 2 R B 1T FHOCHR RBCE R, W H N F RSB R, RITHSAOCEE (r)-
2.5 HiEAbIE

K Winkelmass, Excel 2019 TF 5L HIAK /> 25 [RIZ5H S50, R-4.1.0 1Y Vegan 11T ALY ZFE TS
. >R H DPS THR M 25 [ 2549 50 A 2 REHE R K68 0GR s SR SPSS 25.0 1155 Pearson #HC &
B R R-4.1.0 TR S MRS 25 MU 25 S 800 0 SO BEAS L JER | TR R ) 2 e Mg s 22 ) B
PELe 2 A Y SR 287 LA S MARRE G 2R 88

3 HEREG 0
30 EILHA TS 2 i AT

M 2 AT % LA N T ARAR S 25 Rl 45 4 2 x2 BUMAIRKRSZEEESH
g THhETR, Hp =i (C) FIFH EgES Table 2 Spatial structure parameter of P. taiwanensis plantation stand

\ w N Srasi - . o BRR
() W97 SRR FE R, 5% R OO 0 39.7% M [0 0T st B Rkt o b
31.3%. BRI, BRI IUE (W) FEH 0.48, W 048001 048 056 036 005 104
J& T RA ML AR s MROMTRESE (M) BI{E = 0.67£0.02 075 084 055 008 119

0.67, ULHIZMR AL ToREEIR RS ; MRAT2s ) 25 B 45
(D) BIE R 0.47, FRBIPAZS 0] 5510 % B 355
I3y MRIZHEE (S) M 0.14~0.60, HIYME/NT 0.50,
MRS T 17 [0 1 (0 R AT X R 5 T G 28021 301 4% 046 113 397
BME R 032, RIS KA B A FE L 5 Hegyi
SEF RN 0.46~4.89, VLHAM b T 55 B SE FriR A
3.2 HWUM ALK TEY ST

Hi %€ 3 AT LA . RS XA | 8 R RN T 44 b Y Margalef = & FE 48 41 (M) 43 1 R 0.51~1.52,
0.35~1.86. 0.48~2.28, iX 3 PHEECAEM T HEY hALAEK, 225 R0 31.8%. 44.9% Fl 33.6%.
33 HUMAIMRMSZEEHTH TEY SRR
33.1 MoywMLHARTERMY SRS Hwm R 400 MoOAIRE () SEARY 2RSS
BOH, M, KO RK, MMECE SR ZFEHEE Dy, J XRBRERK, UL K23 0]
S (. M) R XN EAREY Z RN FEEE T, B W ERBKT M. A
Pearson I OCYEZE IR WM. W, SEf4550 (C) SHEARMY 2S5 H. M, B B3 IEA G (P<<0.01),
23 (A% JEFR B (D) HRAMEY Z IR B H . M, 778 3 IE ARG (P<<0.05), Hh w i EdEmk; M5
EARMEY) ZAEPERR AL J 2 B3 A OC (P<<0.05), MIZTEEL (S) HEAMEY ZHMESREH, J. M, X R

0.47+0.04 048 066 025 0.11 234
0.41+0.01 040 0.60 0.14 0.08 19.1

N v b X

0.32£0.02 028 066 020 0.10 313
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x3 BEUMAIMAKRTEDSHEE
Table 3  Understory plant diversity in P. taiwanensis plantation

MY ZREREL PR AL iCIN(1 /ME i AR5 F K%

D, 0.63+0.03 0.64 0.83 0.21 0.17 27.0
H 1.23+0.07 1.24 1.89 0.44 0.39 31.7
A J 0.80+0.02 0.83 0.99 0.40 0.16 19.4
M, 0.85+0.05 0.79 1.52 0.51 0.27 31.8
D, 0.50+0.02 0.50 0.78 0.20 0.12 24.0
) H 0.790.05 0.69 1.56 0.35 0.26 329
AR
J 0.88+0.02 0.92 1.00 0.50 0.18 20.5
M, 0.890.07 0.87 1.86 0.35 0.40 449
D, 0.67+0.02 0.69 0.82 0.44 0.10 14.9
H 1.26+0.06 1.28 1.82 0.64 0.31 24.6
PR R
J 0.920.01 0.92 1.00 0.77 0.05 5.4
M, 1.46+0.09 1.54 228 0.48 0.49 33.6

R4 MAZTREHERTEREN S HIERNREXEKE (HF) 70 Pearson 18X R

Table 4 Grey correlation degree (order) and Pearson correlation coefficient between stand spatial structure and understory herb plant diversity

T EAEMZ SR

MAras RS54
Dy H J M,
w 0.708 5(4) 0.840 6(1) 0.660 3(6) 0.848 6(1)
M 0.733 6(1) 0.657 4(4) 0.751 1(1) 0.660 3(4)
D 0.709 9(3) 0.701 5(2) 0.695 5(4) 0.687 7(2)
e g et e A
IRETIRIEITHT s 0.699 7(5) 0.629 6(5) 0.728 6(2) 0.616 6(5)
K 0.688 1(6) 0.595 4(6) 0.683 9(5) 0.582 9(6)
Cy 0.732 0(2) 0.677 4(3) 0.716 5(3) 0.666 3(3)
w 0.104 0.937** -0.098 0.943**
M 0.252 0.357 0.393* 0.355
R D 0.122 0.403* 0.122 0.382*
Pearsontf 3 HT
N 0.200 0.199 0.017 0.193
K -0.032 0.215 0.326 0.195
Gy 0.146 0.546** 0.072 0.524**

YA ol #ap IR BB A DOKFP<<0.01, P<<0.05; &5 PET—HNT S

s, HARZE (P>0.05).
HRUAHSCHELE SRE ] o 7€ 0.05 7KV LRGS0 J5 15 8 ) iR i o AR IR X bR o325 (R 454 S8 5 4k
T EARY 2RI PR TR AT R, HaR AR s U M vy IR SC R 0N 0.998 5, 15 H BLRIAR By 2k
Tééﬂ/a\j@
Uy =0.172 7TW +0.059 5M —0.012 0D +0.001 4S +0.000 9K +0.010 1Cy
{V1 =—0.006 1D, +0.053 0H —0.003 3J +0.134 8M, )
Hor: Uy BN BAKEY) 2R AR N AR G325 R 25 A S E R 6 . B B AR A IR
SEJE (M) FIAA RUE (W) BB 50K, U (K) FIARZ 4850 () BZm 500N, 70900 0.059 5, 0.172 7
F10.000 9, 0.001 4, BEHITEARZEMRARMMG K23 MIS5H (M. W) TEXTAR T BAAY) 2 HEPE R 52 ) |
di ERHLAL, PRI TEE S RIS (K. S) XIAR R RN Y Z R iR /N, V) SRR T R 2 1
RPRIRPELL G, Hoh AR i M, MK, BEIIXS AR G323 (B 4504 S 808 R U SR FA I = 5 FE R 2
332 Moy E MR TEAMS S ARG A RS A MRS (M) SHEAREY 2 FE TS
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B J. M, ROCHEE R, MR AR (W) S5HERMY) ZREPEFR 2 D, QKB fe K, bR 25 (6] %5 B2 45
(D) SHEARMEY ZHEVEIR R H RIS IR, UM KPS M Z5H B (M. W, D) S22 M i 53 X bR
THEARM Y Z AR FEZ N T Pearson MOC/P T4 R WoR . MR SERIEECS HEARME Y ZHEPEHR
D AFAEN B IE A E (P<0.01), 2SI EIES D, 2 BH IEHX (P<0.05), W5 D AREMERK;
M5SHERMEY ZHSEIEE R, J. MHXERBEKR, HM5 H, M, 2 B3 1EMX (P<0.05), K5 J.
M, MRRZE N, HEARE (P>0.05),

RS MOZEEHERTEREN SRR EXIKE (HEF) 70 Pearson X RE

Table 5 Grey correlation degree (order) and Pearson correlation coefficient between stand spatial structure and understory shrub plant diversity

o N M AR Z R e bR
MRAY2S [ EF B8
Dy H J M,
w 0.861 1(1) 0.721 9(5) 0.871 5(4) 0.848 6(5)
M 0.663 3(4) 0.733 0(3) 0.659 2(1) 0.660 3(1)
D 0.695 6(2) 0.753 0(1) 0.694 6(3) 0.687 7(3)
b S Y R A -
IRETHREL ST s 0.6272(5) 0.732 2(4) 0.621 4(5) 0.616 6(4)
K 0.597 6(6) 0.709 6(6) 0.595 0(6) 0.582 9(6)
o) 0.675 2(3) 0.7519(2) 0.672 0(2) 0.666 3(2)
w 0.952%** 0.136 0.104 0.093
M 0.337 0.375* 0.252 0.442*
. D 0.397* 0.302 0.122 0.189
PearsonfH oA
S 0.182 0.226 0.200 0.233
K 0.202 0.136 —0.032 0.090
C 0.525%* 0.308 0.146 0.190

DA o RN BEEAADOKFP<0.01. P<<0.05; 5T EHr5

HRYERIFFE X323 (B 2540 S50 5 MK BEARRE ) Z2 FEE e A i 115 T RO B AR AR 6] U, i v, (i Y
X ZRECH 0.999 5, 15 BRI 2 M &R -
Us =0.175 8W +0.056 4M —0.007 9D +0.000 58 +0.001 7K +0.003 5C;
{V2=01871DS—00077H—01m58J—0(m71&@ ’
Hrp: Uy BT HEAREY) 2 REE AR AR B (MRS 25 [ 25 SR el & o th BaR Rt A nr . H
FRE (W) RS (M) A 80, MOZHEE0(S) . TFMUE (K) BIEATEN, HHE 50 0.175 8,
0.056 4 1 0.000 5, 0.001 7, PHATEAZMAIIAT K23 [0 S50 (W, M) TERTAR R BEAKE Y ZREME RS
Wi 77 1 A, MO TR LA LA (S, K) RTHSE N . 7, ST AR 2 B AR AR A R R4
A, Hrh D R, VLB BEAR DL S5 BE P H5O0 M 32 () 4544 S 808 iUk
333 Moyt B ALY S ARG Ym R 6 AT MOMRACRE (M) 5 R £
PEFEEL D, M H CHRFE K, WRor 23 (M9 FE 6 80 (D) 5 IUHM MY ZREvETe 8 I, M, RIKERCR, H
MR E R T D, BEEIARI K23 A1 45 M R T (M. D) 52T 5% XK T B B R ) 2 AP ) 32 32
N ¥ D5HEFWFALY) ZFEEFE 5 M, B Pearson #HCPER K, S H MK (P<0.01), B SH
BRI ZHEPETE 8 D, H X REUR K, K5 Dy, HMX RN, HIEARRE (P>0.05),
HRYEHIF 52 X bR 3 25 (0] 45 ¥ 5 5505 0K T S8 3 A R 4 22 R P 4 A 0 150 mT A5 HE R R LR AR 56 R 500H
0.681 6, H A LT BLAUF X REKG LS, 15 H RS B (2R PR 2 A0
Us =—0.137 4W +0.0152M +0.157 3D - 0.048 78 —0.113 0K +0.122 4C}
{Vg=—QU8M%—OO%6H—00R5]—0MB3M3 ’
Hor: Uy AT 5B R AT ) 22 BEE A8 A X L AR 2323 (R G540 S B R AL &, 7 SRR BB A A
Y ZFEEFEAR R RS -
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®6 MAZEEHERTEHRMMEN SHEMENREXEKE HEF) 70 Pearson 18X R

Table 6 Grey correlation degree (order) and Pearson correlation coefficient between stand spatial structure and understory regeneration plant diversity

MR SRR Z AR bR

Maras M EE S5
Dy H J M,
w 0.708 5(4) 0.717 5(4) 0.687 5(5) 0.630 8(6)
M 0.733 6(1) 0.744 7(1) 0.694 1(3) 0.657 2(5)
D 0.709 9(3) 0.722 6(3) 0.730 1(1) 0.689 0(1)
j CHE
IRETIREE AT S 0.699 7(5) 0.710 5(5) 0.715 3(2) 0.668 5(3)
K 0.688 1(6) 0.700 0(6) 0.692 2(4) 0.667 3(4)
G 0.732 0(2) 0.739 6(2) 0.674 8(6) 0.674 4(2)
w 0.104 0.104 —0.021 —0.021
M 0.252 0.245 0.012 0.117
. D 0.122 0.099 —0.085 0.491**
Pearsontf 4 Hr
S 0.200 0.191 0.251 0.006
K —0.032 —0.051 -0.221 0.208
Cy 0.146 0.134 -0.261 0.266

PEHT: o+ *R5IFoR B AR XK F-P<0.01, P<0.05; &5y 2y s
4 it
4.1 W= EIEHXTH T EAREY SR R0

ARWFTERI: MoK RIS R 5 A RS | RS 5 A Y ZFEE R K ORI ok, Hh A
RBESRHREE R TIRACEE . SH/NEED S50, RIS FIRAS BE I R0 R AR U A MOMR SR Y 2
FEPERY EZ A MR R (AL RSP R 250 AR AR, TR AC SRS M AR BAR R R K
RHER -, X ATRER i TAHE Y X B i . MR AR5 AN [6] i 80, Pearson AHOC/ T 45 R R
RE SN BEARMY) SRR H . M RSP E RO, BB 3 B C (P<<0.01), TRAZE 5T RA
T Z2 FEPERR B J AR ARG (P<<0.05), RUIBEE i R FIIRAC BE 193 R BB 32 M Ak T AR ZHEE
AU OCHE R . ROV 28 (450 GRAZHEE . A RUE) FEXIAR R B AR ) AR 52 ) b o 3 et
Bro XU A RIS AR N AT Z R0 T -, A ROBERAMEAR 3 Ko Ak Jmy, 38 R R
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