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Relationship between Plantation Density and the Plants Diversity
under Forest of Picea crassifolia in Alpine Region

ZOU Yang',HE Kangning* ,ZHAOQO Chang',ZHOU Jian? ,ZHAO Dandan® , AN Guocai’

(1 College of Soil and Water Conservation, Beijing Forestry University,Beijing 100083, China;2 College of Nature Conservation,
Beijing Forestry University, Beijing 100083, China;3 Baoku Forest Farm of Datong County,Datong, Qinghai 810100, China)

Abstract ; Six types of 25 years stand density(3 400 plants/hm*,2 900 plants/hm?,2 600 plants/hm?®,2 300
plants/hm”,2 150 plants/hm” and 1 750 plants/hm*) were selected,and the law of importance values,spe-
cies richness, species diversity index,evenness index with stand density were analyzed to study the relation-
ship between stand density and plant diversity of under growth of Picea crassifolia plantation in Baoku
Forest farm at Datong County of Qinghai Province. The aim of this paper was to verify an appropriate stand
density that could improve plants diversity and maintain the stability of plantation ecosystem. The result
showed that: (1) There were 60 vascular plants and one nonvascular plant in 45 families and 29 genera of
under growth in P. crassifolia in the study area. (2)Stand density had a significant influence on dominant

plants in shrub layer,but the influence was not obvious in herb layer; (3) There was a positive correlation
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between stand diversity and species richness index,Shannon-Wiener index and Alatalo index in shrub lay-

er,and the correlation coefficients were 0. 688,0. 937,0. 762, respectively. With respect to herb layer, the

correlation between them was also obvious,and the correlation coefficients were 0. 679,0. 870,0. 505, re-

spectively. (4) As stand density increased, plants diversity decreased firstly, then increased and finally de-

creased. The research suggested that the response of plant diversity of understory vegetation to stand den-

sity was non-synchronous. When density arrived at 2 600 hm®,the understory plant diversity reached the

maximum, which indicated that the density was more appropriate for growth and development of understo-

ry vegetation,and can contribute to an increase in forest diversity.

Key words: plants diversity; Picea crassi folia plantation;stand density;relationship;alpine region
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Table 1 Environmental factors in plots of P. crassifolia plantation
%5 HATHE il s %73 W i fi 3 1o kil
Plot Plant spacing Stand density Altitude Slope Slope Slope Canopy
number /(mXm) /(plant « hm™?%) /m degree/’ position aspect density
2X1.5 3350 2 900 18 1 Middle and lower it North 0.75
1 2X1.5 3 300 2 844 16 it Middle 4t North 0.7
2X1.5 3425 2 836 18 t Middle P54t Northwest 0.75
1.8X1.8 2 950 2 859 22 I Middle and lower it North 0.8
If 1.8X1.8 2 875 2 900 22 F Lower P9t Northwest 0.7
1.8X1.8 3000 2919 23 F Lower 754t Northwest 0.85
2X2 2 550 2 861 16 T Lower it North 0.7
il 2X2 2 600 2 990 18 T Lower it North 0.8
2X2 2625 3035 18 i F Middle and lower it North 0.6
1.5X3 2 425 2 851 16 t Middle P4t Northwest 0.5
v 1.5X3 2 300 3000 16 t Middle Pt Northwest 0.6
1.5X3 2 300 3030 18 t Middle it North 0.5
2.5X2 2 200 2 860 23 1 Middle and lower 4t North 0.6
Vv 2.5X2 2 150 3025 20 i Middle 4t North 0.5
2.5X2 2125 3050 22 & Middle it Northwest 0.5
3X2 1750 2 960 17 1 F Middle and lower 75t Northwest 0.5
VI 3X2 1 800 2939 16 f Middle 75t Northwest 0.5
3X2 1750 2 990 16 i Middle 74t Northwest 0.5

Alatalo 8%t (Ea) : Ea=[ (X P;*) ' —1]/[exp
(=2 P;InP)—1]
KPS BRI RIAY) RIS P= N, /N, &Fh i
RIS AR BT A T ) S B B N R e 1
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FIFH SPSS #51: %f 4% 6 Btk 47 07 22 73 #r L
I3 B IF 58 R AT Pearson MG
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EBZCAINARAZEETEEZRE
S A ) R v Y S AR T Y 2
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Table 2 Importance values of undergrowth dominant plants at

different stand densities of P. crassifolia plantation

Bk W FZ A Importance value
Layer Species I I Il IV V il
NEZ Evonymus przewalskii 19. 94 - 5.61 - - 3.11
Ik J& % 7% Rosa omeiensis 35.2 - - 23.77 20. 09 6.77
FH 88 )L Caragana tangutica 35. 64 - — 14,93 7.05 —
4§ Potentilla fruticosa - 36.62 55 - - 2.59
Sh‘{r%/bklicr BG4 % Spiraea morrisonicola - 1.62 - 34.14 20.33 3.25
LLAE B & Lonicera rupicola var. syringantha - - - 13.54 22.18 4.97
[ E 2 4 Lonicera hispida - - 0.89 1.41 17.74 40, 88
F LA Spiraea mongolica - 22.18 13. 54 0.91 1.94 —
ZW W) Salix al fredi - 16.27 13.21 - - -
YA B Polygonum vivi parum 4,62 4,36 10. 82 10. 76 10. 49 15.48
At B E Carex rigescens 17.69 20. 38 23.11 26,17 21. 64 26. 88
&8 Bryophyta 22.21 30. 25 28.24 24,01 12 10.13
KB E Fragaria orientalis 5.74 7.32 - 5. 46 4.33 8.87
Hzgilfier AL # 3% Viola biflora 3.04 6.77 3.22 6.57 - 3.12
EALWEKF Cardamine tangutorum 5.53 — 1,12 5 2.13 2.04
ZEWi k% Potentilla chinensis 5.65 — 10. 64 6.17 8.81 7.25
W3 M E % Saussurea epilobioides 2.04 1.56 6.01 2.23 4.8 1.56
BHF Rubus corchorifolius 1.64 — 4.53 3.66 — 1.24

H: D~V HFHZBATHEELE 1; TR,
Note: | ~ VI. Stand densities of P. crassi folia plantation is same as Table 1;The same as below.
R3 BEEZMAIRTAZERTEDSHESHT

Table 3 Plant diversity of undergrowth at different stand densities of P. crassi folia plantation

, b 43 535 F St vz ¥
BRF R W% Stand density (iﬁ;él‘f_\fy
Undergrowth . . correfation
I Il Il I\ V W coefficient
S 5a 6a 8b 8b 6a 10¢ 0.688* *
H 1.329a 1.454b 1.574c 1.603c 1.662c 1.663c 0,937~
e
AR D 0.7la 0.746a 0.785a 0.716a 0.713a 0.73% —0.034
Shrub layer
J 0.737a 0.823b 0. 865bc 0.78ab 0.774ab 0.833b 0.169
Ea 0.742a 0.803b 0.906¢ 0.89¢ 0.869¢ 0.921c 0.762* "
S 17a 14b 18a 23¢ 18a 22¢ 0.679* *
H 1.484a 1.571b 1.819¢ 1.811c 1.804c¢ 1. 855¢ 0.870* *
HAJR D 0.659%a 0.667a 0.733b 0.684a 0.653a 0.739b 0. 364
Herb layer
J 0.583a 0.617a 0. 638b 0.573a 0.561a 0.64b 0.067
Ea 0.473a 0.471a 0.621b 0.559¢ 0.542¢ 0.562¢ 0.505*

T AT HER R AR AR /NG 83 R R 2 57 B3 (P<<0.05) 5+ + RIRAE P=0.01 K P E; » KR P=0.05 KT BE.
Note: The difference normal letters in the same row indicate significant difference at 0. 05 level; * % . Correlation is significant at the 0. 01 level; % . Correlation

is significant at the 0. 05 level.
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Fig. 1 Species diversity index values of different

density stands of P. crassifolia plantation
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Fig. 2 Evenness index values of different density

stands of P. crassifolia plantation
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Plant diversity scores of different
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Table 4 Principal component analysis of plant diversity of P. crassifolia plantation
B0 M Factor FHE(H HETURE Fit suik s
Principal component S I3 D I Ea Eigenvalue % of variance Cumulative/ %
P, —0. 950 —0.577 0.699 0.941 0. 896
154 Z 8 Score coefficient —0.039 0.258 0.470 0.316 0.337 3330 66.6 66.6
P, 0.349 0.765 0.573 0.165 0.226
1843 Z %1 Score coefficient 0.413 0.660 0.297 —0.044 0.009 L1 2.3 88.9
NV A AR Yy
R o N A I
shrub layer herb layer score
1 —1.782 6 —1.309 6 —3.091 6
I —0.088 3 —0.728 5 —0.815 4
I 1.532 1 1.528 1 3.059 1
v —0.197 4 —0.116 3 —0.313 3
vV —0.231 5 —0.664 4 —0.895 5
il 0.766 2 1. 289 2 2.055 2
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