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The density effect of Platycladus orientalis plantation in Beijing area

DUAN Jie, MA Liiyi, JIA Liming, XU Chengyang, JIA Zhongkui, CHE Wenrui
Key Laboratory for Silviculture and Conservation of the Ministry of Education College of Forestry, Beijing Forestry University, Beiyjing 100083, China

Abstract: Density is one of the important factors that affects the growth of forests, especially plantations. Tree crowns are
places where forest ecosystems exchange energy and materials with other systems. The response of the growth of trees and
tree crowns to forest density can be considered as a phenomenon of adaptation by organisms to the environment. Studying the
response of tree growth to density effect is an important topic in ecology and silviculture. The objective of this study was to
investigate the relationship between tree diameter at breast height ( DBH) , tree height, crown width and the stand density
in even-aged Platycladus orientalis plantation. In total 23 plots with 8 different densities were etablished in Beijing mountain
area, China in 2009. The densities of stands varied between 755 and 4577 trees/hm’. Two type of plots with an area of 20
m X20 m or 15 m x 15 m were created, Average ages of selected stands were between 24 and 40 years. We referred to the
crown investigation indexes developed by USDA, Forest Service during the investigation. The crown growth indexes were
grouped into two-dimensional indexes and three-dimensional indexes. Results of the investigation were shown as following .
(1) Stand density affected the growth indexes significantly. The growth of the average DBH, average height, and average
crown width all decreased accompany the increase of density. The effect was particularly obvious when the density was
under 3000 trees/ hm’. When the density was above 3000 trees/ hm’, the decrease of the growth indexes slowed. We built
alleometric models to predict DBH, tree height, and crown width from the density. The format of the model was y = ax”, the
correlation index (R®) were 0.990, 0.955 and 0. 891 for three models. (2) The increase of density affected the shape of

tree crowns greatly. The crowns were inhibited significantly in both horizontal and vertical directions. The shape of tree
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crowns appeared to change from plump to narrow. (3) Two-dimensional indexes and three-dimensional indexes were
correlated to tree densities. The result showed that the crown length, crown ratio, crown production efficiency, crown
density, composite crown surface area, composite crown volume were negatively correlated with the tree density, while the
crown fullness ratio, crown production efficiency were positively correlated with the tree density. All those indicated that the
increase of stand density could inhibit the growth of tree crowns significantly. (4) Branches were analyzed to study the
effects of tree densities on the length of branch, average growth increment of branch volume, and consecutive annual growth
increment of branch volume. The increment of length of branch was not significantly different from that of the branch volume
in young stands. The increment of length of branch did not change significantly as the tree density has been changed. The
growth of volume of branch responded negatively to the tree densities. This might be caused by the complex environment.
(5) Crown width is the most easy-to-measure index of tree crowns during forest inventory and other indexes can be
calculated from it. A model was constructed to predict the crown width from DBH, crown ratio, and stand density. After
considering the multicollinearity of independent variables, the final model was only based on DBH. The DBH-CW model
could predict the growth of crown width of young Platycladus orientalis plantations well (R* =0.96).

Key Words: Platycladus orientalis plantation; crown; stand density; growth model; Beijing mountain area
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Table 1 Basic characteristics of Platycladus orientalis plantation plots

ﬁ‘éﬁéﬁ%’ rn Dﬁ)ﬁ. ?ﬁifi o e Rl e RG] P
Toup Age/a ensity Elevation Aspect Slope Mean DBH Mean H Avg. crown
number / (Bk/hm?) /m /(°) /cm /m width/m
1 33—35 755—933 155—282 N, SE 6—23 13.8 8.8 3.1
2 33—35 1155—1422 115—267 N,S 5—8 11.9 7.5 2.8
3 26—34 1600—1867 131—155 N,SE 5—20 9.8 6.7 2.1
4 35—40 2000—2500 131—140 S,SE 5—8 8.3 6.2 2.0
5 33—36 2800 201—231 NE,S 5—30 8 5.8 2.0
6 26—34 3200—3350 170—175 NE,S 6—23 7.6 4.9 1.9
7 33—35 3500—3835 115—230 S,SE 6—20 6.8 4.8 1.9
8 33—36 4333—4577 131—271 S,SE 3—6 6.1 5.1 1.8
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Fig. 1 Figure of the relationship of main growth indices and density of Platycladus orientalis plantation

F2 MEAIRERERSEEREERKER
Table 2 Allometric model of growth indices and density of Platycladus orientalis plantation

K A5hR 2% Parameters

2
Growth index a b R F P
a4 DBH 374.5 -0.5 0.990 4863.5 0. 000
Wi H 111.0 -0.4 0.955 1850.1 0. 000
TiiE CW 34.2 -0.4 0.891 809.3 0. 000
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Table 3 Correlation coefficients matrix among crown indices of Platycladus orientalis plantation and stand density

SH ltem i E 4565 Crown indices in two dimension =4ER$5iE45FR Crown indices in three dimension
D CL CR CFR CD CCSA cev CEFF

D 1. 000 -0.919** -0.906 ** 0.624 -0.497 -0.795* -0.791* 0.917 **

CL 1.000 0.838** -0.523 0.763* 0.947 ** 0.945** -0.968 **

CR 1.000 -0.401 0.432 0.785* 0.791* -0.882**

CFR 1.000 -0.067 -0.268 -0.243 0.370

CcD 1.000 0.888 ** 0.881** -0.735*

CCSA 1.000 0.998 ** -0.938 **

cev 1.000 -0.948**

CEFF 1.000

* % P<0.01; *: P<0.05; D:BE; CL: RWEKEE; CR: MiEH; CFR: EWHEE; CD: BIEHE; CCSA: RERMEM; CCV: MIEHR
CEFF: Bt 3%
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Fig. 3 Variation diagram of branch growth increment of Platycladus orientalis plantation in different density group
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Fig. 4 Variation diagram of branch volume increment of Platycladus orientalis plantation in different density group
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Table 4 Correlation coefficients matrix of crown model variables of Platycladus orientalis plantation

A& Variables cw DBH CR D
cw 1.000 0.969 ** 0.843 ** -0.849 "
DBH 1.000 0.894 ** -0.945**
CR 1. 000 -0.906

D 1.000

# % ; P<0.01; CW: 5%0&; DBH: [fif%; CR: WE3%; D, %

5 NIRRT B AR B 2 EIAE SR, R P R BOBRUL I B 28 B AR SRR , SRR T
100 BNy A8 B IRV AP AE P B S T Ah Lk, O 25 LU DIMEIR B 1) | AR R WA HAEFEAR SRR R . K5 BR
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Table 5 Collinearity diagnostics table of independent variables of crown model

i3S FRAEAR LI J5 22 He |3 Variance Proportions
Dimension Eigen value Condition index ¥ Constant DBH CR D
2 0.233 4.019 0.00 0.00 0.010 0.042
3 0.003 35.782 0.013 0.014 0.963 0.690
4 0.000 207.695 0.987 0.986 0.027 0.267

F6 MHAIHTIREE
Table 6 Crown model of Platycladus orientalis plantation

2% Parameters

157 Model R? F P
HE Constant a b
LR PR Liner model 0.614 0.175 0.929 1233.333 0.000
— I Quadratic model 2.050 ~0.134 0.016 0.961 1505. 053 0.000
3 #ig5itig

AICHIFE T 23 BRA[R) 58 BEAS BE RO DA TR i AAE b, o A7 T 8 BEX MROR AR R W T2 K B R i, 45
HELTF 458
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R/ hm” BN E] 3000 A/ hm” 32 A2 o 306V IR DU , MR A 7= 1 B AR, [] B B 2 36 WA L T4k Ak
2B ¥ B BE R HIAE 3000 #%/hm” LA
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