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Abstract: [Objective] Neighborhood competition evaluation is fundamental to target-tree selection, density
regulation, and silvicultural tending in plantations, while competitor selection methods and competition
index construction directly influence competition intensity assessment. This study aimed to identify suitable
methods for evaluating neighborhood competition in Platycladus orientalis and Pinus tabuliformis
plantations in Beijing mountainous areas, and to analyze the competition characteristics of both species, with
the aim of informing competition assessment, neighborhood spatial regulation, and tending thinning in
plantations. [Method] Based on tree-mapped survey data from 15 sample plots of pure Platycladus
orientalis and Pinus tabuliformis plantations in the Ming Tombs area of Beijing, trees with DBH = 4 cm
were defined as subject trees, and edge correction was conducted using the plot translation method.
Competitor trees were identified using the four-neighbor method and the gradually increasing radius method,
respectively; for the gradually increasing radius method, segmented linear fitting was used to determine the
optimal neighborhood ranges at the species and diameter-class levels, and paired t-tests were used to
compare the two species. Based on the Hegyi competition index, seven types of neighborhood competition
indices were constructed using DBH, tree height, crown width, and their combinations. The suitability of the
two competitor-tree selection methods was evaluated by comparing among-plot differences in competition
indices, as well as the correlations and fitting performance between competition indices and tree attributes.
Under the selected method, the performance of different competition indices and tree attributes in
characterizing neighborhood competition was further evaluated, and neighborhood competition
characteristics were compared between the two species. [Result] (1) The overall optimal neighborhood
ranges of Platycladus orientalis and Pinus tabuliformis were similar. For both species, the optimal
neighborhood range was larger for small-diameter trees and generally decreased and tended to stabilize with
increasing DBH. (2) Comparisons among plots within the same compartment showed that the four-neighbor
method detected fewer significant differences in competition intensity than the gradually increasing radius
method. The overall analysis across all sample plots showed that competition indices derived from the four-
neighbor method generally had stronger correlations and higher goodness of fit with DBH, tree height, and
crown width of subject trees. These results indicated that the four-neighbor method was more suitable as the
main basis for the subsequent evaluation of neighborhood competition indices and tree attributes. (3) Among
the seven types of neighborhood competition indices based on the four-neighbor method, CI-DHW generally
showed good correlations and fitting performance with multiple tree attributes, indicating that CI-DHW,
which integrates three tree attributes, provided a better overall characterization of neighborhood competition
intensity. (4) Under the four-neighbor method, DBH generally showed stronger associations with
neighborhood competition indices than tree height and crown width, indicating its potential as a basic
indicator of neighborhood competition, with crown width of Platycladus orientalis and tree height of Pinus
tabuliformis as auxiliary judging factors. [Conclusion] Under the studied stand conditions, the most
suitable competitor-tree selection method, basic indicator, and neighborhood competition index for
evaluating neighborhood competition intensity in Platycladus orientalis and Pinus tabuliformis plantations
were the four-neighbor method, DBH, and CI-DHW, respectively. These results can provide a basis for
target-tree competition identification, neighborhood regulation, and related tending practices.

Key words: Platycladus orientalis; Pinus tabuliformis; plantation; optimal neighborhood range;

neighborhood competition index; disturbance effect; forest management; scientific tending
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Tab. 1 Site information of sampling plots

B vyt W/ M PR CPIEE/ R hm™)  EE PR em PR E/m P diE/m
11-1 MUK Platycladus orientalis 40 i 45 1272 0.5 10.8+£0.3 6.1+0.1 26+0.1
112 WA Platycladus orientalis 40 i 45 1488 0.7 10503 62+0.1 2.6+0.1
12-1 WA Platycladus orientalis 40 [iip] 24 1774 0.6 10.9£03 8.7+02 25+0.1
12-2 WK1 Platycladus orientalis 40 B[4 24 1980 0.6 10.7+0.3 8.7+0.3 24+0.1
12-3 WA Platycladus orientalis 40 it [ 24 1435 0.4 10.9+03 6.8+0.1 1.9+0.1
12-4 WA Platycladus orientalis 40 [iip] 24 2071 0.7 102£03 6.7+0.2 2.1+0.1
13-1 MUK Platycladus orientalis 30 [ 28 1113 0.6 11.8+0.4 73+0.1 24+0.1
13-2 Wi Platycladus orientalis 30 ViR 28 1247 0.8 13.2+04 9.6+0.3 3.8+0.2
13-3 A1 Platycladus orientalis 30 fii=) 28 1 449 0.6 12.1+£0.4 73+0.1 2.7+0.1
15-1 MUK Platycladus orientalis 40 [ 26 1 460 0.4 11.6+0.4 6.6+0.2 2.1+0.1
15-2 Wi Platycladus orientalis 40 i} 26 828 0.3 127+ 0.4 7.0+0.1 2.1+0.1
15-3  {WAf1 Platycladus orientalis 40 ik 26 2122 0.7 14.0+0.4 9.1+0.3 3.5+02
25-1 iHFA Pinus tabuliformis 40 (g 45 1215 0.6 154+0.6 10.9+0.4 33+0.1
35-1 JMFA Pinus tabuliformis 40 ik 46 961 0.4 17.3+0.7 112+04 3.1+0.1
35-2  JMFA Pinus tabuliformis 40 (g 46 1213 0.7 152+05 8.6+0.3 4102
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Fig. 2 Diameter distribution of Platycladus orientalis and Pinus tabuliformis in the sampling plots
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Fig. 3 Relationship between the average comprehensive competition index per competitor tree and search radius

FERE A Y CI-HW S35 2 7 (R 5D, MiiA &35 4+ 48
B AR R ) B 25 2 7 (R 6); BB KPR
R, MIAIBRTE 12 5/NE 12-3 5 12-4 FEHb RS H
CI-W fil CI-HW {2 3% % 4, I 1E 15 5 /N YEAS th
15-1 5 15-2 BE#b [A] CI-D. CI-W #1 CI-DW (] &
Z 5, LM 15-1 5 15-3 #£ 3l [8] CI-DH ) 2 3% 22 =
(R 75 WA 8 56 G 48 BT R A tH A i 1] (2. 25 22 S

(R 8)o WUARRVE T3 58 4 48 BAE MBI 2 26 AF T
FRIARE M T 3 B 0 55, T RE R WY X [ — /N DIE P R 3
ZE S A BT BT R ARIR AR I R 3
TR 25 o WS s S S 0 s J5E A0 408 4 22 18] 73 A1 A2 A W]
RESE OV BURK o 2 P 7 VALE R I 22 3 A HY O T SR A
[FIRFAIE, fEHE IR 7 45 & 58 e U S ORI 719
RERGE RERE W o

&3 AREMNHRESEEE
Tab. 3 Optimal neighbor ranges for different DBH classes of Platycladus orientalis

ZHr/em Ji 1 TiE2 HRE AT 4V il /m
5 y=-0.785x + 4.481 y=-0.098x + 1.883 3.787
7 y=-0.428x +2.203 y=-0.062x + 1.040 3.173
9 y=-0.244x + 1.186 y=-0.039x + 0.606 2.833

11 y=-0.299x + 0916 y=-0.021x + 0.335 2.087
13 y=-0.097x + 0.419 y=-0.019x +0.262 2.000
15 y=—0.125x + 0.441 y=-0.013x+0.196 2.191
17 y=—0.095x +0.275 y=-0.005x + 0.108 1.853
19 y=-0.046x + 0.184 y=-0.004x + 0.085 2.383
21 y=—0.289x +0.601 3 =-0.005x + 0.091 1.794
x4 FEEMHRARESEEE
Tab.4 Optimal neighbor ranges for different DBH classes of Pinus tabuliformis

ZB/em J7 1 JiFE2 HRE A Al /m
7 y=-3.129x + 12.239 y=-0.163x + 2.349 3.334
9 y=-3.054x + 10.856 y=-0.134x + 2.104 2.997

11 y=-0.352x + 1.248 y=-0.024x + 0.494 2.298
13 y=-0.314x+1.079 y=-0.022x + 0.386 2.379
15 y=-0.706x + 1.837 y=-0.035x + 0.457 2.057
17 y=-0.110x + 0.464 y=-0.017x + 0.257 2.229
19 y=-0411x+1.050 y=-0.013x+0.200 2.139
21 y=-0.359x + 1.086 y=-0.026x +0.380 2.123
23 y=-0.065x + 0.220 y=-0.002x + 0.076 2.278
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Tab.5 Average intensity of different neighborhood competition indices of Platycladus orientalis at

x5 MEMEERIMNMNESFERBEERERTHE

plots by the four-neighbor method

R o SRR CI-D CI-H CI-W CI-DH CI-DW CI-HW CI-DHW
11-1 83 277024 abc  2.74+024abc 291+027abc 3.16+0.36abcd 3.49+0.45 ab 3.38+0.42 ab 4.48 £ 0.83 abc
11-2 98 2.50+0.16 abc 243 +0.14abc  2.52+0.15abc 2.87+0.21 abed 3.07+0.24abc 2.97+0.23 abc  3.91 +£0.42 abed
12-1 107 2.79+0.21 ab 2.79+0.22 ab 3.24+0.36 ab 3.04 £ 0.25 abe 4.10£0.56 ab 3.59+0.41 ab 4.83 £ 0.68 abc
12-2 103 293+0.14a 290+0.15a 3.18+0.19 ab 3.30+£0.22 ac 3.890+032a 3.65 +0.29 ab 4.82 +£0.50 ab
12-3 86 2.76 £ 0.23 ab 248+0.18abc  2.57+0.19abcd 3.03+0.28 abcd 3.38+0.36 ab 2.71+0.21 be 3.92 +0.51 abed
12-4 85 326+025a 3.28+025a 374+ 034 a 428+039a 498+0.53a 498+0.56a 7.69+1.06a
13-1 81 2.16£0.16 bcd 1.94+0.07 cd 1.99+0.10 cd 2.26 +0.19 bde 242+024bcd 2.03+0.11 cd 2.58+0.28 cd
13-2 74 2.27+0.18 abed 2.18+0.16 bed 2.40+£0.21bcd 2.58+0.25bcd  3.10+£0.38abc 2.68£0.27bcd 3.77£0.57 abed
13-3 98 2.72+024abc  2.56+022abc 2.73+0.25abcd 2.90+0.26 abcd 3.34+0.31 ab 293+0.27abc  3.78+0.39 bc
15-1 74 2.87 +0.40 abcd 2.78 +0.43 abcd 2.76 £0.39 abcd 3.11 +£0.57 abcde 2.94 +0.43 abecd 2.82 +0.49 abed 3.30 £ 0.66 bed
15-2 51 1.85+0.13 cd 1.89+0.12 cd 1.87+0.11d 1.97 £ 0.20 de 1.92+0.17 cd 1.91+0.15¢cd 2.08+0.27d
15-3 56 1.60+0.11d 1.53+0.12d 1.87+0.19 c¢d 1.33+0.16 ¢ 1.58+£0.25d 1.57+0.26d 1.77+0.41d
1 AR FREROR A — S S e BUSE AN R ] 22 57 225 (P < 0.05). N
F o6 MMBEEGRIRHRSEMSEESFESTHE
Tab. 6 Average intensity of different neighborhood competition indices of Pinus tabuliformis at
plots by the four-neighbor method

ES 8 B/ N4 CI-D CI-H CI-W CI-DH CI-DW CI-HW CI-DHW

25-1 60 227+0.16 a 2.11+0.14a 231+0.15a 2.50+0.20a 293+0.29a 270+ 028 a 377+0.75a

35-1 55 2.84+0.40a 2.79+038a 290+0.44a 3.12+0.50 a 345+0.62a 324+054a 438+093a

35-2 62 2.36+0.18a 231+0.16a 2.52+021a 2775+036a 3.02+0.38a 291+£037a 397+0.80a
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Tab. 7 Average intensity of different neighborhood competition indices of Platycladus orientalis at plots by the gradually
expanding-radius method
FEdL e ROREE CI-D CI-H CI-W CI-DH CI-DW CI-HW CI-DHW
11-1 77 238+0.26abcd 237+0.25abc  2.49+028abed 2.61+0.30abed 2.84+0.36abed 2.77 +0.35abed  3.40 % 0.54 bed
11-2 97 202+0.17bed  1.95+0.16bed 2.03+0.17cd  231+021bed 249+025bcd 2.42+024bed  3.20 % 0.42 bed
12-1 101 2.61+024abc  259+024ab  3.08+039abc 2.86+028abc 4.04+0.65abc 3.45+0.45abc  4.85+ .82 abc
12-2 101 3.05+£020a 2.96+0.18 a 326+£023ab  3.45+032ab  4.07+043ab  3.72+034ab  5.09+0.73 ab
12-3 83 248+0.26abcd 220+0.22abed 230+023bed 2.71+0.31abed 3.08+0.39abed 2.43+024bed  3.59 +0.53 abed
12-4 83 3.64+04la  3.51+035a 396+044a  456+0.56a 515+ 064a  4.87+0.55a 7214097 a
13-1 73 1.78+021bcd  1.46+0.10d 152+0.12d 1.87+£023cd  208+03lcd 155+0.13d  222+0.35cd
13-2 64 1.64+£020cd  156+0.19c¢d  1.76+022cd  1.83+025cd 228+036bcd 1.95+027cd  2.76+0.54 bed
13-3 90 2.37+0.28 abcd 2.22+0.25abcd 2.36 £0.27 abecd 2.53 £0.30 abed 2.84 £0.34 abcd 2.50 £0.29bed  3.19 +0.41 bed
15-1 72 460+0.84ab 445+0.86abc 4.49+084abc 4.71+0.88abc 4.67+0.86abc 4.46=0.86 abcd 4.85+0.91 abed
15-2 47 1.56+0.19d 158+0.18cd  1.56+0.17d 1.67+026cd  1.61+0.22d 1.60+021d 1.77+0.33d
15-3 49 1.79+0.16bed 1.71£0.17becd  2.10£024cd  1.52+021d 1.74£029¢d  1.78+£03lcd  2.05+0.50 cd
® 8 BEY AFEEBIMNMRFSESZSSEHTINE
Tab. 8 Average intensity of different neighborhood competition indices of Pinus tabuliformis at plots by the gradually
expanding-radius method
ML XNEAREE CI-D CI-H CI-W CI-DH CI-DW CI-HW CI-DHW
25-1 55 196+0.18a  1.83+0.16a  1.98+0.18a  226+02la  2.66=033a 242+039a 323+049a
35-1 46 239+029a  236+036a 243+04la 298+038a  3.15+0.59a  3.10+0.54a 3.93+0.75a
352 55 203+024a  207+02la  2.12+025a 2.67+030a 287+046a 285+046a 3.35+0.52a
F9 BUVEESEHEWNEAMRKEFXR ( ELBEE)
Tab. 9 Fitting results and correlation coefficients between forest factors and neighborhood competition
indices by the four-neighbor method
o, gﬁg 12(D) W CHD HEIECW)
" A R P HIXZR% YA R2 P HXRH YA R P HIXFR%
CI-D  y=29.203D7'138  0.411 <0.001 -0.662** y=5.089H7032  0.078 <0.001 —0.346™ »=3.128W082 0.180 <0.001 —0.464**
CI-H  y=9479p~0673  0.173 <0.001 -0.439" 1=6.038H ¥  0.129 <0.001 -0.426™ »=2.727W 0431 0.118 <0.001 —0.384**
CL-W  y=16.285D708%8  0.223 <0.001 -0.498** »=4.54377043  0.052 <0.001 —0.272** »=4211W-0%2 0.386 <0.001 —0.625**
{4 CI-DH y:95,4g7D—1»576 0.457 <0.001 —0.717* y=27.192H~'?75 0.208 <0.001 —(.498** y:4.679W_0‘895 0.233 <0.001 —0.512**
CI-DW  y=177.560D~'817 0.451 <0.001 -0.707** »=19.492H~'085 0.143 <0.001 -0.370** »=7.466W~'3% 0.405 <0.001 —0.651**
CI-HW  y=50.845p 3%  0.292 <0.001 -0.600** »=24.936H~'?25 0.202 <0.001 -0.440** »=6.252W~'2?> 0.399 <0.001 —0.635**
CI-DHW y=625223D~237% 0.540 <0.001 -0.737** »=41.587H~'"** 0.215<0.001 -0.466* »=8.020W~'7> 0.409 <0.001 —0.664**
CI-D  y=33.644D7'99 (310 <0.001 —-0.585"* y=10.074H~%"3 0.156 <0.001 —0.442** »=2917W~037 0.072 <0.001 —0.247**
CI-H  =15.845p707%0  0.195 <0.001 —0.480™ ;=11.281H-07% 0.205 <0.001 -0.511** »=2.639W 0313 0.051 0.003 -0.204**
CL-W  y=18.497D~0828  0.183 <0.001 -0.431** »=9.076H 0678  0.127 <0.001 —-0.379** y=4.009W 0040 0.182 <0.001 —0.419**
ks CI-DH - 3=226.210D71746  0.389 <0.001 —0.625" 3=65.006H1545 0.334 <0.001 —0.570" »=4.538W~"132 0.131 <0.001 —0.337**
CI-DW  3=241.530p~1730 0.355 <0.001 —0.590" 1=37.405H"'276 0.207 <0.001 -0.439** ,=7.838W~1183 0.289 <0.001 —0.504**
CI-HW  3=125.190D~1516  0.293 <0.001 —0.536™ 1=47.113H~'387 0.269 <0.001 -0.523** ;=6.923W~1092 0.280 <0.001 -0.493*
CI-DHW 3=1961.694D~23%7 0.539 <0.001 —0.730" 1=247.808H~>!114 0.390 <0.001 -0.611* »=10.475W~!448 0.295 <0.001 -0.511*

T *FRIRTE0.01 K ERFMK. T,
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Tab. 10 Fitting results and correlation coefficients between forest factors and neighborhood competition
indices by the gradually expanding-radius method

Atk a2 (D> W CHD FREMECW)

" A R? P OHXRE AR R? P MHXRH A R? P HRRE

CI-D  y=29.708D7 1197 0.190 <0.001 —0.447" »=6.387H~0%% 0,049 <0.001 —0.203** 1=3.268W~%"73 0.116 <0.001 —-0.353*
CI-H  =7739p0641  0.060 <0.001 —0.288* ,=8.214H~0805  0.079 <0.001 —0.243" 1=2746W~0-588 0.074 <0.001 -0,289"
CI-W  3=14.088D70876  0.099 <0.001 —0.356* »=58637~001% 0.040 <0.001 —0.171" y=4.422W~"115 0.232 <0.001 -0.474"
iy C-DH =19.279p~1645  0.274 <0.001 —0.547** 1=23.160H~'32> 0.147 <0.001 -0.357* y=4.145W~1-05% 0.165 <0.001 —0.429**
CI-DW  y=6.093D~181  0.303 <0.001 -0.574™ y=16.482H"127 0.090 <0.001 —0.280** 1=6.744W 1390 0.313 <0.001 —-0.558**
CI-HW  )=11.468D71330  0.177 <0.001 —0.467** »=21.107H"1267 0.134 <0.001 —0.321"* 1=5.560W~'392 0.283 <0.001 —0.524*
CI-DHW y=479 625D~>33¢ 0.350 <0.001 -0.621"* »=59.823H 1771 0.167 <0.001 —0.374** ,=8.619W~1-8? 0.323 <0.001 -0.566"

CI-D  y=35.675D7"176  0.127 <0.001 —0.330" 1=6.274H~0%46 0,041 0.011 -0.206™ =2.409W~044 0.037 0.016 —-0.159**
CI-H  y=16.525D7%85  0.078 <0.001 -0.277"* »=8.720H~07%2 0.065 0.001 —0.272** 1=2209W~0-376 0.028 0.038 —0.142*

CI-W  y=02.654D0%3  0.099 <0.001 —-0.294" ;=53535703% 0.032 0.025 —0.188** ;=3.785W 0780 0.125 <0.001 —-0.322**
s CI-DH - 3=206.757D7 1843 0.211 <0.001 -0.450** 1=35.856H" 4% 0.137 <0.001 -0.382* »=3.079W~07!8 0.064 0.001 —0.225"
CI-DW  y=272.759p~1918 0.237 <0.001 -0.408" »=22.861H 120 0.100 <0.001 —0.313** ;=5251W~1-122 0.163 <0.001 -0.382*
CIHW  1=129371D76% 0.189 <0.001 ~0368" y=31.525H'% 0.136 <0.001 —0.368"" =4.770W =" 0.152 <0.001 -0.352""
CI-DHW 3=1685.955D72693 0.290 <0.001 -0.518" ;=138.729H~>022 0.186 <0.001 —0.429** 1=6739W1-382 0.164 <0.001 —-0.387*

F 11 WBEE TN R S BT RIS AT
Tab. 11  General characteristics of neighborhood competition indices of Platycladus orientalis and
Pinus tabuliformis calculated by the four-neighbor method

j i ik
LIS X
¥l M LoN| ¥yt M o

CI-D 2.61+£0.07 de 0.51 18.81 245+0.15b 0.36 13.92
CI-H 2.52+0.06 ¢ 0.53 23.12 2.39+0.14b 0.33 12.08
CI-W 2.72 £ 0.08 cde 0.49 30.40 2.57+0.21b 0.37 18.62
CI-DH 2.91 +0.09 bed 0.27 35.37 2.78 £ 0.20 ab 0.11 14.99
CI-DW 331+0.12b 0.24 38.59 3.12+£0.29 ab 0.16 36.43
CI-HW 3.04 +0.10 be 0.26 31.03 2.94 +0.25 ab 0.14 29.36
CI-DHW 4.08+0.18a 0.13 55.79 4.03+047a 0.05 49.77

® 12 WBEETHRBEXENHRAREFSHETRIEHXR
Tab. 12 Relationships between tree attributes and neighborhood competition indices after excluding
autocorrelation by the four-neighbor method

el PRACH T TRER QAT SR AL HOE R HE R2YMH
g4z CI-H. CI-W, CI-HW 0.512 0.229

A W CI-D. CI-W, CI-DW 0.329 0.091
e CI-D. CI-H. CI-DH 0.453 0.177
4% CI-H. CI-W, CI-HW 0.482 0.224

A W CI-D. CI-W, CI-DW 0.420 0.163
I CI-D. CI-H. CI-DH 0.263 0.085

3 it W 2 TAIC B AMAR RN 70 A AR o 2 4 25 R 1t S5 A 3

SRR BE M o T A8 Ll DX R AT AR N AR 5
N IR RARAKE AT TEF MR B MR 2 B W R0 LA B — Szt 2% 1 i T 52
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