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Path Analysis of Canopy Morphological Factors and Growth Form
Quality of Chinese Fir Plantation with Different Forest Ages

ZHANG Lili, TAN Xinjian", SI Fangfang,ZHANG Huacong,
LI Aoxiang, PAN Wenting'

(Subtropical Forestry Experimental Center, Chinese Academy of Forestry , Fenyi, Jiangxi 336600, China)

Abstract: [ Objective | The effects of canopy morphological factors of Chinese fir at different ages on
individual volume index, DBH and non—nodular wood length were explored to determine the focus and direction
of canopy morphological regulation of Chinese fir at different ages, thus providing scientific basis for cultivating
fast—growing and high—yield Chinese fir forest. [ Method ] Three Chinese fir plantations of different age groups
in Dagang Mountain of Jiangxi Province were studied. Correlation analysis and path analysis were used to
analyze the relationship between the canopy morphological characteristics of Chinese fir trees and the
individual volume index, DBH and length of non—knot timber. [Result | The correlation between canopy
morphological factors and growth traits was obvious at different age stages, and the correlation was most
significant at the middle—aged forest stage.The direct effects of canopy morphological factors on growth shape
and quality traits were significantly different. Canopy width and canopy shape rate had a highly significant
promoting effect on growth shape and quality traits, while canopy length rate had a highly significant negative
effect on growth shape and quality traits. With the growth of the stand, the influence of canopy morphological
factors on growth shape and quality traits was gradually weakened.The best time to regulate the canopy form of
Chinese fir is young forest and middle—aged forest stage.In different growth stages of the stand, the relative
importance of canopy morphological factors to growth and form traits showed different orders, and the focus and
direction of the regulation of ideal canopy shape in the cultivation of fast—growing and high—yield Chinese fir
were different. The relative importance of canopy morphological factors to the three growth shape and quality
traits in young forest stage was ranked first in canopy length rate, second in canopy shape rate and third in
crown width in descending order. In the middle—aged forest stage, the relative importance of canopy
morphological factors on DBH and individual volume index was ranked from large to small as canopy length
rate, canopy width and canopy shape rate, while the relative importance of length of non—knot timber was
ranked from large to small as canopy length rate, canopy shape rate and canopy width. Canopy shape rate,
canopy width and canopy length rate ranked first in the relative importance of canopy morphological factors to
individual volume index, DBH and length of non—knot timber respectively in near—mature forest stage.In the
young forest stage , the relative importance of canopy morphological factors to the three growth traits was ranked
from high to low as follows: canopy length rate, canopy shape rate and canopy width.In the middle—aged forest
stage, the order of relative importance of DBH and individual volume index from high to low was canopy length
rate, canopy width and canopy shape rate, and the relative importance of the length of non—nodal wood from
high to low was canopy length rate, canopy shape rate and canopy width.In the near—mature forest stage, the
most important crown morphological factors affecting individual volume index , DBH and non—nodal length were
canopy shape rate, canopy width and canopy length rate, respectively. The relative importance of canopy
morphological factors on the overall effect of growth traits was ranked as follows : In young forest stage, canopy
length rate ranked the first, canopy shape rate the second and canopy width the third.In the middle—aged forest

stage, canopy length rate ranked first, canopy width the second and canopy shape the third respectively.In the
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near—mature forest stage , canopy width, canopy length and canopy shape rank the first, the second and the third
respectively. [ Conclusion | The key direction to promote the rapid growth and high yield of Chinese fir canopy
regulation is to reduce the canopy length rate in both young and middle—aged forest stages.In the near—mature
forest stage, the focus and direction of promoting the regulation of individual volume index is to make the
canopy long and narrow, the increasing the DBH is to increase the canopy width, and the promoting of non—knot
timber length is to reduce the canopy length.The ideal canopy shape of different age stages is as follows: low
canopy length ratio, narrow canopy shape and relatively broad canopy width in the young forest stage; low
canopy length ratio, broad canopy width and narrow canopy shape the middle—aged stage ; broad canopy width,
low canopy length ratio and narrow canopy shape in the near mature forest stage.

Keywords : Chinese fir; canopy morphological factors ; growth shape and quality traits ; path analysis

(R E XA Cunninghamia lanceolata F2& B VT3 28 0 DL R b XAR B ) AR KR M
U o D HZ8 G (B i AR, o5 3R BN TARE U 19 25% , ZEMROll A 7= v 44 45 B4R
KL, HFAEFHNE HIBREARWELAMZERTR, FEAR B Gtk il , 2407 4 1Y B 4 ok
R, A2 AR A 7 0 52 B P S R BB AR A PROR B e DR AR AR U R e ) Y S
W eE BERE K PH 8 7 Ak R A 7 07, AR ROIRAS BB AR BRMOR 19 58 4 58 1 AN A= 7= T 7K S AR et T 28 0 45
FOR (i BARR e $E 2% B2 A ) X T3 8 REEM AT N G . Rtk fEAE 7= 28 s sh, A
() At A B A e T 285 PR 55 RO A= T JB 8] 1) OC 3R, R T 28 78 350 A 1 S R ) ot T2 28 1 4 1) i) B
S R 2 A e A R R 2B R, 35 R A T O T A N TR LA R S [ AR S
Ji& V3 532 38 Xop MR AR 5t T 285 DR 6 A A TR o P bR D) 1 G R R AT T A9, A T £ AT 4% AS [ ARt 42
AN TGN 5 A BB O R AT TR, 45 R R W i SOE e R AR A [ i) A= KB B 3 & BB 7O
AR ] 5 BRS04 T 2l MK e 7 40 A2 B A T T8 2 RRAIE ) B b AR s 3046 TR B s ), & SR 2 Y
DE BT % e 7 41 2 AZ R 4 i aSURI 5 ) 2 B TR et 23 5 1 A S 16 48 2B K T M g i e A8 S ROR A=
FIE T 19 56 2 S CHRHE R iy e 3 3647 1 05T, TA A AR et B 28 AR AR X6 A OB i LA I 3 0 B AR
W SNEORTIEE 2 @ vivk = S N1 v o W v 0 T o NS e e Bt P B (B3 S IO i R N W AN £ N
BT 2 5 AE R IE 5T 2 18] ¢ 3R KA A58 v A 2 W o [ AR DA ) ol T[] 1) 28 5 4 it L 7 i 4%
PR 25 5 AR R 2R 0 T BE ML BRAE SE PR 28 T g, S BRI T & R 7 S MR A KB
TR & B Z [ ) O R T 4%, TPl BB AEAE AR R SC R M AR 3 M vl LIGE 3 3 A8 £ 5 R AR
A R I LA O I i, ORI 9 [ A R X PRI A e 1 T A [ e T [ AR ) G
SRR )N T WA S WAZ AR A R 7 Gl eI R KR ) 5K A A2 K8 48 F 0] 19 ¢ 2R, AHiE
FE LAV P K 5 L1 AN (R AR S B BE A2 AR N TR 58 X5 G, 4 FH 8 428 0 B 32 3 b e s el 38 e
FEXT A AT TR 9 52 M, B I AS TR B B W) et B 25 0 4 9 B 0 5 ), R G A S i T A
A2 AR SR AERL 2 BB AR
1 #MREF=E
1.1 HREER

G DAL T AR B 27 B 53 56 2 B ARl S 55 O R B S50 AR A7) | AR VTP 45 43 1 B F e il
BE N EN , DUZR43 I R BRI AR R 16.5 °CL B H SE iR R E 28.8 °C,— A PR ARIR
5.3 °C,AEFE/K 1 500~1 800 mm, 2E TCFE A 265 d, HE4R 170~1 090 m, J& M PAH Ui i 25 R A e, + o ) B
RN E,
1.2 RIe#rt

2021 4F 10—11 A, 76 EARO B2 A 5 B R ARl S5 56 0 K 3 S 06 AR 37 18 45 37 b % 1 AC
AR A KSR R H AR AR IT B2 AR N TAREEHL 9 4, Frp I K (9 a) AR IR AR (15 a) T #AAMK (21 a)
FEHLAS 34~ CH T CBAR B BB et 45 48 € 8 TA20E | PR IAS R 90 R 3 8 U8R 20 e ), b R /Ny



55 4 3] FRANFIAE A R EEAZ AR N TR 5K 15 2L KB Bl A8 #r - 897 -

30 mx30 m, MR HEDE UL 3R 1 (1 SRR B A TR AP 7 16 il ol bR 53 2 32 I PR 185 R TTRl/N ) o Xof R b P M
=5 em BYIE SLAR AT REAKE R, P8 A 5 M As W s T AT & eI AT JRE A 1 364 BRI R, JL
FR AR AR 668 1 , Tl AR 630 £k , i bk 288 #k o

R1 FREBRI AR

Tab.1 General situation of Chinese fir plots of different age grades

NS MO/ (B -hm™) CFERR/m SRR em R P E MEdkm B BEC)
Forest age Stand density Mean tree height Average DBH Canopy density Altitude  Aspect Slope

A9 a)

2474 8.82 11.64 0.9 220 [i) 28
Young forest
AR (15 a)

2333 10.56 13.82 0.8 180 ) 25
Middle aged forest
P21 a)

1066 12.83 17.41 0.8 165 R 21

Near—mature forest
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B R SRR G TR K B R R B I B Y 1 O 2R (P<0.01) 3 T I 5 G5 41 K
) A7 A 2 W b 35 9 1A G O R (P<0.01) , 5 M 28 R ERL R b AR B AR DGR AN B I 3 MW el TE S R 1 5
CEA TP E ) 5 8 25 0 A CE 2R (P<0.01) , o5 (3 5 285 PP (1 5RO 06 R e i 38, JLAH G R 4L
H1(=0.615) . HHIEAR Y BOFIIT 2R BY B, 8 5 M4 TEAT MK B BRI RS B SRS VR (2 (R 2 2
PR 525 () IE AR 56 (P<0.01) , S eI 36 5 24 KB R 2 18] 9 AR SCPE 7 rh il bR I B e IR A i (8 2%
B AH 5 (P<0.01) , e SRR TRE I 3 5 255 PP L ) 22 00 8 B O o Bl I R 1, e s 5 b 428 ) 4
I 2 I LR O DG ZR BT I, e 5 SR R RS 5] A A G TE AR B R K, O 0.503 5 ST o
KR GEREVPNME A AT TR 5] A SCHE B AE T SR B i sit o ) e T AR ARP A 181 1] A4 A DG 1 3
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Tab.2 Correlation coefficient between crown morphological characteristic factors
and growth shape and quality characters of Chinese fir

i - R EER S ERKE o T E BRI BAITHE
Forest age Indes Canopy  Canopy Canopy DBH Length of Individual Overall
width  shape rate length rate non—knot timber  volume index  evaluation
FANEZN Se i 1.000  -0.269"  0.396"  0.03 -0.325" 0.004 -0.105"
Young ST 3 -0.269”"  1.000 0.590"  -0.071 -0.467" -0.080" -0.222"
forest fon 0.396"  0.590" 1.000  -0.353" -0.939" -0.388" -0.615"
Pz 0.03 -0.071 -0.353"  1.000 0.555" 0.967" 0.937"
T KE  -0325" -0467" -0.939"  0.555" 1.000 0.587" 0.789"
FRRMARIESL 0.004  -0.080"  -0.388"  0.967" 0.587" 1.000 0.958"
ZEAINME -0.1057  -222"  -0.6157 0937 0.789" 0.958" 1.000
BRI S 1.000  -0.478" -0.187"  0.506" 0.247" 0.503" 0.477"
Middle aged IR -0.478"  1.000 0.720"  -0.301" -0.669" -0.327" -0.462"
forest KR -0.187"  0.720" 1.000  -0.411" -0.963" -0.463" -0.656"
[k 0.506" -0.301"  -0.411"  1.000 0.536" 0.944™ 0.930"
TWMEE 02477 -0.669" -0.963"  0.536" 1.000 0.603" 0.775"
FRRMERIE R 05037 -0.3277  -0.4637  0.944” 0.603" 1.000 0.968"
LZATEME 04777 -0462" —-0.656"  0.930" 0.775" 0.968" 1.000
TR eI 1.000 -0.624"  -0.147°  0.5107 0.202" 0.450" 0.462"
Near—-mature TEIEH -0.624"  1.000 0.491"  -0.296" -0.446" -0.229" -0.328"
forest SR -0.147°  0.491" 1.000  -0.191" -0.927" -0.202" -0.399"
ke 0.510" -0.296" -0.191"  1.000 0.415" 0.944" 0.948"
WM KRE  0202" -0446"  -0.927" 04157 1.000 0.438" 0.621"
FURRBTBUERC 04507 -0.229"  -0.2027  0.944” 0.438" 1.000 0.972"
ZEAVEMME 04627 -0328" -0.399"  0.948" 0.621" 0.972" 1.000

R 0.01 F3 (BUR ) , MISGE 5 5 #7E 0.05 231 (RUR ), AHGE it 3 o

#* indicates extremely significant differences(P<0.01),* indicates significant differences(P<0.05).
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Tab.3 The path analysis between canopy shape factors and individual volume index of Chinese fir

[EIEPSHEEES e
- WRESHET  MXRH  HESERRRK Indirect path coefficient P AL
Age grade Canopy morphological Cone-lation Diret-;t path S i TR % T =% Deterr.nination
factors coefficient coefficient Canopy Canopy Canopy coefficient
width shape rate  length rate
AR MR 0.010 0.598" \ -0.184 -0.408 0.358
Young I -0.079° 0.687" -0.160 \ -0.606 0.472
forest SRR -0.384" -1.027" 0.237 0.405 \ 1.055
CRNILYIN SEE MR 0.503" 0.584™ \ -0.205 0.124 0.341
Middle aged poj s -0.327" 0.429" -0.279 \ -0.477 0.184
forest TER R -0.463" -0.662" -0.109 0.309 \ 0.438
SIIE 7N SEE M 0.450™ 0.555" \ -0.145 0.026 0.308
Near—mature TR -0.229” 0.233” -0.346 \ -0.116 0.054
forest KR -0.202" -0.236" -0.061 0.114 \ 0.056

FAE0.01 5 CBUR ) A 1235 5 #4E 0.05 23 OB ) AHGHE i #

** indicates extremely significant differences(P<0.01),* indicates significant differences (P<0.05).
222 Ate EYFE AKFELKEGERE> RIEIEEN T SRARRERTER WK 4, WK
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LR RO AR AT, SeE I A0 A 14 B TR A SR AR T i, e 3 B A 14 S S50 7 T8 T Dl 53

AR PRI BE , TEEMR AR AR 0 Wi A 44 ELAT W 3 B0 T 1] B0V, (EREI 55 A B AH SR B A
585 FE I TR (0.03) , 3% 2 T 32 3 1 IR IE 28 (=018 1) FIRE A 28 (—0.392 ) % Jig 428 114 [ 422 57 20007 1 3 [+] 52
), 53 B8CHC R S AN BE AR 0% 0 W X i A2 1 L4 2800 5 e 0 Wi a2 ) 4 PR T LA 0 o 3 A 2 A
R AEHCAR DGR T 2 B A S 385 1) 55 JE2 A O, 3K -5 e T 30 Wi A 9 L2 2000 52 2 e i (-0.162) Rl 1
HR(=0.584 ) XoF Ji A2 14 T 42 78507 F) S0 , - 209 25 ) R SR P AN RE 3R/ S T 3 X B A8 ) T 00 A O 5 e
T2 B e (0.239) MR AT (0.398 ) 422 F4 18] 422 TE 500 B £33 2 M, e 3008 Ji A2 1) B A R A
22 A5 HE B 41 (=0.989 ), {H HEARH S St B 2 32 44 58 B 63800 (-0.353) ¢

Hh e I B, SR I AN R TR R X B A 1 L A A W R BT /IR BE AR o IR R e LA
B 2 A 1 PR L EHA S 2 BN A 8 1 B i A 0 vl el I 23t M 1) R4 FH 32 2 e i
(—=0.282) FlIJek (< A XF i 432 (-0.428 ) A ] 122 TS WO 2 5 52 , 5 BSURETE 3 308 i 422 9 EL 12800 AN fiE 1 A1
KARBORIRA Koo AFARIGT B, 768 W5 o J A1 14 22 T 00 RH A T v e MR BEAT BT 5, el 12 24 Y L
SEIEAA S A /N E 3 T o
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B2 NN 5 3 LI A I AR B HE R S 1SR AR 2R 2 1Y e L 5 3 O e R B TR
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Tab.4 The path analysis between canopy shape factors and DBH of Chinese fir

IEPSHEEEY
o WERASRT  HXRE  HHEER RN Indirect path coefficient e R A
Ae grade Cano.py shape Corre}a?ion Dire(-:f ;.)ath T IR % S % Deterrﬁir{ation
factor® coefficient coefficient Canopy Canopy Canopy coefficient
width shape rate  length rate
NN 5 ik 0.03 0.603" \ -0.181 -0.392 0.364
Young T -0.071 0.674" -0.162 \ -0.584 0.454
forest Pl -0.353" -0.989" 0.239 0.398 \ 0.978
LREE TN it 0.506™ 0.590" \ -0.196 0.111 0.348
Middle aged IR -0.3017 0.409” -0.282 \ -0.428 0.167
forest R -0.411" -0.595" -0.110 0.294 \ 0.354
YN Sk I 0.510” 0.482" \ 0.056 0.013 0.232
Near—mature THIE R -0.296" 0.572" -0.301 \ -0.056 0.327
forest KR -0.191" -0.115" -0.053 -0.023 \ 0.013

12 0.01 U (U ) AHSAE B35 172 0.05 9 (U ) AR 3

## indicates extremely significant differences(P<0.01),* indicates significant differences(P<0.05).
223 BEhe BEHFE BRELSRFMKEGAEESA IR EER KRS A E R T
ZESLFI, L B BEE MR IG5 A S BR824 3 T A B R AR el B
B e % JC 5 BB 1 B HEAE T (0.248) 32 35 K 6 (-0.49) FIFEJE 26 (=0.09) 1A [ H2 51 &40 1 520, 5
BOE 5 TC5 P 1 B AR RECN BRI A A OC R Bk RR o i AR BRI % 819 4K B 1 B
Fe E AL (0.117) 52 3 568K S0 T8 15 MK B2 IE 00 52 (0.194 ) , J: BOHAH DG R BRI f2 HEVE T L
EAE A RN TR, 7E 3NN G B ST 3% TE N MK B Y R R Ry 3 A AR
FH L 42 TE ) A FH BB 5 5 G0 1) 18 0328 ¥ 8 383, AL ply = 2 S AR 5 S X T8 ' b B ) 42 1) A7 (M 25
SN, SR 25 TE T B B R DGR AE 3 IR G I B 2 0 G0N, RIS 3 06 T84 b 11 P 4
VAN REIE 1 AR SC MR R o T 3 T 19 K 1 T eV B e B g A B 35 AR G, A 1 3 1y
THIVET , 2 PRI B rE 4 25 10 0 i P 5, W AR 118 398 T 4 1) 1 P 5 i 53

TE LIS RN e il MR B BE L A0 T8 T8 285 TR % T 1 b K B 52 i 1) T PR HE P 2 R e R AR 1, R R
552, LR SR 3, T 76 35 BORK B B W e B Ry s 4 05 1, S48 2, eI SR AR 3, e axk A 2 5 A i DK T g
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L5 TR  FE I AR o i AR BE T R T A BE 5% i BT 2 AR L B B 4 B S
A5 LA N T M 8 11 sy i) o7 A 516 2 s S A %, N e T 0 e B T g o e o B 5 3T
SAOPRIY BEAG N TC 5 B4R BE AR 56 25 U142 75 1) 15 5 1) Ay R VR e 4 %, P18 T seE i 8 2 175 SR 1
SEEIE A
224 g B E AR EEERFOMMLE RS BT 3RS S E TR EAE K R A
ANTF] P Y ELAEAS TR AR B Be R A T 22 57, S BOR ) A= KB Mtk PR JR AR S8 9 422 1) B (0N 1)
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Tab.5 The path analysis between canopy shape factors and length of non—knot timber of Chinese fir

[A]42%38 42 24X Indirect path coefficient

B *XJ‘%%?&% *ﬁa‘é,%?ﬁt E%ﬁﬁé%%& — — v R ?;Eﬁt
Forest age Canopy morphological Corre?afmn DlrecF [.)ath Canoﬂi é:n; (]]L;no Determ.ln.atlon
factors coefficient coefficient Py Py Py coefficient
width shape rate  length rate
AN N 5 iRk -0.318" 0.248" \ -0.087 -0.488 0.062
Young IR -0.468" 0.324" -0.066 \ -0.725 0.105
forest R -0.939™ -1.229” 0.098 0.191 \ 1.510
ERFCN e 0.247" 0.117° \ -0.064 0.194 0.014
Middle Y% -0.669" 0.133" -0.056 \ -0.747 0.018
aged forest TR -0.963" -1.037" -0.022 0.096 \ 1.075
Sl N e iR 0.202" 0.135" \ -0.070 0.106 0.018
Near—mature I % -0.446" 0.112" -0.084 \ -0.474 0.013
forest Jron i -0.927" -0.965" -0.015 0.055 \ 0.931

#H7E0.01 U (WU ) , A IME 3 578 0.05 FU (BUR ) , FHCHE R 3%

** indicates extremely significant differences(P<0.01),* indicates significant differences (P<0.05).
x6 MAMBESEFESESENERNERSN

Tab.6 The path analysis between canopy shape factors and overall evaluation value of Chinese fir

[B] 42230 42 22 X Indirect path coefficient

PEIE AT LR HEERRE — TRE R AL
1)1 . . . PR poj PR i -
Age grade Canopy morphological Correlation  Direct path Canopy Canopy Canopy Determination
factors coefficient coefficient coefficient
width shape rate length rate

FAINEIIN T -0.105" 0.542" \ -0.170 -0.476 0.294
Young SEIL R -0.222" 0.633" -0.146 \ -0.710 0.401
forest SR -0.615" -1.203" 0.215 0.373 \ 1.447
REEY N b ] 0.477" 0.501" \ -0.180 0.156 0.251
Middle IR -0.462" 0.376" -0.239 \ -0.600 0.141
aged forest R -0.656" -0.833" -0.094 0.271 \ 0.694
SR VN S 0.462" 0.527" \ -0.130 0.047 0.278
Near—mature I % -0.328" 0.209” -0.329 \ -0.209 0.044
forest iy azd -0.399" -0.425" -0.058 0.103 \ 0.181

#AE0.01 5 MR ) , AH M I8 35+ 76 0.05 3 CUUR )  AH M i 3

## indicates extremely significant differences (P<0.01),* indicates significant differences(P<0.05).

L PRI B, e MR 6 S AR P (Y B A ROk 0.542, B W E R UEE R (0l 52 25 T8 R A
T R PR A 1122 678UV (=0.170,-0.476) A5 M, 5 350RE iR XoF 48 A B (B Al A S 2 BN (2
TR AR DG 5 ST 3R R AR TE AN (B 0 A S o I 35 67 R G, 2 ph 1 e I SR X B R D A 19 B 42 JE 350
(0.633) 32 2] 1 e T F17ef 4 2 0T 8 (A TPAN (B9 (1] 422 £ 3500 (-0.146,-0.710) A 5200 o AR P R BRI
R LAE 12 G B e 25 PR 1 X6 4 AT A (B0 A% A 0 3 2l R B IMR OO T8 KR I R i -

HH I ORI PR B B, e T 36 B AR P (B34 B AR VR B E A2 R 055 0.376 i
0.209, {5 1 T 53 1) 32 2] 5e 15 1 e A< 230 X8 3 A D A (L (8] H22 9000 1V FH 9 5% i, o 8 AR B B2 A —0.239 il
-0.600, I AR Bt hy-0.329 F1-0.209 , 568 I 58 5 5 AATTAN (B (9 AH SR SR IW Ry A i 2 B4 O 5 Sl iR A e
TR HE RPN B 1 ELEEVE FH 43 2 BA A2 1 R AN VR L 5 A G M R S AR — 2

HR AP 22 R B K/INAT DU H B eI 25 B 7 1) PR R B HE Y, G AR BER S KR 58 1 eI
A2 TEMRAS 35 IR AR BER RS 1 IR AR 2 eI RS 35 0 BB B IR S 1 R R A 2
RS 3, PN [RIAAHS B BB e e 42 ) BRAERE T R AIE , S MR B Bt R A 1 e 4 SR R ) e I A



902 - AL N A N 445

FER 155 T8 R BT R, AR B BE A AR K N 58 R 1 e R A A AR A A BT | T AR B B
R 8RR e i AR (R AR 1% R Al A eI

3 GiSitie

FEA R T 1l 7 M X 22 5 (L ve 1) 2 B R B Aot R 58S TRI PR 8 B B AZ AR Y SIS 285 PR 7 AR O
TRERINIIE AR %Eﬁﬁﬁ]ﬁ“éﬁm&*’ﬂimﬁﬁ; SR T, 0 T B AR TR A AR 2 7= A
o AWFEERY, BRI S 15 A KB B IRAE AR 73 A9 AS [R) A= K Bt 25 A 5%, BT T L i Ak
AR LI 25 D7 UMM A R SR B R AR B0, RS B e JE 25 DR % AS () A R s iR 1) 52
R SN BEA TR I S A

AN TRV FEETE 285 R X A R Btk i) B A BT 22 53, el W AN e T 30 AR B R IR B R B A
R AP AR T e R S0 A R S R 52 B 8 3 i SR 00T, 35 R A A0 R 7 41 A2 AL
KTAFXRZA L HARSE XA AT ST AR, BE AR B AR B TRE T 25 TR 7o A B Bl PR A T
R A A T B A S T Dl 58 P N, R T R RS B, AR A R A R TR MR SE
s [A] 2 ] TR AN, 2 BORZ WA 3 A2 1 0 PR R 32200 e R 23 S M AR AR AT DR IS AR T T
AV 1) e ST 18] A MRORT R 8 AR BE

R AN TR B A A B BE , B SRR 285 A1 5 6 AR T A A MR i i P 22 B TR B HE R o Al AR B
ANTRI B SR 285 PR 7% A A T PR PR 5 Wi ) R 0 e P P 2 D e I 98 1 I R 2 R R 2R 3 5
HA S AR B SEE T 285 DR B A A B R A RS ORI B AR BB ) HE R DR e 4 R 5 1 R AR 2 I
R 3, 06 JCT R BE A A AR X R O e R 1 ORI RS 2 SR 35 T SR B T
*I?Xfiﬂd‘/ﬁ U B A A B B AR X BB HR Y 58 1 90 3 I R R e KR R

20975 R SRR SR, R A 3 B9 B E KR E IR EIE R

B A AR AR B P E ST [ A P28 5 o A BRRT R R AR B B A R A B REAR
CRRBRAA B B A G B R ) 3 I 4 S JE2 ) 42 i R 5 1) A g RS 5 5 Al AR B B (2 1 B A1
RRI ) T AT 1] g BRI B I BE , H IR J 422 14 942 75 16) S H8 I s 8 i, Ak 19 K EE 1Y
P51 A R R R

FL TR TR 285 IR X6 A R TR R A TEAPY L A 88 A2 20 B AR X B B A G A2 AR S () i R B
Y BEAE I , A1 AR B AR B TR A R PR B TRE T R L Bl B85 O 5 K AR el i, Phobkc i B B R IR
T IR A T8 KA TR LA B AR Al A BT | ISP B B 58 R AT RO I R A i At BB i
FETE o DR, Rl AR B, mT LS e A PRASE RS | B3k 2 25 P 7 sl >4 R A 7 8 2 1y x4
PR 6] b AR AR E M AR AR L 8 5 G SR B Bl A i A 7 18] A0 07 302 BRAS 45 IR TEEARA , Xof
M2 [ S REATOAE  SE I i A R 25 1)

ARSCAEL AR I AR T AR 3 AR 2 20 i e 1 1 AR S AR N TR T T 5T, i T AN
U 5 K BEAZ A (8 8 e 9 2 1) R 5 T S BN TR A U, DR ke, Ay BRIV v S R AT AR SeE IR 4, S B E 5
AT LU 34F 5 S AR BB, PR AN [RI AR B AR 22 BEAT HRSE TR A BT IT , D B4 i 52 BRAZ AR T A = = AR
Bed Abr S e A

£ 2% Lk References :

(1] FELAT, B SO, i, 55 AR IR A AR TGS IR 5 AR K R 7GR [T ). s Mol BHOR 224k, 2021, 41(5)
93-101.

TIAN H D, SHEN W H, TAN Y B, et al. Relationship between crown width and growth factors in Chinese fir plantation
among different stand ages[ J ].Journal of central south university of forestry & technology ,2021,41(5):93-101.

(2] AEHS JWOCRE, BUAZE A5 AN TR IR 551 AR PRR AR R ARIE LT ). A2 252741, 2019,39(6) : 1897-1907.
XIONG J,XING W L, YU M K, et al.Variations in leaf traits of native and introduced tree species in Cunninghamia lanceo-
lata plantations[ J ].Acta ecologica Sinica,2019,39(6) : 1897-1907.

(3] FWRYE, EHAS, kMG , 45 AR A2 AR N2 ) o 5 e W B AR BT [0 ). AR UMl R 272741, 2015,43(4) 1 12-16.



55 4 3] FRANFIAE A R EEAZ AR N TR 5K 15 2L KB Bl A8 #r - 903 -

LU N N,WANG X J,ZHANG P, et al.Path analysis between diameter at breast height, height and crown width of Cunning-
hamia lanceolata in different age[ J ].Journal of northeast forestry university,2015,43(4) : 12-16.

(4] WHEER & /NE S BOSCHE 55 R RIS A2 AR 2 BOBR 53 25 (] 54 S AR b 2R ). AR 4577 400, 2022, 41(8)
1466-1473.
XIE Z C,CAO X Y,ZHAO W F, et al.Spatial structure and shrub species diversity of different aged stands of Chinese fir
public welfare forests[ J ].Chinese journal of ecology,41(8) : 1466-1473.

(5] FFHI 58, AN 5 oxfils , 25 AN TR P 2 s ELAR X AZ AT IR RS AE X - B 520 [ ], A= 255741, 2013, 33(8) : 2434-2443,
FULY,SUN H,ZHANG H R, et al.Effects of diameter at breast height on crown characteristics of Chinese fir under differ-
ent canopy density conditions[ J ].Acta ecologica Sinica,2013,33(8) :2434-2443.

(6] FFH1 53, IME I TR A BOM A AL I A2 A BAE i TS AL [ ] bRl B27,2013,49(8) : 65-74.
FU L Y, SUN H.Individual crown diameter prediction for Cunninghamia lanceolata forests based on mixed effects models
[J].Scientia silvae sinicae,2013,49(8) :65-74.

[7] TUNT N,GUO J,FANG S Z, et al.Planting spacing affects canopy structure ,biomass production and stem roundness in pop-
lar plantations[ J ].Scandinavian journal of forest research,2018,33(5) :464-474.

[8] RUSSELL M B, WEISKITTEL A R.Maximum and largest crown width equations for 15 tree species in Maine [ J].Northern
journal of applied forestry,2011,28(2):84-91.

[9] R AR A2 AR N TMMTELHIBEFED ] L5t AL stpolk K27, 2014,
WU M Q.A study on crown structure of Cunninghamia lanceolata plantation in Fujian[ D ].Beijing: Journal of Beijing Forest-
ry University,2014.

[10] WoEFE, S i e . 4l r U 2L A2 N TR SR I A R AE 5 AR OB Bl A2 20 A7 L) . B sl R 274 C AR B
2019,43(4):185-191.

OU J D,WU Z Z .Path analysis between canopy morphological characteristics and growth form quality of Taxus chinensis var.
mairei plantation at young age[ J ].Journal of Nanjing forestry university (natural sciences edition),2019,43(4) :185-191.

1] 22 BRAE B AR SSHR A P LA S 2 etk S 2R K il A2 A L) ] ARl B9, 2005, 18(3) :310-314.

LIS, CHEN C J.Path analysis onthe crown characteristics and growth of Manglietia yuyuanensis in mixed stands[ ] ].Forest
research,2005,18(3):310-314.

L12] H AR, 2t e, 55 K BN TR eI 25 5 MROR AR AT B 56 38 S CHERHB R A ma 2L 1. s poll B R
F2E 4, 2022,42(9) :47-54.

XIAO W W,LIH Y, YANG Z ], et al.Relationship of canopy morphological characteristics and growth characters of Fraxi-
nus mandshurica and their responses to pruning[J].Journal of central south university of forestry & technology , 2022, 42
(9):47-54.

(13 ] #5545 , Wb A . 0] SPSS At B S B A2 A i 7 A 1 ). A= 211 41, 2010,45(2) - 4-6.

DU J J,CHEN Z W.Using SPSS linear regression to achieve path analysis method[J ].Bulletin of biology,2010,45(2) : 4-6.

[14] P85, 22PRF B/ E 45 2020, 5T I8 AR 73 Hr B AZ AR RS 12540 55 L83 03 RS . g ARl B R 27274l , 40(
7):41-47.

SUN Y,LIJ P ,CAO X Y, et al. Research on the relationship between spatial structure and soil nutrients of Cunninghamia
lanceolata forest based on path analysis method [ J].Journal of central south university of forestry & technology, 2020, 40
(7):41-47.

(15 ] WS, SRS, HEGR . AS RAZ R IR AR5 A KT B A2 0 [ ] ARAE ARk R 2741, 2018, 46(11) :8-11.
OUJD,WUZZ,KANG Y W.Path analysis between canopy characteristics and growth, form quality of Cunninghamia kon-
ishii[ J ].Journal of northeast forestry university, 2018, 46(11):8-11.

[16] RS, SEE KR . FLIRAZERPEIE S 5 A K Bud o4 ) . PUp Aol K24 (HZARES:) ,2019,39(1) :36-42.
OUJD,WU Z Z,KAMG Y W.Path analysis on crown morphology and growth shape of Manglietia yuyuanensis[J].Journal
of southwest forestry university,2019,39(1) :36-42.

[17] WANG W W,GE F X,HOU Z Y, et al. Predicting crown width and length using nonlinear mixed-effects models: a test of
competition measures using Chinese fir (Cunninghamia lanceolata (Lamb.) Hook.) [J]. Annals of forest science, 2021,
78(3):77.

(18] SR, ORI ARG, 55 A2 AR LA S B A AT [T ] A Bl o774k, 2015,37(2) : 40-47.



£ 904 - L PN ¥

GUO Y Y,WU B G,ZHENG X X, et al.Simulation model of crown profile for Chinese fir(Cunninghamia lanceolata)in dif-
ferent age groups|J ].Journal of Beijing forestry university ,2015,37(2),40-47.

(191 BICHEAE AT X0 Wy 0 Py 20 S AZ A KR B AR T 2 # R 2mey [) . AR el K241z, 2022, 50(8 ) : 22-27.

OU J D.Effects of forking on growth form quality and crown structure of Taxus chinensis var.mairei Sapling[J].Journal of
northeast forestry university ,2022,50(8) :22-27.

[20] W%, LR, P01, 55 A VR AR A2 3 A0 R B IR s 4 g iz [ ] Ol BR2 39T, 2022, 35(3) : 27-37.
PAN L,WANG Y F,SUN Z, et al.The distribution characteristics of crown radius and its response to competition of Larix ol-
gensis [J].Forest research,2022,35(3) :27-37.

(21 ] PS5 - BT, BCE0R, B0lCiR R el 23 e o S ] i TR bR A 7 g i () ] AL A 25241, 2021, 45(1) : 38-50.
TASIKEN H, CAI H Y, JIN G Z.Effects of canopy structure on productivity in a typical mixed broadleaved-Korean pine for-
est[J].Chinese journal of plant ecology ,2021 ,45(1):38-50.

[22] "2 4 R, HARAR, 55 AR KR A0 23 18] 5 52 4800 B H L 2l Hi s ) ] Mol 17,2022, 58(5) - 75-84.
SHI'Y D,ZHENG H,YE D Q, et al.Spatial and competition effects for growth traits of Chinese fir and their impacts on esti-
mations of genetic parameters[]] Scientia silvae sinicae,2022,58(5):75-84.

(23] REJGHE, I H M, REA 0, 55 AR BEIE MR AZ AL B BT RVBE R 548 R 52000 [ 1. s oMol R 2274 (A SRR R
2021,45(3):165-173.

XIONG G K,LI'Y Q,XIONG Y Q, et al.Effects of low stand density afforestation on the growth, stem-form and timber assort-
ment structure of Cunninghamia lanceolata plantations [ J].Journal of nanjing forestry university (naturalsciences edition) ,
2021,45(3):165-173.

(24 ] ppEds  BRILTS W00, 45 AR 88 FEAZ AR TR AR A FIAR I3 2540 22 S WFFE LJ/OL L PH AL AR B 2741 - 1-18.

LU D H,CHEN S Q,XIE H Y.et al.Study on the difference of stand growth and stand structure of Cunninghamia lanceolata
plantation with different densities[ J/OL ].Journal of Northwest forestry university : 1-18.

[25] BXERER , X0 AR AL, 55 . RN XS A2 A il AR K A Rt R 5 () . me oMol R 2224 ( A SRR ) , 2023,
47(2):9.

ZHAO M Z,LIU J,ZOU X H, et al.Effects of thinning and fertilization on the growth and timber assortment structure of mid-
dle-aged Chinese fir forest[ J ].Journal of Nanjing forestry university (natural sciences edition),2023,47(2) :9.

(26] BN, B, B ol 55 A2 AR TP AR A HLE B OFFE [T ] ARl BH#AF 5, 2000, 13(2) - 177-181.

HUI G Y,HU Y B,LUO Y W, et al.Study on the mechanism of producing high quality wood of Chinese fir[J]. Forest re-
search,2000,13(2):177-181.

(27 ] ek, T, AR, 25 . B 1L DXCAZ AR RAR A b S0 DA -7 [ ] AR B Ak R 27741k, 2021, 42(2) : 80-89.

YAN S,WANG R H,DENG H Y, et al.Study on impact factors of large-diameter wood formation of Cunninghamia lanceolata
in Nanling Mountains[J ].Journal of south China agricultural university ,2021,42(2) : 80-89.

(28] i, FHE AHUK, 55 AR Wbt SHIY  TIEFRI3 100 R ) ] AR MO EA4 (FAAREAAR) L, 2021,50(5) :619-623.
HUANG L, WANG G, YANG B, et al.Relationship between Chinese fir timber, topography and soil nutrient [J].Journal of
Fujian agriculture and forestry university (natural science edition),2021,50(5) :619-623.

(29 ] Beate i, 5 DRAE , SKAL , 45 AN TR R B AE RS T 0 A2 AR KA A B B AR R SRR e S B B2 R [ ] 19 P15 3R 5 2R
Y1242, 2020,26(3) : 626-634.

FEI'Y C,WU Q Z,ZHANG X, et al.Effects of different undergrowth vegetation management measures on soil characteristics
and timber outturn of a large-diameter, timber plantation of Cunninghamia lanceolate[ J].Chinese journal of applied and en-
vironmental , 2020,26(3) : 626-634.

[30] Braat, BOET, 25400, 45 A2 AR N AR L el 20838 K & i ikl 2210 [T ] Aol B, 2022, 58(5) : 10-17.

CHEN J Q,ZHAO G Y,LI Y L, et al.Age changes of soil phosphorus form and content in Chinese fir plantations[ J ].Scientia
silvae sinicae,2022,58(5):10-17.



