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Modeling tree crown structure of Simao pine ( Pinus kesiya var. langbianensis )

natural forest

OU Guanglong'?, XIAO Yifa’, WANG Junfeng®, XU Hui®>", LIU Zhiling
1 School of Forestry, Northeast Forestry University, Harbin 150040, China

2 Key Laboratory of Biodiversity Conservation in Southwest China State Forest Administration, Southwest Forestry University , Kunming 650224, China

Abstract; Tree crown structure plays an important role in tree growth and forest management. Simao pine ( Pinus kestya var.
langbianensis) is an important fast-growing coniferous tree and an important source of timber. Studying the crown structure
of Simao pine natural forest has important theoretical and practical significance for forest management. Branch analysis of the
crown structure of 34 sample trees was investigated in Simao District, Pu’er, Yunnan Province, China. The sample trees
ranged in age (A) from 16 to 76 a, diameter at breast height ( DBH) from 6.0 to 51.3 cm, tree height ( H) from 6.3 to
27.4 m, crown width (CW) from 2.0 to 15.7 m, and crown length ( CL) from 2.3 to 16.4 m. Models of the tree crown
shape and structure variables were built by stepwise regression analysis using SAS statistical software. Three predictive
models were established based on five independent variables of tree crown shape using a logarithmic linearization power
function. Those variables were: the length of primary branches ( BL) , the diameter of primary branches (BD) , the angle of
primary branches (AB) , the chord length of primary branches ( BCL) and the crown radius ( CR). Meanwhile, predictive
models were established based on the three independent variables related to tree crown structure using three multivariate
linear models; the growth height of primary branches ( HGB), number of whorl branches ( NWB) and the cumulative
number of whorl branches ( CNWB) models. Tests used to check the statistical accuracy of the models were carried out using
independent samples. The total relative error ( RS) , mean relative error ( EE) , mean absolute relative error (RMA) and
predictive accuracy ( P) were selected to evaluate the models. The result showed that the eight predictive models performed

well and the predictive accuracies of all models exceeded 91% ; in particular, the accuracies of both the AB and HGB
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models were above 97%. Moreover, in the modeling of tree age (A) , H and DBH resulted in different values in the different
models. A did not have a significant effect on the crown shape variables in the models, but the crown structure variables did
have a significant effect on A, indicating that the effect of age on the crown shape variables was not significant, but A did
have a significant influence on crown structure variables. Furthermore, H did not have a significant effect on the models
except for the modeled value of AB which did have a significant effect on the crown shape models; also, A had a significant
effect on the modeling of crown structure. Meanwhile all modeled values for variables except for AB were significantly
correlated with DBH, and all modeled values were positively correlated with DBH except for when the CNWB predictive
model was used. This showed that when DBH was larger, BL, BD, BCL, CR were also larger, and more whorled branches
were present. The negative correlation between DBH and stand density also showed that when stand density was higher, BL,
BD, BCL, CR and NWB were all smaller. Overall, the models were suitable for describing the trends and inherent
variability of the crown shape and the structure, and provided a valuable reference for the management of Simao pine natural

forest.

Key Words: crown structure; models; Pinus kesiya var. langbianensis; Simao District, Yunnan Province
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2 MIRAE

2.1 EpShEA

FE 23 8 A8 TH 7 JE 50 DX BE IO S A R 4R Ak L 72
FEHL 15 A, FEREASFEHIBEER 2—3 BRARMEAR SE 1T I
FE o BRIEA TR 55 A 5T DX S AAAN [R] (4 8 41 42 B A
B, FET T 34 MRS HE AR SE AT 4 ek 45 ) o A

ICERE (A) 5 (H) Mt (DBH) 8t (CL) &
R (CW) SE5H 5 ITHE AT MR A e b7, Fe it A — 2
Rk 4% 1232 A il sk — R E BORBE (DING) B R
FAE(AB) BiA2(BD) B (BL) (3% (BCL) M 5E
AR (CR) BT 5 (OBW) FEBUHE (HGB) 554X
it s AR AE TG BOBAE I 1020 4,437 NWB |
OBW #1 HGB 25554

F1 EEHEAREHE
Table 1 The description of the plots

W

S D s W WPEEE HOMRSE  HTEME HAEE R
Plots No. of slope Aspect Aliitude Stan(.i average Standvdomlnant St.and average Stanq density  Species composition
/() of slope /m height/m height/m diameter/cm / (¥k/hm?) of trees

1 16 EN 1230 15.4 22.0 23.2 950 6 P2C20

2 25 WS 1230 12.0 19.7 15.6 1000 8P1C10

3 19 ES 1080 17.0 25.0 23.6 700 7P2C10

4 13 EN 1080 12.6 21.5 16.3 900 7P1C20

5 20 WS 1130 16.1 23.5 20.4 900 7P1C20

6 29 WS 1150 15.9 21.5 19.5 1000 8P1C10

7 25 ES 1270 14.8 20.1 16.2 1050 8P1C10

8 15 ES 1235 15.3 21.8 15.7 850 9P1C

9 26 ES 1290 14.3 21.8 17.6 800 oP1C

10 17 WN 1310 8.1 18.0 8.4 1250 9pP1C

11 10 WN 1320 9.7 20.0 9.7 1650 9P10

12 8 WN 1310 10.3 21.3 11.2 1100 8P1C10

13 25 WN 1310 10.4 19.2 10.8 1400 7P1C20

14 16 WN 1300 16.4 20.2 20.0 650 6P2C20

15 23 WN 1300 16.2 20.8 17.1 700 8P1C10

wallichii, Wendlandia tinctoria, Phyllanthus emblica etc

=2

P.EZEN Pinus kesiya var. langbianensis ,C il Castanopsis hystrix , O ; Hoeht ROEATAW Vi) LT R KRR A 4 other trees , including Schima

RERERFAES TR

Table 2 The description of the sampling trees

7AF B Variables YI{H Mean FrifE 2 Standard deviation {5 [l Range

iy Age /a 41.9 17.6 16—76

P Height/m 17.4 4.7 6.3—27.4
}i#% Diameter at breast height/cm 24.7 11.4 6.0—51.3
SR Crow width/m 7.0 2.8 2.0—15.7
5 Crow length/m 8.4 3.4 2.3—16.4

2.2 FdEamr
2.2.1  ARESEETR AR TRUAR AR Y (14 )

FHI SAS Ge it r M f 1232 A Eds 1% B
31 T4, Horp 3/4(924 4N) FH TAERIM 8, 1/4
(308 ™) FH TN PR 56, >R FH 4 P A 1 e R 50
T R SR PR R SRR TR T AR TRAR AR | 5] FH 25
IREE(DINC) M (A) & (H) Mt (DBH) dk
(CL) S (CW) FeRREE (HGB) T A7 5 A 4L

AR 19 A8 A8 i 43 R — R A AR A
FERE LR AR AR TG AR
2.2.2 W SEELE R TR AR 26 A

K H SAS Geit o3 M, ¥ 1020 4> B ds i iR
31T, Horh 3/4(765 ) I TR | 1/4
(255 A) FTF A R . SR FH 22 o048 1 1m1 I 44
TR L 25 A A AR TR | 3 A Fe e A v A A TR | —
A SR T AR R — SR A A5 B e R AR Ay
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D AR e B WAL B 5 | AT 5 (OBW) | C IS (r =32
WS (A) W8 (H) W12 (DBH) E K (CL) Fie e P=(1-- 2 b5 ) x 100%  (4)

(CW) 25 5 | — G Bt T A5 TR0 — A A 45 B R
FRUB Ak A AL 51 1 %8 KL m B (HGB) e KU P 5
(OBW) W& (A) W& (H) Mats(DBH) e (CL)
s (CW) B &t
223 BIRIKGE

SR R ST R AR A A ARG 50, 3 P A AR X 3R 22
(RS) I MIXT R 22 (EE) | - 359 H % 15 22 46 % {H
(RMA) , A KEBE (P) 4 DT dEdR

¥./N(N -T)
A,y ASZIME, v AR THE, N REARS R, 1,
{5/KF-H a=0.05 B ¢ (504 E, T M [EA Eﬂaéfaﬁ%—f

I SEANEL, 5, AT
3 GRS

S E RN PN 2N T RL v e
— R B R R
AT 22 TCER LB AL N ply T X 0 8 A

3.1
311

RS = 2 (-5 % 100% (1) 1 R AT A T @ =0.05 KR ¢ K5, B
CZh LS P i, 755 BB SRR K AR (% 3)
1 - INBL=-1.03019+0.43137 xINDINC +1.29817 x
EE =3 ( —) x 100% (2) INDBH-0.79618xINHGB~0.36326XINCL
A, INBL R B W5 BR KAE, INDINC 2 X35
RMA = %Z Yi © }’, x 100% (3) j‘ﬁ%}:ﬂ/]ﬁ %ﬁ(ﬁE,INDBH j?X—J‘ik& ?ﬁ%}:[ﬁﬁﬁj
¥ AKIGA%E  INHGB X 55 2% 4 J B #6432, INCL -y
X E K
R3I —BPEEKMEEISHE
Table 3 The parameters of stepwise regression for the length of primary branches
A hr [EVEEY:s RS BRI OC R B .
Variables Parameters Partial R? R? 2 F Prob>F
TR Intercept -1.03019
XHEAL B AR IE INDINC 0.43137 0.5396 0.5396 296.7730 897.73 <0.0001
TR 4% INDBH 1.29817 0.0897 0.6293 92.0109 185.21 <0.0001
TR A 5 A 5 B INHGB -0.79618 0.0312 0.6606 22.0659 70.28 <0.0001
XEAL I EK INCL -0.36326 0.0089 0.6694 3.5962 20.51 <0.0001
3.1.3 RIS A A R

312 YRR Al AR A
Wi Z e B A mA i SO R R
W BE A a=0.05 K/ ¢« K56, B LS5
AR AR P IR AR AR (L 4) |
INBD =~-1.71587+0.32421 xINDINC+1.84620x
INDBH—-0.74188xINHGB—0.30432x
INCW~-0.37870xINCL
K, INBD Fp X B4 Je I AARAE , INDINC 525545
SIS B G ROR B | INDBH “J %8078 3 J 1 W A g
12, INHGB X5 4 J5 W e A 51 B INCW R X 4
AR I B MR INCL A3 B8 ¥ s 1 K

Wit Z e B A WA, i B S R
i AR R A T a=0.05 KV ¢ K3, BT
DIG bR A8 5, 45 21 S8 3P W — G 36 A5 A R TA A
BI(EKS),

INAB =4.22542+0.03090xINDINC -
0.26775xINHGB+0.28272xINH~-
0.07493XINCW

A, INAB SR 0 5 (/) 26 A AR B INDINC S %t
WO S 1Y 5 BOR B INHGB X B3 46 5 1 %6 4
I INH SR 5028 30 5 A 5, INCW A %o B0 $e
Ji AL R
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Table 4 The parameters of stepwise regression for the diameter of primary branches

s HIEEY' A RS BBIAHDC R B

Variables Parameters Partial R? R? C(p) F Prob>F
HHE Intercept -1.71587

AR 1 AR INDINC 0.32421 0.3993 0.3993 805.9410 513.15 <0.0001
XAk K9AE INDBH 1.84620 0.2497 0.6490 152.7860 548.58 <0.0001
X B % A = BE INHGB -0.74188 0.0350 0.6840 63.0315 85.22 <0.0001
TR R INCW -0.30432 0.0143 0.6983 27.5198 36.44 <0.0001
XTEALR R INCL -0.37870 0.0088 0.7071 6.3309 23.18 <0.0001

R5 —ARBMFERAEMMGRESHE

Table 5 The parameters of stepwise regression for the angle of primary branches

Akt EVEEN:) AHSCREL B OC R .

Variables Parameters Partial R? R C(p) F Prob>F

FHE Intercept 4.22542

TR B BB INDINC 0.03090 0.0648 0.0648 32.3620 56.46 <0.0001

XTEA G R = B INHGB -0.26775 0.0245 0.0893 12.1733 21.94 <0.0001

PR R = INH 0.28272 0.0059 0.0952 8.8545 5.29 0.0217

XHEAL IR INCW -0.07493 0.0066 0.1018 4.9147 5.94 0.015
314  —GREK Ak A A W% B A IR A W @ =0.05 KR« KR, B

IS Z TR R B A, th TSR R DABIBRZ AR R AR RSP KRBV (3R 6) .

R6 —PEFEFZEKPGHERSHR
Table 6 The parameters of stepwise regression for the chord lenght of primary branches

A MIEES 3 TRARG AL BRI R AL

Variables Parameters Partial R® R? C(p) ¥ Prob>F
FHE Intercept -1.18001

TR 26 R UR B INDINC 0.46213 0.5533 0.5533 266.9680 937.62 <0.0001
XTEAL B4R INDBH 1.26242 0.0824 0.6356 80.5573 170.88 <0.0001
SR R R B INHGB -0.73553 0.0249 0.6606 25.5417 55.43 <0.0001
AR T INCL -0.39044 0.0099 0.6704 5.0065 22.54 <0.0001

INBCL = - 1.18001 + 0. 46213 x INDINC + 1.26242 x ~ 3.1.5 —ZKREEAR Tl

INDBH —0.73553xINHGB-0.39044xINCL SHBUE Dy ves 4 e3¢ %, A CIIE WG I b O € o = i)
A, INBCL AT B J5 (R 55 59% K  INDINC 7% % BEs FGE I AT 4t @ = 0.05 /K1Y ¢ K5, B
XA (0 26 B UR B INDBH R U G R DIGIBR 2% A% 2, 45 31 8 38 0 W 5ed 2 428 930 47k 455 24
AWt  INHGB g XA e J5 (58 A i B INCL ]y (R 7)

PR I W T
F7 —REHBEERMEERSHR
Table 7 The parameters of stepwise regression for crown radius

A MYEES 4 RACRE  BOAMOCREL

Variables Parameters Partial R? R? cr F Prob>F
R Intercept -1.15274

X B I & RO B INDINC 0.50429 0.5899 0.5899 228.0370 1075.97 <0.0001
R 1R INDBH 1.22894 0.0612 0.6511 84.6918 131.02 <0.0001
X BOAL Y 6 KR B INHGB -0.75143 0.0252 0.6763 26.7867 58.13 <0.0001
AL T INCL -0.41454 0.0107 0.6870 3.4143 25.43 <0.0001
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INCR = -1.15274+0.50429xINDINC+1.22894 X INDBH
~0.75143xINHGB-0.41454xINCL

A H INCR X EUE e e A w2 42 | INDINC J&%f

BB IS B AR BE  INDBH “J %5078 46 J5 (1 B K

W42, INHGB “hy %} 508 4 5 W 6 45 35 B2, INCL 2l %}

BRI R K

a=0. 057K ¢ K45, i 2 51 2 SRS 15
P — BB BTG (£ 8) .
HGB=-2.51949+0.95741xH+0.18775x0BW-0.52860
XCL—-0.09175xA+0.11187xDBH+0.13459xCW
K, HGB R B FE, H I &, OBW R BT
5, CL K A RS, DBH S ats , CW R

3.2 JEIPAMRE T SE R A R AR A
3.2.1  —AHAR R FE A AR A
W Z ook k& L W E, A A8 52
®8 —HEBERHBSEMGEESHFE
Table 8 The parameters of stepwise regression for the growth height of primary branches
AREL % . A 2
ik EVEEY ' Wu*ﬂ%%?& i ?Fﬂ?é?’,éﬂl () e ProboF
Variables Parameters Partial R* R
il Intercept -2.51949
W H 0.95741 0.6501 0.6501 1652.6900 1220.92 <0.0001
BRFS oBW 0.18775 0.1874 0.8375 418.6710 756.60 <0.0001
st CL -0.52860 0.0471 0.8847 109.6760 267.79 <0.0001
Py A -0.09175 0.0090 0.8936 52.6159 55.05 <0.0001
Ma4% DBH 0.11187 0.0044 0.8981 25.3020 28.47 <0.0001
L s CW 0.13459 0.0031 0.9012 7.0000 20.30 <0.0001
322 —PEBSRECE AR NWB=3.16472-0.04652xA+0.04254x HGB+0.03121 x

W3 Z2 e A R, T e i A e A
Fro B a=0.05 K09 ¢ K5, BT LA BR %72
RSP — SRR R B (R 9) .

DBH-0.02566xH
A, NWB R R 8 A WS HGB e
i DBH N4  H NBE

R —ARBMEFHETMGRESHE

Table 9 The parameters of stepwise regression for the whorl number of primary branches

OVEEN ' ARG 22 4

=N
A

REBIAA R R B

Variables Parameters Partial R? i clr) d Prob>F

I Intercept 3.16472

WY A -0.04652 0.4347 0.4347 68.1366 380.66 <0.0001

SRR B HGB 0.04254 0.0430 0.4777 27.4523 40.67 <0.0001

Mat% DBH 0.03121 0.0231 0.5008 6.5244 22.81 <0.0001

W H -0.02566 0.0051 0.5059 3.4475 5.09 0.0245
323 —REESRECE R AR B, HGB R e K & &, H S W &5, DBH R g 4%,

Wit Z e B A A, T iR R A Wi o=
0.05 7K V-1 ¢ K56, BT AR 12748t , 159 3 8P p —
PRRE A BRI BA (% 10)

CNWB = 21.31462 - 7. 50802 x HGB + 7. 81497 x H —
0. 19970xDBH+0.39503 x OBW - 61322 % CL -
0.32142x4

K, CNWB R R B 4% B0 Rl 56 R 5 B 34 hn i 32

OBW WEAS F5, CL WK A RS
3.3 MK

ML T LA Y BARNT R 2 (RS) 4 XYY
TE 5% VAN, SE SRR 22 (EE) B — PR A Wi
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Table 10 The parameters of stepwise regression for the cumulative number of primary branches

A EPEES At & 25 FEARIAH G R 4L

Variables Parameters Partial K> R? clr) d Prob>F
HREE Intercept 21.31462

AR HGB ~7.50802 0.3683 0.3683 1657.8800 322.42 <0.0001
Wes H 7.81497 0.3845 0.7528 315.3830 858.61 <0.0001
Ma4% DBH -0.1997 0.0596 0.8124 108.9290 175.11 <0.0001
RETFS 0BW 0.39503 0.0117 0.8242 69.8826 36.72 <0.0001
K CL -1.61322 0.0092 0.8334 39.6594 30.36 <0.0001
P A -0.32142 0.0097 0.8431 7.7090 33.91 <0.0001

F11 BFANETERNELEMTGERAKESHE
Table 11 The indices of test for the models of tree crown

FEH Models RS/ % EE/% RMA/ % P/ %
KA A Model of Branches Length 2.21 5.58 38.77 93.35
AL A Model of Branches Diameter -2.87 -10.13 44.85 91.39
E R LR Model of Branches Angle -3.36 -3.49 19.39 97.37
K FAGHEE Model of Branches Chord Length -1.55 -5.38 39.91 93.31
P 242 UGB Model of Crow Radius -3.84 -7.82 41.42 93.09
R PGB Model of Growth Height of Branches 1.52 1.45 14.97 97.82
AR B BLE Model of Number of Whorl Branches -4.97 -5.69 42.74 92.91
e AR BB Model of Cumulative Number of Branches -1.28 -0.95 40.47 94.96

4 SEFTE

4.1 AR AL P4

PR AR AT A AR AR R L, SR FH 7 o 5 A5 75
R LA RUR] DUAR G $U A A O B A A
T 7 PR ESCR 76 W L3 3k 2 Ak, AT 97 46 0 ] PR 1Y
LA IR RIUSK e | DRI | AR HIF A e T TR A8 e 1) U
A SR PR AL 1) RF R A R AU G, DB AR 41
BISCRE , HAA A 5 R 885 6 R A B IR (Y
0.1018) b, HeA I 1E 0.65 LA b, Hph ~7 PR 4G 36 1) 15
ARG FEYITE 91% LA I, AR IR 22 S A RHR 221
A BRI SRR BT s (R 2 — R G R B i
AR TR G 2R BRI, 1EL 0k 7 1 A 56 1 T 47 A 200
ik 97.37% , FH1R 22 4 WHE N 5 P e AR B T
AT PRI, 2 AR — 22 5 1 DR P i A A IS 1Y)
ik — L IR,

P SEELE A AR LR ) 25 18T — R 1 A A
B — A A R R B AR IR 2

TCEME [T U5 43 BT ) S FL 004 A5 70 A 780 A G R 4034
£ 0.5 DL JUHOR AR i B BLAl B ALK £ 0.9012;
L3 3 2 ST A 5, 3 A e ) LA A AR A G 1
FE92% L I, BAEXTRZE PR 22 1 4 XHE
TE 6% LAV WA A5 ROR B0 5 R — A e B
ol JBE AR ASE R A1) FOUA G R TR B 97.82% , AR R 22
UK 1.52% ,FHIRIXT IR 22 1.45% , - H 15 22 46 XHE
12 14.97% .,

Bl o — G A 5% KRR SR 2 £ A AR A h K
W12 XA TR N TR 528 78 A A 0L s, 3 5%
KA A S, B A 3 T 3 TR i 5% A8
B HAHIE R BOAE] 0.9998 ; Al i F 44 76 2 45 F 5%
KA Z, T B0 8 T W 5e 2 42 5 A K R 25 R
FABE TE 52 AR B TRAG AR AL AR SO 51 AR R,
B A AR A TG AR, B A A R 5 |
UNEE'S v =g Buopr SARNEE 2 I WNERE RS- Eek
5 [ AR A AR 56 1 S 5008 1E 1 — 30, A — 2 72
JE B Ui TR K S %K BK 5 0E R A
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