B I LA £

" t - .....n:.-‘iﬁ‘- T o o
~ JOURNAL OF BEIJING FORESTRY UNIVERSITY.

RS RN S HEBOLTR R R Z AR BARSHRE: FREEOB R 5 2 S LB
Ak sh RRBL AR TR 15 RE TR R KEE

Individual tree parameter extraction of Chinese fir via fusion of UAV and terrestrial LIDAR point clouds: age-dependent

accuracy constraints and mechanistic explanation

Cai Jianwei, Qin Xinyue, Cheng Weihao, Guo Weipeng, Hu Zhipeng, Cai Minghui, He Zongming, Hou Xiaolong, Zhang Houxi

AR

BEAEE, RN, TRisE, SRAEMS, WG, ZEWIHE, o<, BT, sKIEE. Al a JC AN S M IEOE TR 15 8 B AR AR S
BOREL: ARIAA G B 29 S5 HLERE BRI, b aoboll K 2f24 4], 2026, 48(8):154-165. doi: 10.12171/j.1000-1522.20250369
Cai Jianwei, Qin Xinyue, Cheng Weihao, Guo Weipeng, Hu Zhipeng, Cai Minghui, He Zongming, Hou Xiaolong, Zhang Houxi.
Individual tree parameter extraction of Chinese fir via fusion of UAV and terrestrial LIDAR point clouds: age—dependent accuracy
constraints and mechanistic explanation[J]. Journal of Beijing Forestry University, 2026, 48(8):154—165. doi: 10.12171/j.1000-
1522.20250369

TEZE IR View online: https://doi.org/10.12171/1.1000-1522.20250369

LR ARG HoAh S

Articles you may be interested in

BT INMUHOE T IE 25 2 B A LD M 2

Estimating mangrove forest coverage based on unmanned aerial vehicle (UAV) LiDAR point cloud data

e iRl K2f2A41, 2025, 47(2): 143151, https:/doi.org/10.12171/).1000-1522.20240185
BT NN CTE IR BN MBS ARG AT L5

Comparison in linear and nonlinear estimation models of carbon storage of plantations based on UAV LiDAR

JEEiAOl K2 E24 47, 2021, 43(12): 9-16.  https://doi.org/10.12171/5.1000-1522.20200417
BT TANBOCTE A R IRMARET I

Forest gap identification in natural forest based on UAV LiDAR
et K247, 2022, 44(6): 44-53. hitps://doi.org/10.12171/1.1000-1522.20210524

POL R R B A RE IR A AR E (7

LiDAR based individual tree localization for sample plot inventory

JEETAROL A4 4], 2023, 45(1): 99-108.  hitps://doi.org/10.12171/).1000-1522.20220106

P s TR0 R AR N TR A A MU 5k

Path planning method of mobile lidar in plantation sample plot survey

LML K2 A4, 2024, 46(5): 154-162. https://doi.org/10.12171/5.1000-1522.20220273

T FHHEOLHR BN TN AEGE)Z 25 6] A

Spatial complementarity of canopy layer in pure Platycladus orientalis plantations based on handheld mobile laser scanning

JEEAROL K2 E24 4], 2025, 47(4): 61-73.  https://doi.org/10.12171/j.1000-1522.20240351


https://j.bjfu.edu.cn/
https://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250369
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20240185
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20200417
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210524
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20220106
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20220273
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20240351

RRECY R I = # I x 2 2 K Vol. 48, No. 8
2026 4F- 8 H JOURNAL OF BEIJIING FORESTRY UNIVERSITY Aug., 2026

DOI:10.12171/3.1000—-1522.20250369

AE T AN SHEHAE LR ZNEZARBRS R
PRI VR R B 45 E 1 29 5 1 IR AR

REH? BN BRE AR HEB KEEY
EE RRE KEED

(1 ARERAOR MR B, AREE 4R M 3500025 2. A AR bROK 2% T B 5 A2 45 24 B, AR AR 1 3500025
3. MR TT 208 e PR A A R G [ 5 S I Ak, AR 4R M 350002)

FEEE: (B B9 AR PR 1 B AR (1 3h A T A8 2 S BOH0G T 14 (LIDARD ZBURBUR BE = A4 5 It . 2410 0 — M3 (ALS) Bl
F(TLSYBOL T A FE IR B /) 15 B = 415 BN S A W ER AL A R R, T 20 A 5 Bl SORE SR TR R, L HC Y 2 25 R e
T A TR R G IERI L, WM FALH] AR R, AW AR RIAREB BURAZ AR N MO &, R
ALS 5 TLS & 5 2T AR ZH O e D SREIDURS 52 FROMR IS ) 20 A0, JF S8 B i FUR E Y B IR B, & 7R 9
TR T AR S BIE R I A R IR0 503 (R E 9 PR RIME (4, i O R
APRAEM, [F2P R ALS. TLS sz M N TSEN SR EEE o SR TCARIE S 0] 22 U5 05 = HEAT e b FE O HE 55 251 )3 —A4k
SETRACER G, I B AR B AR S 0000 R 5 s AT B R 20 B B e ARSI o 38 3L 5 S I el 2 B 65 45 SR X L
KABITREZ (RMSED 58 RBUCRD AR SR A VPN SR IURS 2 o 7EBCERAR b, BE— BRI T SUMPE AR 2 AT I o
ZIZOY IS AE S S HRBURZE 1] AR R HE, DUARAT R 22 AL MR Z BN [ERIDBE S s BEH 1T T
B JUATRAERE B, AR F 0 $0(=0.961) 555 % TLS M2, it T — ALS(=0.726). ()W miE iy, @l
B R B ESRIR AR I B, BT 5 — ALS Al TLS, o R* 73 P42 F+ 1 0.11 1 0.10; RMSE %t TLS F&{K 1
0.197 m, 3B IE T HIEH AR W B 10 RGN ZE « (OIRIREUR BE IR T BAT B35 I ARER I : 740 Fridak
W, ZERLE BEA SO IR Z 1 L 1522 (RMSE 43501 F% 28 0.69 #1 1.73 cm); AFLZE AT b FE 1 Bk o, DRAR A 215 5
R, Bl A AR BN RS FE AT 2K o (ADIRZENLIL AT R I, AR PRI 22 5 mi i K R D AR vy bk o
M ARAEAR R (p < 0.001), TIESK B P EE 51 A (6 AU 5 W BB AL 2 S BUR Gk I 2 22 ) B B K] 17
A B H Al 22 JU) A 2 B Y 15 7 L5 YRR P 38 R DR, B T REHL M . (S8R )R G ALS 15 TLS UL H A REA BB G e
BEMN RIS, B3 R T2 AR BARS BRI BN 1 . SR, IX PRG3R T1 32 AR 0 25 K 338 1A P2 A% 11 240, R X 4
S P P2 22 S5 £ 0 P 2 i 5 TR 3 AR 0 IS 2 DRIRON %32 32 FR T Xk LA S H 5li FR)  FRD O 38 o AR 0 T XSl R B 5
P AR K PR T SR R Gt o 22 (I SE L, AR TE T IR “MRi /85 B FE R (335 Al s s, I SIANEE T s i
FERME S SERAMERE Y, DASCIUTE R A ARARAE 5 ARORS A S

R TANBOLTE I MEBOUTEIE; MRE: RN MRS T SOm PR KPR

hESHS: S771.8 NEMFERG: A XEHES: 1000-1522(2026)08—0154—12

SISTHEE: SR{EFh, AN, TS, 5. Ba T AN S IO 538 5 S A AR SR S HR B MR IS RRS ] 20 5 0L
PR (1], bt dolk K 222441, 2026, 48(8): 154—165. Cai Jianwei, Qin Xinyue, Cheng Weihao, et al. Individual tree parameter
extraction of Chinese fir via fusion of UAV and terrestrial LIDAR point clouds: age-dependent accuracy constraints and

mechanistic explanation [J]. Journal of Beijing Forestry University, 2026, 48(8): 154—165.

I Fs B H#A: 2025-09-22 f&[E HHA: 2025-10-12

HETH: X BARSEETUH (31901298), VY .18 5 # £ & 71K (2023 YFF130440502), 8@ 44 H S8R5 54 00 H (2021J01059),
AR MROR 2 22 AR R I 2R 0T H (202510389184)

FE—1EE: FEF. FEPRT R MBI, Email: tsaijianwei@fafu.edu.cn  Hiulik: 350002 48 248 48 M T4 L X BB AR E AR R OK 22 4
R X AR B

REMEE: KES, BIBE. TEGATT A TANER, HRAR LG . Email: zhanghouxi@fafu.edu.cn  Hbdik: 7 F.

Z5F R4k https://j.bjfu.edu.cn; https:/journal.bjfu.edu.cn


https://doi.org/10.12171/j.1000-1522.20250369
https://doi.org/10.12171/j.1000-1522.20250369
https://doi.org/10.12171/j.1000-1522.20250369
mailto:tsaijianwei@fafu.edu.cn
mailto:zhanghouxi@fafu.edu.cn
https://j.bjfu.edu.cn
https://journal.bjfu.edu.cn

8 44 BAEH A Bl & T ANLS IO 0 5 25 B2 AR RS AR I R (RO AR B2 1 240 S5 LB A

155

Individual tree parameter extraction of Chinese fir via fusion of UAV and
terrestrial LIDAR point clouds: age-dependent accuracy
constraints and mechanistic explanation

Cai Jianwei'” Qin Xinyue' Cheng Weihao®> Guo Weipeng' Hu Zhipeng' Cai Minghui'?
He Zongming' Hou Xiaolong' Zhang Houxi'”
(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China;
2. College of JunCao Science and Ecology, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China;
3. National Positioning Observation and Research Station of Red Soil Hill Ecosystem in Changting,

Fuzhou 350002, Fujian, China)

Abstract: [Objective] The dynamic evolution of forest structure with stand age leads to heterogeneity in
the accuracy of LiDAR parameter extraction. Currently, both airborne (ALS) and ground-based (TLS)
LiDAR systems face physical viewing angle limitations when acquiring vertical 3D information of forest
stands. While multi-source point cloud fusion can improve accuracy, the extent to which this enhances
accuracy is systematically constrained by the forest stand growth process, and the underlying physical
mechanisms remain unclear. Therefore, this study investigated Chinese fir plantations at different age stages
to systematically evaluate the age-dependent patterns of accuracy in extracting individual tree parameters
(tree height and diameter at breast height) from fused ALS and TLS point clouds, and to quantitatively
analyze the underlying physical driving mechanisms. The aim is to provide theoretical and methodological
support for the development of a high-precision, adaptive forest monitoring system applicable to the entire
growth cycle. [Method] In nine standard plots of Chinese fir of different ages (young, middle-aged, and
mature), ALS and TLS point clouds as well as manually measured individual tree data were collected
simultaneously. After performing high-precision registration, denoising, and normalization of the multi-
source point clouds using a target-free strategy, the fused point cloud was segmented into individual trees,
and tree height and diameter at breast height (DBH) were extracted using the comparative shortest path
algorithm. Extraction accuracy was comprehensively evaluated using metrics such as root mean square error
(RMSE) and coefficient of determination (R*) through comparison with field measurements and results from
a single-platform approach. Building on this, a generalized additive model was further employed to
quantitatively examine the nonlinear relationship between the core physical characteristics of the point
clouds and extraction errors, thereby elucidating the underlying physical mechanisms driving error
evolution. [Result] (1) The fused point cloud significantly improved the accuracy of individual tree
geometric characterization; its F; score for individual tree segmentation (=0.961) was comparable to that of
high-density TLS and far superior to that of ALS alone (=0.726). (2) Regarding tree height estimation, the
fused point cloud performed best across all age classes. Compared to standalone ALS and TLS, its R* values
increased by an average of 0.11 and 0.10, respectively, while the RMSE was reduced by 0.197 m compared
to TLS, effectively correcting the systematic bias of ground-based scanning that tends to underestimate tree
height. (3) The improvement in DBH extraction accuracy exhibits significant age-dependence: in young and
middle-aged forests, multi-source fusion effectively corrects underlying geometric errors (RMSE reduced to
0.69 cm and 1.73 cm, respectively); however, in mature forests with high canopy closure, the accuracy-
compensating effect of fusion largely disappears due to the lack of effective signals beneath the canopy.
(4) Analysis of error mechanisms indicates that tree height extraction residuals exhibit a highly significant
nonlinear correlation (p < 0.001) with maximum point cloud reflectance in middle-aged and mature forests,
confirming that beam scattering and physical degradation caused by high canopy closure are the primary
sources of systematic measurement bias; in contrast, diameter at breast height (DBH) extraction errors do not
show a significant correlation with macrostructural features and tend to follow a random distribution.
[Conclusion] The integration of airborne and terrestrial LIDAR effectively combines the advantages of

canopy and understory detection, significantly improving the overall accuracy of individual tree parameter
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extraction for Chinese fir. However, this improvement in accuracy is strictly constrained by stand structure

evolution; simple point cloud fusion that does not distinguish between differences in canopy closure

struggles to leverage the synergistic advantages of the data in dense stands due to limited laser penetration.

The physical structural evolution driven by stand development constitutes the underlying mechanism of

systematic errors in parameter extraction. Future research should explore “age/density-adaptive” dynamic

fusion strategies and introduce signal attenuation compensation models based on point cloud intensity to

achieve accurate inversion in complex forest habitats.

Key words: UAV-LiDAR; terrestrial laser scanning; point cloud fusion; Chinese fir plantation; stand age

effect; generalized additive model; accuracy assessment
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Fig. 1 Orthomosaic and satellite imagery of the study area
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R EEAREZE isd
R SRS A iskew
L U ikurt
R X S8 ipcumzq X
Soii WA SE R T AR area
Syig n

1 XS R 5
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ST 489 %6F I8 B A B et 4% 5 TR0 R B (D348 0.239 m;
TE P MRORE R AR, B AT HE T3 L BN 0.234 m,
&AL T ICP S92 0.257 m; 76 MR EE L , W53
PR LA 5 )9 0.256 F10.248 m([& 5). LE A
FEHE, B SORC R BV T35 L6 9 0.238 m, BRI T
ICP 5751 0.253 m, o BRI EL i . BT
B G HETE R RS I B R 3 A A B g A
(RS BE, 5 2R W3R FZ g i 4

W 6 Fior, A 5 1 sz 1 e -5 4 T 1
A ESCI T LR, TLS S 5B RN T ALS 7
PR DX 5 Rt 2 0 B ) R, A S T AR T )4 5 T
T TERE | R AR, NG Bk P R
5 SRR AL T IR S E I BR A
32 BEARHSE

AN FV B HRIRAE AR 7 BIREFE R B2 7
(#£3). ALS sz M BB S AR, 15T A FEH
HAE R A T 146 BRI, Fy 2 B0 T 0.726 ~
0.809 Z (1] o 4 il & 7E ik J2 ey A0 A (1 e b, G

12.0

BeEsk @ ICP BLiE & S ik
041

03

TR S /m
=
3]

0.1F

—_

T

ezl
Bl 5 RFESEIVERC R ZE 58T
Fig.5 Registration error analysis of different algorithms
AR E 67.1%, KEI -5 5k 5 B0 L
ARG BT R LT, TLS MG R s
PRI AR S B 1 o B B, A2 BT A R 2 A )
Fy 3 BIAET 0.961. X453 25 T 70 34 # AE 3k HUE
I DA% A5 5L, B TR o B SRRt T R
A SRS, MG SR E S TLS 42,

e

0 0 0
E W esvotmnszs [ | RANSOEERSS
ERAINEZIN b Ak ¢ JRLABR
El6 MG S= Rkt
Fig. 6 Individual tree details from the fused point cloud
F3 BAKRFIBESH (KA )
Tab. 3 Individual tree identification accuracy analysis by age group
i) HEA IERf R T ey ioa H 2 /% FEHE /% Fior 8
ALSH = 57 24 3 70.4 95.0 0.809
Yk K TLS &= 81 0 4 100.0 95.3 0.976
ME Rz 80 1 4 98.8 95.2 0.970
ALSH = 36 14 3 72.0 92.3 0.809
S b TLSH.Z 50 1 3 98.0 94.3 0.962
ME Rz 49 2 2 96.0 96.1 0.961
ALSH & 53 26 14 67.1 79.1 0.726
RSk TLSH. = 80 1 0 98.8 100.0 0.994
e m = 77 4 0 95.1 100.0 0.985
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Hz 8 ALS, UFBH 1 1ZHE BEAE AN [RI PR A2 AR bR gk
AT BAR B &R
33 WEIRIN

RIE 2 TE SRR (e B B T 2 AL 2 3 A
(R 4o FERRER B RN AR, TRl AT
=PRI i 5 SR HE LA 1 R 43519 0.91. 0.81
1 0.62, ¥ B & T 5 —F & 1) ALS(0.72. 0.78.
0.50)F1 TLS(0.70+ 0.75. 0.59). MiRZERKE, &
1] IRMSE 7E %38 4H i 3 ORFFAE UL K (3.09% ~
6.08%), WEA T TLS. @A HKIEIRH/AET, B4
A T ALS FEBA il HE A 6 T0 A RE SR TLS #2848k
K B M T A5 RE J7, AT SR 15 T AR AE B K
ALS R “H BT R~ FIRL A, JREUH s T TLS,
{AHAEESZ DTM &0, HLAFAE X R IR A i)
A, b, X PR R 2843 RMSE F1 rRMSE {8 K Ff
A3 A A 56 B0 M DA 56 4 OB ALS 11 B S0k
JKFo TLS WA “E Rifg 17 (000 A 4, B G bR
KA AT P, AR A D) R R . R
Al Bk BEORG BE AR BE AR B KR A T B, X T R
55 R T 2 T A T O R %, (AR BT

A RIS B 1) 5 R BUIIAE B T LA s E o i £
e P TR
34 HEIREL

BT, TLS HikG S @it Bl & 7k E
BRI A2, T ALS JU) 368 3sk 44) 282 1 A v ik 448 5
ARKAEAI(R? = 0.78, p < 0.00 AT R . Nk 5
B, 3RBmBFEMMAGHEEEREE. & T
ALS 1 [a) 42 Ak 50 45 S K FE 50K, rRMSE % it = T
10%, JoiEi /& BEAKE FE 2K .

X LU R BRI & TV, A s T4 PRORD
HHS PR R I AR . ESE AR, JL rRMSE(4.80%)
fiKT TLS(5.13%); fEH i AR A1 3 55 B &, rRMSE
(8.129%) . F % T TLS(10.22%) . iX 3 W 7E #R 43 4
XF R B G E PR S LR, ALS Rl REE N
TLS = 24 25 1AL BAS B AN A, sk DR sl 45
F AN T2 BE A SLAM 2 AR I 38 1 1A I A28 B B R 22
SR, TE B AR R, B Rl 7 R RS B T — 3K
(rRMSE %3 514 2.04% 1 2.01%), fl&H5 sk 1 T+
BOCRANEA R o 3X T RE 2 R g AP bR el 2 R e, A
3 ALS s 2% i i [ A% - 45 B DTk L 8 E . &

x4 WERBUBES

Tab. 4 Analysis of tree height extraction accuracy

ficzi) MM EVEViyE RMSE/m rRMSE/% R
ALSH = y=10.983 7x — 0.089 1 0.57 5.17 0.72
FARCYIN TLSH = y=0.976 5x — 0.044 3 0.67 5.70 0.70
G Rs y=0.976 5x —0.044 3 0.34 3.09 0.91
ALSH = »=0.929 0x +0.708 0 0.92 4.88 0.78
b bk TLSH. = y=0.836 4x +2.458 3 1.26 6.96 0.75
G Rz y=0.964 9x —0.343 3 1.11 6.08 0.81
ALSH = ¥ =0.698 2x + 6.065 7 1.02 4.44 0.50
Bk TLSH. = y=0.8443x +2.060 8 121 5.55 0.59
s Sz »=0.943 7x —0.536 8 1.04 4.75 0.62
=5 MERNBEELSH
Tab. 5 Analysis of diameter at breast height extraction accuracy
W 2H Ve i) [EVEpp RMSE/cm rRMSE/% R
ALSH = y=1.259 6x —3.543 7 1.57 10.06 0.47
FINEIN TLSA= y=0.997 Ix—1.363 8 0.74 5.13 0.89
ISP »=0.940 8x — 0.545 2 0.69 4.80 0.90
ALSH = y=1.0557x—2.077 6 3.85 17.79 0.22
Ak TLSH = y=0.8144x +3.3373 2.17 10.22 0.71
ISP y=0.853 1x+2.879 9 1.73 8.12 0.82
ALSH = y=2.012 5x —24.987 6 3.20 11.81 0.42
F K TLSH = y=1.039 1x - 0.196 6 0.52 2.01 0.98
e Rz y=1.0172x-0.1586 0.54 2.04 0.98
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Fig. 7 Feature importance for individual tree age group classification
4 i i
41 FBEEBELEHEEINSREIERNRAR

AT EE—BES: T ALS 55 TLS fE AR S 3]
SREUH S MM L AMAME . ALS Ho4% ) I8 35 A
R BRI A, B AR A B T T A TR
T 7E A il R B RS, X 5 Wang (1
W45 — 3. SR, ALS 7ES AR AN Ak il T
BE B Rk, T RO S =B, AN DTM A 52
PR, H T8 = E T JUARRAEY, M DB SO i A% o
TLS W% A A v 11 2502 PR 40 %1 i T B 25440, (H
TERARMA VA E A, 2 F B N R v M Eey, 2
J IR LA 2E 3 2 B AR ik e T, 5 SO R
PLBH 1 R G A

R 6 RDFHEXHRENGA Z K E R 54

Tab. 6 Main effect analysis of core features on extracted residuals

. o W ik 22 5% 22
FRIEA & Giitfatn
FAUTEIIN BN IR FANEYIN R R
aan=Reepics 1.000 1.000 2.581 1.048 2.30 1.001
I ON-L F 0.000 0.000 0.107 0.960 1.586 0.001
p 1.000 1.000 0.900 0.243 0.137 0.986
il Th E HE 1.000 2.053 1.000 1.000 1.990 1.000
90% B i+ 25 F 0.369 1.252 5.866 0.13 0.508 0.575
p 0.544 0.269 0.016" 0.719 0.563 0.449
il vh E HE 1.000 2715 4395 1.000 1.000 1.000
N F 0.000 5.982 0.001 0.763 0.008 0.001
p 0.999 0.001" <0.001" 0.383 0.929 0.972
1E: "FIRp < 0.05, "FEIRp <0.01, " ERp <0.001, FH.
R 7T HHEEZEERITRINEZ G
Tab. 7 Interaction effect analysis of features on extracted residuals
o Wk 22 W1 5% 72
2 H IR
fliTH F P WMEMRR% it E B F p s ZE SRR 1%
90% AT = BE, B KR R 6.345 2.280 0.027" 10.80 3.586 0.409  0.805 1.19
90% BT B, R 5.393 1.375 0.201 6.39 5.698 1325 0.239 6.01
R RS, K 10.950 3.002  <0.001"" 22.10 5.667 1.028  0.446 4.99
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ASHIE U S I il ME SR 2 e S E S, R
ALS [R5 TR SR AL 55 5 TLS 18 40 i 14 g
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fit. Z5RER, A AW mIE (R B
—FETHRI 7 0.03 BLE. XFGRETEAMIET L
A (b 4z, SEAE TRl S Be g SR 0 FE A £ 1Y
b R ARG {345 70 1 SE AR AL B A 4 et 2 I
H&HE S RED. 50AHTCRRIEEDH
b, AW FUAAE R PR B SCBL T 2 RS FE R
Th, FEROAE i b A PR b3 s 1] LT 5 2 AR b TS T
LI T A B, TR T iR HE SRR S 2R K
pagase: L i IVASE R
42 MRTEEXBARSHIREEERH A%

MR IR 5l (AR 23 45 ) St o 1, i 2 A 22 IR
R PR S B R o A2 AR I B 1 i 24
PR R R, AT b o ARk = 4 2 1) S i 1k 5 o
FELAR P R SR I AR, IR EARE N 7RO E S
Wfhmitie 5 &R .

FE B R 7> BB B ARE I I T 20l E = B
FEELHIL) T ALS BRI L, (AR A
U RS AN AL B R I N, I VR I S PUAE S R R
(Pinus yunnanensis) bW 45 18— MLZ T,
TLS 5 Rl i 2 170 F1 SR OB TI5 M7 1 2 7
UL A HEE TS T TLS SR THTE
B R T AR JE A P A R B R ), AE
BRI UE T T A2 ISR L CFy 0 80 = 0.961),
FE AR 3 J2 T 2 3 HH AR U8 A £ ) AN R

SR, B R R 2 AR BRI B B 2 v ik
TR 2, (HAERE G 1B AR EH ZH (42 B
S 22 YRR W [R] 47 R PR P52 08 2 40 2R B A
FUSRBUH MBS AL, 5L H 8 1) 32 B 3 AL
REo X+ HfE S I, fla R = L3 EAA LR %)
SR R B AR PR 22 BRI, ALS X B L
2 ) #h 78 A B T8 TLS & 70 #0445 3R 22
(ELAE AR TR e S P R (R A B o B, {4
ALS S i i 4 15 2 STk T2, Bl ok
G L FE T8 R A K o AER S 4R IO THT, RS T
12 BE B ARl B DR a0, (H SR HURS 2 AE ke
MIE BB AE G, 72 M P 2R s . XA 2
)T e B e R AR T M A T S R HC e
A I PRI Pt 45 3 B30 i C e v IR e D AN w38 s )
i MR 2 1 KO, T S T LA 1 B B A TR
A v A P L AR 20 I DRI % 38 52 BT A4 ) )
SRR AR
43 SERBAFHIRENMIZIKFNLE

B T B LA AL BT AR s B Ak B 2 AR B

M ARGE KA A SRR I B 2 MR 5 K R Gt iR
ZIRIENLR . &%, ENRERZ, | O
BRI R R B, A s BOR 22 FEEBE L A0, TR %2
FIVPRAE SRR B PR 20 o 75 AR AN bR
IR B i B S A8 A 5 0 v S R 22 3 B
MR 2 AR R S i R B (p < 0.001) . XML
TIE S Bl A5 PRSI 0 et 248 )R, WOLAE e = 1)
Z U 5 e AR 13 A L P, X RO AR
MRS SR A SOR, RE TR R S
P 22 1 E R A

FR, W SBUE B E MR T e
V) P 7 P9 1) 240 R 29020 A0 P R AR v B AZ KRR
PREEMESEBYEES, I ESWH 5=
FIU B JUART 4R AAE, 32 B504% G0 149 40 8 e A3 B3 S 1 o A
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