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Analysis of the factors affecting trunk density and wood density of three native tree
species in Guangdong Province of southern China
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Abstract: [Objective] The effects of different factors on trunk density and wood density were analyzed to
provide data support for tree breeding and carbon sequestration measurement. [Method] Based on the
measured data of trunk density and wood density of Cinnamomum camphora, Schima superba and

Liquidambar formosana, which are three native tree species in Guangdong Province of southern China,
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using multifactor analysis of variance with covariate and no interaction to screen out factors affecting trunk
density and wood density from 30 factors (11 qualitative factors and 19 quantitative factors) of five
categories, and then the boosted regression trees(BRT) was used to analyze the influence of different factors
on trunk density and wood density of three species. [Result] (1) Vegetation type, height under branch,
DBH, vegetation coverage and the crown width from east to west are the main factors affecting trunk density
of Cinnamomum camphora. City and vegetation type are the main factors affecting trunk density of Schima
superba. Slope aspect, altitude and average height are the main factors affecting trunk density of
Liquidambar formosana. The main factors affecting trunk density of three tree species are different and there
was no common main factors in them. (2) The main factors affecting wood density of Cinnamomum
camphora are height under branch, vegetation type, altitude, vegetation coverage, average height, shrub
coverage, age, DBH, forest category and soil thickness. The main factors affecting wood density of Schima
superba are age, herb coverage, height under branch, average DBH, soil thickness and vegetation type. The
main factors affecting wood density of Liquidambar formosana are slope aspect, altitude, average height,
height under branch. The height under the branch is the common main influencing factor, affecting wood
density of the three tree species, and the relative influence upon three tree species was similar, all of which
was about 10%. (3) Stand factor and single tree factor are the dominant factors affecting trunk density and
wood density of Cinnamomum camphora, and their total relative influence rates were 87.04% and 76.92%,
respectively. Stand factor, single tree factor and regional factor are the dominant factors affecting trunk
density of Schima superba, and the total relative influence rate was 79.96%. The dominant factors affecting
wood density of Schima superba are stand factor, single tree factor and soil factor, and the total relative
influence rate was 83.04%. Terrain factor, stand factors and single tree factor are the main factors affecting
trunk density and wood density of Liquidambar formosana, and their total relative influence rates were
83.98% and 92.70%, respectively. [Conclusion] This paper analyzes different factors by multifactor
analysis of variance and BRT, and it is concluded that stand factor and single tree factor are the dominant
factors affecting trunk density and wood density of Cinnamomum camphora, Schima superba and
Liquidambar formosana.

Key words: trunk density; wood density; native tree species; affecting factor; boosted regression
trees (BRT)
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Tab. 1 Statistics of trunk density and wood density
i i LK R M A ST
Tree species Item Mean/(g-om %) ~ Standarddeviation/ e o o) Maxdgem Yy Cocffientof
P & (grem ™) /& /8 variation/%
- 15
Wb Trunk density 0.449 1 0.083 0 0.2292 0.8100 18.48
Cinnamomum camphora iy
” AL . 0.4477 0.084 7 0.230 4 0.723 0 18.92
Wood density
W5
K Trunk density 0.501 8 0.103 1 0.257 6 0.798 1 20.54
Schima superba B
P AHER . 0.503 9 0.109 4 0.257 1 0.7815 21.70
Wood density
s
WE Trunk density 0.479 6 0.106 2 0.104 5 0.905 7 22.15
Liquidambar formosana s
1 f AHER . 0.469 8 0.109 8 0.097 9 0.8718 23.38
Wood density
®2 EMETFL&ITR
Tab. 2 Statistical table of qualitative factors
7KF#4 Level

“F Factor

T2 Factor category

TR Cinnamomum camphora

A Schima superba W F Liquidambar formosana

I 4] Slope aspect 9 9 8
HJE AT Terrain factor . N

4 Slope position 4 4 3
13T Soil factor 437 Soil type 4 3 3

T 27 Vegetation type 8 6 6

#ZYR Origin 3 2 2
A>T Stand factor {4 Fff Dominant species 2 ) )

A Forest category 5 4 3

W40 Age group 5 5 4
BARA T Single tree factor 2 Diameter class 10 10 10

HuTl7 City 17 20 12
Hi3 K F Region factor -

S A Climate zone 3 2 2
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Tab.3 R?and adjusted R* of multifactor analysis of
variance for trunk density

P Fh Tree species R PHER® Adjusted R
TR Cinnamomum camphora 0.518 0.273
AR Schima superba 0.659 0.502
WA Liquidambar formosana 0.632 0.445
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Tab. 4 F value and P value statistics of multifactor variance analysis for trunk density

. . v ) AKAuf WA
725 L Cinnamomum camphora Schima superba Liquidambar formosana
Factor category Source
F P>Pr F P>Pr F P>Pr
K Altitude - - 9.23 0.003 5" 43.64 <0.000 1"
, FF Sl - - . 0.001 8™ . 087 1
IR T Y% Slope 10.63 3.03 0.087
Terrain factor 34 Slope position 247 0.070 4 - - 2.75 0.072 4
3 4] Slope aspect 3.82 0.055 3 4.43 0.039 5" 127 0.280 8
J& 82 2 Thickness of humic layer - - - - 9.30 0.003 4
B . . .
T Fi¥&4JE % Litter depth 4.66 0.0349 4.49 0.038 1 6.34 0.0145
Soil factor + )2 B ¥ Soil thickness - - 2.56 0.1150 2.32 0.1332
+ 32257 Soil type - - - - 5.94 0.004 4™
R § ¥ Herb coverage 1.23 0.2711 3.01 0.087 6 8.23 0.005 7
WEK 7% Shrub coverage 133 0.2540 - - 9.10 0.003 7°
#Fh Forest category 2.80 0.033 8" 1.61 0.196 5 - -
W44 Age group 1.67 0.183 1 5.87 0.000 4™ 2.68 0.0550
M F EAIEE Average height 2.36 0.1300 6.11 0.0162° 2359 <0.0001"
Stand factor
LY Origin - - 4.52 0.037 6" - -
S Canopy density - - 1.23 02726 2.98 0.089 7
MR Vegetation type 2.40 0.038 3 2.98 0.0181 - -
T 1 5578 55 . Total vegetation coverage 1.46 0.2324 - - - -
H14% Ground diameter 11.05 0.001 5™ 3.26 0.076 0 - -
618 %< 7 [7] Crown width from east to west 1.86 0.177 6 3.82 0.0553 - -
5t FE b [\ Crown width from north to south - - 9.51 0.003 0™ - -
N 12K Diameter class - - - - 10.01 0.0002™
BT -
Single tree factor 4E# Age - - 25.42 <0.000 1 6.99 0.010 5"
W7 Tree height - - 4.84 0.0316 2.96 0.090 6
4% DBH 8.28 0.005 6" - - 21.37 <0.000 17"
¥ F & Height under branch 1.22 0.274 8 - - 2.38 0.1279
Hi s A T Huily City 7.84 00069 3748  <0.0001" - -
Region factor S Climate zone 1.54 02224 6.70 0.0121° 5.81 0.019 1"

RN TR ”ﬂﬂ’]l% TRAR0.05/K R FE T, TRR0.01K AR R R T K61HIE . Notes: — means non-influential factors, " means significant
factor at 0.05 level, ™ means extremely significant factor at 0.01 level. Same as Tab. 6.

RS AMEBEEZEFHENNERR SRR

Tab. 5 R*and adjusted R* of multifactor analysis of
variance for wood density

FFf Tree species R? A R* Adjusted R?
W Cinnamomum camphora 0.674 0.472
A Schima superba 0.587 0.398
WA Liquidambar formosana 0.696 0.550

Iy EFOH BRT 45 555 i 3 28mT DLR I : AR 20
BN R BAR R A 7 55 R R R AR P 1) 5 AN

JE 5 W RE R B T  BE I B, FE X DTk R
8.11% ~ 10.78%, Ho X A~V 351 15 FE . HEAK 75 F& . Ak Fh

& T AR, HARXT DTk AV A 4.96% ~ 7.69%,
DA b R 0l A5 A A 25 B D AR R DT R R IA 92%
DA CEE 1A o T S R A 28 28 2 52 e AR fmr % 12
1) FEZE R, HARX TTRREE 7 5N 12.76%- 10.59%,
FUONFERS R AR ZE 10 MK 7, HEX TTlk R 5E
BBl A 4.53% ~ 8.44%, LA I IRl Xo A fi 44 T 5 B 1 8
FEXF TTR AT 85%C I 1B) o Y1) iR P
SRy S R X A 5 R T 2 SRR, AR TR 2 4
N 18.07%- 13.94%- 12.02%, HUCNE: R & filfe. #E
A6 T2 B, FARX TR RN 5.91% ~
9.49%, LA PR -7 % B EF B 25 B2 1 5 RE R DT R

75%CE 1C) o B —FKFE, XF 3 MNP T
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AR A B 25 FE B RH G DT R AR KN 2.99% 2.82%

6.53%12.25% 5.54% 2.43%, AN

RN 22.55%
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N 53.43% F 32.75%. oo, TERE R AR 4> K7,
TR #7268 A B K (10.78%) , L YR N AE W 4 78 55
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Tab. 6 F value and P value statistics of multifactor variance analysis for tree wood density

) KA WA
735 I Cinnamomum camphora Schima superba Liquidambar formosana
Factor category Source
F P>Pr F P>Pr F P>Pr
K Altitude 1.62 0.209 0 1.67 0.200 7 9.48 0.003 1°
YA I Stope N N - B - N
Terrain factor 317 Slope position - - 125 0.299 2 4.46 0.0156"
3 1) Slope aspect - - - - 2.57 0.0220™
JEE )2 B & Thickness of humic layer 3.62 0.062 2 - - 12.84 0.000 7"
L &P Litter depth 221 0.143 1 - - 2407  <0.00017
Soil factor +JZJEFE Soil thickness 13.87 0.000 5™ 1.78 0.1876 - -
+ 3357 Soil type - - 5.25 0.007 9™ - -
TR 5% P Herb coverage - - 7.28 0.009 0 1930  <0.0001"
K H5 ¥ Shrub coverage 3.13 0.082 6 1.63 0.206 6 7.03 0.0102"
MFP Forest category 5.17 0.0013™ 1.03 0.387 4 - -
#4240 Age group 424 0.009 1 3.43 0.013 5 - -
147 Average height 4.56 0.037 2" - - 8.98 0.003 9
AT SPIJHERS Average age 247 0.1218 - - - -
Stand factor FHIM1% Average DBH - - 237 0.129 1 - -
HCYH Origin 5.20 0.026 4" 3.17 0.080 0 - -
AR PF1 £ Canopy density - - - - 2.74 0.103 2
A #4F Dominant species 2.65 0.109 5 - - 6.40 0.014 1"
TR Vegetation type 3.97 0.003 8" 1.57 0.182 1 2.78 0.025 17
B 878 55 % Total vegetation coverage 7.13 0.001 0™ - - 7.29 0.009 0™
4% Ground diameter 13.74 0.000 5 - - — -
SELIE 45 Pt 7] Crown width from east to west - - 523 0.025 7 1840  <0.000 17
SRR IL B Crown width from north to south — — 3.06 0.0852 - -
A 12H Diameter class 7.84 0.001 0™ - - 22.07 <0.000 1™
Single tree factor 4£{#% Age 6.12 0.0164 17.98 <0.000 17 11.72 0.001 17
P ¥ Tree height - - - - 6.46 0.0136
%42 DBH 8.70 0.004 7" - - - -
¥ 18 Height under branch 6.05 0.017 1 7.83 0.006 9™ 2.39 0.1272
HhJsk DR M7 City 1234 <0.000 1™ 5.24 0.025 5" - -
Region factor {4y Climate zone 4.72 0.012 8" - - - -
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Fig. 1 Relative contribution rate of the factors affecting trunk density
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