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Abstract: Albizia odoratissima, Liquidambar formosana, and Schima superba are key native broad-leaved tree species for
afforestation in Guangxi, China. To assess the afforestation performance of these species in both pure stands and understory mixed
stands with Pinus massoniana, a field experiment was conducted using one-year-old container-grown seedlings of the three
broad-leaved species. Two planting configurations were established: pure stands of each species, and mixed stands where each
species was interplanted under Pinus massoniana canopies. After three years of growth, differences in trunk growth, crown
development, and stem form among the treatments were investigated and analyzed. Additionally, the Analytic Hierarchy Process
(AHP) was employed to conduct a comprehensive evaluation of the overall growth performance of each species under different
configurations.The results were as follows: (1) In pure stands, Albizia odoratissima and Liquidambar formosana exhibited superior
trunk growth, characterized by greater tree height, larger diameter at breast height (DBH), and a lower ratio of multiple tree trunks. In
contrast, Schima superba achieved better trunk growth (i.e., greater height and DBH) in the understory mixed stand configuration. (2)
Regardless of the planting configuration (pure stand or understory mixed stand with Pinus massoniana), Albizia odoratissima
showed excellent crown development. This was reflected in its larger crown diameter, greater Under-branch height, stronger natural

pruning ability, and a relatively smaller Crown-diameter ration. (3) For stem form, Liquidambar formosana performed optimally in
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pure stands, with a lower probability of bifurcation and a smaller height-diameter ratio. Meanwhile, Schima superba displayed better
stem form in the understory mixed stands, as evidenced by a smaller Height-diameter ratio and a lower lodging rate. (4) The
comprehensive AHP evaluation of growth performance ranked the treatments in the following order: Albizia odoratissima (pure
forests) > Liquidambar formosana (pure forests) > Schima superba (understory) > Albizia odoratissima (understory) > Schima
superba (pure forests) > Liquidambar formosana (understory). Consequently, Albizia odoratissima is identified as the top-performing
species in pure stands, while Schima superba is the most suitable for understory mixed planting with Pinus massoniana.This study
provides a scientific basis and theoretical reference for optimizing the cultivation techniques of A/bizia odoratissima, Liquidambar
formosana, and Schima superba in the Guangxi region.
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Table 1 Soil physical properties in understory and pure forest experimental areas

b it g A EBEILIE EEILEE S FLBREE
Stand type Soil density (grem™) Non-capillary porosity (%)  Capillary porosity (%) Total porosity (%)
M iREEX Understory
1.00 6.49 49. 54 56. 03
forest experimental areas
ARG X Pure
1.08 7.60 48. 44 56. 04

forest experimental areas
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Table 2 Soil chemical properties in understory and pure forest experimental areas

A4 AR 2R KEER & Total A0 AP R
Moy Total Effective Total Hydrolyzab ~ phosphor Available organic Quick-acting
Stand type potassium zine nitrogen le nitrogen us Phosphorus matter potassium

(g-kg™D (mg-kg®)  (g'kgD (mg-kg™® (g-kg™® (mg-kg®)  (g-kgD (mg-kg™®

MO B X
Understory
2.20 0. 56 1.52 133. 06 0.48 13. 06 38. 89 53.29
forest
experimental areas
AR X
Pure forest 2.93 2.24 1. 56 113.55 0.63 43.92 31.80 184. 74

experimental areas
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A. Height; B. Diameter; :C. Ratio of multiple tree trunks; D. Crown diameter; E. Crown-diameter ration ; F. Under-branch height; G. Natural pruning ability ;

H.Probability of bifurcation; 1. Bifurcation height; J. Height-diameter ratio; K. Lodging rate.
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Fig. 1 Evaluation system of growth status of pure forests and understory of three broad-leaved tree species
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Table 3 Trunk growth of pure forests and understory of three broad-leaved tree species

FEhr Index P Ff Species 4l bk Pure forests M F Understory t i M Significance
%
Albizia odoratissi 6. 75+ 1. 75a 4.71%1.46b 11. 87 0. 000
s i
Height (m)  Liquidambar formosana  5.341.03b 3.68+1.07c 20. 69 0. 000
fif A
Schima superba 3.78%0. 78¢ 5.08%1.13a -15.60 0. 000
ey S
Albizia odoratissi 5.86+2.01b 3.21%£1.13b 13. 63 0. 000
Mtz B b
Diameter (cm) Liquidambar formosana 6.29+1.72a 2.73%x1.10c 33.92 0. 000
FAR
Schima superba 3.78%+1.04c 4.05%1.13a -2.76 0. 006
ZFH L2bea 0.692+0.81b 0.47240.94b 0. 34 0. 744




Ratio of multiple Albizia odoratissi

AR
tree trunks Liquidambar formosana ~ 10.25+7.17b 2.2341.71b 2.17 0.073
A

RPN T IE e . RPAFRNGFRREREE (P<0.05) . T,
The data in the table is mean =+ standard deviation. Different lower-case letters after data represent significant differences (P<0.05).
The same below.
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Table 4 Crown growth of pure forests and understory of three broad-leaved tree species

}8¥5 Index PFf Species 4lifk Pure forests MF Understory t B#F M Significance

A
Albizia odoratissi 2.8210. 84a 2.11%+0.71a 11.17 0. 000
S , WL%W
] Liquidambar
Crown diameter (m) formosana 2.85+0.50a 1.9340. 50b 24. 34 0. 000

fif A
Schima superba 2.13%0. 43b 2.1240. 47a 0.22 0.827

Bt
Albizia odoratissi 0.5240. 21b 0.7040. 19b ~11.31 0. 000
AR B
) ) Liquidambar
Crown-diameter ration  05ana 0.500. 29b 0.83+0.52a -9.92 0. 000
GIEN
Schima superba 0.59+0. 16a 0.5440. 11c 3. 84 0. 000

R
. Albizia odoratissi 1.64+0.54a 1.99+0. 65a -6. 87 0. 000
R b
Under-branch height Liquidambar
(m) formosana 0.3410. 22b 0.50%0. 19b —b. 47 0.000

i A
Schima superba 0.18+0. l4c 0.53+0. 19b -18.21 0. 000

A%
Albizia odoratissi 0.25+0.11a 0.44+0. 14a -17.80 0. 000
ELR 1 RER
) - Liquidambar
Natural pruning ability — #mo5ana 0.06+0. 05b 0. 1440. 06b -12.31 0. 000

fiif A
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Table 5 Trunk shape of pure forests and understory of three broad-leaved tree species

F845 Index

W Species

4l pKk Pure forests

MF Understory

t

B# M Significance

e
Probability of

bifurcation

B
Albizia odoratissi
WA Y
Liquidambar
formosana
A

Schima superba

54.87=+1. 2a

7.55+3. 86¢

38.30£1.20b

27.56%10. 15a

18.

.30£5.

45+7.

27b

30ab

5.32

0.08

4.55

0. 002

0. 942

0. 006

P e
Bifurcation

height (m)

Y
Albizia odoratissi
A
Liquidambar
formosana
(GEN
Schima superba

2.00+£0.1.01a

1.6740. 74b

1.32%0.51c¢

.09+£0.

.01x0.

.60£0.

6ba

38c

81b

-0.89

4.30

-2.28

0.373

0. 000

0.025

e
Height-diameter

ratio

ey
Albizia odoratissi
A
Liquidambar
formosana
LGN

Schima superba

1.22%0. 34a

0.9140. 32¢

1.0640. 37b

.5240

.51+0.

.29+0.

.37a

59a

20b

-9. 68

-15. 87

-12.40

0. 000

0. 000

0. 000

(RS
Lodging rate

Y
Albizia odoratissi
WA
Liquidambar
formosana
fif A
Schima superba

Ob

1.6540. 86a

0. 38+0. 66b

.49+4

. 36+£5.

Ob

. 08a

12a

-5. 46

-2.59

1.00

0.012

0. 041

0. 423
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Table 6 Determining matrix of growth status evaluation

- WK UPRRASIS W TR
fEbr Index ) o CR
Trunk growth Crown growth Trunk shape  Relative contribution rate (%)
T4 K Trunk growth 1 5 3 64. 79
W5 4K Crown growth 1/8 1 0.5 12. 22 0. 002
W TT-7% Trunk shape 1/5 2 1 22.99
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Table 7 Determining matrix of trunk growth situation

%

P 1 i ik : : TUHRER
i3 Index Height Diameter Rats;girilitslple Relative contribution rate (%) CR
B Height 1 1 8 47. 06
Hi4% Diameter 1 1 8 47. 06 0
% T3 Ratio of multiple
tree trunks 1/8 1/8 1 5. 88
8 MK AN
Table 8 Determining matrix of Crown growth situation
i et FOF R R Ee b ) o
45 Index Crown Crown-diameter ~ Under-branchh ~ Natural pruning . ,Z at.lve . CR
diameter ration eightt ability contrt (101/1? 1 rate
@& Crown diameter 1 4 4 1 40. 00
s .
EARL Crown-dlameter 1/ . | " 10.00 .
ration
BT
Under-branch height 1 ! ! /1 10.00
HARERRE S
1 4 4 1 40. 00
Natural pruning ability
R 9 WTTRAMER
Table 9 Determining matrix of Trunk shape situation
) bk Sy T Eikk U
fE#R Index Probability of Bifurcation Height-diameter Lodging contribution rate CR
bifurcation height ratio rate (%)
3L Probability of
1 1 4 1 30. 77
bifurcation
43 AL Bifurcation
1 1 4 1 30. 77
height
42 Lt Height-diameter
1/4 1/4 1 1/4 7.69 0
ratio
fBIfR % Lodging rate 1 1 4 1 30. 77

2.4.2 M ERARNETH
RIEAR (7)), BIEFRIOAE AL 7. £ 8. K 9 hxf M TTERE IR LLE 6 thiZdabmnt B A4 K A5 1

FRPS I DR IFEREL 10 000, 45

WA 10, RTHM E B4R PR ZE AR DL IR R K
R 10 I EAAE

Table 10 Relative weight of evaluating indicators

—Z¢¥&¥r First-level indicators

4 ¥8#45 Secondary-level indicators DTk 3 Index contribution rate

MK
Trunk growth

UAPRREERS

Crown growth

WTTE

P = Height 0.304 9
[4% Diameter 0.304 9
ZFH (UM% Ratio of multiple 0038 1
tree trunks(negative correlation)
et Crown diameter 0.048 9
A b (A% ) Crown-diameter ration(negative correlation) 0.012 2
¥ F % Under-branch height 0.012 2
H $R %4 fit 77 Natural pruning ability 0.048 9
SRR (HiAH9E) Probability of bifurcation(negative 0.070 7



Trunk shape correlation)

/¥ 5 Bifurcation height 0.070 7
Ff2 L (FiFH2%) Height-diameter ratio(negative correlation) 0.017 7
BIfRFR (5iAH5%) Lodging rate(negative correlation) 0.070 7

2.4.3 HEB/MTHE
RIEAA () M (9, HRBAEKERLGEWN /A GR 1D, HE 11 775, Bigalidk (83.38) >
WEM LR (75.17) > FRA (50.50) >R EBEE (43.18) >mpAR4ibk (29.25) > FWER (20.92) .
X A MBS A KB DL BT I 9 2%, MR B N AR KB DL I I A s far AR AT AR KA
I EE AR AR B
R 11 ZAETHES

Table 11 Comprehensive evaluation score

— R F8tr e 4aifk Pure forests MF Understory
Fird — Gtk —
irst-leve -
Secondary_]evel %1‘% Méﬁj ?ﬁ* Albizia Méﬁj ?ﬁ*
1 o Albizia Liquidambar Schima doratissi Liquidamba Schima
. indicators odoratissima formosana superba oaoraussum -, formosana superba
indicators a
Wﬁ:dikﬁ /= Height 29. 05 16. 37 2.34 10. 70 1.44 14. 03
run
growth 4% Diameter 25.79 29. 16 9.48 5.02 1.25 11. 60
%% Ratio of 3.78 3.31 0.32 3.79 3. 70 3.37
multiple
tree trunks
WEER iR Crown 4.47 4.61 1.26 1.16 0. 33 121
Crown
growth diameter
AR 2.76 2.82 2.56 2.24 1.86 2.71
Crown-diameter
ration
AN 0.95 0.12 0.02 1. 17 0.22 0.24
Under-branch he
ight
H R B A 2.44 0.23 0.12 4. 66 1.16 0. 81
Natural pruning
ability
W SR 0. 30 6. 14 2.34 3.67 6. 17 4.80
Trunk
shape Probability of
bifurcation
Ve 5.86 4.26 2.57 6.30 1.07 3.92
Bifurcation
height
iz 0.91 1.69 1.31 0.15 0.18 0.73
Height-diameter
ratio
k% Lodging 7.07 6. 45 6.93 4. 62 3.54 7.07
rate(negative
correlation)

J3%7 Total score 83. 38 75. 17 29. 25 43. 48 20. 92 50. 50
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