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Effects of thinning intensity on stand growth and soil properties of Toona sinensis
plantations in dry-hot valleys
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2. Guangxi Forestry Research Institute, Guangxi Laboratory of Forestry, Nanning 530002, Guangxi, China)

Abstract: [Objective] This paper explores the effects of thinning intensity on stand growth and soil
properties of Toona sinensis plantations, aiming to screen efficient thinning models suitable for constructing
multi-layered, uneven-aged T. sinensis forests and to provide theoretical support for improving the quality of
near-mature 7. sinensis plantations. [Method] A 21-year-old monoculture 7. sinensis plantation in Guangxi

Yachang Forest Farm of southern China was subjected to three thinning intensities: TPH (retaining 1 050
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tree/ha), TPM (750 tree/ha), and TPL (450 tree/ha), with unthinned stands as the control (CK). Precious tree
species such as Zelkova schneideriana and Phoebe bournei were under-planted in a 1:1 ratio under the
thinned and control stands. Differences in stand growth, soil physicochemical properties, and enzyme
activities under different treatments were systematically compared. [Result] (1) Thinning significantly
promoted the increase of DBH, tree height, and stand volume of 7. sinensis. The TPH treatment was most
conducive to the increase of tree height and volume growth, while TPL most strongly promoted DBH
growth. (2) Growth of under-planted seedlings differed significantly among treatments (P < 0.05), with
ground diameter and seedling height increments ranking as TPM > TPH > TPL > CK. (3) Thinning
significantly affected soil physicochemical properties. TPH performed best in improving soil pH, organic
matter, total nitrogen, total phosphorus, available potassium, and available phosphorus; TPM showed the
greatest advantage in increasing total potassium; while CK performed best in reducing bulk density and
increasing moisture content and available nitrogen. (4) Soil enzyme activities were also significantly
influenced. TPH most markedly enhanced catalase, urease, and sucrase activities, whereas acid phosphatase
activity was highest in CK. [Conclusion] The TPH regime effectively coordinates tree growth, understory
regeneration, and soil improvement in 7. sinensis plantation. It is identified as a preferable management

mode for establishing mixed uneven-aged multi-storey stands, improving stand quality, and supporting

multifunctional sustainable management of 7. sinensis plantations.

Key words: Toona sinensis plantation;

stand growth; dry-hot valleys; thinning intensity; soil

physicochemical properties; soil enzyme activity; sustainable management of plantation
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Tab. 1 General situation of sample plots
TPH 20 ~25 KRE.FE 620~675 16.80 16.40 1.00 ~ 1.50 0.45 ~ 0.60 0.60 ~ 0.80
TPM 20~25 K 620 ~675 17.00 17.70 1.00 ~ 1.50 0.45 ~ 0.60 0.60 ~ 0.80
TPL 20 ~25 KR M 620~ 675 18.70 18.70 1.00 ~ 1.50 0.45 ~ 0.60 0.60 ~ 0.80
CK 20 ~25 KR 620 ~675 15.00 16.20 1.00 ~ 1.50 0.45 ~ 0.60 0.60 ~ 0.80
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HZER(p<0.05), XY N TPL > TPM > TPH. W&
B KAEA A A R 75 2 57 53 (p < 0.05), TR
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TPL > CK. H AR, K BER ) A% A0 v 3G &
¥ 8% KT CK(p <0.05), £H N TPM > TPH >
TPL > CK, J+ TPM fil TPH Z R AN EE, HP &
¥R KT TPL(p < 0.05) . [%) F Hb 42 A1 i 4 4
Z P4 TPM > TPH > CK > TPL, 3 4% 39 & 77 1
X TPM & & KT CK(p < 0.05), T B = 3 & 5 1
TPM il TPH ¥ & 2% KT CK Ml TPL(p < 0.05). Ik
Ab, BR CK 4b, KRR 7E 2B 1 A2 A i e 1
HIERERTHR(p <0.05),

22 EBMBUEWS TIEELMER

H# 2 A5, 56 Hh pH £ 5.39 ~ 6.84, J& T
TRt L4 FEAN A Ui, 4% pH Bl FE Ok B
HREW PR R T e BRI AR i 3, RIA
TPH > CK > TPM > TPL., LI HE KN 1.14 ~ 1.43
glom’, & Kb FE [A] 22 ¢ 5138 B B 3 /K- (p < 0.05), H
B 25 5 DR B 2 F5E 1 P2 {117 328 9 14 b, 2R I TPL >
TPM > TPH > CK. T3 &/KEE N 8.25% ~ 12.46%,
TEA [F] 4 B[R] T A7 72 0K 22 7 I T 25 5 2 B ) e
K2, RN CK > TPH > TPM > TPL.

+HEH P (SOC). &% (TN, &8 (TP), 4
B (TKOAZ P 3K R D7 RO S B e A . A
3 AR, AL IR PR IAEAEA R R ) 2
o BRI, SOC & &4 24.54 ~ 52.22 g/kg, HBH
bl O % BE I AR 2 20 T JE PR AR a3, %A
XA ZE R E (p<0.05), ®I N TPH > CK > TPM >
TPL; TN & &N 1.89 ~ 2.76 g/kg, H:AE R [H] kb B[]
(1) 7 A ka3 5 A WL A AL, TPH % /=5 (2.76 g/kg),
CK. TPM #1 TPL K {/i# ik s TP 2 &4 0.30 ~ 0.65
g/kg, Bl P A Ok 81 %5 FE I PRI 2 26 T Ja BRI
#, RPN TPH > TPM > CK > TPL; TK &84 5.49 ~
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a 100
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Fig. 1 Increments in DBH, tree height and volume of Toona sinensis under different thinning intensities
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Fig. 2 Growth of ground diameter and seedling height of replanting seedlings under different thinning intensities
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Tab. 2 Soil properties under different thinning intensities

Ab 3 pH ZH#/(kgm™) BIKEI%

TPH 6.84 £ 0.06a 1.23+0.02b 10.95 +0.05b

TPM 6.10 £ 0.00c 1.36 £ 0.04a 9.75+0.08¢c

TPL 5.39+£0.07d 1.43 £ 0.12a 8.25+£0.09d

CK 6.50 = 0.39b 1.14 +0.03¢ 12.46 = 0.13a

T I BUE R R IR AE A R AL B P R B KA, ARG 7 BER R & AR BRI 22 57 2 (p < 0.05) . R I
x3 AEEMEEETHEEFMR
Tab. 3 Chemical properties of soil under different thinning intensities
fh3m ﬁmﬁfﬁ I/ %/ﬁ/‘ %E??i/] %%ﬁ{/] JE?&’I?EI/ JE?JZ%EE/ @Zﬂlﬁ?’i/
(mg-kg™ (g'kgD (g'kg™D (g'kg™h (mg'kg™ (mg-'kg™ (mg-kg™

TPH 52.22 +1.78a 2.76 £ 0.08a 0.65 + 0.05a 10.29 £0.17a 336.70 + 3.86¢ 181.00 + 3.15a 80.13 £ 0.36a
TPM 28.68 + 1.92¢ 2.22+0.17b 0.44 +0.07b 10.41 £ 0.29a 307.77 £7.08d 144.67 = 1.14b 3.29+0.12d
TPL 24.54 £ 0.98d 1.89 +£0.05¢ 0.30+0.10c 5.49 +0.26¢ 364.23 £ 12.86b 105.67 £ 1.92d 6.00 +0.42b
CK 31.03 +£2.90b 2.24 +0.26b 0.42+0.11b 8.65+0.18b 370.30 = 8.75a 117.67 £3.94c 5.76 £0.31c

10.41 g/kg, TPM fll TPH £ 7 AR %, HH R E &
T CK #1 TPL(p < 0.05), FH N TPM > TPH > CK >
TPL. £ FFTi&R, TPH X4 phth L1852 S i A
HRMAER

T HEH TR ) BE e EH AR IRRI A, 2R
W E A KSR G R . AR 3 A5, &b
) LR IR SRR AR ROR E R A
(AN)E &N 307.77 ~ 370.30 mg/kg, 7% 4bFH a] 2 7
BF(p<0.05), £ A CK > TPL > TPH > TPM; i
B (AK) 24 105.67 ~ 181.00 mg/kg, 545 =X (7]
ZREFH(p <0.05), HH TPH(181.00 mg/kg) i &
TPM. CK 1 TPL JUI 4K 7 ks 3 R CAP) & & -
3.29 ~ 80.13 mg/kg, TPH(80.13 mg/kg) it & = T
fiiab ¥, I TPH > TPL > CK > TPM. 455K E,
TPH 7 4 7 548 A L 13 1 57 4 JU H 2 7 AK
AP JyH, R BT IR
2.3 FREBUSEHS TIEEEETL

DR T A [ 50 5 00 L 3 SC B AR WAk o
AR R, AW T E i A AL B (CAT). IR
(URE). &1 R T C ACP ) A1 FE il (SAC)H4 Ffr 115
Rl (5 1, JEREAT 2 I T . S5 R (R DRI,

4 PhBEIEEAEA R GG BT HFEERE ER .
CAT i PEN 1.54 ~ 2.30 U/g, H A TPH(2.30 U/g) &b
PRE VS, BT HAR LB (p < 0.05), BEAAR
I~ TPH > TPL > CK > TPM. URE &% N 6.66 ~
26.54 U/g, HAEA R AL BRF] 1) A8 10 35 5 CAT AHAL,
TPH(26.54 U/ [Fl#¥: i T H AR AL FE (p < 0.05), KN
4 TPH > TPL > TPM > CK. ACP i 1 5 2.96 ~
6.25 Ulg, Bl 7 #E [ B 2 FE 1 FRAIR S S /N Ja 35 K
fass, HARkEKI N CK > TPL > TPM > TPH. SAC
TETEN 15.71 ~ 55.96 U/g, B & ks Ok B 2 FE I FRAC 2
e Tt BRI %A, TPH(55.96 U/g) T HiAth 4b
F(p <0.05), ¥ N TPH > CK > TPM > TPL. %i b
Fri&, TPH {E4& S+ I BGEPE 77 R IR H

3 ®

1B 4% 3ot Wk 43 2 K B =2 i

NI B T N 154 N = N D N ]
ARKBNE, R T IR PR A4 AR K1 DG B R 2
TEF . 55388, 3 Fhial oAb 3 5 fe B 2 2 1 & AR 1
1 P AR 2 M ARG G, ARAS [ AR AR Aront ) X3
FEE By o AR A AE S 22 7, IR T MRORAE AR f 3R

31

x4 AR EELEET T EEEE R

Tab. 4 Characteristics of soil enzyme activities under different thinning intensities Ul/g
posiil pUERR AN iR it PRV B R i FERHE
TPH 2.30 = 0.06a 26.54 +1.75a 2.96 +0.30d 55.96 + 1.41a
TPM 1.54 £0.12d 12.42 + 1.73b 347+041c 26.79 + 1.01c
TPL 2.08 £ 0.03b 13.13 £3.62b 5.79 £ 0.40b 15.71 +1.18d
CK 1.93 £0.53¢ 6.66 = 0.95¢ 6.25+0.13a 38.50 + 1.42b
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