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The impact of logging intensity on the stand state of middle-aged Pinus
massoniana plantations

Tuling? Chai Zongzheng '™ Zhao Zhongwen?
(1. College of Forestry, Guizhou University Guiyang 550025, Guizhou, China; 2. Guizhou Province Zhijin County State-owned Guihua Forest Farm
Zhijin 552100, Guizhou, China)

Abstract: [Objective] This investigation aimed to secure a theoretical foundation on which to inform the judicious management of
Pinus massoniana plantations by assessing the repercussions that varied logging intensities have on the stand state of middle-aged P.
massoniana plantations and provide invaluable guidance for the formulation of specific forest management strategies. [ Method] Five
distinct logging intensity categories were delineated (0%, 10%, 20%, 30%, 40%). To construct a robust stand state evaluation
framework, nine representative indicators across the three dimensions of structure, vitality, and diversity were selected. Employing the
unitcircle method first, we scrutinized the short-term ramifications of logging intensity. [Result] The findings revealed that: (1) Four
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indicators—stand density, tree health, species composition, and species diversity—exhibited pronounced sensitivity to logging
intensity. These four exhibited significant improvement in the short-term post-logging (P<0.05). Conversely, the indicators of species
evenness, diameter distribution, height distribution, tree dominance, and stand growth exhibited a more subdued response to logging
intensity. These five necessitated an extended period to begin to improve. (2) The comprehensive evaluation index values measuring
the stand state of middle-aged P. massoniana plantations initially ascended, but then subsequently descended, as logging intensity
escalated. The stand state zenith was pinpointed at an approximate 30% logging intensity. (3) A highly significant linear correlation
emerged between the unit circle method results and the principal component analysis results in evaluating stand state (R"*2=0.909,
P<0.001), although the unit circle method proved to be more intuitive and responsive. [ Conclusion] In summation, logging intensity
exerted a substantial influence on the stand state of middle-aged P. massoniana plantations, with moderate logging (circa 30% logging
intensity) enhancing the stand state the most. The unit circle method proficiently and effectively illuminated the short-term effects of
logging intensity on the stand dynamics of middle-aged P. massoniana plantations.

Keywords: plantation, logging intensity, stand state, unit circle method, principal component analysis

TEABRAE ST BTR A NS0 H a5 IR 50F, A THRREE SRRV EE . N THRIENZ SR,
TR ZRENE SRAEANS S G R BT, AR R B R RBVE S A TR SR . SRTT, BUA RN TR
LEREAFETOE RS FREMIP RS RMES RAEDIRHEN, X FEN TSR B HES R AKRAR, G H—.
ARG DHREIR TS S5 R . IRANIR D BRAR B T N AR MRS B BAREE IR, AU B T B AR R3S R RBhas
T, T HBENE 9 N TARRI AT RRSE 8 RO RLA AR . JTaEk, AR FUE R E Th I PIRSTRIEAT TR, B
BT — RAERHESCRI S FR R o SR, DA B TR A — L) 8, QB e— T INR i . ZR BB R A R LA KA
(7 DX SN AR AR SR (3 SV R 2 5, IR 0T N AR AT RFEE 8 5 R A A 1 Bkl o

A (Pinus massoniana) V£ Jy3RIE w77 522 IR WA FIE ARSE B B, FLorAm ) i@ R DL A
ZurEE, ERAEMENES RGPS B RCHEENEM. Am, BT RKPSAT R — RPN Tl
MAERL, SR AN TR IR RS — . AR 88 BE RRi Z RE PEBUR R ) A, S AE
PR BB, MRS RGENNEE, BB R FERRZE, ™ E AR R B S
55, PR IR TR R SR A BB . SRAGREAE N — MR B AR S B BOR R, HER W R N T
Mgty TheeMalds. DMEMBT TR, ARFRAGREX R LS RGURA B2 M K20, &R
KATT DLSCE M I8, R EMORBOSERTAIAE G, SERPAICE LS RS ThRE: 2R, LB AR AR AT g 3 3L
AESROR . A Z AR R DA K AR Il A B R . AT, 5% T R AR B N AR EAR SR B FUATI A
FEA RGN o JEHREAR X . AR A FEAKE BRI AR &R T, SRARSE FEX AR 7 2 2500
7 F) 22 S S FEAL A o AR AT BR AR TS

AHIETE LA B B 1) R b N AR ORI Fo0 G, i il B A5 0 35 JUR1 2 RE I = AN 07 T MR R AR,
T AR RSP R R . BT FE B 75 R QoA A [RR A BEXS 5 AR N AR RS IS, 4875 5
FEAA RS MR AEAN R R AR EE T AR 2 AL, AT A A SRR 8 8 BRI AR LR AR A . Il A
HIFFEIRN B A R AN 5 R 4 0 AR AR AR 8 RGEFEA BRI, AR T SRS T $ T 5 P Hp 82 kR AR AL 1) B0
SCHEMSE AR S

1 W XN

WAL T30 44 23 4 B A HEAE PR 3%(26°38'217—26°39'18"N,  105°44'55"—105°45'5"E), “F-1iF4k
1310m, EHJFEME 1200~1500mm, 424EHMR 1170h £4, Jo/HE M 240~290d, F-FHS 0 11.6~15°C, S
o JB G RN E . SN AERRE, R SURRE S, 3 SR A Lt Je Fef, Hb TR M 34

97



S PN T E Ml AR RS S6 AR AT B E 5 FUR K HESR T 7> 23

EARBOR, N B2y AR L), IR DA A O T, BRI LUK B SRR BN
W37 AR AR Y 439.490hm?, K2 W AT, MHARECK B Az . @pssy “ B s GEF BiH
EHERRM I 7« R B SRR s H it 7« SN A AR S B 7, BAT IS AR AR MR AT KRS
g 1 ARG, B e AR E IR AN AR AR S D R A R, DN ARHIE T RIOT SR it T B AR
Fre DHEEAEMIZ S ) T XONRE TR, 2% X8 BT AR B A SR R B R AR TP . iRt 2004 4
AN, BRITEEON 1.5%1.5m, B PRRBATEEMIREH R, HANTIED . R0, %X R+
MR K. TRAR . MM — B AR, AP R T AR oz 288, SR
HARR AR AL AR R, 12008 o VR S S e R R G54, DU v B b A, Sk 27 70,
KRB AT -

105°44'20"E 105°44'30"E 105°44'40"E

26°38'50"N

Z
=]
)
20
o
1y

)
IS

26°38'40"N

< 105°4420"E 105°44'30"E 105°44'40"E

Legend

@ Block!
@ nmiock2
i @ B3
‘“7,]\ j;f‘"‘i S < QO Block 4
,j"' A {/,—’ E Demonstration area boundary

B 1 RXHIBEAE RS

Fig. 1 Geographical Location and sample plot distribution of the study area
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Tab. 1 General situation of stand in studied area 2 years after different cutting intensities

TiH
Item

CK T1 T2 T3 T4

Az
Mean DBH (cm)
T
Mean Height 11.45+£0.493 11.42540.506 10.875+1.489 12.142.132 12.4+2.008

(m)
LIV d
Stand density 1651.254215.75 1331+187.768 1318.75+£194.854 1028.25+183.832 801.25+158.916
(No. of tree-hm2)
ISP B2
Canopy cover
JH6 v T TR AR
Basal area 2.45+0.374 2.3540.374 2.202+0.289 1.861+0.142 1.551£0.095
(m2-hm?2)
BN
Volume 19.057£2.172 16.29+3.232 14.168+2.678 12.99+2 483 10.905+1.004
(m3-hm-2)

13.5+0.753 14.225+0.991 13.5£1.798 14.275+1.434 14.575£1.431

0.887+0.025 0.838+0.025 0.788+0.025 0.688+0.025 0.575+0.029

VE: CK. T, T2, T3, T4 5 HIFRRAGREXTE . 10%. 20% 30%. 40%, TFE.
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Tab. 2 Indicators and formulas for evaluating forest stand condition
TiH R RHIE Eizgay AREGE L
Item Stand characteristics Index Formula or definition
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Tab. 3 The Impact of Harvesting Intensity on the Stand Condition Indicators of Masson Pine Forests
MIM4E bR Indica

tors CK T1 T2 T3 T4

H 0.219+0.03a 0.201+0.024a 0.198+0.009a 0.222+0.042a 0.206+0.032a
\Y% 0.119+0.037a 0.135+0.025a 0.117+£0.014a 0.13+0.04a 0.097+0.044a
K 0.55+0c 1+0a 1+0a 1+0a 0.85+0b

U 0.046+0.048a 0.091+0.173a 0.028+0.05a 0.1740.333a 0.182+0.348a
B 0.639+0.033a 0.658+0.03a 0.642+0.023a 0.641+0.045a 0.648+0.055a
Q 0.788+0.038d 0.868+0.07¢ 0.9+0.071bc 0.96+0.045ab 1+0a

z 0.187+0.122b 0.422+0.128a 0.475+0.105a 0.494+0.211a 0.401+0.144ab
D 0.214+0.144b 0.452+0.147a 0.51240.097a 0.537+0.218a 0.455+0.143a
P 0.138+0.079b 0.219+0.061ab 0.235+0.038a 0.269+0.072a 0.224+0.043ab

e BPARFENG FREORA R AR H 2722 (P<0.0.5)
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RELEEVEN o 53518 0.170, 0.305, 0.316, 0.355, 0.308, SFHEMRAF MR PIREW 2, 10%, 20%, 3
0%, 40%FARGRE MR IR IRES TR ZE, 7 Z2 50 B RR I & RAGE B B A M A LR BTN S R () E
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Fig. 2 Evaluation of Masson Pine Mid-Aged Stand Conditions Based on the Unit Circle Method
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Fig. 3 Evaluation of Masson Pine Mid-Aged Stand Conditions Based on Principal Component Analysis
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Tab. 4 Evaluation of Mid-Aged Masson Pine Stand Conditions Using the Unit Circle Method and Principal Compo
nent Analysis

ARUPZRES CK T1 ) T3 T4
Method

AL [ T v 0.170+£0.020¢ 0.305+0.026b 0.31620.024ab 0.355+0.039a 0.308+0.033b
ES%nii 0.194+0.149b 0.695+0.124a 0.749+0.101a 0.810+0.184a 0.648+0.134a
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Fig. 4 Correlation Analysis of Stand Condition Evaluation Results Based on the Unit Circle Method and Principal
Component Analysis
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