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Research Progress in the Effect of Structure Regulation on the Growth and Physiological
Ecological Processes of Artificial Timber forests

Abstract: Structural regulation is a key technology in the cultivation process of artificial timber forests, mainly including density
regulation through thinning and tree management through pruning. Thinning and pruning, as two important structural control measures,
are widely used in the cultivation and management of artificial timber forests. They can effectively improve forest structure, promote
tree growth, and improve timber quality, which is of great significance for improving the yield and quality of timber forests. Multiple
studies on the impact of forest structure regulation on the growth of artificial timber forests have shown that structure regulation can
promote the growth of artificial timber forests from multiple aspects, but this promotion effect is significantly influenced by factors
such as thinning pruning intensity, the number of years experienced after treatment, and site conditions. Multiple material indicators
of artificial timber forests are closely related to planting density. Density regulation through thinning can promote tree growth and
increase stand yield; Managing trees through pruning can improve their canopy structure, cultivate excellent stem shapes, reduce wood
defects, and improve wood quality. At the same time, scientific structural regulation measures are of great significance in stimulating
positive responses to physiological activities such as nutrient transport and photosynthesis in artificial timber forests by improving
environmental conditions. The article reviews the current research progress in the regulation of artificial timber forest structure at home
and abroad from the aspects of canopy structure, growth, and stem material. It elaborates and analyzes the mechanism of structural
regulation in physiological and ecological processes, and looks forward to future theoretical and technological innovations in the
regulation of artificial timber forest structure from the coupling effect of thinning and pruning, the analysis of structural regulation
mechanism, and the construction of structural regulation models, In order to provide reference for future research and development in
related fields.

Keywords: artificial timber forests, structure regulation, thinning, pruning
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B, FAWEMIAT 450~600 m3, HEiAF 800 m3, FI4E~ fik 20~27m¥ (hm?2a) , EEHH 6m L
TR CBUIEEE, 2021) o AKX H BTE AN AR G5 R T R A S 7T 3k 4T 45, R R Al
FAEKG X N TR A K R A B AR 2SI R S ) B A 7T 38, DA AR SR R & %

1 GEHEEST N TR MR E = SRS

IR J3 235 1) 1R 25 0t 568 2 5 4 52 i T J B U A5t B S5 1R A ORBF— B, B AR BE S B 2k M
TE 3 3 RS R DAk SRR, B v A AR R N T e P K 40 B ) v P (Wang et al., 2018) .
[FIE, 38 PR % B AR 2 PRI el B AR S A P2 AR ), M IE MR FE R, KBRS (Pinus taeda) WK
H#:% (Zhao etal., 2020, AJ i ik (8] AR i BEAR 7% B, AT X ARA et J2 65 440 7= A2 B2 1R o Forrester %5 (2012)
TR, AR T 52 Rk% (Eucalyptus nitens) /Ny BURECE:, B4I0 7 R0 A %E . Mufioz 5 (2008)
X R R AR R B, R AR BB S AR 7 AR AP EE i K K T J2 S5 HI R AR 4y 45 44
YA R 5 A R RO O, AR TR AR PR R X e AR AT IR 20% B L, 5 AR T AR R
AL, R EAAAFTEM (2002). 15 2 NMHWN, BAME (Acacia melanoxylon) W THIFR HY IR E 3
K, BEBBMAR M ARSI E 2 A~ H IR E BB FT/KSE (2003).

2 GEEES A TR M HEKBIFMm

2.1 W&

T AR BEXT B AR IS AN, B R AN T BRI 9T 3 B A [R5 FE 1 BRI i A K T R 3 22
5t (Toillon et al., 2013). {HEFXT KIEAAFF R B IREE A BIE AR 10 4F 5, BEGEVILEE FE 4N, e ek
B REEH (Zhao et al, 20200, T2 BT R IILE ERREWS R HEMRA I S 4K . Brais 55 (2018)
Xt 5 A% (Picea asperata) 1RZZMIT R HIWE FE R, FEVRAE PR HEAT RIS F) 42 AR A R4 1 A < L
HRERIEREH.

HeE iR, SR RN RS RS R ERKER . G AER, B A S
BN 52 (2014) . {H Desrochers 55 (2015) #1540 22 58 W0 T (B A A B 45 RN R, “ie Lk
173 B, 55 1 ANFIEE 2 MK ZE G WSS R %45 RS Wu & (2014 %H%) B 78R C Paulownia fortunei )
FEREFMER RN RAHR, J55 WS F & a E R se e A AU dE i T B, X 0T G 5B R B
Ja 2 I A I 22 50 0% o BB AR A AR K IR B2 SE K 5385 FE SR, AR50 2 BE SR AR T O B R R %A
FIT ALK, (EAEBARE &M N B AT S AR TR S A . BRES (2021) AR, &
K REBS (R BEARATEE N 3 mx6 m B N T ARMR A 42 W s AR BRI AR, TS HRATEEN 6 mx6 m [
MaEKREmERARE . BRIk, BESR SRS 58 EFERA G, Ihfh (20100 FIHEIT
KW, BEXSEREY (Populus * canadensis) R/ FEHEAE FAAEER S 1 G4 ikl
2.2 Kz

B AXT AR AR K 52 Wi 5 AR5 22 T AR A S TR R BE B A OC o AR AR AE K NAN 238, (HN
52 IS, WOREARIK BEIG N, A TR, HEERMG LS (P koraiensis) FRFGMA K
BAEKEEFEALZE (Parketal,2018). Bhandari 55 (2021) £FX20MI% (E. marginata) FFRERIGAR AL
48 I [ B EE R TR AR N T AR A2 A

ABHERS PRA A2 11 52 1 G A 5 AR K I 2 m B K (Bogdanovich et al., 2021). {HA RFRAR A KXHEF
Py L Ji ORI FE IR AR P28 T AN RIS 8. S DA RoR, BEC TR A2 AR KR B RIER, 1B8UE
Ze T B IR AR KA T R ARZE /N (Maurin et al., 2013), 18875 55 RAE o7 2 2 BT BRI

(Forrester et al., 2012); fEMFFEFS (P pinaster) NFEFHS (P radiata) 2 PpOKTE L X i B ZL W) H M AR
PR E= BB B MOR BRI 5.3 752 (Hevia et al., 2016) . 1 HARATF 725 R IR B, B REMEE
MR AR, 255 (2018) £1%F (5K EEM (P tomentosa) FFREMITI TR, SRER/INIER
MFRRE W E WG IN —AARE O AR, 5 Zhang 5 (2021) fHHMISE A MORAEK ISR 10
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ESZAEHL 9 FE AR G 2 Dy RS2 . BFEBRUE 1~2 N, KIEM B AR S 215 B 1) F i s,
ZHALHAE | FJERE B 50 AR A K KT (Amateis et al., 2011). [EMX S B # A AL B GEBE (L 12E AR
KRAEK, SxFRAHEL, RIS H MBS 2 TR 73 G5 A P25 AR by i i DX B ) A A RR I 52
[BRAEH: J5 M7 BAR B K 0 35 KT X4 20 (Moreno-Fernandez et al., 2014 ).

2.3 BHMIRMASER

FARRAS T R RS FE AR BB N G0, £ E A2 (Sequoiadendron giganteum ) F¥FEH] 28 H%
FERK R, R EAMEAMOR (353 #i/mhm?) P24 LA R L i EE AR R (2 702 FR/ hm?) K 7.8 fif
(Cox etal, 2021). $& & Al 52 m BARMOAR KA K&, SEmigs 7R Essm R AERKE (Eh
¥, 2014) . BEEOMAVEKEGIRER, AT IEEAE E M N TR S MR A K B T R IEE A
HO(HKESE, 20210, XFEMHFL (P patula) HATEARFEE ARG R, [FREET A AAME R 5 B AR 53
BIRMMAR ROR,  E a T0 HR RAGH AT B AL B AR 4 (Missanjo et al., 2015)

BEE IGEAE BERIRE I, KB N TRy B B IE % (Zhao etal., 2011) . 1@ TE & AT % L
VR PE = AR, (R ER D, M E TR A FrbffK. Hu %8 (Huetal., 2020) &5 H]
MV FCH BRI R 1 3 Fhom T ARARIG R B, )5 28~46 FHE], . Sl R FIER N, M
RACEX R )T BRI D . —IUE HAWIAS (Cryptomeria japonica) N T AR I J& (1) AR 58 [F
A, MR BRI X 1 B 5 A TR AR s BT R N T 3G (Negishietal., 2020). [AR S ASH RS R B TR 52
Wi 5 4b B 588 B 2 YA ¢, FEFERME (Betula pendula) W4y R FF R BMRER R Bon, W ERIEKEEE
Qb PR FE (P3G NI D, 5 0k HEAH bE B RE (AR B AR 2 BEAT B AL S I AR A KOl & 9> T 62.4% (Skovsgaard
etal, 2021),

24 Y8

AR T N T MRV B R o ELE B2 . W B A E Bk E, AR
LRI, RSSO, 2 WC B S5 AL VAL o) RIVR AR 5% B EL AR 10 TS B MR U PR 2H 23 B4R AR AT
A LU I . S ANIE S S AA (P tabuliformis) N _TARWIRFFCRE, FEE AT N, HURAE
VIER S ECIE N, H EE S SRR RGP RK (P25, 2015 [ Ao A 252 i 5 T AR 0E B2
R, AR, REARAEKTEBOR, AR TAYERNRR. BEES (2012) fEEFHIEIL A
A N AR IF R ARIRIR R B, 7E 38.6% A% R L T ARAC S A 570 il B AR 2 PR/ o B2 ) AR 23 s
8% M 4%. ThE feitl i s AR N OGIE JCIRFE SR AT, NIk TR i, R T ORI AR, AN E) TR
JETE B AL B G M0 N TR Rt 525 T (EREESE, 2017) . (AR S BR RN 347, B — &M=
HAEH, G R 5 A B n, A EOE KIRORAE 3 4F f5 i ot & EUA AR RIS, B> T
[BIAR AL BE XTI 7 4 BE 52 (Forrester et al., 2012).

2.5 MRS R

PRI NPRR KN ZE S g T ARG RIS S REBE A 2078 0 M, M sgma #R 3 4277 ), B AR AR R1
SR B AT A TR AR KIERA N AR AR A K /N 22 S5 i o5 328 6K 2 P 19 n g 38 -+ v T et
W BERRAR TR K/ANESR (Zhaoetal., 2022) . BEFE G I TEHERS ,  BRAR KT 4% 58 Ha AR 23 S o 128 1) B A1
FE 5 Bl A% 5 P 3G K 484K (Soares etal., 2017). {EAXJGIEIEN ( Pseudotsuga menziesii) FK5) N [E)FE WL %2
BUPRAK N ZE A B BRAIG, TEARAR 73 A AL R BT AR IAMSAK 73, HL 86 TA) A i B2 ()38 N i P 41K C Acquah
etal., 2022),

3 LEAiEEST N TR MR TR BRE S

3.1 FH#MER

XRS5 K BEAT TR 2 TT DRSO T 5 2 TR AR 2R S A S AT — € R EE AR T« Sang 45 (2021)
WHRRIR, FE 4 FOARFE AR, B BRI RO TR SR, 2P %0 LE B 5 IR TR ARy . TR
LA MR )T A R, AEAFIRMRGRE T, MOARTM R R NA fr A E . HARIZ AT
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MMRA- IR TE RS (ATRW)  Fifi [B] AR5 BE A 3G i 3G b, RRSS 1A 2644 N AR AR M Bt 848 T = o g
A AR 28, FE L H HAN (P, brutia) w4 RIS 278 (Russo et al., 2019) , AS[FIAfR 58 E
XM Jo B 7 A R S e AN TR, AR i BE Ta) s A R AR SR A B A7

I AR AT WA B AT DAY T IR AR SR I B2, (SR 38 B o EAT i AS R Y S i R LU B
(Fagus sylvatica) fi&lE/N, #FHE (Juel et al., 2018) . BRI AT T RIS 51848 77 ik B4
K, HREFE (2020) WK, 18 2 NMEKFE DRI N THRA EEZE R 2T IR AR T
FE T B R T o B S B A% S T BA R (PR B A B b D, [RIRHME RS A RO in 7 BRSEM T
TIRESPUERRE (Phifh, 20100 .
3.2 T

Wang 55 (2015) BFFUR I, % Plort 25 2 S 25 PRAIC 1 v ma M AR A T 7% 5 1 10 1) S el ], gk T 40 /)
TR RN o BRI T HB T A N TTARR F795 4 B2 A SR AT T AR 1 e GROBESE, 2019).
BHEE B E R E AR TR A, G HE = HARM K& . BB B m TR AT
MBI LS, R 10 45, MR WM LLE S RIEE MRS fHECER S 7 5 5 GKREF, 2011, BHE
P> TR AZ (P abies) AM AT R, SXTREALG, BEE W ARBRAINBIIARM B T 67%~75%
(Harri et al., 2014). 5 EREH AL, XFTPEHE (B. alnoides) #EAT N TABHAT LA 35 Ja 2 44l 15 ZE IS 1) A1
LK/ (Wangetal., 2016) . [A] I 24T (A A AMEAL A BT ARORTT PR ARG, fERZARN Tkt
TR S EBORIR R B, (MRS &0& BB, BEAEAR BE PR A A ()[R B gl 45 B i et 1 @&k B
AHRTRELTRMIEE (B5REF, 2021). Wang 5 (2003) 0% GIEZHF R MR E AR RE, &
FETRAR L b FE TR B R BEAT AR AE B TR 2, B AR A 145 T B E LU AR B 12

4 LEREEST A TRM SR I IZRS 0

4.1 XE1ERA

TESE R AR 5 RIS TR) Y, PR AR K BRI mT e T AR B 5 B o6 & S AR s G O, TR &
G MRACHER 5 >R FH 2 i R A i 1 o Tl 6 ) SRS SRR AN R O o A S R A FAmid o, (AR 2
G NAZ AR (Cunninghamia lanceolata) 44 A £ SAL R EEADGERE ) & 1A DL ERET, K
R FEEOLAHEA TS (Lietal, 2017) o« SREEM AL, BEEEZARN THARREHH6EE N F
MR (PNUB) Him, HMER R (Lt A Rt fr ot &0d %, iRk 86.08% (Lietal., 2020) .
42 EFYRSE

SE RS I\ 22 75 THI 5% W 35 PR PR 75 TR0 1) 7 L Jos e TAMARESS 7 AR /NS, B T iR
Y S BEEE Y IR T R A fR . NI ARG AR LI & SR e R SR e A . R, (AR T
WA, ST IRAARK KN, R TIREAER, BEEKEBEMR, WAXTEFRITENT R
wan, RHREEARA KT EMN N & RNA GRFEEN P, RGN A+ N P EEIN. fEEILiE
A N TAREAT B IRRAREG 2R B, AR5 AR Jobk 7 13 € NS P S 23 23 (Qiuetal, 2020).,
FEABAHE, TEMAR B 5 S JBAS (P massoniana) N T HAREEAE MR AR P BE 980/, oA ef C it CN A
B AT, RPN B R KA, X e B TR AR N AR A S SIR RO el
B, NEREMAKIRHE T Bl B KIS, FE I RARA AR K BE 1 R 3E T AR R A ARG, SARROR
BlFRIEHE 7 72N COy (BRFEE, 2017),

R F BB AL T ARARA R 88 BXTE TR F REE, SFEMAR A e kA&
Y o A BT A . EEBEE KRR A % EER T 2 AR5/ Bk K4 &%) (nonstructural
carbohydrates, NSC) F Tk G 4K, FEEEBHEH % NSC &2 BE KT RIEHE L Bk
K (Zhangetal, 2021). Desrochers 5 (2015) BT, MBEALTE SRR BRI 2 5 NSC K FEAK
TREB I A . AEBGE 2 ik R R RIS R PSSt <L S B8, BB I
KRB AT (Maurinetal, 2013). [Flf, EE MRS B N HAVE ok & &/ Ewm, &
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BRI AR Btk am & R R B, A BEORE R AN (IPEESE, 2009).
5 GRS A TR MHRES S 2870

5.1 HIEBUMR

RO SE R 2 RERE N 2 AN T TH 52 M AR 2y 3R . 3G AR S bRy L3RR =, =B E B AR
P EIEA P EACE . A A BT S B BRI CEIEE, 2014), X2 i T IROAHRAT BEI
N, MRARAE KA R B2 98, AR BN IR S Rl A, B LI SR SE A IR, Bt m) T
IR IOAR B BN 2R 70 WA AR Sl A ) A A e TR I 248 T R 1) s B R ) A, (o xof 3 R VR A 3R
B, AR N AR BT -39 m i B R B 48 0o AR 0 G5 A0 18 ot - S9OSR o
BB SE IR R R A . AREGE TAHRN/ANAR, R WA RS, N IEMAEYeE TS
FIRAEAR S 0F, RE T L3RRI, SR g R 52 m T N AR T EEML U i M 3 gk
BHAS & (WIEEE, 20160, A MAA N TAR - SEA PR . A2 VB B2 B [A) 4% 58 B2 1 9 i 24 50 (Dang
etal, 2018, —LIFIK 543t 52 bR o345 A VR 42 5 B2 ) S0, 3 18] 2 B A 00 o A el A9 F i %)/ 3 it X
B0 RoN, MR Py 3 K S o TR AR5 B RN 3 0 (Pisarello K Letal., 2022). EF % IS /K ER
S S AL, RGO, &R S B R BR EM AR IR E I SR E m TR BN S e
FEALTE, SRR KA B IR, X2 T R BB PRSP AROR 2806 &, 3E 1T 3 BUM AR S K
b GV EE, 2009 .
5.2 MTHEW ZHMERETR

MOV K (2014) BEFURM, FOES BN N TAHRER FHEEKTE AERE, SR REORT
S EARY, (HE S AR TR KT NS, WA EREUR . AR N AR O R Ak 6 R
B, BTGB EE IR, A5 IMAA PR T EAR S FE A S 30 AR 2 AR VR A8 ORI B R — B 2 FEE Fe 886 b &
(L JE—45, 2007), A, AS[EIGREE A EFE 2 Z 58 & 7N TR SRR 8 B R 2 (T
SLBEE, 2006, (KHREEEE, (B2 TSR, IREAEC T sk s 1/3) B N TARAR S 1 3% B 4 HoAn
BISIFEARE T A (SRS, 201900 AR S5 RSO R AR N AE B = A I s, fE R B S EE RgH
RIMBHENPE . S (2009 BHARER, BEXSERESRDS T FRAEKEAREER, 77X
fREAVEH EERDONEH, J5 AN S, RINA I T TR & S A 2 G 2

6 HENRMRRE

VB 2 B B S5 R, RS R N CRMMWEEE . K. TR & RS
FESEZ AT AT S50 . AR N B, 2 5ot U R IR 5 H 1 9% RER (e it N T I M MR AR 2R
K, ERFERENE ] A2 B RAB BRI . AR 28 PR PR S O3 S5 AR SR R R 28 5o . N A AR
2 WM AR br S AR 5 L VARG, AT 3 R R e dEMORAE G, SR p 3, Il B R
XEMRAEAT WA B RERE R MATE 2450 . B AR T, R AR B okiG . SR mARM i, 2
BERRTCN BRMAIER" . KRB 2SRRI i, T 80E N THMMAIAE R, MAMARTR s
. oA VR A B RS LRI, T HEMOAR A A, SEBN T RM M 8 5 B AR SR Tt
FT U, AR T N LM AR R R T AL T 3 DM ITTHIRATTE -

D SRR E R . H AT E PN R AR S5 R 2 7T 2 D9 a7 T e i) [ AR BB B s s
BEEAT B OXT 2 TS R IR 4 1 TR 5 SCRTT REIHRS 70 e TR R AR SR R ke, IRTT 2 TS
VR R 0 MR A R A B AR A I RE RS LS i Z RIS AR, DA R A R R P R
AR ZR R S AR A B O A i A B AR IR

2) SSHEEEAE RNV 34T . 2l A AR EERT RR S B ROT A R0 L 2 B AR K R R B R
T, AR 23 ) TABA SR WL, SR R I 18 it e PR B R K SO A &, AR
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TCr BB S AF 2 T T RIBR A, B W ORI R R B R S RS AR 7o A 2 R
TR RN T R A AR PREE ROM R AT, RENS A R BB B AR 1R R PR, D9 5K
FURE T B vt R ) 46 K TR BOR MR 28 B 5 BB L it

& F X |
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