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G BN L BRI REARHE, ANEEE BRI A2 A Kt N B, T2 EARMEEL,  E AR 2 5 295~590
/ hm? 5 HAMAAKBBON 90~180 £/ hm?, KAZMAE &M B 60~120 #&/ hm?. [4518) ASCIET Mo B4, WTm
N THREERK B H AR B, A2 N TR B R E— P 7, NI N TR R BRI S5 .
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Study on the target tree density of Cryptomeria plantation during the whole

cycle

Abstract: [Objective] Taking the Cryptomeria plantation in Pingba district of Guizhou Province as the research object, t
he study on target tree density management of the whole cycle of cryptomeria plantation is of great significance for impro
ving the stand quality, cultivating high-quality large-diameter timber and sustainable forest management. [ Methods] Based

on 6a continuous survey data from 2016 to 2022, a total of 60 pieces of fixed standard land data with an area of 0.06h
m? (20m x 30m) were used to construct a stand density control map by using the models of equal tree height line, equal

diameter line, maximum density line, equal sparse line and equal sparse density line. The target tree density in each growt
h stage of Cryptomeria plantation was obtained. [Results] Under the near-nature management theory system, taking targe
t tree management technology as the core and combining with the actual growth situation of Cryptomeria, the growth of c
ryptomeria plantation was divided into five stages, and the target tree density of each growth stage was obtained: when cr
yptomeria failed to meet the selection criteria of target trees in the group building and competition stages, no target tree

was selected; When the growth of Cryptomeria entered the quality stage, the target tree selection was satisfied, and the tar
get tree density was 295~590 trees * hm™. The target tree growth stage is 90~180 trees * hm™, and the large diameter woo
d reserve stage is 60~120 trees * hm™2. [Conclusion] Based on the stand density control map, this paper studied the targ
et tree density in each growth stage of Cryptomeria plantation, providing a new method for density control of cryptomeria
plantation and theoretical reference for sustainable management of cryptomeria plantation.
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SEMEELE L, BN REAET BAam g T (CESES, 2014), fERMREE R, H.ONIE R
WE, SRFEEFE RN, R A B RS 2 8EE AT I E AR R (% E, 1992). TFRe4E
AT B ARTEIT, LA B AR R E NG E R X G NGRS E S A5, FIRER: & B b i v,
AWrHER AT AR, AR A BRRBR T (A RESE, 2006) . 7 EAL G IR Z E T7 U, B0 A AR
HuIX AR AR 2B AR Y T SR T DL s R AR O I B 28 R IR b, BRI T E MRAE K 5 R E
IBNASBERE FETE R T MR T s 577 H Hbr CKRIRALEE, 2016). 113 H R MO 5 4E SR A ], it
HARZEMEN TN S, ERAREKSRER2EBN, RREINE SRR EE S R ERRARN, dt
AAE R E RE B EBGR 4 Rt 5 (FicE%, 2010).

HFri & AR N R ZE R — AN EENZRESH, RERD ARBB B A% T (%, 202
0). 47T, BHFHIE R MK R, RIHEK, BESEN, SIAAEH., AFRKEHET
WEPARE R, EEYE (EBUE, 2023) FIHBEEFEERE, W 73S MR, #hE 1A F L %A
IR S A BA IE B R B AR . AR (BUER, 2021 RAARHEHL A RS, i i o A
(AR KRR, Tl [ AN CARTEAS [RS8 B 4 R HAZ 8 H brbd o B2 S SORI I H AR BLAS . AT T BR
TERETERL, A ER I 3 R AR 2 B O SE N AR B ARi 35 B, I B B 2 H i 35 2

NLARGE T2 Bl i 55 BER S, AR 5 BE s ] B 2 gl 57 %5 2 5 AR R R, B
RS AR 7 A& B BOR T (BRAERA S8, 20190 BT AR 73 P 2 ] B R dl e 2 JE AN, C-D Se 5+ %
RSB BEN], M TES 3 BN R EOT B i = SR, RET R ZERMENEER (PR,
1984), XA HAYR TR X o FIF 2R X Bty Ji N TARRE AL d Ak o B il i, R/ (AR, 2
002) $2H 1 —Fli i 8 B RN AR RN e K JE S B bt 7k, A B SEhr N M E. £5% (£
T, 2021) MWW E R K, MR REdI K, @ e R H R B R, R AR AR AN K R
B H AR R . I Bl N AR R 25 BE R, AT L i Ak o 2 B A ], W N TR AR A s
il S MO AE I, WA (A SE, TR ek PRdit AR G, SRmipkit A=) (ER#%E4E, 2019; Ne
wton P F, 2021),

W% (Cryptomeria japonica) £ J9FRE & BLHHAE FMBF, PIHAKP, T8 B, BRI
FRAEFRIE 77 KIEAARIE (RS, 202000 (H B THIAZ PIE S R, MORZ B SEF 5 EY, RIS RBEN 3R
ML, FEARHLAET= ). T EARR A EAE i B R EE %0, R BARM & E HORE 2 AT
MWD, SN THREEREEGIESIEM. K, B N TR IZE H AR % X & s
e, BE R EAMMK AR EE S L AN N TG AN R, MR B EK, @
PR, Dmb Rk e ], SE AR AR, I B R ] E e M2 N AR A KB B E
PR L, AT S B MIAZ KA RIS N AR AT RS R R IR L 10 2%

1 BRI AR

8 X AL F SN 22 T P30 X K3 E S MR (105°59'~106°34'E, 25°15'~26°37'N), & 680
hm?, RRBIEFE . kT FFE. RS MG <2 AKX B, AAEIRT G HIX, J&Z
RIRIR A%, AEEPRENE, WERSH, FH8E 130, FFHEKE 1300mm, HSELihdili oy, H
HEMALE R, WKL 1400-1600m Z [A], IR FELIEHE T, LEZHTERRE, KBEMA R,
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A EIEARIR, & & KEN Htk, WEIEHEAZAK (Cunninghamia lanceolata (Lamb.) Hook). #i£% (Cry
ptomeria fortunei). HJEF2 (Pinus massoniana Lamb). #1124 (Pinus armandii Franch.) 5% Fh4t [ i
AR

2 R
2.1 IR ESIEE

2016 EAE RIMIZ IS M S5 AFIEA — B0, MORTARN 2 5 BMIAZ N AR, SRR 20 ANHEIARN 20m x
30m IFRHEE o XS ARAEME A ARARARIC, BEATEAA R, A Sem AEAMAGERINAREY, 10342 B ARG
MPAEE SRR . MORER 7, T GPS ACsRifFik . A« ST S IR IR 7, AR SR B AR A K AR U
OIRBUCERE,  [RIN & DRI IZE MR BORE, SREBUMIAZ 2L KA . 2016 5 ——2020 S5 X [& & A gt AT 3 4k
WE, AT 60 MEMEE . FEHIEARE L ILE 1.

= 1 M ATt B A E R 5t

Tab.1 Basic information statistics of Cryptomeria fortunei plantation sample plots

AN gl TR FiomE HOEE HitE

Age Age Gro  Mean diameter at breast h  Mean tree heig Stand density/(#k/hm?) Number of sample
up eight /cm ht/m plots

9~10 PAINEE N 9.5~11.5 8.1~9.9 2251~4119 5

11~20 R AR 10.7~23.0 10.1~18.5 1100~2785 13

21~25 Bt 7N 20.6~26.4 15.7~23.7 1084~1784 19

26~35 AREAR 20.7~35.2 18.0~23.8 650~1784 14

36~50 JOR % 34.3~40.9 22.2~26.9 567~864 9

2.2 Ry B E TS EEE

R G485 4 o) ST A PR 2 A LI 0 2 B R Y R A R R S5 5, DLEIE 7 =R B TR KB S AP B
= fE . AR R Z (AR R, AT T AR YR 5 I AT 1) 28 F RSk AR e & e, AL ARk i 2
(Newton P F, 1997). M4y % FE x| AR R R &5 DL JLFf

LML M =a;; X HP'' X N — a;, x HP12 x N2

LEE R M =ax DPx N€

RKHEL: M=ax NP
B ELL: M = Kp x NO7k3)

HARFILZE: M = kg X (Ny — N)N, 3
AF: M ARG ABERE (m¥/hm?); H ARSI HEME (m); D AN FIHER (ecm); N WK%
£ (BR/ hm?); No MO WIHES . (BR/ hm2); aj~ anes bis bias av by ¢ ks ksy ke ¥ASEL, H PNy
MR, BUETEEN 0.2~1.
2. 3B AN SE KLk
I AR AT, R 7 R RO s AR KT R A AR AR m SR R R AR TR BTS2
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PEIAAM = SRR, KA RIES AP SR @ SHE A EIER R, MEBERITENSH,
BRI A KT o fJE R Origin2022 AR 22 IS N TAHRUE AR i A 2R, TS B g 4=
KEZERHEI . WARERKITREWR 2 Fros
*2 MEEKHTRE"
Tab.2 Tree height growth equation

% B KR AR

NO. Tree height growth equation Formulas

Ml Richards H=a(l—e™?4)°
. a

M2 Logistic H = m

M3 Gompertz H = ge~be™

M4 Korf H = qe-b4°

M5 Mitscherlich H=a(l—be 4

M6 Schumacher H =aeb/4

M7 BT H=a+ be /4

OH A RIER G ), A FHASER @), ¢ HERHEG a by ¢ JHRESH,
2.4 B FNZE

H AR A K TR S0, o KA 2 B RS H AR A, BN 28 B Xk DL 78 4 R P MRt AR
FETT, BRI B B REARAIE B i ORI P RIS, 2013) . e H Arb 25 B 0 3 A S50 2 25 45 B
I, B H BRI [, REFE 4RI B ARPT BT SR 1~2 BRTHEH, AR B AR5 T30 50 L),
I FH PR 2355 2 o] PR Wt sE AOIAZ N AR 2E KB BERARBE AR, HE T 5 5 B B H AR 25 B (£ FH %%, 2021).
2.5 #IEALIE

FIFH RAB S A5 W2 N LR s 5 RS R 2 PR 1320 4, LA B s AR K 5 FE S BRI AR 43 25 R 2 ol 1
R 2K I Origin2022 1) Function L AEMR He 22 il B i A= 4 il 2R FIASIAZ N T ARAR 432 B bl T

3 ERE0HT
3.1 BMEEHIER

A R IE S, BRETRERN 60 MEbEEE, RIS EEREA, FATIRLIERR2 P, G
BHER SRR . Mo R RS B 3. A Origin2022 BAFZL MR N A 3
St SRS WNE YN R o L <

*® 3 MOEEEHIRERENEXESY

Tab.3 Parameters associated with the stand density control model

A S SHE
Model Parameters Parameters value
% all 1.14E-06
Contour line bll 4.293

al2 2.66E-12
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bl2 5.833
FER% a 2.77E-04
Equivalent diameter curve b 2.396
c 9.72E-01
RABEL a 4.07E+08
Maximum density line b 1.787662
FREEL k0.2 7.31E+06
Isometric density line k0.3 1.60E+07
k0.4 2.84E+07
k0.5 4.53E+07
k0.6 6.80E+07
k0.7 1.02E+08
k0.8 1.41E+08
k0.9 2.06E+08
k1.0 4.07E+08
k3 2.79
BRAWHL K3 2.79
Natural sparse line k4 4.07E+08
kS 2.51E+09

1700
1400
1200
1000
800 T
600
500 |-
100

300

200

100

R Stand volume (m”/hm®)

10
&

& £
& &

oy .‘ﬁrﬁbmnd density Eﬁ/l]mz 3
1 HiR2 N TR B i E
Fig.1 Control chart for Cryptomeria plantation stand density
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3.2 WSt KLk

W 7 DTG 45 B33, Richards K TS RO &AL, R2N 0.9304, ALLIEFE Richards £
HRENR W E A K gk, HoOyFEN:
H = 28.3963(1 — e~0:08674)13739 | R2-().9304
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Arf: HOAMRGRAARR & A KRS HEE . SRS 4
x4 I A IMHSERGIEUGER
Tab.4 Fitting results of tree height growth equation of Cryptomeria plantation

1&HY Model a b c R2
Ml 28.3963 0.0867 1.3739 0.9304
M2 27.4752 4.0589 0.1357 0.9278
M3 27.9556 2.1205 0.1062 0.9296
M4 35.8946 11.9386 0.9486 0.9024
M5 27.8269 1.4577 0.1041 0.9153
M6 34.6562 9.3385 — 0.9231
M7 2.0645 33.7838 15.2353 0.8995

B A 2R R A D5 R AL Origin2022 B 2 MIAZ N T i A it 2k o A2 N MRS B v
AR 2R DL 2.
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Fig.2 Height growth curve of dominant trees in Cryptomeria plantation

IR R 2 R DUR Y M2 N TR i 2B gh R AR TR B R DR, A 10 SR AR RKOE R K,
BEAN A JE AR FEACA R A BT T B, 72 25 SR, ARRKOE AR AR, KBS, Bltt, # 25a 2 I
RIBEMEE RS . B e RAE A i RTINS B, MIAZAE 15, 25, 35, 45a IS m. 4iRINEK S

5 IR A IS E K FUNER

Tab.5 Prediction results of tree height growth in Cryptomeria plantation

g Age 44 E Dominant tree height
15 18.35
25 24.03
35 26.54
45 27.61
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3.3 MMAZ N AR R il B Y R AR

PR ST BLUTH I o AR 2 R MR R B B A T AR B R BT BL - A REHE B 22 A2 MK 73
s Hir (Bin B 55, 2014). BEHE NI N THARKE 8 RIS E AW, #AEM2EREaR

JEBT B 12 MEARMOR R RE RS, R N DRI B B BERI 2 AN B (R 60
3R 6 W2 A THREEKE B EAHE

Tab. 6 Characteristics of growth and development stages of Cryptomeria plantations

EKHER A HRHE iRSEE TEH BRI
Growth stage Stand Age range Main care measures

characteristics

IR AIE R FE30008/hm? (1L.5mx 2m) |, JAES
1 BB <5 g, ERETEEMNE, HEMRE, $ER
HITHEEE, NiRE
MOHNERR, FERS, SEEIMARIE,
ARERDERK, WHRDHITEEK, KBREE
K. HEAETERAK, EMEEEKEMTZE]
500#k/hm?,
RIEMAKS, WIERHTREER, BEKD
BRI/, FELBER, Rt BN S T
WK, MEBGKSBIRNEE, KERTIN,
BEREM
LA EKE 450, MOE EE)E B IR
4 B AR A KBER 35-45 B, TR BREEN BN, EREE
FEMTEAMEN 4, BB T B,
HIBEN, WTIAERTE, ESUHHAMND,
5 KRR >45 RETHIENSEN, BIPHD SRR
THAER, RESSEERAIKREM.

2 REE KR 5-15

3 REEFEM R 15-25

B B B % FE 9 3000 Bk IMIAZ N ARG, sk Az N Ak R 42 i) B4 B0k 43 A K & B )

%&ﬁﬁo
IR A E LR, ATESNIEZ 15a. 25a. 35a. 45a BFORS 20 5008 18.35m. 24.03m. 26.54m. 27.
61m.

MEIAZAE KR 15 R, @ SR E AR L, FTAIR E 18.35m, AL T AR 18m SRR
%Eﬁﬁ%ﬁﬁymw%mﬁmﬁﬁﬁ%%WQ,”5f09m AL, SR ERE Y 0.94, Ui LI AR
ST E AR, AR R AT AR, PR 2 SR S 4R, IR TR, BRI
AR DTe B, FXS AR AT R, BRAR B T . AR AR S I (B D, R3] 0.7 B ELS 1
8m SEA 2RI A A, BRI AR B S 1500 #K/ hm?, BT DL SRR N TARAK B 15a B, AR EN 1
500 #%/ hm?, #1500 B/ hm?, MR TE S, $&m A= R E =77 .

A2 KR 25 R, BRI R E A 24.03m, AL 1 HRRBIAR 3% A 1500 B/ hm? 5 24m SR 4L
(1 EARRER 2658 i, BLH B2 BEN 0.92, LI B T HAUG RIAR AR I, MRORZ T SO BLSE 4+, HL, 5

B MR, PR B B, CAORIIE B AR IR A4 o AR AT AR ENE 1 b 0.7 BB 4R 5 24m
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ER LA R, SRR E N 910 #R/ hm?, RPMIEZ N THAEKE] 25a 1, & FAMAK 590 #&/ hm?, {&
B 910 ¥/ hm?, DA ORAN 2 I8 5 BE I KT A A AR AR o

IR E] 35 ERE, HR AT 26.54m, i TERALEIA SRR D, My SRR . WE 1
T RS % 29 910 K/ hm? (Y FAARRERZR 5 26m S5 M s 2658 Rl 0.78, RIARS B % 29 0.78,  BLH
WRI> P EARAR Z TR IRAFAEMROR SE S, Rl MR B FEFRARE 0.7 IR 1 7 0.7 MR E 2055 2
om SEH A AE AL B AR B O 730 MR/ hm?e RIEHIAZ N CARACH) 35a IR BeS , # FRAopRoR 18
0 #k/ hm?, FERMAFIM 206, DAa R BB IR A, B HirER.

M E] 45 FR, WY 27.61m, AR 1T PRI AR BT 730 B/ hm? B E AR BEZE S 28m
SEM AT RE, BB Y 0.76, UL I AR B TR R ORI AR, R AEMRARTE S
AR B B RIS, DAORAIERS & RARH HArtd . BRI, 8 1 h3R3) 0.7 B 4S5 28m S5 2k i
RGP 610 ¥R/ hm2, P UM N TR E] 450 FIAREEHT BN, ##%4% 120 ¥R/ hm?, [

TRMATES, ITHH R RAEM BIREH o 4 _ERIAZ N AR AR S B H Seit- sk 7 fior.
3R 7 WA ARSI B R AR

Tab.7 The trees of Cryptomeria were selected for each growth stage

IR Ag hERS F kR REBE
€ Dominant tree height Cut / (#k/hm?) Retention density/ (#k/hm?2)
15 18.35 1500 1500
25 24.03 590 910
35 26.54 180 730
45 27.61 120 610

M5 HAR 28 J7 %, ARid 1 AR E AR AR, LEATIE H AR ) B e 3% 12 SRR T 400, BllAR

R BRI AR, R AR ST ELEY 1 1~1: 2 28, BRI 8.
#* 8 BiFREVEERE
Tab. 8 Target tree density value

tHESEE B 4 P32
Ratio range Target tree/ (#k/hm?2) Cutting trees/ (#k/hm?)
590 590
1:1 180 180
120 120
295 520
1:2 90 180
60 120

Y5 HAR 2 EBRTT 5, B[R N TR E & A KN B H M E . 11 9 for
®9 Wtz AEEBIANER

Tab.9 Full cycle management target tree density of cryptomeria

RIRHER M KB ER HESSEE B R
Development stage Stand growth stage Age range Target tree density
1 o RRFBTER <10
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2 TEEKMR 5~15

3 BREEFENR 15~25 295~590
4 BRI KR 25~35 90~180
5 REMEENER 35~45 60~120

4 Wit

N TARIE H M BuE 48 R B BN THREE S0E rIAT 7k, 408 1 FE 2 DL H ARz 0T, B
H b i 28 A & (Rie B %, 2009; #1355 M, 2019). AGRMREE R ARHRMARLEFRI A, miH s
WEE IR AWERART IR, WSB48R AERERE, B EMZHE, BRE T HR
WIIGTANE, BRI T RS TIRE. (MR, 2003; BEH, 2014; #F0RFF, 2021 A7
LT bR 2 B st 5%, Tl H AR B AR RIS A R AE KB B, 15 A2 N TR A KB
B HbR R, HAREMR CREME, 2015) @i Hri ik BB Hyg s = 2 IR R A TR B 100
B RS, MSEE (EE%, 2020 M8 R LA Fiii/, 28rERK, BHFoZET
TR AR, BRIk i, WA LR RN, LIRAE ) TR CGIRIREE, 20200, SBURAZAE
FETeFR, DR AR 2 BN

HARW A E BAR R — PR S AT 2 564§ K H bR A 23 (B R s B R B E AR BR, His
WA TR E—E R0, &R AR %R B8 10 (Mercker D C, 2007; 5KRIRZL5E, 202
3). filk CHMR, 2018) 3EFH W-V-Hegyi st g+ FEE0T 5 & 18 HAR BI5E 4 77, FH R/ BOEOTH SRR 1 A0 34
FE, WK EARAFREE AT T 24k, Whog HARW %2, ThAHt 705 0k o 2 e il 1, e A2 A\ 1
REAEAT BUI B AR 2 B2, AH BRT A5 2507 07 1A e B AR, Lk B AR B IR & 2 . [RIB AHE SOK
WA Ko AR AR KB B, DA 25 5 2 o5, TRE 1 4% 25 KB B H AR 25 P FRAR B BT, 5 2R 3%
PR (B8R, 20205 BUEEE, 2021 @@ MaEKEA, e aE B isw 5SS B H
PR FEAN ], A7 VETESERR H AR 2 8 ok 58 s .

AHIFEIEEL (B 4G 2 TP X KIS, KR IG o TR EE R 2B, i R b 2 & R
(1) LI & GIAZ A, WIS AR o A RSP 38 (B R A v T Attty X o BRIk, iy ) 2 PR A TR S o 1 A X
i 2 ARSI o H At X 3 00 0 5 B ] XA [ 37 b A T RIS AR B, B e A L P FH A

5 &

H R 228 R SR MR H AR 8 19, B TEEN 0 IR TR MRS &, 724 AR E W& 3 5 45
F AL AFFFLAIL BRI EE R ARRIES, SN THRERAE KRS, B N TikA Kot
PRIy 5 B, B BRI B S B KT R EIE R B, HARMAE K B, R B
BT M2 R, 15 BIN0AZ & A KB B H AR 2 B . ARy 25 P42 B AR B0 A2 N AR A R 278
BB E bR SR BRI 295~590 ¥/ hm?2, HFRAA KB B 90~180 #k/ hm?2, K&EM &M EL 6
0~120 ¥k/ hm?2. [H, S EE H bR B X [0 RENE S E It S B AR o B B % 7 %, NIRRT N TARR
B, BEE M KA A R AR T RR S48 8 4R R AR IR

2 2 X

BN 2 AT, K0 5. 2006. 5 B A AT B R0 B0 R I]. P AL AR 2= B, (04):85-88+120.
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