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Effects of Planting Density and Site Quality on Stand
Volume of Chinese Fir Plantation

XIANG Cong-wei ,ZHANG Jian-guo ,DUAN Ai-guo, ZHANG Xiong-qing
(Research Institute of Forestry, Chinese Academy of Forestry,Beijing 100091, China)

Abstract ; In this study, 3-parameter Weibull growth equation was used for modeling the mean annual increment
(MAI) , including mean annual gross increment ( MAlgross) and mean annual net increment ( MAlnet) , of 26-year-
old Chinese fir ( Cunninghamia lanceolata) experiment plantation. The relationship between the maximum value of
MAI and the site index and planting density, and the relationship between the culmination age of MAI and these two
factors were analyzed by the method of partial correlation and stepwise linear regression. The conclusions are as fol-
lows: (1) The MAlnet was effected by site quality, there was a significan positive linear correlation between these
two stand factors, the mean MAInet value was 8.33 m’ - hm > - a™' bigger in stands with site index of 22 m than
that with site index of 12 m. Vgross compose of Vnet and Y Vm, which were effected by site quality and planting
density, and MAlgross increased with the site index and planting density (r=0.813 5, p=0.0004;r=0.9261, p
=0.000 0, respectively). (2) Because of the competition among trees and nutrition limitation after crown closed
there was a significan negative correlation between MAlnet and planting density (r= -0.6669, p =0.009 2) , the
planting density was the reason slowing the tree’ s growth. The MAlnet of the plots with density of 1 m x 1 m was
3. 88 years smaller than that with the density of 2 m x3 m. However, there was no significant difference in MAInet

among the stands with medium planting density.

W B . 2013-03-18

HWiH, ERT T R B AR S RE MRS SR (2012BAD01B0201 ) s Molb ATk ARl B 1T 00 B « #2A K42
MIEE” (2014 -LY -055)

YEZ TS, AHERA (1982 ) 3 Wb A R T i, B2 HRMEE B IS, E-mail : xiangcongwei@ 126. com

« HIA/ES.



802 Mook B

¥ B 5

527 %

Key words: mean annual increment; Cunninghamia lanceolata (Lamb. ) Hook. ; planting density; site quality

MRIIFA R i (MATD) 2 T bk A= G
PERRAE BN | B RIS B3I, AR 4 FRAE P2
A B SR R 0 N 1 B tR it 2 ) FL (R I 1Y
N R TR el L ER = TR % KL B
AR K S BRI 9 728 A S S R 93 W %8 8 A S o o
SRRy R T B RE RS2, — B AR 2 AR AR AR
GBI BT R M RUAE 1
A AR I 37 M e S 3 A TEAR O Y 6
T 57 I S5 X AR AR RS 1) 52 ) Nishizono'*' I\ K O
i BT B A AR S T AROR LI A AR R AR A2
JK R AL R S BRI A AT B (AR 23 A4 B4R
P R IR R IR IR JOEAR™ | H AR
R TSR, MRS RA B SE Hg A K  ANN 52 ST
[t ) 52 W, [R) N 3 52 AR 03 %5 BE B 2 IR, Fownes
SO R R RIS 2B 1 R 2 AR
AR 2 A A 0k 38 WA 1% 1) A T A9 %85 2 b
SR, Marshall %50 BIF 5T A6 AN AR & BRI £ H
IR T ARG A ARAE - 2 A A B WA A 3 (HL X 22 fF
I8 R I E5 R IR IR TR A A Hoh 9 5L A

2 K ( Cunninghamia ( Lamb. )
Hook. ) /& 38 [ 7 4 b DX R A 1 P B FH A B A, A
ST R 7 A T AR B A A2 R N AR T AR
921,573 hm?, b x5 AR TR R 28. 549% |, 1E 3K
Bl AR R A B A ZEAZ AR N TR
WFFE Y, ST AR AT PR X6 b RV - 14 2 4K 6 52 i 1Y)
WRgEH/D R 5635 55 A T 4 A2 AR N bRl st
FEHOEE , gt T EAZAR N TR A KA F e, H 2%
SR A [ 45 DR BRVARE - 18 £F K 1Y) 068 {1 i <7
Joz f A AR AT AR Ak, A [R) 37 b () 4 FRUAE S 3 AR K o
WA (P RS LT 5 A ] 5 A8 75 SR FH AR T ) il 28
R 9 277 NN O N Dl = RO €T TR N3 I 2
AR AR 1538 T RIRERYSE R B RRAE - 2 A K
WA 55 7 Ml B R AE AR DG 3K PRI S v, i
T A ] 2% M ek P A L BB, A BB 58 4 R B L — X
SRS AR A TS 2 O T [ A A
B A AR BAR I3 AR S5 25 B R B RRAE - 2 2F K i
WA ARER B2 e . PR b AT UL 57 b BT 0 A B
P A A TR 1) 251 55— B, AR o325 X A R
AR BT ARIE N — B 45, AR
FHAR A2 A % BRI MG SO0 26 4 r 4 1A
AN[E] S A B AN [ W0 A8 25 bR o b RRAE - 1 A K

lanceolata

AL, 2 AT IR BE XL A2 R
NTHEE TR GRS,

1 #MEEF &

1.1 R0 iR

% R R bR T AR A A AT TR A AR
IZIIG AR T 1982 4RMH I 1 AR 2R Ak, SR BEALIX
BB, 5 M ERE A (2 mx3 m) B
FEE2mx1.5m) CHEER mx1 m).DEHEE(
mx1.5m) E#HE mx1 m), HMEEHE 3 R
FA LI 15 AL, B TR 600 m?, BRRERTHE
JRARIC, YR TR BEAT R ARRL R, 10 4RAEATE
SRR, DUR FRAF R, B A B G AR A KA 1k
JE BN 4RI IR AR AT HEA T, S I 26 4F, 2L
1317 WA RO, 6 AF 2RI R AR 7 AR AR
BHF GG B A A 100 A%, 12 4728 B R B A
Mt 50 Ak B i AR AR 23 00 SR PN v A A L
RO, 5 4FA TR THRAR > 2 1 20 4RA I, 78
BN BENLI 5 Bk fe s ARAE A SR
W RS I ~F- 34 1BV Ry 37 b B (ST) o AR b A 2 WL
x1,
1.2 #EMREHE

AW R AL AT A (A2 AR e R g )
R,

FARRA R

V'=0.000 058 777 042D" ¥ 1 . go-#0 40137

RIS B (Vgross) 55 T R34 R (Vier , 16
SEARMR) + BRHIEARF (X Vm) ]I

Vgross = Vnet + X, Vm,

MRIT R BRI T B SEARFAFR (Vi) th
ERIRIERE ST,

IR FR %Zﬁ]éizjﬁ/ii(MAlnet) :

MAInet = Vnet/t

SRR AR R K i (MAlgross)

MAlgross = Vgross/t = (Vnet + z Vm) /i

= MAInet + MAIm
AP o KIS, MAIm AR FE AT LR |
1.3 Weibull £K 572
T REA L A SR 9T ] 43Sk 3 A B B . B 40
I A R B B R 2R A KB B B Y 2%
AR BB, RPN LE R MBTAT DU R — 245 S™ I



5 6 AR5 A2 AOR A2 BV K B 35 E T e M 803
£1 HHER

b= VIR B/ (FE + hm~?) FRIE/ a SR/ m SEHLFEHIH/m SR/ m SEHIAE/ em
Al 1 667 26 15. 84 16 3.59 ~ 14. 41 5.31 ~15.51
A2 1 667 26 20. 62 20 4.11 =~ 19.54 5.59 ~21.70
A3 1 667 26 21.46 22 3.97 ~21.67 5.95 ~22.72
B1 3333 26 13.96 14 3.29 ~12.57 4.15 ~15.26
B2 3333 26 20. 80 20 4.11 ~18.32 5.39 ~17.54
B3 3333 26 18. 68 18 3.82~17.72 5.11 ~16.89
C1 5 000 26 15.74 16 3.23 ~13.73 3.94 ~13.82
c2 5 000 26 21.24 22 3.25 ~18.03 4.02~15.70
C3 5 000 26 18.90 18 3.74 ~17.40 5.01 ~16.41
D1 6 667 26 14. 54 14 3.37 ~13.53 3.99 ~13.29
D2 6 667 26 20. 90 20 3.17 ~17.68 3.75~14.99
D3 6 667 26 14. 14 14 2.99 ~13.56 3.54 ~14.24
El 10 000 26 13.58 14 3.18 ~12.39 3.43 ~11.99
E2 10 000 26 20. 88 20 3.42 ~18.52 3.87 ~15.95
E3 10 000 26 12. 16 12 2.96 ~11.24 3.33~12.19

210 — i T R [ G B8 A K O Rl A
ARWFFE T H R IZ I T AR AR KAL) Weibull
S BEEN A KRR TR M R A K AR A T
H Weibull Jrf# ik =0 .

V =1a(l - exp( - p*)) (1)

K1) e VIR ¢ bk a,b,c THE
RIZH,

A RRARF- 2 A K D R i B I S AR 2
e, B

MAI = TV = %(1 —exp( - b)) (2)
X7 AR (2) AT LU O #E
aﬂg;“ = t%((bct” + DexpC—pH)-1) (3)

T3 2T 0 I, 0 S MAT WEEARES | ¢ I ZI0%6F 1
(15 MAI {8y MAI (i fE s’
1.4 AERWBEFE

Xof ] — A Ml 2 A 7 A 0 s e R i T A G
B, ZEAR S AR SRR A mT U3 3 B B, 08 i A
ARG T ER 22 DU ST, 52 B S 80 G i o 3
P, B2 SHN T AW, ARz N A
AR AR IE AR 22 11 A0~ ek T

e, = ZQDet_P + &,
s o MKIE ; e, BRI G IR 2E; o, HIE

JEHENLIRZE ; @ i A RIAZEL p RBFRIEIRG p =1,
2,31,

AR EviewsS FAXF B8 #4775 73 4
K AMFAZIES

Sh RS 50 ST b SRR 43485 o e (MRS 119 228
SR AR 9T SR SPSS16. 0 AR A4, SR FH A A0 5% 43 #r
P M W MRS 5 ST M AR B0 MK o E
%%\{24—25J N

2 SR G

2.1 YIEBERIMRENEFEHERENF I

TEULI I A, AR o3 v b BR AR 1 A K (MAL-
net) FLEM FUAEF- 2 2 K & ( MAlgross ) S 8 — 3Ly
AR REH FEMR ST 2 S AT, BE o PRI B 14
TN, e WIAEL % FE MR oy AT 28 B AR A3 1Y 53X 2 f
TR, Mo B R Z RO TR £ 0,
FEXRIHA P, 15 A FE b ieob FRUARSF- 35 A2 K S S
BURSEEE R B O R BEE (B 1), BEE R K/
R U Bt 7 7 b 5 KM o300 A % B2 1) A8 Ak T
AL, 2o MAIner WEAR 43 A i Bl oh 15. 80 ~ 31. 14
ca”! ;s MAIgross WE{H 1Y 4341 YL Bl R 15. 80
~32.71 m’ - hm ™ « a~' ; MAInet WEAE MRS 0950 A L
FEl 4 :16. 05 ~22.70 a; MAlgross WE{EARIE 44345 10
Filoh :18.30 ~22.90 a( % 2) .,

3 2
m’ + hm



804 Mok B F 5 o507 %
351
30| - Al
s Bl
< R
a 850 0E o
B gq 5 Lo P e gl 8
= K B
s
£ z
30 30
35 .
30 o A2 i
o " 2 5 P i
& @0 e 20T e s
" & = u E2 4'//3’ v
H_ H_ ‘;’E - r4 -
JlH' ]:H_ : -,
s K =B
E =~
b B
30 20 25 30
35 35 ¢
30 30 } :
8 " :
H T 25} ﬁ o 25+
g %20 & ; 2o "
a8
-t €2 o
E 10} T < 10}
E1]
5F 5t /
0 o &
30 0 5 10 15 20 25 30
¥ /a ikt /a

1

MAlner V01 <7 H 45 B0 88 20 3355 1 5
R 2)  Hod, S S RN 22 m FEH I MAL-
net WE{E H 12 m BEHL A9 F- 2 (380 T 8.33 m’ -
hm > - o™ (3 2), H B KSR R 38
MAlnet WEAE 1A R0 ] W iy 22 ka3 (&1 2) .
], MA et VA 5 %2 5% 57 3 B (0 A0, 52 453
A 25 B (R 2R

MAlgross WE{FTH 37 b 16 M B 43 48 35 1 14
TN SR ] A B s (18] 3 ), 3B B A [l 43

AN [EIRE AR BR BB BRARE 2 A KA SN (1A ) 55 Weibull 75 R LG T2k

MG 20 £ 1 7 B2 4 . MMAIgross = —4.470 + 1.418
xSI + 0.001 x SD (SI A7 HIAE%L, SD F sy wke
Y (p=0.000 0), ZHIFEE N 22 m LAY
MAlgross VE{EFXIME HE 12 m AEHBA3E N T 6.8 m’
~hm™? - a™'; 5 A BEFEHAH L, D %ALY

MAlgross {E IS ER M T 3.53 m® « hm™* -
a ' E BEREHIAOAN T 217 m® - hm % -2t

A AN 3 SN 2V S N i VR LY e s 1)
HEL P LRI R



% 6 ]

xR2 BHEMMIRE MAnet 0 MAlgross By

UGB R UEE MR
MAlnet MAlgross
KL CAMAInet/ MMAInet/ CAMAlgrosss/  MMAlgross/
a (m®* +hm™2-a™") a (m® +hm™2 -a™")
Al 21.70 15. 80 21.70 15. 80
A2 22.70 25.07 22.90 25.14
A3 21.25 29.10 21.45 29.21
B1 20. 60 17.76 20. 60 17.76
B2 19. 10 27.11 20. 90 28.51
B3 18.90 25.71 20. 85 26.52
Cl1 20.75 21.71 21.00 21.85
C2 20. 85 27.72 22.00 29.17
C3 20. 30 27.12 21.30 28.53
D1 19.45 24.43 20. 10 24.98
D2 20. 85 31. 14 22.90 32.71
D3 18.95 21.57 21.00 23.05
El 16. 05 21.08 18.30 22.66
E2 18.90 22.90 20. 80 31.65
E3 19.05 20. 08 22.65 22.39

T : MAInet 5 b BUAE SR 4 Ko s MAlgross R B4Ry
Az KA MMAIner 3 b4 FRAEP- 29 K AR WEAH ; CAMAlner 23 i5+H4 TR
WEAE S B RIS ;s MM ATgross A S A FRUAR -2 A K i
ST R W B AR

B ULRS
{8 ; CAMAIgross } A1 TR

MAInet®g{t/ (m* « hm® «a™')
[ %]
%]

18 O r=0.926 1
16 O p=0.000 0
14 :

10 12 14 16 18 20 22

SCHHE/m

AHTEAR S A AR B R A 0 25 13 B 37 s 805
32 o
a
= O
-]
: 28 g
E
T o o
z o o
= Q
=
s 20 O
3 o
S 16 o r=0.780 9
p=0.001 0
12
10 12 14 16 18 20 22
SR /m
32 o
~ b
b o]
o o 8
& o
o Q\Oﬁ
]
= o] o
g 20 8
B o
S 16 o) 1=-0.291 8
= p=0.311 §

-
[+

0 2000 4000 6000 8000 10000 12000
FIEEE i/ (bK « ho?)

B2 MAlnet VE{E 537 HIAE KL (18] a) BRI WIAR S (18] b) BUAR G E R

T o
2 [ b e
- 30
O
-}
o2 | o 6
g O
T o2
: o ———15
£
= O
§ = 0 o
E 20 |
=
=
18 O r=0.813 5
16 O p=0. 000 4
14 . .
0 2000 1000 6000 8000 1000 1200

M BE/ (B « hm?)

K3 MAlgross WefE 557 AR E (8] a) BobR T HIAE 25 B (18] b) YR G OE R

2.2 VHEZEERIREIIEERSRm

5 MAInet VE{EAR R AR I , MAIner V(B AR i B AR
3R 28 TR VI R ) | VAR 2 AR A, AR 3k
FI| MAInet WE{HHRI. | E % BEREHL Y MAIner WE{E RIS
Fo A SR AR T 3. 88 4F MR EAYMIE
PRk B (IRAHC R B r=0.666 9,p =0.009 2) ,
{H B.C.D 3 N3 EERE L MAIner VEAE AR A2 b I

ANELEE (R 2, &1 4) o 7 TR R RRS P52 M 5
AN AT R B B B B R (TR 4)
MAIgross VEAEMRIS B 7. 1148 B3R WA 53100 L 286 5 1) 28
XA W] iy S A R e (&L 5 ) | [m1H 534 B A
JiFEN .

CAMAInet =22.016 —0.000 4 x SD ( SD } 4y
WIHEEE ,p =0.002 4) ,



806 Mok B F 5 o507 %
24 24
o b
a O 22
s 22 o 3 P
o fé 20
i O Q
= % 18
z © o © 2
I =
=18 r=0.218 4 16 r=0. 666 9 ®
p=0.453 2 p=0. 009 2
16 - e - - - . 14 ' : ' : ' ’
10 12 14 16 18 20 22 0 2000 4000 6000 8000 10000 12000
LR H/m FIEEE/ (Bk » hm®)
El 4 MAlnet WEAE MW 557 b8 E0 () a) BARSTRIRIZE B (& b) BIAH G 5
24 24
a b
é 23 o o § 23 ® ® ®
% 22 o O % 22 | ®
: ° 3
p 21 O e © . 21 .
3 3
g 20 O 5 20 ®
] ]
S o] £=0.310 9 S ol ro2242
=0. 279 3 =0. 440 9
o 7 - °
18 . . . 18 . . . .
10 12 14 16 18 20 22 0 2000 4000 6000 8000 10000 12000
SRS /m FIEEE/ (Bk » hm2)

K5 MAlgross WE{BARES 57 HuAE E (1 a) BRI WA BE (18 b) BUAHSGE R

3 Zw 5tk

3.1 MAIEESIMRERMRSZEERNRR
ABFFE R R AR N TARIRG 19 MAInet VE{H 5 57
HFEHL(ST,20 SELEMF AR FA MR =5 - {8 0K 2
FEAEAHIC, T 5 AR B R A OCPETR 55 (& 2) o 1%
ZER G IR AZ RS WA AE RSO A 1 AT 5T
S5 —30, MAlgross 5 7 b [T it FIRR 53 0048 2% 35
A —ERIEA K FR, MAIgross H 1 FLAE -1
He K (MAInet ) FVAESEAGFE AL B ( MAIm ) PR
Oy FE—E TR b O T M bR A R Y R
AN BT 3BT TR B —ER 3 MAIner 1) 5 KAH
T HAZ AL BT R A SE R, A A A AR B 2
SEMRIIOIRE S B R RE I, 7 e W AR L A AR I
ARG HBIA i R A [RD N 58 4 | D BCBR R R AR A7 T
E PN UL TN TP A LV NOL 7 3/

WA 255 (Y 38 DRI 48 220 33 B MAIm (V) 3
FTAE GRS WIAE % FE B IEAI G OC &R . Mt AT WL, 57
Mo I S AT 2 B X MAIgross WEAB YA 52, — %
FREE BUEH T, 37 b Jo 5 R0 A %% B X b b AR
Yy KA R HEVE R
3.2 MAIEEWNRSVEZEERIMFEENX R
KRG R B, AR A0 P I Ml B3R 3 i A K
MU (18 I TS 7 201 2 3 B B I MA-
Inet WA ARIE 09224, AWFIE T, MAIner W {E PRI
EIMRII R A AT B BORH G A RE A LY
MAlnet VEEARIE W] R T E BRI A, X 5
Fownes 251 X Marshall 25" (9 #F 5% 45 5 — 24 i
Qb Hp ) BE AR MY MAIner V(B AR IS 52 25 52 1 5%
Me) AN B (P 4) X TR Z B R EE Hh i DL AR 3
Martin 2" B 55 KCHE A B TA S, AR 238 1A s A
PRIEDAE B 38 S AR A K8 G i £ 2B, R4



% 6 ]

FRBEAE A A2 AR 28 FRAE K 8 B R ST AR, 807

LS B8 ) DR/ L e R A A () 9 905 4 1) T iy e 5
e EIRR BE 0T — 7 I 1R DR % B A PR A R
[f] 25 A1/, MR A3 Je i AHBH A% 5l TR A 34
REFEAERS A 7™ T 5E1R  UTE A ™ 1 R 3] — &
PR S MORME AN BE (A ARFR B ) , BE 0 2k A8 2
B A B R 20 I 2 B e, AR
DR 5 B B AN, i 5| & B A AR i g b L
P00 MAIner 1 e B bR % b B B, 55 — i
Jokela 2513 Xef KA il A 328 565 (4 P 55 6 B, 26 bR 2
AR AR TP A IR 3 BRI AR O 77 0 T B T
PR, Martin 45 XoF JCHE A PP it IES 38 560 [) B SIE B 17
X MROT R SRR A 3 PR 3R O3 BEAR R Y
AR T E R TS LA N, B AR R IR, 10
T IR S ETTE R, N Z A2 AR N AR V% 90 53 i i
AR, IR IFHG AR K S vh s I 252 3 7
ViS5 RN I K i oy NI R VA A R 7 = A B
HZ AR RS2 B 3R 3 R BRI | 338 AL T PR o
5 MAInet WE{RAREE B9 TRAHC R

ABFFE D, hE) % BE (B C D 2B M A AR Y
MAInet WE{E MRS 22 55 AR LT UL, MAInet
WA PRI 5 RO S S AT SN AR B (8 RN ) Z 1)
TSI TR BN R 1 G 2R, T2 Bt 0 A 5 ) 4 o i
ol I, T I 76— 72 S B N ZZE A AN B I, 254 %8 9 R 3]
—E R PN B E X X — i T
AT - B R A N, MROR Z 1) /Y 3 4 A TJC F
A i B el T SE G P AR RS> MAIner WE B AR
% Bt bR S 28 )4 o ng 5 AR e A e B X D
TSI — H RS, T 24 5 B 3 v A5
JEIG , t TS S A0 Sk B A AR R (H
IV 3 O B ARG S, bk b AR B A i
AR R e — 5 0% B P, I MAlnet
S (ERN e R R N R TR K a1 D) | I € R
G PECR R MRS TS, MAIner WEE AR BE & AR5
RIS N TR IR B S TEAR KA % R
BN, MAIner WefE AR BEAR 732 B2 1 58 g4 2
TR, P, N TARGE SR, B AR 6k
I3 R A2 A A bR 8 R S Ml R Y O
R N AR FEAT IR R DL/NER B LA ERAT A )
oy H RN TR DA v 0 A %5 B i Ak, ml LA
B A, ARG 2 A B APy DLRAR A N
B E EARA A BB LA X S5 14400 4 %3 B S AR
B A ) A PR A R R A8 R B 2 A SE R A
PRI HZ RS .

LTI XT MAInet VAR AR (14 5% e 45 SR R W],
MAlInet WEAE MRS 55 37 #0468 BOWAH SRR /N 3% 5 X))
A AR N T K BRI IT 45 9 —
B, HARKBRERS AP b T b B 2 AR
1 DX AN [ 37 48 KPR 53 1) MAIner WEARL AR IR AH ]
Y324 18 a;1fij Nishizono 257/ 704 T H AMIAZHK 28 a
WA R, 25 R R W], 7 R ECS MAIner 19V {H
ARHES S A O, I 40 2 SR Ak 2 L T 2 57 b A 2
5 MAlIgross SRRV DS , X 5T L KIE R
LRI A5 FE—30 % ) Nishizono 257 I N, “ K JE
BIR AL IRE ™ 17 2 37 A R A L 1 A R R
LIRS TR I T 4 B3 0 JEL DR, AR 1 2 A D 22
SECT LTS MAIner VE(E MRS B AR CE &
(X — (B UEAE Ryan 26 (04 A T AR ST T
BWARERES . Ryan % U0, W& A4 K 1925 1k
XPAEARBOARS3 A )  2E 7 52 e AR /)N, HLX Rl G &
BEAE AR RN BB 1 — SR A3 PR - (A bk 3 2% 52 it
JESEPEE 1t ) AR fmiZE 4 L FR R AT g
TR Nishizono 28170 Curtis™® X Mar-
tin % VRS HR AR A3A00 A 2 SR AR [ s Ak T ]
W TERXAME O, BT S BT B TE AR KR 1)
I BRI B i B A AR A IR R e S b BT
AR T SE R AR S 2B o ] B 4 20 R BT
5 MAInet WE(EMRIS 1 HHARSC

AN ABIETE T ARG A R B W AEAR 1 5 57 3
Jo it KR35 BE A SC PR AR/ X 5 B 5
SR — 2, HAZWREEAR I3 IR B2 i 5 i — 20 0P

Sk

[1] Curtis R O. A new look at an old question: Douglas fir culmination
age[ J]. Western journal of applied forestry, 1992, 7(4) .97 -99.

[2] Nishizono T. Effects of thinning level and site productivity on age-re-
lated changes in stand volume growth can be explained by a single
rescaled growth curve[ J]. Forest Ecology and Management, 2010,
259(12) ; 2276 -2291.

[3] Pretzsch H. Forest dynamics, growth and yield; from measurement to
model[ M]. Berlin Heidelberg: Springer- Verlag, 2009.

[4] Zeide B. Thinning and growth; a full turnaround[ J]. Journal of For-
estry, 2001, 99(1) . 20 -25.

[5] Von Gadow K,Hui G. Modelling forest development[ M ]. Boston:
Kluwer Academic Publisher, 2001.

[6] Vanclay J K. Modelling forest growth and yield: applications to
mixed tropical forests| D]. Copenhagen; Royal Veterinary and Agri-
cultural University, 1994.

[7] Nishizono T, Tanaka K, Hosoda K, et al. Effects of thinning and

site productivity on culmination of stand growth: results from long-



808 G NN A = S 1 S

527 %

term monitoring experiments in Japanese cedar ( Cryptomeria japonica
D. Don) forests in northeastern Japan[J]. Journal of Forest Re-
search, 2008,13(5) : 264 —274.

[8] XI5I7, AR . BARMEERFHALI]. A,
1996, 9( L45) . 47 -48.

[9] Martin T A, Jokela E J. Stand development and production dynamics
of loblolly pine under a range of cultural treatments in north-central
Florida USA[J]. Forest Ecology and Management, 2004,192(1) .
39 -58.

[10] Fownes J H, Harrington R A. Modelling growth and optimal rota-
tions of tropical multipurpose trees using unit leaf rate and leaf area
index[ J]. Journal of Applied Ecology, 1990, 27 886 —896.

[11] Marshall D D, Curtis R O, Service U S F. Levels-of-growing-stock
cooperative study in Douglas-fir; report no. 15-Hoskins: 1963 —
1998[ M]. Washington: Forestry Sciences Laboratory, 2002.

[12] BRI . P EBRARGE IE A i —— - C O [ 2R ARSI
M. Jest: A EAO Rk, 2009.

[13] AAET5 . AN TR BN B Fh a5t BB 5T (D]
Jemt: hEMEREBTSRE, 2010.

[14] sk, BeZE . MUK RS HARSS BRI [ M].
JEt: Blea iR, 2004,

[15] Salas C, Stage A R, Robinson A P. Modeling effects of overstory
density and competing vegetation on tree height growth[J]. Forest
Science, 2008 ,54 (1) : 107 —122.

[16

[

Cieszewski C J, Strub M. Generalized algebraic difference approach
derivation of dynamic site equations with polymorphism and variable
asymptotes from exponential and logarithmic functions[ J]. Forest
Science, 2008, 54(3) . 303 -315.

[17] Yin X, Goudriaan J, Lantinga E A, et al. A flexible sigmoid func-
tion of determinate growth[ J]. Annals of Botany, 2003,91(3) .
361 -371.

[18] Lynch T B, Zhang D. On Relative Maxima of Diameter Growth,
Basal Area Growth, Volume Growth, and Mean Annual Increment
for Individual Trees[ J]. Forest Science, 2011,57(4) ; 353 —358.

[19] Zimmerman D L, Nifiez-Antén V, Gregoire T G, et al. Parametric
modelling of growth curve data: An overview[ J]. Test, 2001,10
(1):1-73.

[20] Diéguez-Aranda U, Burkhart H, Rodriguez-Soalleiro R. Modeling
dominant height growth of radiata pine ( Pinus radiata D. Don)
plantations in north-western Spain[ J]. Forest Ecology and Manage-
ment, 2005,215(1 -3) . 271 -284.

[21

[

Monserud R. Height growth and site index curves for inland Doug-
las-fir based on stem analysis data and forest habitat type[ J]. For-
est Science, 1984,30(4) : 943 —965.

[22] Bravo-Oviedo A, Tome M, Bravo F, et al. Dominant height growth
equations including site attributes in the generalized algebraic

difference approach [ J]. Canadian Journal of Forest Research,

2008,38(9) ; 2348 —2358.

[23] Hall R, Lilien D, Johnston J. Eviews Users Guide[ M ]. Califor-
nia; Quantitative Micro Software, Irvine, 1995.

[24] Coulton C,Chow J. Interaction effects in multiple regression. Jour-
nal of Social Service Research, 1993 ,16(1 -2): 179 —199.

[25] Norusis M. SPSS 16. 0 guide to data analysis[ M]. Pennsylvania;
Prentice Hall Press,2008.

[26] Harrington T B, Harrington C A, DeBell D S. Effects of planting
spacing and site quality on 25-year growth and mortality relation-
ships of Douglas-fir ( Pseudotsuga menziesii var. menziesii) [ J] .
Forest Ecology and Management, 2009,258(1) : 18 -25.

[27] Zeide B. Self-thinning and stand density [ J].
1991,37(2) : 517 -523.

Forest Science,

[28] Yoda K, Kira T,Ogawa H. Self-thinning in overcrowded pure stand
under cultivated and natural conditions [ J]. J Biol Osaka City
Univ, 1963,14; 107 - 129.

[29] Will R, Hennessey T, Lynch T, et al. Effects of Planting Density
and Seed Source on Loblolly Pine Stands in Southeastern Oklahoma
[J]. Forest Science, 2010,56(5) ; 437 —443.

[30

[

Moreno G, Cubera E. Impact of stand density on water status and
leaf gas exchange in Quercus ilex[ J]. Forest Ecology and Manage-
ment, 2008,254(1) . 74 - 84.

[31] Woodruff D R, Bond B J, Ritchie G A, et al. Effects of stand den-
sity on the growth of young Douglas-fir trees[ J]. Canadian Journal
of Forest Research, 2002,32(3) . 420 -427.

[32] Ryan M G, Binkley D, Fownes J H, et al. An experimental test of
the causes of forest growth decline with stand age[ J]. Ecological
Monographs, 2004 ,74(3) . 393 —414.

[33] Jokela E J,Martin T A. Effects of ontogeny and soil nutrient supply
on production, allocation, and leaf area efficiency in loblolly and
slash pine stands[ J]. Canadian Journal of Forest Research, 2000,
30(10) : 1511 —1524.

[34] B, J0DHE . AN T T ORFFHLRIAT S [ M].
Jbst: Bhea iRt 2006.

[35] Zhang J, Oliver W W, Ritchie M W. Effect of stand densities on
stand dynamics in white fir ( Abies concolor) forests in northeast
California, USA[J]. Forest ecology and management, 2007 ,244
(1-3).50-59.

[36] Curtis R O. Extended rotations and culmination age of coast Doug-
las — fir: old studies speak to current issues. Research Paper PNW-
RP485[ M]. Olympia: Forestry Sciences Laboratory, 1995.

[37] Ryan M G, Yoder B J. Hydraulic limits to tree height and tree
growth[ J]. Bioscience, 1997,47(4) . 235 —242.

[38] Ryan M G, Phillips N,Bond B J. The hydraulic limitation hypothe-

sis revisited[ J |. Plant, Cell & Environment, 2006,29(3) ; 367 —

381.



