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Effect of thinning on Platycladus orientalis plantation and the diversity of

undergrowth vegetation

DUAN Jie, MA Liiyi, JIA Liming, JIA Zhongkui, GONG Ningning, CHE Wenrui
Key Laboratory for Silviculture and Conservation of the Ministry of Education College of Forestry, Beijing Forestry University, Beiyjing 100083, China

Abstract; Thinning is one of the important methods of forest management and human disturbance to forest ecosystem.
Researching on different thinning methods, intensity and frequency has an important significance for rebuilding and
recovering the intrinsic function of forest ecosystem and achieving sustainable forest management. 31 Platycladus orientalis
plantation stand plots were used for researching the arbor and under-vegetation growth variation and diversity. Results
showed that different thinning intensity increasing the diameter, height, crown and stand volume growth. The amount of the
growth indices after different thinning intensity related to the site type. Heavy thinning intensity could been fit for the high
quantity site and the low or middle intensity fit for the low and middle quantity site. The amount of undergrowth vegetation
species has an increasing trend after thinning with low and medium intension but decreasing after the heavy intension. The
Simpson index and the Shannon-Wiener index became larger after thinning, and the value increasing throw time. The
Shannon-Wiener index was more sensitive with the thinning intension. Biomass of the under-vegetation was increasing with
the thinning intension and the time. Interspecific competition of Platycladus orientalis plantation ecosystem has a close
relationship with site type. The better site could endured the heavily human disturbance and the growth balance would been

easily broken by the disturbance in a worse site.

Key Words: thinning; thinning intension; Platycladus orientalis plantation; site condition; ecosystem stability;

biodiversity ; Beijing mountain area
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TR ARA P T TTAAFER —F G, I E B ESRENEELRE ", WHRKREEALSE
HEEAT I8 ST X RRA A TSR TN TGS . NFAZEIIE N L BT LKE, TFH
£ H B AR RSl DASGRAA h £ R BB IS 2285 2 HInEE R £, BRNRNREEEL R
1826 4EfBE M- J. C. Hundeshagen 1579 “ BLIEAK” 2381 ,20 40 50 4B UG , bEE SRR A SR EEAL,
MREFRANTRE BARAEAG ZFEE, B EA S8, X PR E NI A “ I ARV EE”
“HFAOLIIE” CBRMAESRELEIIR MRS EER” . XSS E G RBRARKEEE
HNIZG BN EDS RGN BEHTEIR, UK SR R R R E TR

PR RN THEFRES R A S DS BR Loh4ERe KBRS REWE A TR, LA
FACGRE AT RN HNREEE RS . ESNTEE RS FERESREME MR ELZ , FENEE
FEHEE XA PR AR R A B 20 45, 4 Emmingham BFSY T FEHEMS ( Douglas fir) SRk43 347 55 BE Rk 5
ARG M5B FURAE AL ; Donald BF5E T FEREARAR T AEBE XS A [FJ45E & 48 HE ¥ 0 B ; Jessica B 5% T A R 4L F 44 e
X 35 B AR B AR IS ( Oak ) IRASHIMK T M8 5 T4 952 0 s Edith BF5E T 8 RIPE & 1 i 0 koA b1 ok i >
B X PR TR AR AR 5T 2 M 20 HH42 60 4ERTT 1R 10, Akt 22 LU BFST TR & e AR bk A K B s e
5B SV M ARSE X [R5 B2 AR ( Cunninghamia Lanceolata) | 11145 A= bk ( Populus davidiana) ¥ M
¥A( Larix olgensis) z 12 ( Picea jazoensis ) ¥ £% ( Abies nephrolepis ) IR SRR FHE B X B X LR H1T T W
FEHRL S AT SR K, [ A S BT SOR EAUE T R B AR B R AR AR K B X AR T A B B s,
MBEERTARGEAREARZ AKX RZFFTMR A ASCLAI I H XM ( Platycladus orientalis) N THK
FIWFFEIT R, Fe T [E A b £ R BRI SL A5 A [R5 BE X AR N TARA: & R T A B A
K RAEY Z RS, T TR E E MR SR P AR Z BN X R,

AW RAERT AR ST ELA T B, B AL b % B F 2004 4F, Rif A7E 2005 4EF1 2006 1T TR RAE
K AATE SRR S+ 90K 0 R BB AR T A SR A g
1 REHER SHRAE
1.1 A5G AL
1.1.1 BV =g

P FILRET B RIE N, LG 40°44" R4 116°35"  JRFEIL I RAKIL EBEIX . ¥k 68—954.2 m, LA 2
HIG R, TR 954.2 m, 4R RS IE 11.8C, =0°C FH 7 4500°C , =10°C FLiH 7 4200°C , o5& #] 80—203
d, FFHIFEKE 631 mm,6—8 A 5 2EREKEK 76% . Miith+ 3 E T L6 TUASBE R |, JEL 20
em, ARG IARSF R DL TANAARFIIMAA AR 320 DN 1958 4EFF 1R, 4R 4F bk, MIAE L Tl PA MK ) 4 8% 23 A 7E
4—50 a Z Ju], Ho FZ g h Gk, HE L bbb S TE R 90% o
1.1.2 HBRBRIRKERNHKG

LTI T = B AR BRKIREKER, L4 40°25', /R4 116°53', ¥4k 220—599 m, 24 SR
8.5—9.5 C, =10 CHEN 3385—4210 °C, TLFEH 150 d, 4E[MEKEL N 623 mm,6—9 H K E 544
80% A Lo HHENENE TUAE R bR B AR A L b 4 £ A L A8 £, B FRIEZ A RIEER
R, TR B ERE, LR, SWETALE, ARG ES, K EREZE . M HUNTHKRE,
24T R AR LT o AR P9 B2 REF A DUAA T AA IR ( Robinia pseudoacacia) , FRARTE 35 3K
2 56% , AWFZTFT M A TAKK 1970 4£E &, IR RT RS BT E .

1.2 BFRFAE
1.2.1 FEikEH %

T PIE TR MR P , AR b e B R AT BB Y B 7 A AR R R — 3. T 2004 4E7ER B BRI K
VAR E S L UL B 12 B E e, 43 3 AL 2R A . P + | FHI R - AR + B Sr s
R bR o FRARBGHEAT T 59 B (20% ) \H BE(35% ) JGRBE (50% ) [B14K, FF 15 % B —Hexd AR 4h (0% ) 52005 4R
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% 2008 AEXTIX 12 SREEAEHBEST T 1EEE 4a KR, FEIE0 9 A4y ZEEATAR A SRR A N 3R
TR, BB AR OR SIS B AR R R 55 (B R A st — B, Horp 2000 SRR T 19 (KRS0 LI—
L19) , It e AR 15 m x 15 m, 2009 SEA AR M FHE LK 1.

F1 UMAIHERSESR
Table 1 Basic characteristics of Platycladus orientalis plantation stand plots in 2009

HE {27 R T

o
ffaﬁ%tyﬁ Pl(?ﬁ:ber f:eﬁ/%a Densitz'2 Elevation preﬁgt Slo;iijg( o) Mean DBH  Mean height ﬁeﬁneﬂt
/(t-hm~?) /m /em /m
PR+ 1,L1,12 38—40  2900—3333  124—130 S 19—23 4.8—5.2  5.6—6.2 X Control
Sunny slope with ~ 2,13,14 38—40  1950—2044  115—125 S 223 6.5-6.7 7.3-8.0  FHEFIH Light tending
thin soil 3,15,16 38—40  1600—1700  120—125 S,SE 20—25  6.3—6.8  5.3—7.1  HEFHEH Medium tending
4,17,18 38—40  1511—1590  125—132 SE 16—23  6.3—6.5  7.0—8.3  BREFHEH Heavy tending
FHEE £ 5,19 24 5400 130—140 S,SE 19—22 7.1-1.5  6.0—7.3 X%} Control
Sunny slope with 6,110 24 4000,4100  120—140 S 20—24  6.2—7.3  5.3—6.9  FHEFHKFH light tending
thick soil 7,L11 24—26  3700,3811  140—141 S,SE 1523  7.0—7.6  6.4—7.8  HEFHH Medium tending
8,L12,L13 24—26  2700—3100  127—140 S 20—25 7.2—7.8  5.5—7.0 SREFHLE Heavy tending
FRAYE + 9,L14 26 3900—4000  133—155 NW 20—26 7.4—8.0  6.0—6.7 X} Control
Shady slope with ~ 10,L15 26 3575—3700  125—158 W 16—18 7.0—8.7  6.2—7.5  FELE Light tending
thick soil 11,116,117  26—30  2850—3200 158—165 W 21-26  7.8—9.0  6.6—8.3  HEFHEH Medium tending
12,118,119 2630  1950—2100  140—155 NW 225  8.4-9.1 6.7—7.9 BEFHEH Heavy tending

1.2.2 AR

N T PRIEBTTE IR R Ge , AR S FAR R 7 0 MR b7 AR R PR T AR B S AR R A A A
PrERE .

{5 R L7 T B B R Ty A R R SRR AT , R Ak BREE R B

Y SAEERE A 4 FABEE 4 AT (2 m x2 m) 8 DMEARFET (1 mx 1 m) , FFHCRE—F
J7 NHEAR BRI A A R R IR , 10 R A AR AR (OABO RIBE IR R BT BT R 4 i
(% <1 m) GEAHEHEARS,

YR FER AR 3 A/METT (1 m x 1 m) JESRE T WY RIS, BEAR S Ty 2R
R, BEA S Jyts BRI R B, R AR ENAY R, AENHERSFERIREGHMET 80 CP T 2EE
JERRTE,

WS AEYEIE R e A T B EME (Pi) \Simpson ZFEYEFERL( D) Al Shannon-Wiener ZFEVEIEE(H™ )3 M5
o THEL T IR TR
2 H#RESH
2.1 RREE 5B AR A AR A K B
2.1.1 FHHEBEXNERBIR

T RS AR A K B ST 1 B4R PP AR [P0 7 088 BE X B A2 R s B AR S R0 A 7™ 0 IR 5 S [ 4
BAEME SIS ARG A7 S8 A RN, X 2 T B 5T FpAR A bR 25 1 T80 A B 55 O A e 22 57, S BUT
BEEWAMIF! , A B & I R RJE Aok 2> (B MR

AW HE G S LA TAREREOLILE 1—E 4, W TFIE A LA B 6H J5 4 Lt A 5
AR R s AR R B R SR A o PSR M 2255 BT 7 5 W e B RO/, il e 2 A 9 2 i
B PR T R R R RO AR AR IT B M B R AL BB B 5 BE 2 A RISE R, P - it 22 3 Fhik
BEE A BB BUR T R £+ PR LM A5 B PR R G R SRR TR, 28 ERT G
EExk ARG, S PR AT BB 5 BE AR U B AR SRR A W 0 o, L 1) 358 B K (50% ), kg 2 s el , BRA7
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Fig.1 Diagram of DBH growth process of Platycladus orientalis plantation under different tending treatments
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Fig.2 Diagram of H growth process of Platycladus orientalis plantation under different tending treatments
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Fig.3 Diagram of CW growth process of Platycladus orientalis plantation under different tending treatments
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Fig.4 Diagram of volume variation of Platycladus orientalis plantation stand under different tending treatments
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2.1.2 HREXFEER BRI

A BRI I TR AR B A AR , 2R R B RN A K SRR e AR S84 LS 3t
FHEURSIESE ARFMA R, THSEEEHKPFAETRR A RERMBFRMAFIRE KRN EZH
T, UV bRt AR 7= ) A E AR M85 ™ o KB T AR I MR B IR RE AR A K R AR T B

Bl 5 AR 55 B G MR 2 B2 A K4 HR 2005 4F 2] 2008 4R [E)F 34 K EBEE . mIE S AT IFE
YR MR T G A KB s, AP LA 55 B E G & ; R LM E s ZIRE E WS
R B R, HAU PSS AP BER R i s A L AR T AR 258 BE TR R 5 iR AR K B f i s PR LA
S ERB R EPF KBRS, KM A SR TR RS . Lia 0T, FHSOE 1 PR
JE AR R - AR S S EA T 55 B L BE RS BT 7 RS AR E AR AR K o IR ST SR P DI AE N E TR R
SREM—TSHE N AP S, LA R B2 ORISR + > SR+ > B+, ik
BT 58 B MR B 55 -5 % P — B, BISZIBARAF 4 ORI AT LR BGER BEVE R , 7 22 52 b B AR 3 B R B 55
BER

54 LA R RAT LUK E D IR BE D 3333 R/ hm” (Y PG 1 14500 R/ hm fy B3R £ 1 4000 Ak/hm” iy
PSR LA T LA T 55 — R 8 £ 1 & 22 0% B8 2% 2 43 51 2 1600 #&/ hm® 4000 #&/ hm’ I 2000
B/ hm®

—=— gL —e— FBUE L —A— IR

0.7 - 0.40 —
0.6 - 035
g -
82 osp £5 o30]
2 wE
RS g4l K g
o2 HE 025
R e
2 ob R 020
H_E 02| B2
0.1 0.15 -
0 | | | | 0.10 | | | |
0 25 35 50 0 25 35 50
030 - 10 -
025 // ol
£ Tz
1 § 0.20 m% i
B 2015 g‘}j
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®° 010k g?
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B 38 ¥ Thinning intensity/%

B S FREZEREMHEAS EZEKIEIR2005—2008 FEHERKBETUE
Fig.5 Diagram of main growth indices variation of Platycladus orientalis plantation under different tending treatments from 2005 to 2008

2.2 AREHE BB AT A PAE K B0
2.2.1 AN[FEPEFEBEX A YA

AR YRR 6] £ A TAM T FBCRE IR 2. fi3R 2 AT SL AR AR T A P B BE
R BE AR TG , B R A D e, ARYE 3T, B3SO bk 3 S AR P A 22, (B SR IR AR O, 3 W T T
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JEFIM TAK A AR K 5 PSR AR 2 BRI 7 A S B 9 St g, AT AR b SRS RS [ s> B
IR A ST ISR B PR A AR A RE B

F2 FAEEEFREMNAARTEOFHEEL
Table 2 Number of species in Platycladus orientalis plantations with different thinning intensities

SR WH TSR X R SR FEEE MR
Site type Year Plant type Control Light tending Medium tending Heavy tending
PR3+ 2005 A 9 10 12 11
Sunny slope with thin soil HA 10 11 17 19
2006 WA 7 7 9 11
HA 7 13 11 20
2009 WA 6 8 9 12
HA 6 11 10 16
FH3R £ 2005 A 9 9 10 10
Sunny slope with thick soil HA 0 6 6 8
2006 WA 8 13 9 13
VN 0 7 9 10
2009 WA 8 8 8 9
VN 5 6 6 7
FA)R £ 2005 AR 6 9 11 13
Shady slope with thick soil HA 9 7 12 12
2006 WA 6 6 8 11
VN 6 10 8 14
2009 WA 8 10 12 14
B 10 13 13 12

TR B B AR AR R R A T ARl BER L B 22 A, BAIE L BE 39 A, X RS 55 R R
BIEM TR EEIEI, RERE FAR T YA T 4 FF, 7T RADIF SR T ETIEG”, A& 4 T4
REBIR RS SR o T E TR RIEFMAES RE AR THE A FIRBERIZIZE 1L, 4 58 4
AR i A AL, ARG T S B, B T ISR AR BA AR B A A, TR T P B B D

B, A2 ) 2 BRAUAAAR T FEAZ DL LA S SR A% AR IR S 8 &, AR IS A —
P M B R SR —EEMMARAN —hER T EEY MO T, XEEY 2N RE B EEY, X
B2 X R AR A
2.2.2 A[FEPEHSEBEN AT Y SRR B R

SR BOT RS RIR 3. 3R 3 WA (1) T E AP T A FA SRS B Lo B Ak
G0, B - A SR Sk 22 P BRI T R A R SR B, BASR LR &58 E R T 5 SRR IS 5L
i (2) M SAEPERS BB (5, X 2 i TR & BRECE TARPOEIR ZIRB AR, R T AR A K
HeRZS ()5 (3) PIE A Shannon-Wiener i %038 W 7 K, X 4 7 15 it B M0RR, A BF FE 45 R S5 A A BIF 52 36
I (AR R AT 2 GRS IR X MU B A A K I B i ML DL, 36 WA A RS (U8 T
ERERFARBAER, FREE TR T AN S SERER .

2.2.3 AREF BT G A YR

MY B R EN T BE RO ISR Z — , R R B R — R E A D RE AR R/ i —
AR, B — RS IRFI R RE ) RS BB RSO A SR ARAE X BEAVURM LA L, FnE
YR REtE — SR LR EEER AN R4 AR E R EMAAK TR YRR, TUF S
(1) B HEAR A L) B X BETE 7 5 BE S ()30 5 (2) AR A e 5 BE T i E o A R 249 EE X TR % 55
BERE M (3) HE 1.2.5a W R SAWERS Y ASWEL > R L > M+, X—42%
5 _ESCRRITE R 5 BE X AR A K KT ) SRR B 0 — B, [R5 B AERE SR AR PR V8 AL A2 TR
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Table 3 Species diversity indices of Platycladus orientalis plantations with different thinning intensities
Kb Treatment

SR WHFER BT X} i FEERE FRETEE IRBEE

Site type Year Vegetation type Control Light tending Medium tending Heavy tending
D H' D H' D H' D H'

PR3+ 2005 A 0.60 1.42 0.66 1.46 0.73 1.47  0.77 1.54
Sunny slope with thin soil HA 0.52 1.13 0.72 1.52 0.80 1.89 0.83 2.06
2006 YN 0.73 1.50 0.74 1.54 0.73 1.60 0.68 1.53
HAR 0.63 1.19 0.81 1.81 0.78 1.80 0.78 1.83
2009 YN 0.70 1.66 0.78 1.89 0.77 1.90 0.74 2.60
HAR 0.68 1.65 0.76 1.98 0.79 2.72 0.74 2.59
FH3R £ 2005 A 0.4 0.87 0.57 1.21 0.57 1.22  0.69 1.30
Sunny slope with thick soil HA 0 0 0.49 0.89 0.47 0.98 0.62 1.24
2006 YN 0.65 1.22 0.68 1.43 0.70 1.51 0.70 1.56
HAR 0 0 0.66 1.18 0.68 1.29 0.75 1.55
2009 YN 0.75 2.33 0.76 2.38 0.71 2.13 0.74 2.37
HAR 0.73 2.09 0.75 2.41 0.79 1.99 0.78 2.04
B R £ 2005 YN 0.55 0.97 0.51 1.07 0.63 1.09 0.72 1.25
Shady slope with thick soil VN 0.51 0.80 0.55 1.07 0.60 1.18 0.63 1.23
2006 YN 0.63 1.21 0.66 1.16 0.67 1.16 0.63 1.34
VN 0.65 1.13 0.65 1.26 0.61 1.18 0.69 1.53
2009 YN 0.63 1.44 0.65 2.15 0.65 1.83 0.71 2.54
VN 0.61 1.43 0.62 2.07 0.62 1.97 0.67 2.09

D Simpson $5%%,H’ : Shannon-Wiener $i5%{

2.3 AFREFREMAASHTEEERKER

Bl 6 AR EEMAA S ERERKRESH T EMEYRXRRE . HIE 6 Al AT HEGER S
AR AR M A , ELIX A1 FH R 7 5 JEE 00 55 T o 5 M ek 0 38 ARAE R B AR (LA e bk T A 94
Yr B ITR IS RS BT R P AR HTR, BT AR S R A 2 MR & 55 TR R R H BT,
SEHARM BRI IR R 5 B BT, BAE KBRS Z MU TAHRES R G L5 E TG ESF
B EPATHE, 5 R MR ZE S, FER, SR F B A AR S R G0 RS BGR T 7350, hE 6 7]
LAt f TABSE P BHSOH AR AL T e 22 S 26 1, b B SE 4 SR A A7 7E
3 #FigEitie

AW L A A [R5 BE A 7 18] A5 AN AR B bR T A A AR A1 0 AT ARt AR 4538 -

(1) A3t AN TARE A7 FE K S5 MGt B — ST AR T SR, # 1T 7 E R 2L
AR BEBUA MR A K S ANAR T A 2R, TR ZUSR AR A 7= 7 (R AR AR A 25 R SRR RE T B IR AR AR
REERRE K

(2) BT A EEAE B PIAN T4, Y75 EBH B BARAAR A B, 8 77k E 2
FAB SRR o ASBFIE LS SRAUENA SEH AR Pt BV A DA ARG 758 BE (5, [ e 2 R A s 2 BE LK
B HAMFEAR R E IR TSR . AHTFE AP A FSL A AF T A FIPE R 5 B X ARARAE K B2 A [a] , BH 3
Wt AR LR A ST AR MR R

(3) DA TARPK T ALY P 50 A 0y B T 8 5 B 348 56 T 38, 1 2 0 P9 B O AL R ORI ) 2 Rk 1
B AARIFE & BT RUL” , BISS P LI E (T30 IR A B i, 58 BEIE & (T40) S A v o b
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x4 TEEFEEMNEAIRRTEEEYE
Table 4 Biomass of shrubs and herbs of Platycladus orientalis plantations stand under different thinning intensity

i o M Shrub/(kg/hm?) B Herb/ (kg/hn?) . it
Site type Year Treatment nt £ H it b wr it ummatu;n
Leaf Stem Root Total Upground Underground ~ Total /(kg/hm®)

FH 33+ 2005 C 145.3 544.7 1361.6 2051.6 49.1 35.6 84.7 2136.3

Sunny slope with L 271.6 506.6 2203.0 2981.2 194.0 616.9 810.9 3792.1

thin soil M 391.0 590.7 2985.4 3967.1 471.7 1378.7 1850.4 5817.4

H 237.6 375.5 4178.2 4791.3 296.3 1250.0 1546.3 6337.6

2006 C 162.9 510.4 1392.8 2066. 1 75.3 59.0 134.3 2200.4

L 319.0 532.2 2507.6 3358.8 405.0 455.0 860.0 4218.8

M 455.6 605.7 3316.9 4378.2 611.0 1078.2 1689.2 6067.4

H 318.2 433.8 3846.3 4598.3  1091.8 1075.1 2166.9 6765.2

2009 C 246.6 580.1 1689.3 2516.0 311.0 179.1 490.1 3006. 1

L 408.0 651.5 1895.1 2954.6 845.5 757.2 1602.7 4557.3

M 707.9 1139.7 2457.5 4305.1 895.3 815.5 1710.8 6015.9

H 702.5 1772.7 2269.0 4744.2 767.4 904.0 1671.4 6415.6

PR R+ 2005 C 228.0 442.2 2072.9 2743.1 0.0 0.0 0.0 2748.0

Sunny slope with L 303.8 476.4 3179.8 3960.0 28.7 19.6 48.3 4008.3

thick soil M 399.2 710.6 4334.4 5444.2 12.8 20.2 33.0 5477.2

H 524.0 719.5 4357.4 5600.9 35.8 24.3 60.1 5661.0

2006 C 217.2 427.2 2053.6 2698.0 0.0 0.0 0.0 2698.0

L 371.5 564.3 3375.7 4311.5 37.9 30.4 68.3 4379.7

M 462.0 835.4 4705.7 6003. 1 42.1 40.2 82.3 6085.4

H 551.9 807.2 4623.7 5982.8 86.9 80.9 167.8 6150.6

2009 C 304.4 1333.2 2773.1 4410.7 71.6 63.0 134.6 4545.3

L 220.5 1576.9 3155.9 4953.3 143.1 90.8 233.9 5187.2

M 409.0 1641.9 4872.3 6923.2 110.3 200.6 310.9 7234.1

H 313.4 1665.3 5148.6 7127.3 111.5 193.3 304.8 7432.1

AR + 2005 C 258.9 655.2 2312.1 3226.2 13.6 8.1 21.7 3247.8

Shady slope with L 396.7 676.5 3236.6 4309.8 134.7 299.9 434.6 4744.4

thick soil M 472.8 767.3 5501.4 6741.5 84.3 83.8 168.1 6909. 6

H 715.1 1332.6 5144.6 7192.3 152.9 321.0 473.9 7666.2

2006 C 261.9 631.9 2365.9 3259.7 57.3 35.9 93.2 3352.9

L 426.2 721.1 3894.6 5041.9 154.1 175.6 329.7 5371.6

M 582.5 912.6 5154.8 6649.9 203.5 209.5 413.0 7062.9

H 756.8 1310.9 5166.8 7234.4 328.6 427.0 755.6 7990.0

2009 C 224.6 857.9 3715.7 4798.2 158.4 297.9 456.3 5254.5

L 190.9 802.9 4058.5 5052.3 133.5 333.5 467.0 5519.3

M 504.4 1880.5 4181.8 6566.7 191.3 376.1 567.4 7134.1

H 369.3 1906. 8 5549.5 7825.6 225.8 511.3 737.1 8562.7

(4) 7[R 38 BEAR B 8t T DUARL A PR -5 PK T AL A A 3 40 728 B8 B T S i A2 25 AR 8 P9 T ] (A P W L
Z/0 BRI NN TS RBEEFHNE, R TR Z WAESRE R EEENESRGE L AR TS K
R .

() AT B EIREEBIURE TR G Sa RESHERIRS H K, AR ANk 24 R
BTG ME R, 7T BRI TR BG4, (BT I AR AE S R G R R 2 KA T
IR AT R AL W A BEAR 2 R AT R 451
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Fig.6 Diagram of relationship between volume variation and biomass of undergrowth vegetation under different tending treatments

References :

[ 1] Pickett ST A and P S White. The ecology of natural disturbance and patch dynamics, Orlando; Academic Press INC,1985; 33-37.

[2] Farina A. Principles and Method in Landscape Ecology. London; Chapman and Hall, 1998 ; 12-18.

[3] Chen LD, FuB J. Ecological significance, characteristics and types of disturbance. Acta Ecologica Sinica, 2002, (20)4; 581-586.

[ 4] Shen GF. Silviculture. Beijing: Chinese Forestry Press, 2001 281-282.

[5] YuZZ. Forest management. Beijing: Chinese Forestry Press, 1993 31.

[6] WmE, Rick F, Stephen F, Max B. Comparing tree and stand volume growth response to low and crown thinning in young natural Douglas-fir
stand. Western Journal of Applied Forestry, 2007, 22(2) : 124 -133.

[7] Donald A, Liguori, Denise A, Kelly A, Sean C, Charles B. Plant diversity in managed forests: Understory responses to thinning and fertilization.
Ecological Applications, 1999, (8) : 34-36.

[ 8] lJessica K A, Deborah L. M, George W T. Changes in understory vegetation and soil characteristics following silvicultural activities in a southeastern
mixed pine forest. Journal of the Torrey Botanical Society, 2007, 134(4) ; 489-504.

[ 9] Edith G, Jean C H, Gerard N. The influence of site quality, silviculture and region on wood density mixed model in Quercus petraea Liebl. Forest
Ecology and Management, 2004, 189 111-121.

[10] DulJS, Tang S Z. Effect of thinning in forest growth and the model. Journal of Beijing Forestry University, 1996, 18(1) : 79-83.

[11] Xiong Y Q, Shen W T, Zeng M S. A study on the Development and Biomass of Undergrowth Vegetation in Chinese Fir Plantation with Different
Thinning Intensities. Scientia Silvae Sinicae, 1995, 8(4) : 408-412.

[12] Ren L Z, Luo J C, Li X B. The effects of intermediate cutting on plant species diversity in Populus davidiana secondary forest. Journal of Beijing
Forestry University, 2000, 22(4) ; 14-17.

[13] Lei XD, LuY C, Zhang H R, Zhang Z L, Chen X G. Effects of Thinning on Mixed Stands of Larix olgensis, Abies nephrolepis and Picea jazoensis.
Scientia Silvae Sinicae, 2005, 41(4) ; 78-85.

[14] LiCY, MaLY, Wang X Q, Xu X. Short-term effects of tending on the undergrowth diversity of Platycladus orientalis plantations in Beijing
mountainous areas. Journal of Beijing Forestry University, 2007, 29(3) ; 60-66.

[15] Xu CY, Zhang H, Jia Z K, Xue K, Du P Z, Wang J G. Effects of stand density and site types on root characteristics of Platycladus orientalis
plantations in Beijing mountainous area. Journal of Beijing Forestry University, 2007, 29(4) : 95-99.

[16] Wang X Q, MaLY, JiaZ K, Xu CY, Zhang Y F. Primary Study on Distribution Pattern Change of Pinus tabulaeformis and Platycladus orientalis
Plantations in Mountainous Area of Beijing. Journal of Southwest Forestry College, 2005, 25(4) ; 23-26.

[17] Ma LY, Wang X Q. Growth space competition index ( GSCI) and application in the individual intraspecies competition of Pinus tabulaeformis and
Platycladus orientalis forests. Ecology Science, 2006, 25(5) : 385-389.

[18] Xu X, MaLY, Li CY. Short-term Effects of Thinning on Alkaline Phosphatase Activity in the Soils of Young Plantation of Platycladus orientalis

http ://www. ecologica. cn



6 3 By 4 PEH AR A AR BT AR A K B R e 1441

in Beijing Mountainous Areas. Journal of Northeast Forestry University, 2008, 36(1) : 51-52, 57.

[19] MaLY, Zhai M P, Xu CY, Jia Z K. Tending Effect of Platycladus orientalis Plantations upon Soil Moisture Properties in Mountainous Area of
Beijing. Journal of Sourhwest Forestry College, 2005, 25(4) ; 64-68.

[20] JiaZ K, MaLY, XuC Y. Soil Moisture Content and Physical and Chemical Properties of Most Stands of Young Platycladus orientalis in Beijing
Mountain Area. Journal of Soil and Water Conservation, 2005, 19(3) ; 160-164.

[21] Ge F. Modem Ecology (2nd edition). Beijing: Science Press, 2008 75.

[22] Qian Y Q, Ma K P. Principles and Methodologies of Biodiversity Studies. Beijing: China Science and Technology Press, 1994 141-165.

[23] LiCM, DuJS, Zhang H R. The Effects of Thinning on Forest Growth and Model Study. Forest Research, 2003, 16(5) : 636-641.

[24] Knoebel B R, Burkhart H E, Beck D E. A growth and yield model for thinned stands of yellow poplar. Forest Science, 1986, 32(2) ; 27, 62.

[25] WulY, Long Y Z, Dong Y P. Research of Thinning Effect on Slash Pine Plantation. Forest Research, 1995, 8(6) : 630-633.

[26] Meng X Y. Forest Mensuration (3rd edition). Beijing: Chinese Forestry Press, 2006 171-172.

[27] Greening and afforestation department of State Forestry Administration of China. National planting technical regulations [ EB/OL]. [2007-10-2].
http ://www. gnly. gov. en/zlrth/ ArticleShow. asp? ArticlelD =2548.

[28] Connell, 1978 J. H. Connell, Diversity in tropical rainforests and coral reefs, Science, 1978, 199 1302-1310.

[29] Fei T R. Indication plants and silviculture. Beijing: Chinese Forestry Press, 1992 74.

[30] BAILEY J D. Montane altemative silvicultural systems ( MASS) : Establishing and managing a multi- disciplinary, multi-partner research site.
Forestry Ecology and Management, 1998, 112(3) ; 289-302.

[31] XuY, LiuY, Li G L, Guo B, Li R S. Effects of the thinning intensity on the diversity of undergrowth vegetation in Pinus tabulaeformis
plantations. Journal of Nanjing Forestry University( Natural Science Edition) , 2008, 32(3) : 135-138.

[32] Xie H. Study on Thinning Effects of Chinese Fir Plantation. Anhui: Anhui Agricultural University, 2007 ; 32.

[33] Zhang J T. Quantitative Ecology. Beijing: Science Press, 2004 ; 24.

[34] Wen Y G, Chen F, Liu S R, Liang H W, Yuan C A, Zhu H G. Relationship between Species Diversity and Biomass of Eucalyptus Plantation in
Guangxi. Scientia Silvae Sinicae, 2008, 44(4) : 15-19.

[35] YaoM H, Sheng W T, Xiong Y Q. Studies of understory and its biomass in Chinese fir stands. Scientia Silvae Sinicae, 1991, 27(6) : 644-648.

S E 3k

(3] BEFITH, AR, TR FHESRHAESFEX. A& ,2000,(20)4:581-586.

[4] wHEE HAkEEES. JLat s EMoL S R, 2001 281-282.

[5] FBh. Zskepsg. Juat. s EMolk g RE:, 1993 : 31.

[10] AL, EFIE. PEE MR AR RN B AT ST, JbatpRll R 24244, 1996,18 (1) :79-83.

[11]  REASR, BESE WAL, ORIW] AR BEAC AR T REBR & S A W 5% Aolk BH#3T5% ,1995,8(4) :408-412.

[12] AESLAG, PR, 2. TR RN I YA MR 2R R TS, Jeatoll K324 ,2000,22(4) :14-17.

[13] BRI, MICE, RS, KU, PREOL. T8 AR & A = ARSI SE . Aol Bl ,2005,41(4) :78-85.

[14] ZHX, DE—, B4R, R0 PEF R0 W KA TN T Y 2R g, Jegtpoll Ka:2441),2007,29(3) :60-66.

[15] #fesy, ok, B4, BRR, AR, ERCE. R4 BRI A B3 b 50 10 K AAT N AR R I . b Ubkll k4 2 4, 2007, 29
(4):95-99.

[16] EARE, DE—, S04 AR, KA. JEat b XS , URIARS fi i SR R AL 2B 9T PE AR B2 41,2005 ,25(4) :23-26.

[17]  Sgi—, EARE. E KA AITE SRR AR , AR Y554 o i FARFSE. 42 35F12F,2006,25(5) :385-389.

(18] #xkWr, Thjgl—, 22 . [AMERAE B XE 65 L0 X 4 8000 AG A Tk L S8 M ol R G 2 110 S S S ). AR b bl R 2 2 42, 2008 ,36 (1) :51-
52,57.

[19] Djg—, B, R, UL Z. JE X0 E i KA AR 3K 2R i3 6. V8 e bk Bt 241 , 2005 ,25 (4 ) :64-68.

[20] i, BE— B, JLut il KARMAITAR EZ AR + 390K 53 BRI ST /K A7 41,2005, 19(3) :160-164.

[21] Zalge. BAEDZ(HE TR . Jbat:RleA i, 2008 : 75.

[22] £01F, B3VE%5. EVESHEERNFEIS k. U5t spEREEOR ik, 1994 :141-165.

(23] Z=&HW], AL, SR, T0F AR ZRAR A KA AR RIS . Mol BHEF5Y,2003,16(5) :636-641.

[25] RERK,BNIE,EZRF. AN TARERBCRIE R, AR5 ,1995,8 (6) :630-633.

[26] #IEF. WRECEZR) . a0 EAOL R, 2006 171-172.

[27] HZMHVRERFAMBAREE G, HRERERMAE[EB/OL], [2007-10-2]. http://www. gnly. gov. cn/zlth/ ArticleShow. asp?
ArticleID =2548

[29] #esdsiEsdm. FEay Sk Juat: b EMl S R, 1992 74.

[31] %%, X058, 2T, 500% , 25004 [E)FR5R BE XML ol N AR T R SRR RS2 . s mObRoll R 222 ( B ARBH#AR) ,2008,32(3) -
135-138.

[32] 4. BARANTHILE MERANATTE. 28 ZReR kK ,2007 ; 32.

[33] ik, $oEbA35%. Jbat. Pl 2004 24.

[34] R, R, XIS, BRI, SR %, REG. | AR A TR SR S A R R, AolkRla#,2008,44(4) :15-19.

[35]  Wkrsefn, B s, R o, AP T R S A Yy 5. ARl B2 ,1991,27(6) :644-648.

http ://www. ecologica. cn



	06a35.pdf
	06a36.pdf
	06a37.pdf
	06a38.pdf
	06a39.pdf
	06a40.pdf
	06a41.pdf
	06a42.pdf
	06a43.pdf
	06a44.pdf
	06a45.pdf

