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£ YR VA S A ( Pinus massoniana) N TGl i WA A% IEEF B, 456 562 00500 & AR B, TERL
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Jjaponila) |\ > (Dianella ensifolia) B {5, A5 AR EE AR & FZE 00 (2) BlAR A EE W/ IN, BROT FE 900 Bl 5k
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A 055 A 4% A A B AR AR A R VR AL R BCER AR, 0.5, 0.6 0.7HR A JE 2 [A BEV& AL, R BRI B4R i, BBl 3 70%,
1E0.7. 0.6HB A1 2247 W A 28 5 Fee It A, 0555 0.8 P B AR A BEVE AL R B T, MO 28T A e 8. 45
B E, BEARIEE /N, MO R 9 A, Az 36 15 2 YRR 22 6 P 8 B30T S 30 K R 3, 7 0.6 [T 5 Hh 45 T 45 s 2% B A
P, SE/NAREA BETT BE 2 5 BUNR T AR W b Bl . 3951 BE RN R ARSI/, AN AR i b Ty 4+, (813 5 2:30)
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Understory vegetation diversity of Pinus massoniana plantations with various
canopy density”

ZHAO Yanbo, ZHANG Danju, ZHANG Jian", ZHOU Hongyang, WEI Daping, ZHANG jie & YUAN Yaling
Key Laboratory of Ecological Forestry Engineering of Sichuan Province, Institute of Ecology & Forestry, Sichuan Agricultural University, Chengdu

611130, China

A}pﬁmi This study investigated the species composition and diversity of understory vegetation of Pinus massoniana
plantations. The plantations were of five canopy density gradients as about 0.9, 0.8, 0.7, 0.6, 0.5, respectively. The investigation
used methods including uniform thinning, pruning, and canopy analysis system (CI-110). The results showed comparatively
even important values of understory vegetation in P. massoniana plantations with different canopy densities; Quercus serrate,
Mallotus barbatus and Symplocos laurina were the dominant shrubs, Dicranopteris dichotoma, Parathelypteris glanduligera,
Woodwardia japonila, Dianella ensifolia were the dominant herbages. With the decrease of canopy density, the species number,
Margalef richness index, Simpson diversity index and Shannon-wiener diversity index of understory vegetation showed an
increasing trend, while the shrub species number reduced at the canopy density of 0.5. The Pielou evenness index of shrub and
herbage and the Alatato evenness index of herbage showed no significant difference in P. massoniana plantations with different
canopy densities, but the Alatato evenness index of shrubs was highest at 0.6; the Alatato evenness index of shrubs at 0.5
canopy density was lower than 0.6. The understory vegetation was mainly Phanerophytes (50%-60%); Chamaephytes appeared
at 0.6 and 0.7 canopy coverage densities; Pherophytes and Meso-phanerophytes appeared at 0.5 and 0.6 canopy coverage
densities; the percentage of geophytes at 0.5 was obviously higher than others. The understory vegetation of P. massoniana
plantations of 0.9 canopy coverage density had lower coefficient of community similarity with others, which was similar
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among the understory vegetation in P. massoniana plantations with 0.5, 0.6 and 0.7 canopy coverage density. The coefficient of

the vegetation community similarity between 0.5 and 0.8 was relatively low. In general, with the decrease of canopy density,

the species diversity index and the number of species and life forms of understory plants increased, and the canopy coverage

density of 0.6 was the optimal canopy density for succession of understory vegetation. Below the canopy coverage density, the

number of species, evenness index and species diversity index might decrease, and reduce the productivity and the site fertility

in Pinus massoniana plantations.

T_@Wg‘_{ﬂg canopy density; understory vegetation; diversity; Pinus massoniana plantation
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Table 1 Basic characteristics of sample plots and forest stands

1 GRS

1.1 #FEREHEER

AIF 5% DAL T DU 1P 22 e B ol 5 B A bR 4 i 4 R AR
[X (28°11-28°47" N, 104°21'-104°48' E) , % b Hb 55 LMK 1L [+
B o 3, JE W BGH IRE Z RUE, T EE5-104, AR AROR
18.1 °C, #4k400-550 m, 45 =1 021.8 mm, X
FE81%, AEH IR E1 148 h. +HE AR FHEW A Ll
WO RN T AR R R, AR, MR
TPy /D, 5 DUARCR WE AR MR (Quercus serrate) | Eflil
(Mallotus barbatus) . #5415 (Symplocos laurina) | LN
B4 1 (Rubus pirifolius) %5, FLARBFIRYT M (Lophatherum
gracile) , & 5 Wk (Parathelypteris glanduligera) | gk 1= H
( Dicranopteris dichotoma) | 115 % ( Dianella ensifolia) . ¥
% (Woodwardia japonila) %5 .
1.2 #ihig E RER

S RE LA TR R EOk B AR E T B AU, 1Ak
AR SR N TR b, S IE s 3k fa . +
B¢ 25 A5 AH 7] 25 AH 3 1 7 R oA 0 SRR A N TR T 5 A
Hi, 20134E108 , LIBLAE 14E 4 TR AR AN T4k (A % 2450.9,
FeH 2915 m x 1.5 m) SR3Eal, LIFTADFIE 4554 0 AR
g S S %, it B AR EE B R, IE RS S
B XA 56 )2 0 B A (CI-110) 0 52 Al P4 B, 2 AR 4] B2 24
SH0.9. 0.8, 0.7, 0.6, 0.505N &, 20144F12H F-3EF7— IR I
BAGEIH AR A B, 4 A0 315 B 3 T R A, BRI
BH—20 m x 20 mbRAERE T, AL E] RS R F10 m, Ffi s
MR BE B R TF10 m. Ff A I DL e 1.
1.3 BFSMEAE R EUEE

20134107 PR3 AB A 8 4 il J, %o A i 1 35 Ao 00 (7
P B B B B W BRAR L RRATRESE) ik
T il k. FEPR AR P 4R (2 A EZ) , T
201544 HEA TR 2 FEE TR A 7E 15920 m x 20 myFEJ7
OO AR A BRI (H:54%) 5:m = 5 mif/NEE T, A7 DU 145
IR, JESRAE T NEEAR AN 2 . MRS A, = TR

P R RE o FHAE PSR i THAKRE ey LHAHR
Canopy Altitude Slope Aspect Average DBH  Average height Den519/ Soil water content Soil pH Soil orgamcrlcarbon
density (h/m) (a/°) (d/cm) (h/m) (n/hm™) (W/%) (w/gkg)

0.9 461.6 283 SE 10.16 +2.81 9.34+1.55 3630 20.00 + 0.56 3.91+0.01 17.92 £ 0.46

0.8 462.6 30.7 SE 10.16 + 1.99 8.96 +0.90 3200 19.64 +0.29 4.08 +0.03 12.56 £1.23

0.7 460.1 29.0 SE 10.38 + 1.82 8.91+0.73 2667 2190 +1.23 3.97+0.01 15.67 + 1.33

0.6 456.7 29.0 SE 10.87 £2.30 9.38+0.93 2415 20.23 + 1.01 4.00+0.01 12.64+0.92

0.5 488.6 30.3 SW 11.56 +2.04 10.49 +0.59 1748 22.98+1.08 3.98 £0.03 16.07 +0.88
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SRR FEARSE I RAEAR AR, ERE5 m x 5 mbfE 7 Pl £5 S L
—A~2m x 2 mi/NRETT, FE T DS i, 0 SR A T B
AP RIFIA MR (N B . SR IR RS IRR
AR A, 9 B8 Raunkiaer i 4026 RGO M) AT AL TS
U AT GRS R,
14 HEHAES S

T 2ok B A A B, A SR N R AR AR A 1
{8, FITHEA A ZREMERR R,

(1) HEARZME AN A : IV = (b 35 5+ A X =
Y2

(2) Margalef=F 5 E#5%k: R=(S- 1)/InN

(3) Simpson#§%%: SP=1- Y P/}

(4) Shannon-WienerZ #£EF4. SW =- X7 P,(In P)

(5) Pielout)2) EF8 4. JISW = - Y2 P(In P)/In S

(6) Alatalod 2 FEd8 %% . AL = (1/3 P> =1)/[exp(~

LiP(In P))]

(7) HETEAH L 2 B SorensenfG £ . 1S = [2c/(a + b)] x 100%
PL B, NI ARy b iR YR A AR R, POy A
R, SHRARE T YRR, o R R, b
T3 ML IR, X PSRRI R R AL

F HEXCEL2007/E &, SPSS20.03 47 8 #a 41T, R HH
K2 )y 2234 (One-way ANOVA) FIIZ2 & H 4% (LSDEE ) #656
95 B AR PR R AR RN AT A 2 AR s e, S KT
£ 40.05.

ZE RS

21 AERHAESEMAIHRRTEYWAR. £FER
EEE
TE P A TR AR TT b, 6 B Y FP S 2481 36)% 38K, H

R EARETEMTAN. EFLUREEE

HHER 13RO 21F0, FA IR 7@ 1780, ) 8 22 {5 /]
VB SRy B Sk BV v AR ) B O 38 B 1 — AN R AR, X BETE A
AR X B B R i3 AR B R R VR, AR 2R3 LR
2 YR E B T, R B E AN 10.30, #EA)Z
B MR A AT, AR MR RN E £
BBR . B BRI LR AR A EE AR S S A, HLER
BAAR . AR EE WS, PR T R B, 25 B )
Bayal 13, 20, 23, 27, 31Fp. HApEEART, 12, 14, 17, 158,
FAG6, 8,9, 10, 165N, FEAYIFIECAE 0.5 A BE A W/, 124
[ 1 N R ik TR SN A o L N /s AN [ =
L B 1S A s 5 /N A /N A, T 45 400 o i {1 o a8 )
T FE R/ (RS0 1) 43 BL SR i 4.

R4 LIE H, P AL R ZHUE b /N 7 2
A, /INBR s AN 2 A0 0 e 5 TS A B8 Ui/ A 3 2 R 4
A B T4 i 3k (%) bR o8 A 4 v 57 ZE A A, HL LG
HTE10%-15%. 25l P 3 AR A 40 A 1 AR 2 DA s 17 25 A4
FE, HOLAES0%-60%. ££0.6., 0.7HR ] FEAR A L T
Mo b ZEREY, 7E0.6. O.SHREAT AR A i B0 T— 4R AR R . K
R o7 ZEAE Y, M 2EAE W A 1 0 b IS DA RE ek /N A ek N
B (H R I YRR A I D, H R 2R A 4 0. 5T A
J3 B s LA T A R AR .

22 AEAESEMAIMMK T ENEETEREE

AR HEA | REAS | R R Margalef=F 5 B2 45 %4 B & AR 4]
JEW/INA R A (L) L HE R 3 8 B AR B3 A AR AT
Moy 25 AN R, £E0.6., 0.5HB A FE 45 X BEM A4 b 25 14 .
B R B A5 R AR A B ARy 25 R B, LE 0.5 A
JEE A X BEORR AT B S 1 o 9 R B R R4 5 AR A
Moy 22 AL, RO P B2 50T B S-AG k E38 m, 0.5,
0.6HB P31 B M3 22 S R d 3

Table 2 Main species composition, life form and important values of the shrub layer

fil 4] £ Canopy density

4 Species Bl Family A2 A Life form 09 0.8 07 0.6 03
it 244 F Rubus pirifolius %74k B} Rosaceae S 57 2EAH YY) Nano-phanerophytes - 0.03 0.02 - -
1% Rubus corchorifolius Bl Rosaceae &= v 2R %) Nano-phanerophytes - 0.10 0.05 0.03 0.06
J& M5 Rubus peltatus 54 Bl Rosaceae & = ZE %) Nano-phanerophytes - 0.13 0.07 0.09 0.10
W FEAE Mallotus tenuifolius K B} Euphorbiaceae NS S ZE A4 Micro-phanerophytes - 0.03 N 0.03 -
EAMid Mallotus barbatus K #l Euphorbiaceae N A 2R 464 Micro-phanerophytes 0.16 0.06 0.10 0.06 0.13
33 Sapium sebiferum Kk B} Euphorbiaceae H R = v 2 FE ) Meso-phanerohpytes - - 0.04 - 0.03
[ 5. Croton tiglium K B} Euphorbiaceae NI S ZEA 4 Micro-phanerophytes 0.12 - 0.04 0.05 0.05
FHE Cinnamomum camphora 1%} Lauraceae KB =57 ZE M%) Meso-phanerophytes - - - 0.04 0.03
AR Rhus chinensis BMRL Anacardiaceae JNB AV ZEFE ) Micro-phanerophytes - - 0.04 -
Y8 K Aralia chinensis T InEF Araliaceae NS ZE A4 Micro-phanerophytes - 0.05 0.05 0.04 0.03
¥k Quercus serrata 5¢3-F} Fagaceae R = 43 2R % Meso-phanerohpytes 0.23 0.26 0.22 0.16 0.14
J2it-¥5 Ficus henryi Bl Moraceae JNELE AN ZEAE ) Micro-phanerophytes 0.04 - - - 0.02
5t Eurya groffii 1145 F} Theaceae NS ZEA 4 Micro-phanerophytes 0.12 0.05 0.05 0.04 0.12
Z5W Camellia sinensis 11 Z5#} Theaceae N A 2E4 4 Micro-phanerophytes - 0.05 0.06 0.03 0.07
WA Symplocos laurina 1B F} Symplocaceae HRY = v 2 FE ) Meso-phanerohpytes 0.28 0.05 0.08 0.07 0.07
INH L 0T Ligustrum quihoui  AJRF} Oleaceae NS 2R A4 Micro-phanerophytes - 0.11 0.07 0.11 0.07
FEAT Rhapis excelsa FERE L Palmae NI 2R 44 Micro-phanerophytes 0.04 - - -
Bk Argyreia seguinii JiEAER} Convolvulaceae %% = v 2P M%) Nano-phanerophytes - - 0.03 0.05
Hi IR Ficus tikoua Z% B Moraceae M [ 2F#H %) Chamaephtes - 0.02 0.06 -
ARZET Litsea cubeba 1% R} Lauraceae N 2R 44 Micro-phanerophytes 0.04 0.02 0.12 0.04
W A% Citrus reticulata =P} rutaceae K 5 5 ZE AW Meso-phanerophytes - 0.01 -
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Table 3 Main species composition, life form and important values of the herbage layer

4 B AR A P Canopy density

Species Family Life form 0.9 0.8 0.7 0.6 0.5
Wikl Phytolacca RiFGRE Phytolaccaceae o R ZEA Y Geophytes - - 0.07 - 0.01
WRFYTW Lophatherum gracile ARARE} Poaceae Hb Il 2EHE% Hemicyptophytes - 0.06 0.05 0.05 0.10
4 - gt & 5 Setaria plicata ARAFE} Poaceae HuTH 2844 Hemicyptophytes 0.17 0.04 0.05 0.05 0.03
[13F Imperata cylindrica AKAE} Poaceae R 2R Geophytes 0.16 - 0.06 - 0.06
% 5F Heteropogon contortus KAF} Poaceae R 2EAHY) Geophytes - 0.06 - 0.04 0.07
JKAT Phyllostachys heteroclada ~— F<7F} Poaceae JINTR S AN ZEA ) Micro-phanerophytes - - 0.12 - 0.08
MIZF Curculigo orchioides filiZFFl Hypoxidaceae HbTH ZF A% Hemicyptophytes - 0.05 - 0.06 0.04
B2 3 Dicranopteris linearis H R} Gleicheniaceae T ZF 1Y) Geophytes 0.24 0.27 0.20 0.20 0.14
H [ Hicriopteris glauca H &} Gleicheniaceae iR 24 ) Geophytes - - - - 0.03
R Stenoloma chusanum fif 4 3% B} Lindsaeaceae R ZEAY) Geophytes - - - - 0.02
4 SR WR Parathelyteris glanduligea 43 /2 3R} Thelyteridaceae LI 2484 Hemicyptophytes 0.17 0.14 0.20 0.20 0.11
T35 Woodwardia japonila 9, E 5 A Blechnaceae Hi T 2F 48 %) Hemicyptophytes 0.21 0.17 0.10 0.17 0.13
Wi 5% Hypolepis puuctata Wi 7 B} Dennstaedtiaceae  HB T ZFAEH%) Geophytes - - - 0.13 0.04
1L 2 Dianella ensifolia SRR} Tridaceae LI 28484 Hemicyptophytes 0.15 0.21 0.15 0.16 0.06
JETLEFH ST Melastoma normale  Bf 4 P} R} Melastomataceae %% =37 % 4 Nano-phanerophytes - - - - 0.03
4B Eleusine indica K AF} Poaceae — 44 H%) Pherophytes - - - 0.04 -
KA Polygonum perfoliatum ~— ZLF} Polygonaceae —A4E A A %) Pherophytes - - - - 0.03
R4 GEMAIRKRTEDEFTENE T EEP/%) i ; HEZS Simpsonds B30 Fifi A1 A 2 e /N S 1 R A 44 E

;z:lls);znta:arg::;r;ig:nzf(IlJi/iz)forms in understory vegetation of Pinus A EH FE 22 S 50 2 0. SHBPH R R 4B BE A S B T i EA
Shannon-WienerZ ## 5 £UU 7E 0.5 A B2 A L1 5 X6 BB

7 356 700 Ails41)% Canopy density - " e
Life form 090 080 070 0.60 0.50 S3R EERE N, AR 305 Simpsondi 81— 3(; HL 4 Shannon-
KA =5 57 ZE M%) Meso-phanerophytes - - - 741 323 Wienerf§ 2048 b L 5 SimPSOH*ET%T—EI

U ES 3 2R A ) Meso-phanerohpytes 25.38 10.00 13.04 741  9.68 — . S =20
/NS 57 ZEAE 4 Micro-phanerophytes 38.46  35.00 34.78 33.33 29.03 24 Z:HﬁmiﬂEE%*’L\\AI**M(—F*EWHQE?Eﬁi

#5513 3 Nano-phanerophytes - 1500 13.04 1L11 1290 WEBITR, SAHBA MR | B A Piclouds) 5] FE 454X

i{*iL%igZ Chamaephtes - - 43 370 - AR R REHIE], JC R 22 5. SR EE M FL AR Alatato
Hl 1] 25 Hemicyptophytes 30.77 30.00 21.73 22.22 19.35 1 R HE K o N b 1 RE S S
HIF ZEHi) Geophytes 1538 10.00 13.04 1111 22.58 ﬂjéf;ﬂ%%{%ﬁ&d\,{%*Alatatoi@ﬁﬁ?‘éﬁ?{OﬁﬁBlﬂE':P
—A4F /4% Pherophytes - - - 370 323 F e, O.5F A B 452 0.6 147 B SCAR X FAAE.

2.5 AEEAED RN AN TR TE Y8 % U

F 5T LT AS TR AR A 5 AR 20 R T AELAY) B 5 AR AL SR B0
b A YR B L 22 R4 10%2 K A #4345 LR Mo b
B D, Hoh AR5 IR UG AR TS A DL SR B A, 0.748
P A 5 DR MR R VB AR R B 7, 3861.11%. 0.6, 0.7
15 PA BE #4355 0.8H P41 BE MR A3 BE TR AR R AEBFE 75% 2 47,
AIFE X PP AT AR SR BE N, BV MR o 0 2%, Ak T A R
FE, 0.855 0.5 P41 HE A4 HE v AH AL 2R B0 66.67 %, 1k B 7E
0.5 P41 B 4% 14 T AR X 0. 8B 41 BE S 1o 14 22 3 9 40 ol o S
0.5. 0.6, 0.7HR P B R4 [ 3 95 A0 4Bl R B0 2 70%, HLAH
T, X AR O 7HB P41 BE 22 45 I Rh 2 i H e

6 1 WA Shrub mEi4< Herbage ® #%. Shrub and herbage

T B FEHEEL Richness index

RS GEMAIMHKTEWEZRURL (S0/%) fnkFH Y I

09 0.8 0.7 0.6 0.5 Table 5 The community similarity coefficient (SO/%) and the number
B BE Canopy density of common species of the understory vegetation under Pinus massoniana
Bl REEHEDRMA TS Margalef £ HEISH (FHE 4744  plantations
Z). ARTFERRERRE (P<0.05). il P )% Canopy density 0.9 0.8 0.7 0.6 0.5
Fig. 1 The Margalef richness index (mean + SD) of the shrub and herbage 0.9 9 11 11 10
under different canopy density of Pinus massoniana plantations. Different 0.8 54.55 16 18 17
letters indicate significant difference at P < 0.05. 07 6111 74.42 18 21
0.6 55.00 76.60  72.00 22
0.5 4545  66.67 7593 7586

23 AEBAESEMAIHRARTED S HEERRE
WE 2R, PKR R Simpson )t 3 B 45 $a A Al B J3E 45 @ m

il 3z A PR B A Xt B AR A 3 T, ELAAT] =2 R 22 SR

B, R e T PR AR T e R B, RO SR P R Bk PN e R O T N | S N NI ER 7Y s R AR (E o LV
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—— JE K Shrub

1.0 - —®— %K Herbage
B
B b
0.9 4 B a
P A a B
=g a @
s 0.8 -
0
® g
5E 074
£3
2 <
a8
£ 2061
[Z8=!
=
0.5
0.4 T T T T 1
0.9 0.8 0.7 0.6 0.5
iR EA BE Canopy density
3.0 —+— A Shrub ~ —s— %A Herbage
B
b
" 25 AB
e~ a
Blugs AB Af
H2 0] A a T
O
2 5 1.5 1
52
B . —
23 101
[ShN=]
=K <)
§E
7.2 05
w
0.0 T T T T 1
0.9 0.8 0.7 0.6 0.5
ABEH E Canopy density

E2 REHREED R T # E Simpsonfi # B 15 £ 71 Shannon-Wiener
M EHEEER (FHEERE). ARFEEREREE (P<005).
REFHFREAR, NGFHIREA.

Fig. 2 The Simpson dominance index and Shannon-wiener species
diversity index (mean = SD) of the shrub and herbage under different
canopy density of Pinus massoniana plantations. Different letters indicate
significant difference at P < 0.05; capital letters mean herbage; lowercase
letters mean shrub.

R, BEAR MM B BRI, FORTPERINE . £
SRR TR L LR, TR AR PR A BB BT
P EE /N, ARR AL W) B L . Margalef = & FE #5840, Simpson
PE B 48 2. Shannon-wienerZ2 A5 M 5 BICER A7 3 R 1) ita 3,
22 A 0.6 0. 50 P71 )3 2 0.9H b 14 A . 25 14, {HAE 0. 541
P41 3 HE AR W AN ECA Dl /. 45 AP AR iR | AR Pieloudy &)
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Fig. 3 The Pielou evenness index and Alatato evenness index (mean *
SD) of the shrub and herbage under different canopy density of Pinus
massoniana plantations. Different letters indicate significant difference at P
<0.05; capital letters mean herbage; lowercase letters mean shrub.

SEEAR PR BE R, P AR A G IR KRR £, T B A 55
B 0 o R o 7 A8 22 B B o LU AR A 5 RO B L AR JRE R,
MTEREYFEE, REWREZE, ATEY RS L, LEE
P& SR, Xt R AR A B . 0.9 P BE MK T 4345 4%
ZEMRR . AR SRR TR R LLE 2 S M R R Y
Wb, X S Bl LT 764 AR P BE Pl 7 222 3. 45 )
FE MR AR A 0 4 Bl o A A B AR B R Y, e R T AN
A8 110.30, ft R Y T B AL P BE /N A R R RA B AE
A AR A B MRSy v SRR L KA ARSI AR X A B, ) Fh
6] ) 52 4 A I B, W FRP ORI B AR A B AR
TGy, Bl E AR A RN, DGR L K TEAE, B Rh e T
pAH XTGBT, T LA AE B R B B, A SR O 5 s A
Xof Vel 55

R AR P EE I8 /0N, PR AR P FP AL, Margalef 3= & FE 841
Simpsonffi ¥ 3 #5 %4, Shannon-wienerZ2 B PE 15 BB A 1Y
R, L TR R A B MR 2 R 25 SRR R 3, 7£0.55K0.6
RIS P B At 2 e T X AR . THE AR W o 8K TS A B ek /) ) A
T UK, 76 0.8FB 41 B st A W i 4 £, 20,6 41 14 m £ 17
i, (ELO.SHR P B S/ B 15Ff, B A DU A r 1) 34~ 08 P4 AR



AT, FEO.SABMIE A A A W B &2, 1 R A S KN i 25 4 1A 2
WS, TERE L KA S AR A A TR R TR R, MR AR
P JEE | 4 B A B M TR b 7 i A6 4%, R st i e el
Y. BEALFD Canems SRR . RBE ) 38 A/ INAR P E AR
S, AE G BRI 5 B — 2 (5, DRl K B i, Py a] 3E 4 o
JNEEN, AR R SE b Ik (AN AAY) , S B F
B /0P HEK Alatato) 2] B 5 B 7 0.6 A P v B i, 0.561
P41 B2 452 0.6 P41 3 SCMA X RRARG, A RS 2 B, 78 5 B 1| 4 T3t
T, MRGEBE T W, 52 B A= A AR AT, A BH A )
AR HE ) U A AR R T IR, KR AR, TS
SEM A 2R 25 B BRI AR Y. AR AT
K A % B L 67 28 32, 7 EL AR #E 50%-60%, #£0.6.,
0.7HB A FE F B0 T 3 b 2E AW, 0.6, 0.5 A EMR Rl B T
—AE AW . KB 2R, 2% 28 A2 1 RUAE 0.6 P41 3 Hh T
B4R, MR 2 0 1 4 AR O. S B B A B 5. 7R AR
AR AT EE A4 Hh, AR RL T AR 04 23 18] . 7K 0% AR 5 Jin
T, MY A IS B S5 M2 R B A, TR % A A
20, A RT 0 R A AR R IR B30 MR &, 1
RN TS RGN E M. 1T RE R R A X) RS W Fh #5 g
/b, 55 H A A BRGPRT RE A TE TR AR DL R B AR, 0.5, 0.6,
0.7H P41 B R 22 AL BV MR DL 2R BIOHGEE FL 5, #ikiR 12 70%,
XULIATEO.7, 0.6HF I FE 2 A7 W R A Fase i ka3, mT R &
PR 0. S AT J 0 AR 49 b 5 114 B S 186 5 3800.5 5 0. 8411 4] 2
TEFEARL 22 B X AR

AT 5 B BE PR S5 S T NGB AR L PR T I
Xof PR TS AR 0 1 D L Sl 498 K R /0N B A iy 48 TSR AL
2 AF0.58% 0.6 14 AR N A 0 3 5 RN 2 RE v I
i, ELAEO.64 A1 22 A7 BEVE ML R I B R, VR AR TG
RUZ WA Z%, A R T ACNAE A 3% 50 F0 Ak 4 o ) B R S v
PN bR 25 2 G B Fa i . A BIF 981 B 19 0. 6 B B b 43
W EAE2 4008k /hm’ Fe Ay, AT AT AR T Bt B 4 i B,
0. 5[5 P HE AH XT 0.6 A P B2 VE A 4 b B30F o b, A2 i B e /b
Mo b ZEAE Y, BRI PR AR H AL 0 o A gk A e A
TN, MR HE R AR P it B R R, WTRES S EUNT
P2 REE R MM A, a2 BRI, %, B
BB B B4 2 PR AR, SR T AR K AR R, HELISE A
THRE RS LS.

[References]

[N Y N B N A BB 15351 L S =N T I M N0
1996, 9 (5): 61-69 [Cui GF. Depletion mechanism of forest plantation
productivity and preventive strategy [J]. Wor For Res, 1996, 9 (5): 61-69]

2 SREIR, AR N MLy py iR S AE B S LR (0] 1 Bl B
5%, 2005, 18 (1): 17-21 [Zhang CS, Li K. Advance in research on soil
degradation and soil improvement of timber plantations [J]. Wor For Res,
2005, 18 (1): 17-21]

30 XUPE, TR BUBEL bR, WA, RE R, TR P E TR
AR AR GE B AT 2 T ] X S AR ST, 2010, 23 (1): 71-
75 [Liu QY, Hua J, Cheng XY, Lin B, Hu RZ, Chun Z, Yin CY. Problems
and strategies of sustainable regeneration of plantation ecosystem in
China [J]. Wor For Res, 2010, 23 (1): 71-75]

22% B

1053

4

10

11

15

RHOHY, B, W13 SR 0 4 KA BROR- Al T bR 43 38 D6 FLIURE (R 4]
) [0]. A 2s2E 4R, 2005, 24 (10): 1234-1240 [Zhu JJ, Kang HZ, Hu LL.
Estimation on optical porosity or canopy closure for a forest stand with
hemispherical images [J]. Chin J Ecol, 2005, 24 (10): 1234-1240]
Alessandro P, Vittorio T. Canopy cover and canopy closure: comparison
of assessment techniques [J]. Eur J For Res, 2005, 128: 265-272
B MO AR P RE X2 AR OBRR W VAR RAT SRS A A K R
i [J]. WA BR2, 2005 (8): 1206-1208 [Pan HJ. Influence of canopy
density on the seeding of Phoebe bournei and Ormosia hosiei in Chinese
fir plantation [J]. Zhejiang Agric Sci, 2005 (8): 1206-1208]
TR, KA ANRVAR AT RE R K 8K R AR BT Y B 52 [0]. oy
I K2 2 3R (A AR R, 2008, 22 (4): 83-85 [Wang YJ, Zhang SI.
The study of regeneration of natural Pinus bungeana in different forest
canopy closure [J]. J Shanxi Nor Univ Nat Sci Ed, 2008, 22 (4): 83-85]
WL, INATE, MR B, S SCAR, AL, Ot SR T AR A
SRAG B X R A AR SR B A 2 BEVE B B2 R (0], A=A 24, 2013,
33 (19): 6154-6162 [Luo YH, Sun DJ, Lin JY, Guo WF, Lu LH, Wen YG.
Effect of close-to-nature management on the natural regeneration and
species diversity in a Masson pine plantation [J]. Acta Ecol Sin, 2013, 33
(19): 6154-162]
ZERUEE, R, SRR, HIESC, SR AL, M. N LA
AR Y FP ZHEE S PRI A5 R D], AR S S R IRBE 27411,
2009, 25 (2): 20-24 [Li SX, Zhu JJ, Zhang YL, Ye ZW, Huang QZ, Gao
JH. Diversity of understory herbaceous species and canopy density of
Liriodendron chinenes stand [J]. J Ecol Rur Environ, 2009, 25 (2): 20-24]
Weidenfalk O, Weslien J. Plant species richness in managed boreal
forests-Effects of stand succession and thinning [J]. For Ecol Manage,
2009, 257 (5): 1386-1394.
Nagai M, Yoshida T. Variation in understory structure and plants
species diversity influenced by silvicultural treatments among 21-to 26-
year old Picea glehnii plantations [J]. J For Res, 2006, 11 (1): 1-10
B, S —, BUBZE, AT, 430K U B AR L AR bR
NP KA SE IR ], PYAE AR 2 B2 4z, 2010, 25 (5): 128-135 [Duan
J, Ma LY, Jia ZK, Gong NN, Che WR. Effects of thinning intensity on
the undergrowth vegetation under the Platycladus orientalis young
plantation [J]. J NW For Univ, 2010, 25 (5): 128-135]
R, Sk, PO, RS, OGRS, )£ R AR N T AR
TR 2 FEME S I A I S e [D]. AR AR B4R, 2012, 21 (5):
807-812 [Li RX, Ma HJ, Min JG, Hao JP, Guan QW. Short-term and
Long-term effects of thinning on the undergrowth diversity in the Pinus
massoniana plantation [J]. Ecol Environ Sci, 2012, 21 (5): 807-812]
WREDHE, TORA, AT, FhE. 3 MR R T R AR AR I S AL AR
SR FE [J]. MRl BL22 058, 2011, 24 (4): 470-475 [Chen HH, Ding
GJ, Wen HH, Lu Y. Effects of planting density on growth and economic
benefit of Masson pine plantation [J]. For Res, 2011, 24 (4): 470-475]
S, T A PO AT B R ARG B SR 2R S R [T].
H g MOl B K 2241z, 2013, 33 (3): 30-34 [Bao B, Ding GIJ. Effects
of thinning on growth and vegetation diversity of Pinus massoniana
plantation [J]. J Cen S Univ For Technol, 2013, 33 (3): 30-34]
2N E, P, 52 e, 0 8 RS A2 MG, T R, DG DA . Tk B R A
TR T 2 BEPE B S R (], DAL AR AR B 2 i (A R B 27
fi), 2013, 41 (3) 61-68 [Li RX, Min JG, Peng TT, Liu N, Hao JP, Wang D,
Guan QW. Effects of thinning on understory species diversities of Pinus
massoniana forests [J]. J N Agri For Univ (Nat Sci), 2013, 41 (3) 61-68]
WAL, REWIR, SRR . SR AA N bR b ) i B T 5T R[] i

http://www.cibj.com/ Chin J Appl Environ Biol [ FH5IEEAY)2F4t



1054

ANTFVER A B B RS N TR AR Z R 64

20

21

22

23

24

FMO ST, 2014, 27 (5): 32-36 [Li MJ, Du MF, Nie CJ. Research
advances in soil improvement of Pinus massoniana plantation [J]. Wor
For Res, 2014, 27 (5): 32-36]

Xu XN, Hirata E. Forest floor mass and litterfall in Pinus luchuensis
plantations with and without broad-leaved trees [J]. For Ecol Manage,
2002, 157 (1/3): 165-173.

FETH, SRPHAS, XU, sRAd, 07 B, WOUL, SR $E, R/, B4, SR
FAN AR R /N AR B R 2 A 1 S 35 Sl A5 (0], M A 2
2, 2014, 38 (5): 477-490 [Cui NJ, Zhang DJ, Liu Y, Zhang J, Yang WQ,
Ou J, Zhang J, Song XY, Yin R. Plant diversity and seasonal dynamics
in forest gaps of varying sizes in Pinus massoniana plantations [J]. Acta
Phytoecol Sin, 2014, 38 (5): 477-490]

FlioC B, RSP0 TRAAR, T4 e, EEERE. N TARIE A ARk B Y HE
B BRI St B AR [I]. HH B AR A5, 2009, 22 (1): 20-27 [Lu C, Hang
SG, Lei XD, Ning JK, Wang YX. Heoretical basis and implementation
techniques on close-to-nature transformation of plantations [J]. Wor For
Res, 2009, 22 (1): 20-27]

HEEDHE, Jr TR, T oS, VESEAE, TREORE. IR A ) £ i) B R AL
RE[I]. Aolk BE2E, 2010, 46 (5): 84-91 [Chen HH, Fang SZ, Ding GJ, Xu
JH, Wen HH. Thinning density effects on masson pine plantation [J].
Sci Silv Sin, 2010, 46 (5): 84-91]

Thyi P, B, TR, B R 2. ARt L DRI i 2 e
BIRTFE . F2 0 B ST R 2 RETESR AL (I]. AR, 1995,
15 (3): 268-277 [Ma KP, Huang JH, Yu SL, Chen LZ. Plant community
diversity in Dongling Mountain, Beijing, China: species richness,
evenness and species diversity [J]. Acta Ecol Sin, 1995, 15 (3): 268-277]
T, B, I AR AT 2 R PE K 1358 0
fB 0], A 2244458, 2007, 26 (8): 1182-1186 [Wang C, Wang XA, Wang L.
Plant species diversity of different age Pinus tabulaefoanis plantations
and its relations with soil fertility [J]. Chin J Ecol, 2007, 26 (8): 1182-
1186]

TRAEE, JCB L, A5 Bt R L AR A2 3 R R ) o 2 1
ROAEAR[T]. A AR 2524412, 1998, 22 (1): 33-40 [Wen GY, Yuan CA, Li
XX. Development of species diversity in vegetation resiuration process

in Mid-Mountain region of Damingshan [J]. Acta Phytoecol Sin, 1998,

US4, Chin J Appl Environ Biol

http://www.cibj.com/

25

26

27

28

29

30

22 (1): 33-40]

Li XH, Yin XM, Xia B, Li WL, Li Y. Effects of bird seed dispersal on
diversity of the invaded plants in several hedge types [J]. Acta Ecol Sin,
2006, 26 (6): 1657-1666

S5, XIISR, TR, T8 b st AR 2 L b XA RV 2 REERY
WEFE I LR R ZRMR R i B -2 8 06 RO T 0], ARSI, 1997,
17 (6): 573-583 [Ma KP, Liu CR, Yu SL, Wang W. Plant community
diversity in Dongling Mountain, Beijing, China [ll. Species-abundance
relations of several types of forests communities [J]. Acta Ecol Sin,
1997, 17 (6): 573-583]

Sun J, Li XZ, Wang XW, Lii JJ, Li ZM, Hu YM. Latitudinal changes
in species diversity of permafrost wetland plant communities in Great
Xing’an Mountain valleys of Northeast China [J]. Acta Ecol Sin, 2009,
29 (5): 272-277

BRMZ, XS IR, L B3 S o 1L 2 VA bR A A e IS R R
FUE ] ESRYEIER, 2000, 15 (1): 66-73 [Shao B, Deng KM. The
composition and important value of plant species in subalpine Spruce-fir
forest on the northern slope of Changbai Mts [J]. J Nat Res, 2000, 15 (1):
66-73]

B, A8, H/NRI, AL, B, @5 AR T, 0. AR LI
TR AL S A 1 T 7 1 ORI O o R e R R AR R AR )], AR A AR,
2011, 31 (1): 115-122 [Zhao CZ, Shi FX, Dong XG, Ren H, Sheng YP,
Gao FY, Yang WB. Dynamics of vegetation structure and soil properties
in the natural restoration process of degraded woodland on the northern
slope of Qilian Mountains, northwestern China [J]. Acta Ecol Sin, 2011,
31 (1): 115-122]

ARy, Bz, TR, 2R, HiM Ay, RS R RN BT g
R R B0 T 0 00 A0 9 R AR R L SR A SE M (0], AR AR,
2013, 33 (8): 2484-2495 [He YJ, Liang XY, Qin L, Li ZY, Shao MX,
Tan L. Community characteristics and soil properties of coniferous
plantation forest monocultures in the early stages after close-to-nature
transformation management in southern subtropical China [J]. Acta Ecol

Sin, 2013, 33 (8): 2484-2495]



