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Effects of stand density on understory plant diversity and biomass in a Pinus

massoniana plantation in Wenfeng Mountain, Xinjin County
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Abstract: We used a typical sampling method to study the impact of five types of stand densities ( A; 1000 trees/hm’; B:
1125 trees/hm’; C: 1250 trees/hm’; D: 1375 trees/hm’; E: 1500 trees/hm’) on the species diversity and biomass of
understory plants and the correlation between the species diversity and biomass of the understory plants in a Pinus
massoniana plantation at Wenfeng Mountain, Xinjin County, Sichuan Province. The results were as follows; (1) A total of
124 plants, belonging to 74 families and 115 genera, were investigated in three layers. The shrub layer had fewer species
than the herb layer. (2) The dominant species in bhoth shrub and herb layers under different stand densities were nearly

consistent. (3) The species richness index (D), Shannon-Wiener index ( H) of the shrub layer, and four diversity indexes
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of the herb layer showed maximum and minimum values in densities B and E, respectively. The D value of the shrub layer
initially increased and then decreased with an increase in density, but the changes in the other three indexes were not
obvious. The species evenness index, Jsw, of the shrub and herb layers showed few differences among the various densities.
(4) The shrub layer had more biomass than the herb layer. In general, the aboveground biomass of the shrub and herb
layers was higher than the underground biomass, and they both were maximum at density B. The underground biomass of the
shrub layer remained stable, whereas that of the herb layer changed greatly. (5) In addition to the negative correlation
between the Jsw value and biomass of the shrub layer, all other indicators showed positive correlations. Each stand density
had different effects on the understory plant diversity and biomass of the P. massoniana plantation. After comprehensive
analyses, stand density of 1125 trees/hm’ was found to be more conducive to sustainable and healthy development of the

P. massoniana plantation.

Key Words: stand density; Pinus massoniana plantation; species diversity; biomass

YR Z R R S B AR MAAEYS P 45 W Rl oG R IR A BE 0 55 4 B EMA A, DR e S B AE AO S5 1 RRE R
DREE A v Ak e v B RS AR . MR B AR A 5 R G B 4L S 43, K ST R IWIAK T b
iAWy ZRE TR B R AR A S R G AR T RE P 5 AT B E ALY AR S R G B W R B R FR
AR RGBSR RO RS ARG R EARBIE Y . R 2R R
T E R RS E AL B2 — AR 100 Z4ET, i8R SCEE YRR IR Hrosk X 4 2 vk 5 4 i i
KR TR, HTENEE YR Z R 5 A S RS AT Rt T 2 B0 5T, iE
B Fh ZREPEXTHE S R G REAFAEIE RN ™ AR B S o bR T B 98 S AR R A, T8 LN T AR
VRS BCRFE AR AR SR S R R A X PR BE R UR A A0 B A A, BE MR AR B AR EA KR
SEE XM B 5N TR ZREESC R T TR 9T, —B0A5 Hh 28 B R 3 2 J0d 38 50 Wi P e J 2 45 ) 1
) S5 TP, OB R ORISR SR IR S AR b S R AE AN ARk, O TR AP LR S N TR 2B S B
PER MOl AR P I 28 K B AN 22 2835 38 o TN BERSON P55, B T M0 2E ) 2 AR R o325
ISR,

LA ( Pinus massoniana ) JEVAFF( Pinaceae ) ¥AJ& ( Pinus ) Fe ARB Ff TRARME, 2O, AT, T T 25
W, 1V BE FT9, SRR A L X A TR RN 1L SR A MR B R AR AR S A S B A RE A R R
SCUST RS RABR RS AE) I BT Tl A, A BT R A T R SR T R K R
FhZ—, 7z 50 A0 T BB DR, (R 4 KEB S R N T B iE AT 4l bR 228 J2 IR S h 17 o. AE2
REcHass, ARG Uit LR H 25 B IRAE 5 2 i B U MRy A7 1 N I 7 bbb T 4
SpepE' ) R HEAR IR B TR AR ) 2R LA R A R AR A 0T A 7 ) B T bR S 3l S A
REFAROLAE . BHRTE AR Z KT DRI, ZEPFEme 7 AT ki &8 )
2P A b Lo B Bl R T AR A SR R4 BE X R 2R AR M SR A IR D
ARSI LAVT 1 i SO L By EEAS TR 5 FiobRor 25 B2 T BIARR MO BFE T G2 IR ST WA 2 R A= ) 1t B
B FE AR ACRHIE ST 25 2 IR Y AR 5 2R Wy i AR DG | 358 LR AR X Bl AR 3 B, B e H RS N TR AR
AV G R ¥R A RO SRR S5

1 ARMREMRAE

1.1 ARSI HELL

WEFE X U148 e B Sc g1 (30°197497—30°31732" N, 103°4213"—103°55'59" E) , 7 T DU 1| 45 b 75 3,
s W Aty 2 X A, TR PR el AR 3R 16.4°C  AERE T i 987 mm ; H i i LR -4.7°C
AR 36.6°C, [RBFRRE 2 R5%, HRE” . BB RERIK29.9%, LD BN T, HUCRIA
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( Cupressus funebris) .75 X ( Cyclobalanopsis glauca) KW ( Eucalyptus robusta) ¥2 K ( Cunninghamia lanceolata)
S, L TR 0 L

1959 A2 b BRI B AR B iR A5 J5UA R o 52 390 7™ B OR s Sh me 7 E  A S R BOR B B T
1990 4EAE %X A2 1500 #k/hm? S AR RS 1 S RAS A T4k, 21 Hh204, 0 S R Tl
JE T IS FE A — 3 85 KRB0 1000, 11251250, 1375 #/hm® Fil 1500 ¥k/hm’ (90K, Z )5 32 N T8
INg BRERMBEVE TSR LS AN R 3, Horp A Dl X\ (Alangium chinense) %5 , KT HEAR)Z W) Fh £ 2
AT (Myrsine africana) S#WH5 ( Ficus heteromorpha) ERRRA ( Rhus chinensis) K ( Pyracantha fortuneana) .
IR ( Vitex negundo) 55 , A JZ 258} ( Compositae ) FEPIE L

1.2 #HiigE

2016 4F 6 H , FEX B ELScie 1L 4 A A SERN T R SRR L Y SR U K | S S 3T
S FEAAHAL  MRAHRE 50y 5 Fh 2R 258 (A 1000 #&/hm”; B 1125 ¥k/hm*; C ;1250 #&/hm*; D 1375 #k/hm’;
E 1500 #&/hm*) , 73 HIEE 3 4~ 20 mx20 m AYFEHD, 1AL R0 6000 m®, £ FEHUIE] MR 10 m Z2 47, R FHARSRAS
T FERD LN E 4 1 10 mx 10 m BIFRARRET s R ALIETE R DR N I E 6 1 5 mx5 m IR
FEJT, 124 1 mx ] m BRARRE T, S FEHIIEAE L 0L 3R 1,

F1FERH A THRAREE TR
Table 1 Geophysical characteristics of the investigated plots in P. massoniana plantation in Wenfeng Mountain of Xinjin

YRS PR

FEHb i i e i&iﬂfﬁﬁ PR SR AR A Current &.Eﬂﬁj\
Plot , Geographical Average Average Canopy , Density
pumber ttude/m - Slope/ (%) position diameter/om  height/m density density/ class
(#k/hm?)
1 542 11 30°21'46.74'N,103°49'13.26'E  16.7 15.4 0.6 1052 A
2 542 11 30°21'46.74'N,103°49'13.26'E  16.9 15.4 0.6 1064 A
3 548 11 30°21'47.40'N,103°49'13.98'E  15.8 19.4 0.7 1056 A
4 548 11 30°21'47.40'N,103°49'13.98'E  16.9 17.3 0.7 1109 B
5 558 24 30°21'48.96'N,103°49'13.98'E  15.0 14.8 0.7 1143 B
6 533 24 30°21'51.54'N,103°49'13.08'E  16.4 15.1 0.6 1158 B
7 562 25 30°21'48.84'N,103°49'14.76'E  15.9 17.3 0.8 1217 c
8 562 25 30°21'48.84'N,103°49'14.76'E  14.5 15.1 0.8 1223 C
9 562 25 30°21'48.84'N,103°49'14.76'E  16.0 15.3 0.7 1254 c
10 543 32 30°21'57.54'N,103°49'10.02E  15.2 13.8 0.8 1382 D
11 543 32 30°21'57.54'N,103°49'10.02'E  16.4 13.8 0.8 1366 D
12 543 32 30°21'57.54'N,103°49'10.02E  16.6 14.0 0.9 1401 D
13 543 31 30°21'57.54'N,103°49'10.02'E  12.6 14.2 0.9 1483 E
14 543 31 30°21'57.54'N,103°49'10.02E  13.1 11.8 0.8 1532 E
15 543 31 30°21'57.54'N,103°49'10.02'E 129 11.3 0.8 1529 E

N:db,North; E: %5, East; A ; 1000 #&/hm?, 1000 trees/hm?; B: 1125 #£/hm?, 1125 trees/hm?; C: 1250 #/hm?, 1250 trees/hm?;D: 1375 #£/hm?,
1375 trees/hm” ; E: 1500 #%/hm? , 1500 trees/hm” , A< SIS B R 53119 5 Flobk 325 253 5 R 1—3 . 4—6,7—9 ,10—12 1 13—15 [ 5EBR%
HET A R

1.3 HRHNE
1.3.1 YA N

(D) FARJZ RPN =3 em FERRAGRIZ 4SSl BREL (2) BEARJZ  E T A 42 <3 cm
AIARAAR, GIETE AR LMD C M4 B iR ARE (3) B R G A4 B BUE A AR A , i
R R SRR (B B RBURBUEATZ N2 TN BT AT AR HEARR
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FERRAFEHL I BEALEEL 3 4~ 1 mx 1 m BECAKE 7, SR« RIS ™ AR 7 P9 BEAR SRk 3k | Bk it fif o
JEHE I T 105°C R T R T 30 min, SRS 1E 65°C R T FiEE > |
1.4 HdEab

PR A N2, AT A0 B 50 2 45 Y A Y 22E (important value , 1V) U o ZZREME Ny v
H ZREERR R T

FEAH IV = (A B -+ A XA + A X 55 ) / 3

YrhEEE.D = S

S

Simpson FEEL (L EFEEL) . H =1- ZP?
=1
s
Shannon-Wiener Z2FEEFE %K . H=- z P logP,
- - Z P logP,
Pielou ¥J5] BEFE 5L . Jo =
logS

K, PoREE § AR n 5 ITA FRAARSE 0 BIELBILBD P=n/ni=1,2,3---S, S APIRVEL,

SR A L A5 ) (0 AR O R A 2B 0 e AR ARl B — ok () MR W il AR T AR AR i KRl
R EAAEY) T B AN g/ m® RIH REAAE Y6

JIT A HU5  Microsoft Excel 2010, SPSS 17.0 #4734 2 LRI Ge 1, >R B0 [K 3R J7 22 73 BT ( One-way
ANOVA) Filige /N 35 25 51 (LSD) 4301 AR R 73 % B T 45 IR IR EAEPE AR B AE i Z M 22 57 (P=0.05)
iz FHAH 43T ( Correlation analysis ) 71559 Z2 A5 A1 A= 9 1 22 (8] (A AH S

2 HREHS

2.1 RIS DR TARYIF AL -
TEPIA ) 15 DAL FRiE R 3 DN ER IR YY) [ :
124 Fft SR J& 74 BE 115 & LR HEARIZ A 34 Bl 49 J& 54
i AR Z YRR Z A 44 Bl 69 J& 74 R, WA 1
K, 452U R 5 BE 22 8] (%) 1 b A 1 22 0 88K, % B
A-D HARZYME 2 TS THEARZ YR HE =
BT B PGk 2, 5300 39 B 55 F
2.2 ARG AN AR YR 2 AE | RESEE DR THEEWHAR
22 Won  ERBEAREIEARFMI B E F AP Fig1l  The species composition of P. massoniana plantation under
A B T A (LT (A R [ 4 0P A T2 5, different densices
AR HE A S BT L RAE A S F. B}, Family; G: J&, Genera; S: Fft, Species; A : 1000 #£/hm?, 1000
TEﬁE‘;%‘ﬂMﬁ;ﬁ%ﬂ TN BITE S E A C B E BIOR trees/hm? ; B; 1125 ¥k/hm?, 1125 trees/hm?; C: 1250 #/hm?, 1250
AR A 2K ( Murdannia wriquetra) trees/hm? ;D : 1375 #k/hm?, 1375 trees/hm?; E; 1500 #£/hm? , 1500
FE A FE ¥ ( Setaria plicata) 15 5 T2 JE K R
U %2 A D E T By EHER KT B C 4 51h
1 4> ( Dichondra repens) FIHISR ( Ficus tikoua) ;% FE B WHE AW FR A A7 3517
2.3 N[FbRGT 2 B E AN TART W Fh AR He 4k
3 R M B Z AR AN TR B L IR T 36 22 7 (P>0.05) o H#EARJZYRF & FEHR 4 D (A
Shannon-Wiener $840 H {(HYJE% 5 B f K, FE% B E /)N ; Simpson P EFEEL H'1E5E A Fc K, Pielou 37%]

# & Number

trees/hm?
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JESEEL Jsw TEHPE D Fe K HA D RRE B2 RIS 5 6, oAt 3 MR R A 8 . WA R D HY
H B HEREARZ R H A Jsw (L SHEARZAM LT, FUZUHR BCL A —E04 MRS TERE B
E 73 B R R R/ MEL, B R A/ IME R R IREOR . #EARJZ IR AR Pielou B12) BEHREL Jsw 104515 [A]

R2 TRARSZESRRAIRBERRMMERE

Table 2 The important value for layers of P. massoniana plantation under different densities

I3/ g HEEHEZ A
Layer Density The sum of important value
FEI + T AR R+ ER R A+ KR Vitex negundo+Ficus heteromorpha+Broussonetia papyrifera+Rhus chinensis
HEARJR A
+Pyracantha fortuneana(0.5030)
Shrub 1 B AT+ IR+ 57 AR + BRIk AR + B35 8% Myrsine africana+ Pyracantha fortuneana + Ficus heteromorpha + Rhus
rub layer
ub taye chinensis+Rosa muliiflora(0.5257)
C FEINHERAT + SR+ A B + 28 Bk K Vitex negundo + Myrsine africana + Pyracantha fortuneana + Broussonetia
papyrifera+Rhus chinensis(0.6308)
D SR+ A R R + B + A Ficus heteromorpha+Dalbergia hupeana+Rhus chinensis+ Vitex negundo+
Myrsine africana(0.5103)
" BAT+T X+ 5 5 + B 58 + 8 Bk K Myrsine africana + Cyclobalanopsis glauca + Ficus heteromorpha + Vitex
negundo+Rhus chinensis(0.5615)
A A IKATIE+ BE S + M 5+ I 85 4 + B ) B B Murdannia triquetra + Saccharum arundinaceum + Ficus tikoua +
e Dichondra repens+Setaria plicata(0.4300)
Hexb 1: B I B 4+ VBT B+ KA I+ 4 M R BE + 35 4538 Dichondra repens+Bidens pilosa+Murdannia triquetra+Setaria
e layer plicata+Youngia japonica(0.2830)
C SR+ 7RAT I+ 4 0 ) B B+ BE S + UK B Ficus tikoua + Murdannia triquetra + Setaria plicata + Saccharum
arundinaceum+Melilotus officinalis(0.4888)
D FRAT I+ L+ 4 ) B R + 5+ G 4 B R Murdannia triquetra + Hicriopteris glauca + Setaria plicata +
Dioscorea opposite+Parathelypteris japonica(0.3704)
E ARAT I+ L A g B B+ Y B 4 B R + 22 5F Murdannia triquetra+ Hicriopteris glauca+Setaria plicata+

Parathelypteris japonica+Imperata koenigii( 0.6516)

R3 TRARSZESERAIMREREERMFSHEEEY

Table 3 Species diversity index of P. massoniana plantation under different densities

Shannon-Wiener

YR E R D Simpson TR EFEE H' Pielou $J2) FEHEEL Jsw

=374 Gl s 2 iy el
. Species richness . Simpson dominance Pielou evenness
Layer Density K Shannon-Wiener R ,
index D . . index H Index Jsw
diversity index H
HEAR)Z A 20.000+1.000a 2.552+0.008a 0.903+0.002a 0.8530.013a
Shrub layer B 24.333+2.028a 2.609+0.127a 0.894+0.015a 0.818+0.021ab
C 22.000+1.528a 2.414+0.121a 0.864+0.023a 0.781+0.022b
D 19.000+1.528a 2.602+0.076a 0.908+0.005a 0.886+0.003a
E 18.333+2.186a 2.366+0.091a 0.870+0.011a 0.818+0.005ab
HARZ A 29.667+2.028ab 2.719+0.134a 0.880+0.021ab 0.8020.023a
Herb layer B 34.667+1.764a 3.119+0.150a 0.934+0.017a 0.880+0.031a
C 23.333+1.202b 2.591+0.023a 0.876+0.014ab 0.824+0.021a
D 23.667+2.333b 2.775+0.087a 0.913+0.009a 0.880+0.003a

E

12.667+0.882¢

1.990+0.139b

0.795+0.033b

0.786+0.055a

AIF/ING FREFIRTE 0.05 K FHA .32 5 (P<0.05)

2.4 AFEMDEESRIMA TR Y

P 2 M TEACZ MR AS J2 S A i P B 2 O 2 e SRl A 3 RS B R AL, 7R B RO
E /N, 5 B B C AR FRIER T B A BISIR, AWy ie b s Ay i o BU R T R A=
Yyt ARAEREE B R, AN BETR] bR T AR B R AR ) A B sl AN O, i b A= 3 S
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2 TRMRSZEESERAIMNEREERENE

TR b A AR 4/ fE R R

Fig.2 Biomass in different densities of P. massoniana plantation community

2.5 AR EESERNTA T ORZEE S YR R C R

X AN N TARBER AR T 252U 4 FhZREMERRECS 3 b 3T kAR s AT i, R 4 B
ANHEARIZ DAESHE FRA YR HES AR SRR B A (P<0.05) (HEEARE Jsw {H
SRR A RS AR O AR Uy 2 (AR SC R s . WA R A HR RS )2 R AR i 22 (] A R 5%
PEEGHEAZ I ; D (50 R A H (S A A W S A 0 3% TEAH OGP (P<0.01) 5 Jsw {EH-5 AE W EEAY A

FKAEATIIRAN 3 FOARAH N B

R4 TRARKSZTESRRATIREE DTS EEEHSENENBXRY

Table 4 Correlative coefficient of species diversity and biomass at different densities of P. massoniana plantation community

HEAJZ Shrub layer

HAJZE Herb layer

J: - He =N l He =N l A/ - E=N l / - =N
SMSRAEEY By T A i TS h [ A T A T
Aboveground Underground . Aboveground Underground .
R R Total biomass . R Total biomass
biomass biomass biomass biomass
HEARZ D 0.54" 0.54" 0.54* 0.61" 0.58* 0.62*
Shrub layer H 0.22 0.22 0.22 0.48 0.52* 0.52°
H 0.08 0.08 0.08 0.28 0.31 0.31
Jsw -0.30 -0.30 -0.30 0.03 0.13 0.08
FARZ D 0.68 ** 0.68** 0.68 ** 0.73** 0.60 0.69 **
Herb layer H 0.60 " 0.60 " 0.60* 0.66 " 0.63" 0.67*"
H' 0.52" 0.52" 0.52* 0.54" 0.59" 0.59"
Jsw 0.24 0.24 0.24 0.33 0.45 0.40

# P<0.05, * * P<0.01;D . PFhF & FEFEEL, Species richness index; H : Shannon-Wiener ZFE 145 %1, Shannon-Wiener diversity index; H' : Simpson

EFEEFEEL, Simpson dominance index ; Jsw : Pielou Y2 FEFEHL, Pielou evenness index

3 e

3.1 MROIEREEXS ELRRAN N AR T R R Rl 2 A 1 A 52 )
Ly AN N MM M A BEA I AR 28 BE AN JZ U2 8] M A AN ], 5 24

http ; //www.ecologica.cn

PR RSt 260 A5



15 34 SRMIAE S5 b0 BE T T SO L) FRAN N AR T W 22 Ak A A Wy 4 52 7

JEEFIAR AT EE YA R AR R /N EREE 7 A R 28 57, S BUN R SR B AE RGO A, EARZEREH AR Y
TEMRIT L B WY EUR 2 | )5 3 FhBCOR S BE A WU FPECRR D T RTPI A TR AR BE R de AR Mk T U T A
1SRRI A BEAAT . MR REARTZIRI R ERIRA (S M4 VBRAT B0 o e DU S 7, 3k e AL S b 19 3 A 7
Bl T (R B P AR A BB s ) (AR JE B TR D RARAIRY , 2 H KA 0.0514, AT REJ2 AR R H:
AR Fof o A BT IR 23 (1], A5 FRAR Al 1 2k 2538 4 7 MELUEAR S B0 . WA JZ R AT i R FE R 5 b
WL AR A R, X PR JC AR 2R BB RE T

ARBEFE R  HEAJZ Y TP 5 EEFEEL D M Shannon-Wiener 1840 H FARJZ 4 MU S K AE Y H BUAE 5 1
B, UL WZ % B fe M) T AR M AR K R B M R AR A i, DR 4 BE S R, AR BRI 2 MF 22 i A K
KT SZBR Pl Z R R T B R/ BRI A T 58 14 Pl HOE 2 ot 0 3, BIR ) 5 2 W o 1 - 3L
17 R ZRENMRKCEHELAZE RS s RATE P EEE T M AL A R 20, BAZ DHS H{HEEL
VEAZK, BAEAS B BE 2 1) AR W it 3 5 e VK 5512 A5 rh AR J2 I R U AR — B, Tl BB R 5%
MBI ST R 22 S MR B B AS AR ) SRR K B AR DUAN AR, HEARZ FREAR JZ A Rl 14 2 BE S8 B s 1245
AR 22 SRR, 5 VKR 2 R Jsw AR AU AT — Bk, th TI AR 2 8 553 50, B 2% 7
AR AR MK TG AR K 34 A A DR A 2 8] 3 B B S
3.2 MROPEERS By RRAN N MM R AR AR Y 1 2 R

PR AE B A ) e A AR PR S A B e o L BB/ INE B A e R R AR AR S R G sh S R e e e
SEFHR E AR B B R R R AR T AR AR T AR R B T IR BRI,
ASJZ 3T Ay D SR EE R R AT REJEHEAZ B TS Z T, DGR R J2 E A A R AR 6 IR
ARAR R R A BEAE AR BRI, RO A AR RIAR B Bk A RO IR, TR AR e B AR A 3R
M2 BE i B B Ml AR 23 T v B AR 23 3T, AR T AR RO BRI PR EEAR R Wl 3R 2%, T LA A
AR A o PR O o R e g — A 5 TR AR 2 A2 T 2 0 U BERG , AH L T HE AR A 5 S, HL AR
Pyt ] BETE 22 M SZ AR T /NERSE P A DR AR Ko S RSN, [N AR AR A /N S HEACKT 1l
NIRRT S S P B YR AR RN, ARSI R ORTEA L Y B, A Yl AR D,
TR 6 RS LT A i X 1 AR T AR B A M AR | S AR SCA AR ST (2 2R D P T g o7 b R 85 2%
PEANIR], S EORR HE A T H B 1 L

BMORF &R B A AT B DL A R B iR DR, 702 B /N3 BB AR T KR B
R, AT D O B /N AR 23 ARG 25 1l T U0, 728 5 S B AL A i) 1 B, SR T 4 22 W - i 3
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