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Effects of stand density on understory species diversity and soil physicochemical

properties of a Cupressus funebris plantation in Yunding Mountain
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Abstract: We investigated the understory species diversity, soil physicochemical properties, and their relationships with a
Cupressus funebris plantation using typical plot methods under five different stand densities (1,100, 950, 800, 650, 500
tree/hm”) in the Yunding Mountain, Chengdu, to find a density that could maintain a stable community structure. The
results identified a total of 168 vascular plant species belonging to 75 families and 140 genera. With a decrease of stand
density, the shrub layer diversity indexes initially increased and then decreased. The highest species diversity appeared at a
density of 650 tree/hm’. The herb layer diversity indexes showed a double —peak distribution; initially increased, then
decreased, and increased again, then finally decreased. The turning point appeared at densities of both 950 and 650 tree/
hm’. Meanwhile, we found that the sunlight played an important role affecting the species richness index variation. Our

results also suggested that different stand densities had significant effects on the contents of total nitrogen, total potassium,
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available potassium, and organic matter in the soil. The responses of organic matter, total nitrogen, total potassium, and
available potassium were similar to the shrub layer diversity index variation. Moreover, there was a significant correlation
among potassium, nitrogen, organic matter, and understory species diversity. The results indicated that a stand density of

650 tree/hm’ would optimally enhance the understory species diversity and soil fertility.

Key Words: stand density; Cupressus funebris; species diversity; soil physicochemical properties

AR N B X 2B AR 2 — | Shy S 4l o S o b AT K b DR A A e B 56
DA BRI bt X OB AR N bR D ) i v 2 B T R, S O AR B RN B — MRS 2
5 AR AR W) Z R, ORI AR AR RO N TS R G T AR AR AL HE R 53 8
W5 ikl bR W RN 2 R AR S O T DGR F R A 25 R G R e SRR TR
A EZARER T . SRR, T AN TMOMR AR B8 Z 88 PAEAZ AR Rt AR AT R
Fift, X5 FARARN TMAR N AR B A AT S HGE R SCT AR R AR T 4 R A AR

PRG35 BE A AL T AR AR BORRA, ST 5 S A 7 T RS AR A AR KR B R 7 s
JE R LABUIERR N (E R MRS | IR A A5 A AR T /N R L) R AR A R 2 G B S A i 22
A BRI bR S35 BE R G TR PR Z RV ARG 454 7 BT HL ) RARARRE TS Oy i AR S
LRI FEARG 3 8 HE XA N MO Wb 22 ek 0 - e B B 94 52 0 O 2 35 R A AR A3 5 B UG AR G
TR LR IR ERTRE ST, AR N TR 2k e 5 2 B RIS %

1 #FRKEHR

= (30°71'—30°73'N, 104°47'—104°50"E ) v F AR T IR AR 6 4 4 B g R SR LIk B, & 1l
F2U IR 982 m, T AL 67 km?®, B ACE 1], B 2 AU B, JE W ARG SR 2 WU, DU ZRSr B, H O IRARE Y
1295.5 h, V-5 16.6°C ., 1BEK, 2% £ P RE/N, TR K, BIFFET- 285 d, RAHERER &
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Table 1 Basic information of the sample plots

£ . i A 3 o , Eiia wE R
plot N Altitude/m aspect/®  positions  position/°® Average height/m Average diameter/cm density  (¥k/hm?) class
1 859 NES50° i 20° 14.09+0.72ab 24.98+2.37a 0.6 650 B
2 858 NE60° F 19° 14.47+0.43a 19.51+0.80bc 0.6 650 B
3 860 NES54° E 21° 12.33+0.72abcdef 17.7320.79bcd 0.6 650 B
4 861 NE48° F 26° 10.09+0.64ef 14.34+1.50d 0.6 650 B
5 838 NE66° L 21.5°  11.67+0.22bcdef 18.26+0.48bcd 0.7 800 C
6 841 NE65° o 20° 11.58+0.36bedef 16.94+0.72bed 0.7 800 C
7 835 R L 23° 13.58+1.45abc 16.53+0.59bcd 0.8 800 C
8 835 ER Ci 25° 11.05£0.44cdef 15.45+0.59¢d 0.7 800 C
9 867 Ew i 28° 12.56+0.21abcde 16.70+0.59bed 0.5 500 A
10 834 1EH H 27° 11.92:£0.79abcdef 17.02+1.45bcd 0.5 500 A
11 829 1EF h 27° 13.42+0.33abed 21.00+0.94ab 0.5 500 A
12 827 EM o 25° 12.52+0.24abcde 20.14£0.61hc 0.5 500 A
13 830 Ew s 25° 11.79+0.28abcdef 17.35+0.28bed 0.9 1100 E
14 831 RG] H 26° 12.60+0.39abcde 18.06+0.81bed 0.9 1100 E
15 833 Ew o 25° 13.27+0.29abed 20.50+0.36ab 0.9 1100 E
16 830 EFg H 27° 12.67+0.21abcde 18.43+0.48bed 0.8 1100 E
17 835 Ew h 24° 10.77£0.24def 17.90+0.54bcd 0.8 950 D
18 834 EFg H 220 9.57+0.43f 17.14+0.76bed 0.8 950 D
19 834 1w o 220 10.94:£0.45cdef 17.07+0.88bcd 0.8 950 D
20 833 EFg H 21° 10.1420.39¢f 17.45+0.69bcd 0.8 950 D

NE: Z 4t , Northeast ; A : 500 #£/hm? , 500 tree/hm?; B:650 #£/hm?,650 tree/hm? ; C:800 #k/hm?,800 tree/hm?;D:950 #k/hm?,950 tree/hm?; E

1100 #k/hm? , 1100 tree/hm? ; R[A/NG FHEFRIRTE 0.05 K L HA BEER

TEARJZ EAZ BB . IV = (R B +AH X 35 B + AR XA ) /3
FEERE(D) . YR EEERFR D = S

Simpson 58 (JLISIEHE) - H' =1 - 3 P

S
Shannon—Wiener 1641 . H =- 2 PlogP,
. - Z P.logP,
Pielou ¥J5JBEFE 5. Jsw = —————
log$S

b PR i FREREL n, AR A S E 0 LB, B P =n,/n5i=1, 2, 3,
2.3 HIEHORE KANE Tk

R XL TLRE TR A X 0—20 om TRA LA RSB0 2, ff AR XIS, SE A BREOR IR M 3R AR
FIATRE, 100 g LkEid 2 mm fLARJE Je it , 436 FI VU 2006 G ¥  , JE SE0T I B 22 L4 v id 0.25 mm
FLARJE LT, IR I BORE TR ) RARTRAF 3 BRI,

I 7E 771 TR S5 K s AR I 4 pHE v SRR - R A AL L G Rk ) - 8 4 U5 5 B -

. S, AR,

FRERPT EL ORI 2 B i s TR IR - B IRIR $2 72 I S A0l 5 1 T AR IR A - AR R T AL TR ML & & 5 TR VA - K Ja Dl
FE RN A S R B R - IS Y B I g
2.4 B

K SPSS 17.0 4 rh A B & 7 2243871 ( One-Way ANOVA) Filf /)N ik 3 2% 51k (LSD ) A 36 A [F k43 2%
JEE X AARRS N AR R B ) o 2R PEFE RO 3R B AL M TR 1 22 57 B 3B 1 (P =0.05) , 2R Excel 2010 #K {2l
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Fig.1 The understory species composition of Cupressus funebris
plantanion with different densities
A ;500 ¥k/hm?,500 tree/hm? ; B:650 #£/hm?,650 tree/hm? ; C : 800
#k/hm? ,800 tree/hm?; D: 950 #%/hm?, 950 tree/hm?; E; 1100 ££/
hm?, 1100 tree/hm?
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Fig.2 Diversity index of understory vegetation in Cupressus funebris plantations with different densities
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GO B AE AL HEARJZE Shannon-Wiener ZAEVEFREL H  Simpson L BEFEEL H'  Pielou 5] BEFEHL Jsw ¥
Jol & 225 (P>0.05)  FEALEHBE B N KA, M4 PP 5 82 D 7748 34 225+ (P<0.05) | FF R 2 15
R, S SEH G a3 7E% B B I, WA E SRR Ui B e, 22 Rk W, YR 4
#4 D Shannon-Wiener ZFEPEFE L H  Simpson HLH ETEEL H' BEAR G393 5 AR A 5 8 I Vol P-4 - ) X0 g 1
AL TR D B K I 1T Pielou Y5 FEFEAL Jsw WIS SRR 35 7R BE D S K AH .
3.3 [RGB R T Y 2

X HEAE IR IL (3R 2) , AN [FIRR G325 B T R 2 5 REAR R L35 A A8/ HER 2 32 B A0 T AL
( Reinwardtia indica) %538 ( Vitex negundo) . J& 3% ( Viburnum dilatatum ) 55 ¥, A )Z 8N 3E B ( Setaria
chondrachne) SR AKHL( Oplismenus undulatifolius) 3% 8 (Asystasiella neesiana ) S FY) , EFEFh K Z Jy B | it
B P B AR R AR, D] R TR A AR A 0 i i, R VR L AR s AT I 2218 TERE D
1 B, EARZH H IIEIAN ( Celtis julianae) | $5WE 2% 2% ( Lonicera pileata) ¥ ( Broussonetia papyrifera)) 55 FH A=
PER il HLAC AT, BAS J2 o BT R SR A5 U A W) — 22 4 ( Ophiopogon japonicas ) , W13 P il 2% 2
ARG IR, BHAE PERE ) & M KOTIT R RIAE Y, BRIGZ AL, TETT AR JZ S5 HEAR 2 B H il A v 2 95
A RIFARG G, UL S AR N TAMTR AR Z L AFEAE H AR TE B,

x2 AREBEETHANINERAENELAEREEE

Table 2 Importance value of shrub layer and herb layer in Cupressus funebris plantations with different densities

R WHE AR REBE R EZ A
Layer Density ~ The dominant species and sum of important value at all levels

A AL+ BT + 320 + 7S T AR+ T 5

Retnwardtia indica+Vitex negundo+Viburnum dilatatum+Abelia biflora+Premna microphylla(0.6614)

BOIP)+ DRI+ 3 + B 2 A+ T 5
Vitex negundo+Celiis julianae+Viburnum dilatatum+Lonicera pileata+ Premna microphylla(0.6395)
B AR + £ WA+ /S T A+ 385
Vitex negundo+Firmiana platanifolia+Reinwardiia indica+Abelia biflora+Viburnum dilatatum(0.6731)
FARS 1 5 R+ SR+ 3258 + 3P
Broussonetia papyrifera+Reinwardtia indica+Celtis julianae+Viburnum dilatatum+Vitex negundo(0.6881)
B+ A+ R S+ S /T A
Vitex negundo+Reinwardiia indica+Premna microphylla+Viburnum dilatatum+Abelia biflora(0.6241)
SERHT TR HROKR R+ H R+ 3

FIAJZ Herb E Setaria chondrachne + Ophiopogon bodinieri + Oplismenus undulatifolius + Asystasiella neesiana + Lysimachia christinae (0.
5548)

SRR AR RO A K

D Setaria chondrachne+ Asystasiella neesiana + Caryopteris terniflora + Oplismenus undulatifolius + Ophiopogon japonicas ( 0.
4137)
SRR R BB
Setaria chondrachne+Schizaea digitata+Oplismenus undulatifolius+Lysimachia christinae+Scutellaria indica(0.5995)
SERH I B R+ LA R
Setaria chondrachne+Lysimachia christinae+Asystasiella neesiana+Ophiopogon japonicas+Scutellaria indica(0.5039)
BTSRRI+ (5 B+ B+ R

Setaria chondrachne+Oplismenus undulatifolius+Scutellaria indica+Lysimachia christinae+Asystastella neesiana(0.6962)

HEAJZ Shrub E

3.4 RFEIMA T Y E b TR

W3 3 Fros Mo BEXT 38 pH | &Kt 2k SR 0 5 (P>0.05) , WA e 3 A
MU 535 (P<0.05) . +38 pH (A KT 7, b R 55080, SHIA L KAFEMAT . BiE 2
FEAR, 3420 280 U A HLT o BV R SR R ke B AE R B B B R
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Table 3 Physicochemical characteristics of soil profile in Cupressus funebris plantations with different densities

2 , L . :
= FokE 28 £ l—)&% =H HALH Available f m‘ﬁﬁ
iy : Total Available Total . Organic

. pH Water . Total phosphorus/ . Potassium/
Density tont/ % Nitrogen/ (/kg) Phosphorus/ Potassium/ (me/ke) Matter/
content/ % m,
(¢/ke) o (mg/kg) (&/kg) i (&/ke)
E 7.70£0.04a 0.16+0.01a 1.33+0.03be 4.63£0.65a 0.22£0.11a 16.02+0.42ab 90.18+7.20¢ 46.46+11.48ab
D 7.73£0.11a 0.18+0.03a 1.02+0.05¢ 6.09+1.23a 0.12£0.03a 18.95+2.09ah 133.85+16.86¢ 33.18+0.57ab
C 7.65£0.17a 0.14£0.02a 2.45£0.17a 6.18+0.86a 0.25£0.10a 19.40+0.71a 212.93+11.44ab 58.91+3.65a
B 7.73+0.09a 0.19+0.01a 2.51+0.04a 7.44+0.41a 0.34+0.05a 18.74£0.97ab 250.93+14.55a 62.66+6.32a
A 7.73£0.03a 0.17£0.01a 1.70+0.19b 5.40£0.47a 0.18+0.04a 14.38+0.79h 147.95+21.33be 28.21+6.76h

3.5 R[EIFRGTE BT B S 2R R B R

T IR AR R R B R T MR, 2R S B A S A PLETE EAREAIAR —F,
PAEMET S REARE RO 2 ZREER B AR O A (36 4) 3R B L3 pH (B 5 #EARZFEAZ Y Fh ZREAESR
BONAEIT R AAHDCOC R, TR SK R il S S5 FA)Z D 2 85 80 W3 B, st S AR
H 2 BETML, TIELASHEARZ D BWEFEEAHX, SHEARE H H' Jsw 58 F B E ARG, 1585
RO SHERZE H D FIRARZE D 2 B EBHN T E EAHK, SRR Jsow 2B FAMC, TIEAILR SHERZE
H Jsw 58 IEHE,

x4 EYSHEESHERFREXIN

Table 4 Correlation coefficient between diversity indices and environmental factors

5k HEAJZ Shrub Layer HAJZ Herb Layer

Factor H H D Jsw H H D Jsw
pH 0.18 0.2 0.23 0.14 -0.09 -0.1 -0.11 -0.03
SW -0.13 -0.14 0.16 -0.19 0.32 0.18 0.48" 0.12
TN 0.38 0.1 0.71°" 0.11 -0.45* -0.50" 0.32 -0.67""
TP 0.04 -0.09 0.35 -0.13 -0.02 -0.14 049" -0.3
AP -0.28 -0.55" 0.19 -0.43 -0.07 -0.03 0.23 -0.18
TK 0.23 0.19 0.01 0.27 0.4 0.25 0.57"" 0.13
AK 0.53* 0.34 0.72°" 0.29 -0.19 -0.28 0.55"" -0.52*
oM 0.50" 0.36 0.28 0.44* -0.08 -0.05 0.19 -0.16

H.Shannon ZFEMEFE %L , Shannon diversity index; H' ; Simpson - , Simpson dominance index;D: LYl BN , Richness index; Jsw:
Pielou #5] 544, Pielou evenness index; pH: + 4 pH {A, Soil pH value; TN : 2%, Total nitrogen; TP ; %W, Total potassium; AP, A %W | Available
potassium;OM:i%ﬁAﬂLB\‘T,Soﬂ organic mattcr;AK;i%’;ﬁ%q] , Available potassium;TK;%%q] , Total potassium ;SW;i%ﬁﬂ(%,Suﬂ water content

4 HHitGitig

4.1 BRIP 5 BEXAIAR N T A B AL SR b A 1) B2 i)

PRl 2R S R T R L MRS S A O S O T B AR bR, MO R R A A2
R () E RN A S AR T AR 1 A A S A0 A ) TR S5 20 DA A AT E S 5 Wi R AR AR 2 A ) 2 R
M EEN T, FEARLI T HEAZ 5 AR Y 2 BEE X bR 7358 T 0 AN [R] 98 J2 0 22 A 1 8 A B AR 2>
WL AR L S S DA TR E B B, SR DA o 3 A AR N MO JZ S5 X 2 AR B
PRI B bR 5325 BE R ARG, RESTIE 2 MR G RIS | B AR MR e A AR T8 8 1) B A AT A D 1) R A
B MOMKTT Wk Z PRSI RN 06 5 45 PS5, ARTR AR 23 [E) 38 O DR AB ) I S A EL oA 24 20
A SZ Y Fh AR FE R DU R AR AR B AR D R B X BRI (R, bR 45 O D I, B R PR ROR
i LT, 9 R P S R A A A P A PR AR A B I D AL Al 150 B 0 % R b P DI R B A
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U FRTE SR B AR 2 R A el s, DRI I A2 a2 PH A PR A AR P D AR K 7R %6 BE B IR 2 DR O BR R X T )2 A
AR AR, YR R IR, U DG IR R AR R A4 B R X Alem ™ AR AY I 5T 45 1
AARL, SRS 25 BEREAR S A B EAR)ZE ZREPEFR BUR IR DR RO AE, T HEA R ZRE R BT %, X 5 & 44
ST (AR AR A W 22 RO T 1o 8 B AR O F 9 45 SRS S 4 M ), JHG B IR ] i 0T 9 IX 3 0 90 A8 T 3k
MO EE RN, FEAS SIS T B AR FERRARAE — 8 R B L AR AR R AR I (IR B R 2 AR )
5, 6L MR B K, RE R AR Z2 St R DRI N T )2 AT 8 R AR A ) o R % A A 25 ] 5 3R o B e 4 O 2 0
PEFERUOFAR B AR 5], TR, R T B Bt AR AR R 58 b B e

4.2 FRAEEFERTAAA N TR 3 R A 5 %) 52 )

AT BE MR B AEBE AT R, S8 e A ) S v AN B P R 22 S Y AR R TR TR R R SR
Oy RIAE A PRITAR TR RE S e FEARSL SR b, - ER Ab Pk T AR o0 8 AR R 8o £
ey i e SR U AR S TR B AR S i KRR, AR A A R 3SR TR U U R AR
12, EL % B AR AROGS 308 55 0 W RGBT T e HE R 2 [B] 0 A 2 BORK T AR R A 550 , 080 7 e A0 LA i il 1
1%, IR BOR L  BOA ML S HA SR B A, fiaR 4 T AU SR Z 2R R B E
AHOC, P AR AL R AR — 3, U6 AR JZ A W R 5 AT AL BT Y S 22 PR 1, R R 9 S 2 AR AL T R AR A o
FEP, BHEAVFREAEZORIE Y AHURA R AR T A2 & A, MRS R SEARZ D 20 E
FIEMXE AR T 2R SR S5A YR AL, X 58 THE Y W Rs R %, HerRSEAZ
ZFEMEFR B 2 TAE G, T RE S R R RS S22 A 0 B X e ) R A, T B AR 2 2R R T DL -
W AR KL i A B PR, SRR b RN B 22 7 H SHEEREMREA)ZE D 2
Wt 2 TEAROG , 2B SROAR)Z D B W IEARDC, MR 5 R DU R, MR HE 9 =F & AR e g
O - LA WS B AR VR SO S R, T IR R P S e R A A KR F L R 2
FEPE RIS & B, BUSHR 5 BA R Jsw 5250 25 6URA OC 33X AT RE -5 % B IS0 IE 5 K A R AR 4 o3 A LA S BT 2R
iR A B Bl I AR G )

4.3 ZHAAAR N TARATRREE kR I 5 8%

S\ K 4 EFRARR PRI AT 45 SR o TR T AR AR 2 5 4 [ AR AR T AR Y 31.29% , SRt Feg ™, 5
RIRMAR G, N TR 388 A AESE AL TRT B0 | AR 08 A SR RS A 2 T Ly IR IX Ay it e e b, G
A AWR—ARICH P stk 2 = S F— R T R ST, 25 ST 1 e R LT AR A B A, = T AR
WA Ry b 22— 2 TRILARA A e 23 BOA T RO Y0 26 b, 3 SR DR T KA BE I A T 2 R B 5
WA, PR ol 2ot PE 7 TR ER R A AR 5385 B A - S BT it A, 8 B RIS ) SR MR 19 7 3, St s IR s etk
B AMEAE S S 2B RGEE R £ LR B SRR A R R, IR SRR LT IR AR S R 4
By A IRAB RS , DI A FE TR ) A S M & T Ak o
4.4 #5ig

HEARZ 552 ZREMFE BT % B(650 Fk/hm?) HEHIG(E | I 25 TR Koy R85 [H
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