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Addition effects of co-expansion of two bamboos on plant diversity in broad-leaved forests.
YANG Qing-pei'”, GUO Ying-rong", LAN Wen-jun®, SONG Qing-ni', YANG Guang-yao'
(! Jiangxi Province Key Laboratory for Bamboo Germplasm Resources and Utilization, Jiangxi Agri-
cultural University, Nanchang 330045, China; >Administration of Jiangxi Wuyishan National
Nature Reserve, Shangrao 334515, Jiangxi, China).

Abstract; The effects of Phyllostachys edulis and Oligostachyum oedogonatum expansion on species
diversity of broad-leaved forests were investigated in Wuyishan National Nature Reserve, Jiangxi
Province, China. Ph. edulis and/or O. oedogonatum expansion changed community structure and
species composition. The co-expansion of the two bamboos in high intensity ( Ph. edulis was 30—50
ind - 100 m™*, 0. oedogonatum was 300—500 ind + 100 m™>) changed the density ratio of arbor
and shrub from 2.8 to 1:9, and density ratio of bamboo and tree from 0:10 to 9;1. The main effects
of Ph. edulis and O. oedogonatum on the species diversity were significant. Ph. edulis mainly influe-
nced arbor layer, while O. oedogonatum influenced shrub layer more, and the interaction effect of
two bamboos was not remarkable. There existed addition effects between Ph. edulis and O. oedogo-
natum on species diversity. The co-occurrence of two bamboos in high intensity decreased the Shan-
non index of community by 91.3%. Ph. edulis and O. oedogonatum did not compete obviously unless
in high density. It was addition effect rather than interaction effect that changed the community
structure and reduced species diversity when broad-leaved forest suffered invasion by Ph. edulis and

0. oedogonatum.

Key words: Phyllostachys edulis; Oligostachyum oedogonatum ; species diversity; addition effect;
evergreen broad-leaved forest.
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3 78] P PR S A b DX b T PR AT R, L
TP L FE REvE S H 52 2% e I8 1 U i 7 7K IR
FORARIK 4455 T & 54 120 FL AR, o ¢ i n
MR DX A2 2 R AT 11038 AR X 7 i bRl <2 F
SRERN R TG, X 675 W] ] & i ] o AR 5k
A

P4 sk B E O AR 28 22 S MO 8 5k ST Y
)t B, ST Tk AR ML
PR Ry skl ' FF R T K= A5, SR 1
X BERIE 5T AR IR X B — AT b5 a0, B AT (Phyl-
lostachys edulis ) AR X SRR ARG A iR
I REE ™ N AR AR R 0 AR P AT (Farge-
sia nitida ) XTRFR R ROF B Z 0 R
7 (Guadua sarcocarpa) Y 5K X A MR R AE K
L8y § =05 RN = i I S o A & X 4 R Rl 1 i T <
MR AR 5T AL D

A FAT T4 1200 A, BB T 2200 T3
hm™ ') 7E BRI AU (15 50, A7 bk AR AD
EHBFER KB XRZ ATk 0 .
T A 7124 500 AF, HAE 500 £77 hm®.
PR H DR KRBT R BATIN G V2 h /M Tl
UIRAT ( Ph. glauca) FEAT ( Ph. bambusoides) . 7K AT
( Ph. heteroclada) 3577 ( Pleioblastus amarus) =7
/DEEAT ( Oligostachyum oedogonarum ) 251" X B4 1+
AR SRARARL, HL 5 i i e 7 78 A 2507 B B
X P, Z2 B0 ][] I ) J 2 AR AR sk AR
T S i ] R 9 2 4 2 W 2 e AR 25T
AN Z ] N N AN IS EE PGS E /S
PP DA EATF SR s B T R AR A 2H
TETE LA R ZRE 1R, ATEAR ZF0 AT T4 9k Xt A

R1 FEMKER BEERAHE

Table 1 Types of sampled plots and community characteristics

PIRRMBETE LR S )k Z RV B R
1 HRBRGHRTE

1.1 AR IXAHEL

BRI E R EE LK, EAEAE,
FAHERI IS FE AL 48 4E 500 km, 2T E S AE YT 1Y
HELHEE S R E 11 AN EA2RE X
(14 i b A ) 22 R R AR 1 S B X 2 — 20 A S Ay
Ze KA AR E AR HIE IR RE R T, s BAE Y
FhREZL Ko, FIB My s 2 Fi N4z
SEEP XYY G AR T 2R 2R
W LR IE AR (MK <1200 m) T RE TR 32 AR (1200 ~
1700 m) 113 & EEEAR (1600 ~ 1900 m) | L3 Fifa)
(1900~2150 m). [A] A, X EATRM P PR E L | B
KIEAR BT, 3847 ek 45 D REAT L AT ( Yusha-
nia niitakayamensis ) . % 7T ( Indocalamus latifolius)
8RBT AR SR X I ik E T E R T
FIEY R
1.2 %kt

2016 4F-7E S s A i JEAE L AEVT PR R 3R 1 A
SRR AP X (27°48 11"—28°035" N, 117°39' 30"—
117°55'47" E) 4K 900~ 1330 m M1 B, e FELAT i
WA AN ) B B 5K R [ B k  RE Hb ( 2R
) Hrp BP9 E R P (CK) VREY 5K P,
(10~30 ind - 100 m™) & F$§ 5K P, (30 ~ 50
ind + 100 m™) ; 15 A REATAEL BE 4350 K . X AR O, (0
ind - 100 m™) Y7 0, (100 ~ 300 ind - 100
m?) FEEY K 0,(300~500 ind - 100 m™). it 9
AMb¥E. PO, .P,0,.P,0,.P,0,.P,0, PO, P,0,.
P,0, .P,0,(#1) HAAIE3 ~ 4 ERE LK E30

b3 RS 2R FrARZEHFh TEARJZ L H T T FE AL
Treatment Forest type Dominant species Dominant species Coverage Plot
at arbor layer at shrub layer number
Py0q UCLE Sk R FRARAT HiThE FERE A LHEAE Lt EAALES AR 0.5~07 3
Py0, s A REATRR BE Y 5K FRART HiThE MR JHE A REAT SRR AR 0.5~0.7 3
P40, Jips D REAT E R 5k HithE AR g5 R84 0.5~0.7 3
P, 0 B REY % RS HiThE BT AL A 0.6~0.7 4
P,0, BT A REATIR AR 5K RS FlRE BT Ji s BT A AR 0.6~0.8 4
P, 0, SEUUE N LR S VRIS At HRART BT Ji 5 A 0.6~0.8 3
P, 0, BT EEY % BAT THERAE Fe R 0.6~0.7 3
P,0, B EEE S DR EEY 5K T iy A REAT  HERAE 0.6~0.7 3
P,0, BT T R R TIT Ji s A RlA 0.6~0.7 4

BT Schima argentea Ttk Castanopsis eyret ; PR Castanopsis fargesii; [ F/N Sassafras tzumu ; ILERAE Rhododendron ovatum 1148 Lindera reflexa ;

RE KBS Rhododendron latoucheae ; AR Eurya sp.
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PR AR/ 10 mx 10 m B RS LA 53R 4
A5 mx5 m FEJ X HE T AT A FEY (DBH>1 em)
PEAT A TESRPIFR WA | R 2 B AR AR
1.3 b

13,1 BEIE S50 o AR AR A 4K m BEK IR 4
R 0~2.2~4 4~6.6~10 F110~20 m HLAJZIK, 5
AN, 0~6 m(FEARZ) 6~20 m(FFARE) 1%
& ARAKE Y 57T %5 B 0 ], LA R e
K IR

1. 3.2 YIFh A
VIR ZE (S) = YR AL (1)
Shannon Zﬁé@?‘éﬁt(m (23] .
H=- iPilnPi (2)
B BEE(D) .
D :SN(N——I) (3)

Z ni(ni - 1)
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YIRNEIZIE 2 1 PN MI R BOHIXE 20 P, = n /N

" P,0, [ P,0,

10~20
6~10 |
46
24

0~2

100 100 50

W
(=}

" P,0,

—
(=1

1 1
[ ]
(=]

(=}
—
(=]

4-6

o
1
i

FYEE B Community height (m)
o
8

A SR R T AR B YR B AN 5T 1
A SRS K, R i AR 245y 2

R A

Y=P+0+PO+¢ (4)
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B IFEFREY BN P R BATH RN ;0 AT
FEAT Y F2 3 3 PO R A7 R0 15 /D FEAT 19 58 3K
N ;e NEPLER2Z ; P+O & NN
1.4 HdEabr

FIH Excel 2013 F1 Matlab 10.0 %% 4 %3 %5 45 ik
TG 43 . R FH WU 28 5 2293 7 ( two-way ANO-
VA) HLEBAT b5 /D FEAT LA K I3 19 58 AR X
YyFh ZAEE AR B35 PE R Duncan 278 HE
ARG IR A AL PRI ) 25 57 8 3 («=0.05) .
2 ZERS545
2.1 T sk B v 45 4 Y s

BT b A REAT B W3 TR B  K I 2 e
KEFE () AERZATFH 5K (P,0,) , A Fa
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Fig.1 Effects of Phyllostachys edulis and Oligostachyum oedogonatum expansions on community height of broad-leaved forests.
I . BAT Phyllostachys edulis; 1 ; i35 /FEAT Oligostachyum oedogonatum ; M AKASHIY) Trees.
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2: 8, Hf110~20 m JZK 5 10%,0~6 m #EAJZ
80% ; BAT = 3 BE Y 5K IS (P,0, ) , FF V& 4544 L 1] &
AR AR 10 ~20 m 2 UGG K, 38 24.5% ,(HE
i 14.7% , B AR 5 9.8%; 7% = #Eh 2« 8 B,
3:7 4 K 0: 102812 : 8.

WA BT O, Wy D REAT R
Pk (P,0,) , ZRARRETS L2 W] R84, 10 ~ 20
m 25 3.0%; 11 0~6 m & 95.7% ; i 15 D EEAT Y-
KWV BT - BEH 2 8 A1 9,47« Kl
0: 107455 4 : 6.

MPEVE Z AT F R R B IR (PL0,)
REVS B EIL 300 Bk - 100 m™2, 7% : ¥R 1: 9 47 :
REREH 9+ LA V% 10~20 m 125 8.0%,
HAPBAE 6.0%, AL 2.0%;1~6 m & 90.0%,
Jiys D REAT 5 80% , TN E AR (BL4E A AR /IR ) A
10%.7% : 2 : 8 48 12 9,47« AKh o 10 4
A9 1.

20 r 1 40

—_
W
T

YMEEE
Species richness
S

Shannon$§ %%
Shannon index

ESRPBE
Ecological dominance

Py

B2 BT BT TR ] A 2 R S R

1
Ab P Treatment

2.2 M4 R R AR R

M 2 AT LUE AT by DR sk 3 2
ICRE AR P b 425 B2 (S) |, Shannon Z2FEPEFEEL,
PE R EVR LS 9 5 X 0 22 A A2 1) 2 i 4 R
MR 2 S

YR/ SOPTY NS AL NIPOR ¥ NS AN
S (18] 2 FR 2) AN To 1 A BEAT AR R AR
JERESRE BN Y RS BEIR T AR E YA+ E
B AU SR T kA B 2 BN A Shannon 18
B I A S

Ji s D REAT A R X HE AR 2 RISV 0 R
& Shannon T84 A S UL BEHAT W 252w (1A 2
R 2) ANWHTBATER, 15 D REATY 5k # 25
B ERERFEARZ Y Fh = & & Shannon 5%, 38N 4=
SACHE M HAL 2 i AR s YA 45 H S
Wy 5 I D REAT R 5K X TR AR R HEAR S R
BE V% )W) P 3£ & . Shannon 38 BUF A= 20 3% 1)

I 451

30

P P,

Fig.2 Effects of Phyllostachys edulis and Oligostachyum oedogonatum expansion on species diversity of broad-leaved forests.

I . F75AKJZE Arbor layer; 11 . #EAKJZ Shrub layer; 1. 7% 544 Total community. AR KE FRERRBATRFEY 5 B 25 5 3 RFE/NE 5
FEF R AT R R Y 5K 58 5 7] 22 5 i 3 (P<0.05) Different capital letters meant significant difference among different expansion intensities of
Ph. edulis, and different small letters meant significant difference among different expansion intensities of 0. oedogonatum at 0.05 level.
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®2 BMMPT OB KT EM AT SR mE
FESH

Table 2 Two-way ANOVA of the effects of Phyllostachys
edulis and Oligostachyum oedogonatum expansion on species
diversity of broad-leaved forests

Rk SREHERESL B iy gAY AT
Layer Diversity Ph. edulis 0. oedogonatum  Interaction effect
index df F df F df F
PN S 2 594 2 341 4 0.6
Atbor H 2 1491 2125 4 017
D 2 1328** 2 27 4 092
HEA S 2 215 2 547 4 180
Shrub H 2 547 2 153 40 136
D 2 2.03 2 40m* 4 173
ik S 2 548* 2 1006%* 4 0.94
Community H 2 234 2 7.68** 4 147
D 2 3.09 2 661%* 4 219

# P<0.05; * * P<0.01. S; YR ZJF Species richness; H: Shannon
ZFEPEFEEL Shannon index; D AL HJE Ecological dominance. T
[i] The same below.

MmN (R 2).

PRI 4 55 X A8 4 A PEHR B 5% i R I
A 5 8 B IS (36 3) . 2440030 o] i bR 3 2 R R A
TRl E Y Tk A RS (P,0,) , BN REVE Y B b =
B Shannon F8%I AR A OL R /) 2 280z #5 B i
KFABRL. T3 58, BT MR BEE LY £
FEE 8 5 00 T o s /R
2.3 PRI TP IR R A G R

3 AT, 3 LA e B e B AT S e I
MRk, A S b B i DR ek (H Y R
KA, B 2 (8] B AN SR, 24 BAT ek I
FPLHFN 5% BEERI (40~60 ind + 100 m™) , iy
DHEEMTAE G RABAE R A R G5 DA e
SRR P A, 2 B 38 3] — 5 AR I (400 ~
500 ind + 100 m™) , BATWHMER ASE K ZBR. AT

&3 BN ORI KB RIFM M TS R 2T

Table 3 Effect analysis of Phyllostachys edulis and Oligostachyum oedogonatum expansion on species diversity of broad-leaved
forests

ZRMEFR AL kR =R A BATFRE Jir =5 BT S AL 38 H AL B A
Diversity Expansion Total effect Main effect of Main effect of Interaction Addition effect
index intensity (%) Ph. edulis (%) 0. oedogonatum (%) effect (%) (%)
S P,0, -33.4 -14.9 2.5 -10.5 -12.4
P,0, -74.8 -55.5 -40.6 10.7 -96.0
H P,0, -22.4 6.9 -29.4 0.1 -22.5
P,0, -92.3 -52.0 -39.3 -0.5 -91.3
D P,0, 68.6 42.0 115.4 -44.4 157.4
P,0, 381.4 185.2 77.3 59.4 262.5
0T Uise i KAL (HAMR AW AR FIUAR AT F 3 ik 25
2 ol AR R R 45 0 B 220
iﬁg ° o AR, N BAT A M7 D FEAT , B — AR
g § 300 | SKRER SRR A S 254, 2 e ) S R
Sl HABIN AT 2 AU AN 0 2 10 A2 ¢ 8,
3 ° o 0: 10 288 4 : 6;7% : FERVEL L 2« 8 73 B
Suop B ° 3071 O 1) BRG] 2 ]
: . o | e, AT A (L. BB A
0 10 20 30 40 50 60

H XL A SR DRAP DX S B RSz BAT Y 5K, A
ESIAKA PN AR ARAS AR ) 2 35 0 T 2

FA181 Density of Ph. edulis (ind » 100 m™)

B3 B S OREAT kd R B S R
Fig.3  Quantitative relationship between Phyllostachys edulis
and Oligostachyum oedogonatum in the expansion.

UL, P o 2Z TAIARA AR 25 [ 5 4 B R 4
3
3.1 BT ST AR KIS ORI AU
)

TS AT IR (BB S50 5 AR 5451 ) TRk
TAEYAE B S 8] N SR A5 B SR BT, SE B

H L BUAS I T B AT e B, 2R ¢ i
ARTFI A S8 A2 B 7 MM T A FEAT 7 5K AR I ] I
E— AT IAL, BT EEMCETAR)Z I O REAT
THUBHEAR R U HIEAT T 5 5 5K i (PL0,)
WIS ARJEAT « RERELCN 8 2, FEARIZAT - K
WO - 1 IR AR A s =R (T 1).
3.2 BATEM R YK R AR R LR 2 A
HOE=) 1B 4

Prh R PR A VR 45 5 D RESC BLAY S A, —
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JBER Y R 22 B2 B | Shannon 8 B0 AR 2500 3 4%
FERIARIL Y ARBEE KB, BAT T R
KA AR ARSI 4 5K s X 4y e 22 R A 1) 52 i)
AR AH R R B 5K 2% 3 BRI AR B -
JEAI Shannon $6X0(# 2) . AT 15 D REAT R Mg 4y
b= R A A R 73 3 3K - 55.5% FT - 40.6% , i
Py e Shannon 5 $4 1% 187 B 08 73 51 Ry - 52.0%
M=39.3% (3£ 3) , HPIRRAT 5 19 52 B0 A W] 2
(2R 2) , REBAT T D REAT X Wy T Z R B 2L
L2 T — AT T K SR EE R D A AE ]
FIRJAH EL DI R) B AH B ] 29 4 T AE P 5 0 45 A ) 22
FEVEFR R I S0 2047 7E B IO, B AT Im) i 7 5Kk 2%
U SR B AR AR 00 AR W Z R (1 2
#3).

3.3 BATEMAT DREATY IR R AR A Y 2 A
S %) 25 AN,

BT I BB i AR R 2 R R 52 B
VEFANBH ST 32 B2 iz, X vl RE S5 B A TR A=
I B S L B DA R S B SRR EY U PN i) G
Prfh, ik 10~20 m, JF7E 50~60 d 5Eam A, i
HABAS A, 4 4R A fof ( Schima argentea) | &t ( Cas-
tanopsis eyrei) F5W ( Castanopsis fargesii) , B35 % 4
IR T 10 AR i HL AT AR AR AT R
7 10~20 ind - 100 m™, X 245 g iE B AT M A L
M BJZE, SIRARFOCT IR AT T A GE R B0
SRR PR, JEH 2 — e [P, IR
(Sassafras tzumu) FUAT7A% (Alniphyllum fortunei)
AR TR A KA R H AT iy AT
Je— M /NEGR A AT AT 2.0 em, @38 4~ 6 m %
AR BT 200 ~ 300 ind - 100 m™> ) M A& 5 B AT
T 45 P RSk T B SR 0 AR AR L E R A
THEARTFITRA RSB/ I () B iR B A 5 4 AR
s AREATE R AR N, KR AR 2L A R
FAAE(R 1) AT T 251853 B/ 38 4 PRI A BAE
FAASBIR, AE P25 Hci e, W) T 2t Ll ot QTR
7% , A B S B HABA A | 2 S BRI AT B
RROMMELUE W AR BT EEEE IR Iy D il
Wy FHEEMREA P 5 X B AT 2 RE VR R S A7
TEH 0 28 IR0 A BF 9 R W B A AR 2 AT
4~5 m, FENMHIE0~40 em T2, FERIH RIGH
AT IAPEY AR ST A R B, b A D R AT A R
RN AT HEAE K AE K 0.8 m, SUHEA: Wy R ]
%4300 kg - 100 m™ AR A[3A 15 kg - 100 m ™, FHLE4>
AEAEAR I 2 LR R R 2,0~ 10 em L2 HI &

i 31%. BATE IRGAE ST AR R BEAT 564, b
DREXTAE R R SR BEAT IR0 5 S A BE A, X
AL AT AEIR R MR A AR R B0 S AL MR 5 18] /9 23 J2= AT
[P LK O S S VA N AN [TE= 915 VR PN
A JEEAL 55 A1, PRI AT 5 m] i A B, 40
AT U B R T S AT i
Py 38 e e P T AR TR AR B A e A o BE A
JRY ST AR TR W R ARG () R
MM A I P 2 FEE.

4 & B

JEAE AT 5 IS D REAT [R) I 5K ] b i)
(852 AR AN TR (79 385 14 2 i 25507 o 2 A ) Ao
L B R R 2 BV W AR AT i R
e ZE [T MR AR PR 25 05 3, 0 BT AR A
I e S A U BT SE S HE R AROR I
REATSE A HE R A, W I 5 U v LSS A
fa b WymhZ REPE T R HRE, A -7 79 sk b e &
BRI SAATR AR R 058 17 BT MY D
TR AR AT 1 X Fe 5 2540 55 W b 22 B 1 B 2k
IO, 4 e B8 22 P A ] I3 K @08 3 AR AR AR 25
RGBT, JUHEM AR 101 % A A K
R SR S50 T, LA S Z BT TR ] S R BIE .
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