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Bt PH g R A 95 Ak DA ) 22 R S B A 1 B
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e 22 1 BRI (] ) A2 AU RRAE S E— 2D R 3 AP
TAB SR PR R 45 00 b A R ) o 22 R M R AIE L 2R
AR T K AR ) 2 28542 A B S it BdiE ARt Ay
BAL LR A 1A B LR AR

1 MBE5RFE

L1 #SFRXEERRERR

WX IR T P R 7 7l 5 Ll B (237247 — 24°2]
N,107°41'—108°29" E) BE W AR IS K & . &) 74
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ANFEDT AR SRR PR A AR L R B AR IR
LA [RIEE 78 JEAT A9 A (Shrub Land, SL) ik &
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MK % H 8 P<<0.05, % Bray-Curtis FE &
A% 1 B i) P 2 AR ARl 43 BT (Principal Co-ordinates A-
nalysis, PCoA) & 75 A [Fl 18 52 450 2 b 241 B 1Y) 22 53¢ %

TR REAR BRI 1Y 45 ZRE PR FE B T A ARG THE Zibia,
HIEFEE(S) S = FEHh PN B B R B,

LS R4 LN Wy %) ) EEEsR

~SPInP. 2.1 HEAE 3 MREEEKS K TEER B R
(3) NMEEHER T

3 FORTEME E KT HEEARZ YR B R
] H 5 3k 38, Hodh L PDOP B 80E 8 K, i 2013
Pielou ¥4I 455 (J) . ] =1H—S, (5)  AEMY 18 Bl 25 B 27 R E 2021 4E 0 24 B 30 & 31
" Bl HU R MADP, i 2013 4E 19 14 R 25 /% 26 ﬁni-*
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Table 1 Changes in families, genera,species and total individuals of plants in shrub layer and herb layer of understory vegetation in

three different restoration stands and shrub land

WEAKJZ Shrub layer
FR B Thw mm mm

AR )Z Herb layer

Type Year No. of  No.of No. of T E'/I\M:ﬁ .\ﬁ;%ﬂéf I\E?{gf l\?f)%%f E'/I\M:ﬁ
family  genus  species otal individuals family  genus  species Total individuals
PAFP 2013 12 15 17 40. 33+ 11. 59" 6 16 17 180. 00 + 107. 39**
2015 14 19 23 128.33 + 57, 74" 14 18 20 236. 67 16, 65
2019 14 15 17 79.33 + 18, 88" 11 17 18 956. 67 + 53, 78
2021 15 20 23 54,00+ 17. 524 9 17 17 741,67 +£102. 81"
MADP 2013 14 25 26 46.33+ 7. 64** 12 25 27 265. 00 * 49, 00***
2015 13 18 21 142.33 34, 95" 12 20 21 297.00 + 55. 76**
2019 14 17 18 128.33+73. 35" 12 18 19 1100.33+193. 71"
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Continued table

WEAKJZ Shrub layer

WA JZ Herb layer

KA T TRm mm mm

Type Year No.of No.of No.of T E'/MZF?SI . No.of No.of No.of E'/l‘ﬁié’ﬁt )
family genus  species otal individuals family genus  species Total individuals
2021 15 27 29 155.33+18. 01" 13 24 27 282. 67 + 87. 49**
PDOP 2013 18 25 27 54,67 + 10. 02 9 23 24 392. 00 + 33. 78
2015 14 19 20 168. 00 * 40. 26" 12 16 18 275.33+87.16**
2019 12 17 18 128. 67 + 62. 93" 16 22 24 948. 33 +82. 78"
2021 24 30 31 133.67+9. 618 16 24 24 313.33 +66. 23**

SL 2013 13 21 21 142. 67+ 41. 06" 5 13 14 245,33 +41. 00**"
2015 9 14 16 557. 67 + 285, 00"" 7 13 13 333.33+56. 75"

2019 13 19 21 140. 33 +22. 01** 11 18 18 543.00 + 146, 26"
2021 10 11 11 226.00 % 33.15* 8 18 18 666. 33 + 82, 34"

NG TR ] R [ — 2 BOR 4R 4y 22 5 8 3% (P <C0. 05) . K5 F AR i) 6 7R 7] —4F 43 A [ 25 41 22 5 i 3 (P <<0. 05)

Note: Different lowercase letters indicate significant differences in different years of the same type (P<C0. 05) ,and different upercase letters indicate

significant differences in different types of the same year (P<20. 05)

TR ZHYIFE G PP A S HER ) B B R
(£ D . SHEARZEM,3 FlA FE & M5k F 5
ARZHEYF R R ECE AR LI R — 2, Bk PAFP
1 PDOP FA JZ A8 W) B ECH BT 88 I 4b , B 4 Ak 43 #k
THARRHEYIE FECE AR >, I SL AR
P FR R R ECE ¥ 2 I BN, th 2013 4F 1Y
5% 13 J8 14 A & 2021 4E 1Y 8 B 18 J& 18 Fib
(D,
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BORE = T 2013 4R, HoAAE £y 8] 22 5% A8 B 3% s MADP
FEARJZ 2013 A S0 2 AR T A AR £y At 4R
Oy IH) 22 55 A 8 3 5 10 SL K2 2015 4F B9 S 7R K
3 ARy AR M 22 5 RN B3 . A RE
SR 2 AR B AR AL 5K 2 R W L PAFP
A SL Ay 2019 4F F1 2021 4F B R J2 B A R %0 3%
e Tl ARy . G AR Oy H] 22 5 AN W3 (FF PAFP
11,2019 4E 8 B F & T 2021 4F); i MADP Al
PDOP AL, 2019 4F B A 2 84 7R %5 2 & T H Al
gy HAAE Y M 22 5 AN B3 (R D).

[ — A5 AN [ 4& 20 20 70 R 2 R B R )2 A I
B AS b F B 2013 4F R 2015 4F SLJE AR JZ (1) 6
AMRECE R T 3 FMB R AR, 3 BN TAE & AR )
2R AW 2019 FA4 R A W 2752021 4
SLEARREREmT 3 ANTEBLEKS, MADP #

PDOP 3 & F PAFP. AP & 22 57 A 3% . 2013 4F
PDOP REA JZ S B 205 T PAFP, HAt 79 74 [i]
255N 2015 4 4% S A 22 5 RN .35 52019 4F 3
N TAB ARG BA 2 SR 2 & T SL REAR
2.3 RN TS ARy 8] 22 53 A8 18 % 5 2021 4F ) 3% 9
4 PAFP Al SL HA R BANARUE 3 & T MADP Al
PDOP, HpERABEGE D,

2.2 EAMIFMAEEERIHTERAKNYHE
ZENTL

(DWER)ZE,

PAFP 2013 4R A JZ A8 9 1 F 2HE HE T 5 199
20K (Boehmeria nivea) \#i3f| (Vitex negundo) |
IR ( Broussonetia papyrifera) . ¥k 6 (Urena lo-
bata) F3% G W (Radermachera sinica ), Hj 4 F ) &
BUEYIRT 10, 2021 4E3HE AR Z MY 09 & S8 HFHT 5
B Fh 2 B IR | 4 A6 2% (Camellia petelotii) 3 K
(Paederia foetida) 3% 5. # FUH M & #) F (Rubus
alceifolius) -5 T & H ZAE M T 20 45, HAh Py Fh (1)
HEEY/NT 10, 2013 4F A1 2021 FEE(H =1 /Y
RAFEY) 5 B4 16 FlFD 22 Fl, 430 7 B 22 H 1Y
99. 00% 1 99. 02% . 2013 — 2021 4F. 4 9 4 FhiR
ARV (B ZE<D B 8L 15 9. i T 2019
SETEART R 2 AE 28, R I 48 A 25 B I e 22, % RR D
Pl Z (R 2),
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F2 ELNIHMARBERSHRTEREREYMEZENTL(EEZE =)
Table 2 Changes in important values (IV) of species in shrub layer of understory vegetation in three different restoration stands and
shrub land (IV>1)

PAFP EZE(H BEEMEA MADP EZEH HEEMA PDOP EZ(H HEMA  SLEZME  HEEDL
1V of PAFP IV change IV of MADP 1V change 1V of PDOP 1V change 1V of SL 1V change

Y Fh Species
2013 2021 2013-2021 2013 2021 2013-2021 2013 2021 2013-2021 2013 2021 2013-2021

2 26.83 5.89 —20.94 23.91 22.08 -1.83 16.92 28.48 +11. 56 2.28 11.90 +9.62

Boehmeria nivea

s 15.48 22.86 +7.38 11.59 23.91 +12.32 18.99 -18.99 37.04 41.99 +4.95

Vitex negundo

Licka)

Broussonetia papy- 12.58 —12.58 5.81 2.38 —3.43 1.99 -1.99
rifera

Jo B e 10.67 4.01 —6.66 2.46  1.85 -0.61 5.10 1.19 -3.91 11.70 +11.70

Urena lobata

Radermachera sini- 5.80  6.06 +0. 26 8.08 3.80 —4.28 7.93  4.07 —3.86

ca
A

Clerodendrum  ja-  5.48 —5.48 7.18  2.41 —4.77 3.34  3.87 +0.53
ponicum

Liid 3.66 —3.66 2.13 +2.13 8.12 -8.12

Mallotus barbatus

e 3.55 —3.55 6.05 2.00 —4.05 5.05 -5.05

Melia azedarach

A% _ - -
Mallotus repandus 501 3.01  2.38 2.38 2.34 +2.34 1.90 1.90

AL 2.77 =2.77 4.08 3.86 =0.22 3.11  2.46 =0.65

Alangium chinense

Tt 2.08 1.32 -0.76 2.91 -2.91 1.14  1.48 +0.34 1.41 -1.41

S€71€Ci() scandens

LLRRFT _
Alchornea davidii 2.02 2.02

£h
H A 1.69 1.90 +0.21 1.62 -1.62 3.16 -3.16

Rhus chinensis

Z R

Pterolobium — punc-  1.26 -1.26 1.97  4.22 +2.25
tatum

P 1.06 3.54 +2.48

Rubus parvifolius

TR

Flemingia prostra- 1.06 -1.06
ta

FEAT 1. 09 +1.09

Rhapis excelsa

i AR

Dalbergia hancei 1.40 +1.40
ITREYS]

Triadica 1.10 +1.10
cochinchinensis

g
Melia azedarach 1.55 +1.55

9
i 3.14 +3.14

Oreocnide frutescens
i
Maclura  tricuspi- 1.29 +1.29
data
.
IS0 Bk P2 7k 5 1.22 +1.22 6. 31 +6.31

Embelia vestita

R T

Rubus cochinchinen- 1.13 +1.13
sis
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Yy Fh Species

PAFP i #{f
IV of PAFP

HEHAM MADP H#{H WAL PDOP HEfH WEAAL
1V of MADP

1V change

1V change

IV of PDOP

1V change

SLE#E(E  EEEAL

IV of SL

1V change

2013 2021

2013 - 2021

2013

2021

2013 - 2021

2013

2021

2013 - 2021

2013

2021

2013 -

2021

A1 1

Psidium guajava

/N2 T

Ligustrum quihoui

P

Lantana camara
B g By R
Desmodium — zona-
tum

5T

Rubus parkeri
K5 Bk
Callicarpa macro-
phylla

K 22 R

Maoutia puya

J 2 R
Boehmeria clidemi-
oides var. diffusa

Ko 7 T AR
Dalbergia odorifera

% f1 Trachelosper-

mum jasminoides

ICPN

Paederia foetida

B AEA

Camellia petelotii
HE A

Phyllodium pulch-
ellum

L2/ 3

Boehmeria japonica

Rhynchosia volubi-

lis

Ligin
Mallotus tenuifolius

A

Caesal pinia sappan
SRR

Cajanus  scarabae-
oides

B KRR T
Hydnocarpus hain-

anensis

A My i

Sageretia thea

Jeren

Stephania longa

KA

Celtis sinensis

JUAR A R
Desmodium styraci-
folium

P A

Mimosa bimucrona-
ta

3.66

1.32

1.38

5.06

+3.

+1.

+1.

+5.

+2.

+1.

+8.

+9.

+3.

+3.

+1.

+1

66

32

38

06

33

66

01

08

90

.43

+1.67

+2.38

+9.04

+2.98

1.13

11.61

3.37

+7.61

+7.09

+1.13

+11.61

+3.37

13. 50

+13.50

.04

.50

.02

.02

.35

.68

.62
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PAFP f#{H HR(HZ{ MADP f % ({H
1V of PAFP IV change IV of MADP
Y Fh Species

WA PDOP HZA(H WmEEAA  SLEZEME - HEEEAML
IV change 1V of PDOP IV change 1V of SL IV change

2013 2021 2013-2021 2013 2021

2013-2021 2013 2021 2013-2021 2013 2021 2013 -2021

% 5 HE
Stachytar pheta
jamaicensis

B 1.62

Cayratia japonica

i £ 5T
Buddleja
lindleyana

B
Dioscorea
polystachya

HM 2T

Rubus alceifolius
Lygodium japoni-
cum

PN

Urena procumbens
RA G
Dendrolobium  tri- 4.23 +4.23
angulare

e
oK 1 A 2.24  1.17

Breynia fruticosa

st Lot
Rhamnus crenata :
P

Malvastrum  coro- 1. 67
mandelianum
e

Rubus rosifolius

5.99 +5.99 3.08

1 75 4
Mallotus apelta 2.23 1.15

i A% s 4.62  1.72

Litsea glutinosa

BT
Ficus tinctoria sub- 1.67 1.01
sp. gibbosa

e 7w

Bauhinia cham pio-

nii

wAb e

Sida acuta

o 1.71
Toona sinensis

2175 LR FT

Alchornea 2.49
trewioides
Gt

99.00 99.02 +0.02 95.41 94.93
Total

4.67 —4.67

+1.62 11.93 +11.93

1.16 -1.16

+3.08 6.37 +6.37

1.18 -1.18

1.32 -1.32

1.62 -1.62

-1.07

-1.01

-1.67

=1.70

-1.08

-2.90 1.67 -1.67

1.29 -1.29

-1.71

—2.49 8.19 -8.19 27.09 =27.09

—0.48 94.17 90.35 -3.82 94.59 98.37 +3.78

MADP 2013 49 A2 A8 4 ) A HFHT 5 199
FhO= A2 RR L B SR EW L MU (Clerodendrum ja-
ponicum) FBE (Melia azedarach) R/ 2 Fi i) i F {4
PJRT 10, 2021 4FHEA JZ AP0 09 5 ZELHERT 5 19 %)
FhoOE B OB M ORR. & A B N A R CAlangium

chinense) MIZEE B, 5 T % R A0 2590 & ZE M 14 20
Ah HAl YRR A EEAE /N T 10, 2013 4 A1 2021 4F
LA =1 RN 53500 20 FhFn 21 #5350
MO EH M 95. 41% A1 94.93% ., 2013 - 2021 4E . A
8 MWy AhR AV (B EEAE <D B 9 b
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BRI I fe 22 L U 98D e 2 (3R 2)

PDOP 2013 4F 3 A JZ 1 ¥ i) 8 22 E HE T 5 199
o2 B O M ORR. 4B 1 R FF CAlchornea
trewioides) .Ml (Mallotus barbatus) Fl & T #, i
TR 2 R EEM AT 15, HAY/NT 10, 2021 4F
HEAJZ ) (0 B BAEHERT 5 B9 W) A 2R 5 B
(Cayratia japonica) G AEA% ¥ 25 K (Boehmeria
clidemioides var. diffusa ) 1 4 1 ( Trachelosper-
mum jasminoides) . K EH EAH ML 20, 1 85 % Al 4>
AE25 E B ok 10, At 4 Fb i B ZEE /N T 10,
2013 4F A1 2021 4R HZAH =1 WARAF Y 43 5 F 20
M 16 L 235 o B EEE{E A9 94. 175 F1 90. 3504
2013 - 2021 4, 14 D) B 0 v (B H 2 <
D Bt B 10 DA, 5 S kg 8 i 2 v IR /D I
Z(K2,

SL 2013 4F ¥ A J2 A9 1) BLEHERT 5 694 Fb
S L L0 L R AT R S ¥E (Stachytarpheta ja-
maicensis) &M HE (Sageretia thea ) FYE I 25 B
(Mimosa bimucronata) , ¥ 36 F1 21 35 1L BR AT 85 2 {E
o 2 X O 43 R 37,04 1 27. 09, AR NF 5,
2021 4FHE N T HE R 2 M) () F ZE HEET 5 B9 Fh
B KIS ER (Callicarpa macrophylla) ™ K .
Hu Bk AL ADHL A 4 1 R 1ML B T R B E /N T

10 Ab, Ho A 3498 3 10, B HA) 4 28 %) 00 3, o 2 (E 3k
41.99. 2013 4EA 2021 4F EZ(H =1 B AR A ALY 73
S 14 AL 9 B, il bR B Y 94. 59 06 I
98.37% . 2013 - 2021 4F .4 11 D) FiR o (5L
HEE<D B B 6 DNIFD RS BRI A 2% L 21
T ILRRAT I D e 2 (3R 2)

()FARJE,

PAFP 2013 4K A YY) Y F ZEHERT 5 /94
S H ] (Ageratum conyzoides) . H 2 (Imperata
eylindrica) . JK FE B (Apluda mutica) . &= 4 FE 4T
(Microstegium fasciculatum ) F #F R £ B (Cy-
closorus acuminatus) » {i 4 Fi i) 8 ZAH Y KT 10,
2021 4F A Z AR Y 09 EAE HERT 5 B9 4 Ao 10T 1
(Miscanthus floridulus) & §& (Nephrolepis cordi-
folia) . W5 ¥ (Bidens pilosa). H 3 M5 L%
(Cyclosorus parasiticus) JHT 4 Y A o 10,
DAL 2 B0 R A g ik 28. 24, 2013 AE A 2021
R EH =1 B EAY 054 17 FA 11 F, 2 5)
B B {E A9 100. 0120 1 95.36%4 ., 2013 — 2021
VA 12 YRR R (EZEME <D B 6
AP IS IR £, D iR 2 HE AR GR
TEVE (R 3,

K3 EBELANIHAREERIKTEAENEEZENEZA(EEE=L)

Table 3 Changes in important values (IV) of understory herbaceous plants in three different restoration stands and shrub land

(Iv=1)
PAFP EZE(H HEEMEA MADP EZEH HEEMA PDOP EZ(H HEMA  SLEZME  HEHEHEDL
WA Speci 1V of PAFP IV change IV of MADP 1V change 1V of PDOP IV change 1V of SL 1V change
Species
2013 2021 2013—-2021 2013 2021 2013—-2021 2013 2021 2013-2021 2013 2021 2013-2021
%‘,ﬁ—% Lo 2.27 17.41 +15.14 1.48 15.96 +14. 48 4. 85 +4.85 1.75 27.50 +25.75
Bidens pilosa
FEHL
Arthrazon hispidus 1.76  9.67 +7.91 1.12 +1.12 7.19 +7.19
7% 7 ]
Ageratum 15. 90 —15.90 12. 05 —-12.05 20.73 —20.73
conyzoides
A
Imperata cylindri- 14.78 13.53 -1.25 11.07 2.17 -8.90 6. 84 -6.84 2.05 +2.05
ca
K R - -
Apluda mutica 11. 34 11. 34 8.58 8.58
SR
Microstegium  fas- 11.17  3.20 -17.97 39.64 10.43 -29.21 22.70 10.37 -12.33 10.22 1.81 -8.41
ciculatum
Wik E Bk
Cyclosorus acumi- 9.60 -9.60 1.94 -1.94 5.17 -5.17
natus
?%§ . 8. 46 —8.46 5.57 +5.57 9.75 2.72 -7.03 15. 37 -15.37
yrtococcum patens
CHLEE
Chromolaena odora-  7.47  2.71 —-4.76 3.71 2.47 -1.24 2.37  2.71 +0.34 6.41 -6.41

ta
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gk
Continued table

PAFP EZE M HEEMEAL MADP EEH HEEMAL PDOP EE(H HEMA  SLEZEM  HEMZL
W 1V of PAFP 1V change 1V of MADP 1V change 1V of PDOP 1V change 1V of SL 1V change
Species

2013 2021 2013-2021 2013 2021 2013-2021 2013 2021 2013-2021 2013 2021 2013 -2021

ﬁﬁi 4.68 —4.68 3.27  2.00 -1.27 2.46 —2.46 1.56 -1.56
Ixeris polycephala

L _
Ipomoea batatas 2.70 2.70
e

Artemisia japonica
T

Miscanthus floridu-  2.49  28.24 +25.75 3.67  6.27 +2.60 3.63 1.61 -2.02 1.83 +1.83

lus

R _

Salvia japonica 1.94 1.94

FLgi R

Bothriochloa pertu-  1.48 —1.48

sa

0 7 F

Monochoria vagina-  1.05 -1.05 1.77 -1.77

lis

L 1. 04 -1.04

Artemisia argyi

2.63 —2.63 1.70 =1.70 2.25 —2.25 1.51 -1.51

A E5E 101 ~1.01 1.78 -1.78  2.66 ~2.66
Erigeron canadensis

Erga )

Pogonatherum cri- 3.63 +3.63 1. 56 +1.56
nitum

5 Bk

Nephrolepis cordi- 17.73 +17.73 3.20 16.41 +13.21 3.04 31.48 +28. 44 38.38 +38. 38
folia

T Hi A AR

Bryophyllum  pin- 3.45 +3.45 3. 56 +3.56

natum

A i 5
Preris multifida 1.11 +1.11

Je2F

Agrimonia pilosa 1.32 +1.32

B IR 2K 1k

Adiantum  flabellu- 1.75 +1.75
latum

LIS
Colocasia  antiquo- 2.79 +2.79
rum

4
Achyranthes bident- 4. 06 +4.06
ata

KB 1.50 +1.50 2.51 +2.51 1.94 +1.94

Polygonum chinense

Jh5 I 2.24 —2.24

Digitaria ciliaris

CETS S
Paspalum scrobicu- 3.05 1.83  -1.22  1.87 -1.87

latum var.
orbiculare

Lig]

Chrysanthemum in- 3. 00 +3.00
dicum

B

Saccharum arundi- 2.09 +2.09 1.42 —1.42

naceum
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£ S

Continued table

PAFP i #{f
IV of PAFP

WEEAEAL
IV change

MADP # % {if
1V of MADP
Yy Fh Species

HIEAE  PDOP &%
IV change

R
IV change

SLE#E(E  EEEAL

1V of PDOP 1V of SL IV change

2013 2021 2013-2021 2013 2021

2013 -2021 2013 2021

2013-2021 2013 2021 2013 -2021

R TR
Cyclosorus parasiti- 4.19
cus

e
Aster indicus
L&
Selaginella
lendorffii

AR R
Pennisetum
curoides

+4.19 4.66

moel-

alope-

= ok

H &
Artemisia caruifolia

e i

Caryopteris incana
NEY 3

Pteris cretica var,
nervosa

P B 145 3R
Lindsaea orbiculata
INE BB
Ottochloa nodosa
var. micrantha

BT
Bothriochloa
bladhii

ESS

Neyraudia reynau-
diana

+ A2

Talinum panicula-
tum

Youngia japonica
U T 2k £ R
Asplenium sam pso- 1. 31

ni
+ 4

Achyranthes aspera

B

Sporobolus fertilis

+1.31

s
ail 100.01 95.36

Total —4.65

90.20 93.63

+4.66 1.18 +1.18

2.30 +2.30

2.67 +2.67 4.15 +4.15

2.14 +2.14
7.15 -7.15
12.51 2.29 —10. 22
8.27 +8.27 1.82 -1.82

3.67 -3.67

2.13 -2.13

22.65 3.21 —19.44

10. 59 —10.59
7.11 +7.11
1.56 +1.56
10. 51 +10. 51

1.61 +1.61
+3.43 92.94 94.94 2.00

100.00 96.72 -3.28

MADP 2013 48 A JZ A5 Y 1 E ZEHHERT 5 19
P& S5 AT B HE A CHLE (Chromolaena
odorata) F1H 471, 7 3 Fh Ay EZEI K F 10, 2021
AERLRZ A Y 0 BB HEAT 5 AW A B R LR BT
BB A ZEAT L (Arthrazon hispidus) FH T2,
BT B BR R BT B & AR SEAT R S T 10 A,
b 4 o ) B SR 4/ F 10, 2013 4E 1 2021 4F & %
=1 BB ARIY 0 0 14 FhF0 17 &b, 43 50 5 S
B 90. 20 % F1 93.63%, 2013 — 2021 4E,H 5 4~
PR REYE (R B <D 5 I 8 AN Rk, A

EE IR Z BRSSO B E (R 3.

PDOP 2013 4F A JZ HE 4 (14 5 2HH HERT 5 198
PR S AEF EF SRR (Cyrtococcum  pat-
ens) JRBERLFNE S, BR T & A2 55 77 R0 4 A ] ) B
TARF 20, HAK/NF 10, 2021 4F A A Y 1) &
BAEHERT 5 BRI B BR L LA SE AT A (Achy-
ranthes aspera ). R F& Bk ( Pteris cretica var.
nervosa )M+ NS (Talinum paniculatum) , B Bk 5
WY AR A B R 30, & AR S AT R R A4 I E B
AT 10, H Al 4 Fh i L EAE /N T 10, 2013 4R A



BARER, B, EZ,INELE ARA, BRRX,AEX,BES FTHR,ZEX, R ERARURREERD K TEEMEY ZHEHTL

2021 FEEEH =1 W FRARMY) /3504 14 FiFn 17 Fh,
A3 i L Y 92. 94 %0 1 94.94%, 2013 — 2021
AELA 9N R VR (B S E <D, T B 12
PRl F RIS IR 2 R D R 2 AR R
(£ 3.

SL 2013 4F B A 2 HH 4 (1 F ZEE HERT 5 194 Fh
R T2 (Bothriochloa bladhii) . & H75 | 22 /2
(Caryopteris incana) .2 (Neyraudia reynaudi-
ana) FIE LAY .5 NMYF B EZEEH KT 10, 2021
AR RIS 2R W 0 B HETT 5 A0 W RO B R LR B
¥ L E VL &M (Selaginella moellendorffii ) Fl
FUMR B B T B R RT A BT R EL(E K 20 b, B
/8T 10, 2013 4EF1 2021 4F B A(H =1 Y F A
R4y WA 14 R 13 i, 4x 15 T (E
100. 00 % F1 96. 72% , 2013 — 2021 4E, 4 10 4 Fh

BB (B EAE <D B 9 ARl B R B
% B TEEDRL (K3,
2.3 EMMIMAREERS K THEBEDTHSHEMH

(Da ZHH.

XUH R 7 28 0 W 25 3 s A RE 52 pR 43 X oA
ZE R AR 2 Y Fp FE & | Shannon - Wiener 48 #1.
Simpson f8 %4 F1 Pielou ¥5] B 4§ 2035 B A 1o 35 52
(HARJZMY) Pielou ¥ 5 B8 Bk ) (P <C0. 05),
ARy XTE R )2 Pielou 3557 3 48 B L K X B0 AR J22 49 Fof
#F & J& . Shannon - Wiener 4§ %{. Simpson 5 % 1
Pielou ¥5) FEH5 803 HA B &5 m (P <<0.05), &
52 ISR FVAR A 19 28 ELAE FHBR T 0 T8 R J2 R R 2 1Y
Pielou ¥4 48 A7 7F 1B 3552 W (P <<0. 05) Ak, %t
i o ZHEPEFR B W2 (P>>0. 05) (R 4),

R4 ELMIHAREERIRTEMEE o SHEHEBNRZRAESF

Table 4 Two-way ANOVA of a diversity in the understory vegetation of the three different restoration stands and the shrub land

WP Shannon-Wiener #§ %% Simpson 18§ %X Piclou 4% i 45 %1
JZIR A Richness of species  Shannon-Wiener index Simpson index Pielou’s evenness index
Layer Factor
F P F P F P F P
HEAJZ Shrub layer Ay Year 0.078 0.971 2. 881 0. 051 0.078 0.971 6. 020 0.002
iz Type 25. 037 <20. 001 27.128 <20. 001 25. 037 <20. 001 21.683 <20. 001

Ay X #E 2 Year X Type 1. 045 0.428
KA JZ Herb layer AE{} Year 6.175 0. 002
#i Type 12.104  <<0.001

Ay X # L Year X Type 1.194 0.332

1.191 0.334 1. 045 0.428 2.681 0.019
8. 859 <20. 001 6.175 0.002 5.952 0. 002
6. 083 0.002 12.104 <<0. 001 1.354 0.274

1. 447 0.210 1.194 0.332 2.928 0.012

W F RSN EF KRE; P G P (E; P<<0.05 £/mE5 B3
Note: F indicates the F value of ANOVA;P indicates P value; P<Z0. 05 indicates significant differences

P 1 AT B R UK S TR] Y 3G L 3 N
TEEEMRSMHTHERZ o 252302k
AR, Shannon-Wiener 45 4{ . Simpson 18§ £ #1 Pielou
100 FE A8 B A2 AR AR AL, 52 50 /0 I 1 IR s 14
s i WE A RE 95 HE K 2 1Y Shannon - Wiener 35 %1,
Simpson 75 £UF Pielou ¥75) BE 48 £ 0y B f AR AL, 522 5%
BESR I/ 5 S sl L& 1: () (b) (o) ],

Wit o A AR O K T A 1, AR 3 R N B A

AT EARZEWN o ZFENZELE AN,
MADP /) Shannon- Wiener $5 %{. Simpson 5 %{
Pielou ¥4 48 $00 A8 L AHAL , 2 S8 180 )5 vl /b 1 1
TS« I IE 7 A8 4 #a #v, PAFP 26 Bl Je 16 I B Y
“Yi £ A AL ¥ Js, 1 PDOP B A 2 1Y Shannon-
Wiener 54 . Simpson $& £ £ 555 n (2019 43k 3|
WEED J5 T B R 3 s HE N B AR 3 g B AR A B
BAERINE S ud R 1 (D () (D],
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(a)#EJK JZ Shrub layer (d)E A EHerb layer o
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a o.. g o
w5 2] < 2.0 g8
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S5 2.01 1.9 85
85 85
=z 1.8 .8 E2
o | ol
25 1.6 1.7 28
(== c g
55 25
Ga 141 (1.6 G2
1.2 1.5
1.0 1.4
0.8 1.3
0.90-
0.851 0.85
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0.80
% 0.757 : %
L) L
ﬁg 0.70- ﬁg
Ssg 075 €2
88 0.65 ag
EE 0601 EE
Bz 0.70 B
0.55-
0.50- 0.65
0.45-
0.40 0.60
0.90- 085
5 0.85 5
£2 080 080 F2
B2 0751 =Y
TE o701 075 B e
g5 23
22 0659 070 5%
m% 0.60- mg
& 0551 065 &
0.50- 0.60
0.454 - “n
0.40 . 4 . . . . . . 0.55
2013 2015 2019 2021 2013 2015 2019 2021
4E-Year 4F.Year
— @ PAFP o owwe MADP ~ ——-%-—— PDOP  —w—a— SL

1 BEAR 3 BN R E AR R T RS AR R FIREARR o ZEEMERZ L

Fig.1 Changes in « diversity in shrub and herb layers of understory vegetation of the three different restoration stands and

the shrub land

(2) B R,

AN R A W18 2 S R R 2% L R A 2 ) 4 B A
TE W 35 25 5, OBl ] 2 B[R] 28 4k (18l 2) . & T Bray-
Curtis 25 89 35 B i o 32 48 b 5l 40 A (PCoA) K HH
TEA 2 W) Fh 2 B 2 o o RS, — RO HE AT
3 —2E 3 B N CARAE S 2R AL, PR AE S 2 Bl )
FLLE 2(a) . XFRAJZE TE 2013 4, MADP #fh
YR HoA 3 Fhoie Bl 2 A 25 5 L ORAE SR 2 Bl )

T UL 2(b) s 7E 2015 4F, PIFR A T 4li bk (PAFP Fl
PDOP)¥) i 20 B 22 5% A KL B FE 55 1 Bl 5 1R 28 Ak
(MADP) FIENBE T 53 T TR 38 MKk 5 0 BV 09 ) Fb
ZH RIS 2 5horIT s 78 2019 4,3 Fl AN T Ak B &2 2%
RUR R B 22 5 AN KL IFAESE 1 3 5 9 AR U5 o
TF7E 2021 4,3 Fl A ARG 52 28 A0 14 ) b 20 B DU
i — 2 2),
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PCoA axis2: 14.26 %

0.4 @) H#EARJZ Shrub layer e
2
-
[ ®
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& ® A &
o
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0.0 n ® §
I 2 a 5
. ;
®
A® ° &~
® ®
—0.2 © ¢ °
N °
A Ao
—0.25 0.00 0.25 0.50

PCoA axisl: 22.27 %

the shrub land over time
AN RIFE A R AIVE R AW g ZHE1k
T8 BBt V8 A ] ARk (% 5) L, 3 FiE MK 5 BT
75 Z M HEARJZ M FL AR 2 1Y Serensen #5501 Cody 4§

0.50:

0.25

0.00

—0.25

(b)Hi A2 Herb layer ®
° 00

A o : H K Type

o ve| 4 PAFP
o o MADP
A . . e | ® PDOP

] o @ @ SL
A

a 4y Year

. .k 0 2013

o 2015

PR ) o 2019

. B, = 0 2021

® ]
® ::]
Y
A
B A
AR
]
—0.6 —0.2 0.0 0.2

PCoA axisl: 24.82 %

2 VAR 3 PRGSO PR HEAR TR AR T2 b 2H S B 1] #Y) 22 Al

Fig.2 Changes of species composition in understory shrub layer and herb layer in the three different restoration forests and

&5 M4 2 (8] R )2 R AR 2 Serensen $5 A
Cody 48 ¥t 22 5 JF A K5 M 2019 4F #2021 4F
Serensen $§ HUF1 Cody F8 50334, 3 M Z ki 2

RO REME SN . A8 2013 4R A1 2015 4F.3 A IR Z RS A 2 304 W) R R S mib
RS EAMIWIAREERSKTEREMERENT B S

Table 5 f diversity of species in understory shrub layer and herb in the three different restoration stands and the shrub land

#EAJZ Shrub layer HARJZ Herb layer

A} Year 2 Type
PAFP MDAP PDOP SL PAFP MDAP PDOP SL
2013 PAFP — 0.44 0.50 0.47 — 0.55 0.32 0.55
MDAP 9.50 — 0.43 0.62 12.00 — 0.41 0.71
PDOP 11. 00 11.50 — 0.67 6. 50 10. 50 — 0.58
SL 9.00 14.50 16. 00 — 8.50 14.50 11.00 —
2015 PAFP — 0. 36 0.44 0. 49 — 0.27 0.37 0.45
MDAP 8. 00 — 0.32 0.73 5.50 — 0. 44 0.35
PDOP 9.50 6. 50 — 0.61 7.00 8.50 — 0.48
SL 9.50 13.50 11. 00 — 7.50 6. 00 7.50 —
2019 PAFP — 0.49 0. 60 0.68 — 0. 30 0. 57 0. 56
MDAP 8.50 — 0.50 0.74 5.50 — 0. 40 0. 68
PDOP 10. 50 9. 00 — 0.79 12.00 8.50 — 0.76
SL 13. 00 14. 50 15. 50 — 10. 00 12.50 16. 00 —
2021 PAFP — 0. 69 0.67 0.76 — 0.55 0.61 0.54
MDAP 18. 00 — 0.70 0. 80 12.00 — 0.53 0.51
PDOP 18. 00 21.00 — 0. 81 12.50 13.50 — 0.62
SL 13. 00 16. 00 17. 00 — 9.50 11.50 13.00 —

T BB Serensen 18K Z2 T MAUE A Cody 48 %%

Note: The upper right corner is the Sgrensen index,and the lower left corner is the Cody index
3 W SR BOFE A B 0 3, B AR ) B R AS 0 0%

TR, X5 AE XS ES g 52
AWEIE LI HENH 3 PR AR AR TR B A A 0 o B K U B i e AR AT sk Y
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SEDIREGE R B, 2007 — 2017 4F, 5 7 Hb X R 8K K
MR R AR MR AR PR AS AR B R B 8 B, LD Ry
F A AT REZ 2009 4F AT 5 A1 2015 4F Y 2 WY ik 7
G EAEY K BT, A BB R A A Rh 5180 AN
T EORE L N AR A W A R B0 AT ARG K
PR, N 75 R0 b O T 4l bRAGs 52 K20 BE R 2 AR
B B e (B 34 BRAE 2015 4F 1 1R A8 Ak (MADP)
K2 BARA B 2015 4F 1 S R K SF 53 F O T&
MR AR 2 R A AR B B  {E E H BAE 2019 4R
7T T N 7 B AR 2 A R B 2019 4F B 2R IR 7K
., X5 2015 F R 2019 4EBF 5T X 88 (il B A9 R
KEERE . RS AR TRE %,
L B S B 2014 4E 45 8 AN BT 581 (A
[ 7K 3 <100 mm),2015 4EH1 2019 4F HAH 3 1~ H .,
HAFMHHTFREMOYE 6 -7 M. TR EKE
ol JE 3 1 I8 2 o B K ™ EE A A A Ak L DX i AR
Ko TS BORE 3 R | 2 A W) B R
Peghtee,

PR RS 2R Z R E 2R ER
SO A AR DX T 5 B DK R ER
Z SR G IRBE Maa L BFE R AR KRR
AR A MRAE TS A2 31— B BE 1 8 T30, e 34 R e
B — T A R Vi R A X RS L AR AN B
T2 A AR RETE S . ARG R, TGI8 R E A
N TAB S ARG AR HE AR 2, A0 3 Tl 32 2002 2 JpR 8%
IR T I ) Rl RSCEE 1 I VR X AR A, B b A T A
AL XA B 0% 25 W SR R R E . SR, WF SR 0 3 A
N TAB ARG AR R A 2 ) ol 20 1 R0 =F 5 B 28 fb
HS N BT L3 RN TAEZ A 2B SR
Yy A R B L O HLBE % AR 9 A K R ER B 1 1
A TR P S 2R A YR B 1 i E A 7 D)
R PR b k. Horp X DL MADP #il PDOP 1y
WA EEE S, X eSS MADP fil PDOP W # &
O 25 Y (R BRG0P R A v o RN PR B LE IR, — g
B YR EE 1Y) R g 24 56, PAFP & & 6k 4y IF
B I IR G MR R AE ARG 22 AR P BE R B L AR
IRBE L8 T8 A5 1 b 22 A 1) K O 08 2%

5 2019 4 M 1. 2021 4 PAFP, MADP Fi
PDOP ¥ ¥ F % 4> 51 b 2019 4F 42 % 35.29% .
61. 1121 72. 22 % , M E N B P FH AL LG 2019 4F 6 >
47.62% . X5 NTAE AR I3 A= 25 R 558 i PR L FR 2
U D) AH G 5 T A X K R R SR A
B FIAH ) BE T D RR L ORI T G, A,

2019 SFEAEM T B A A4S, B A DR AE R AE 90 %%
PAb s A AR FE B 0 P B R 22—, SR B AR U A
AR K 52 )5 76 ART FhAE &5 A 18 1Y 4 A6 45 & T A7
1. BIFFEZRI L R AR TE ABR UK AR ORI T A bR 7%
T RIRR /L 14 ) o 349 A 16 UL b R A R BE VR
A3 DL o O A A ) 15 A UsL D 5 | RS B Vs ) R Y
Wesh™ . AR RN TABE M AR IURE
el B8R A 108 5 1 R 2D T SO Vi 2H R I B L bR
T AE A A A A B ARG i A D TR AR T | A A VR
VEE 2 0 A 2 2 U 45 4 1 08 Bl o i EL X ) e
B 53 FC A Jmy 7 A BB

HIE B ST 26 BT, K 9K WA AR i 2 AR Shannon-
Wiener 48 £ 50 1A 52 35 ik 35, 1 R AR o 2454
6 R B A B ) 38 B T R AR . AR R L R TR
WA R KB AR R R o ZRAER) A
EFEAE2Z R PAFP # K2 H) Shannon-Wiener 38 %%
Simpson 8 £ M Pielou 3 45) B 48 H b VK &2 1) 8] B9 34
TN, SR A5 B i 3, MADP Al PDOP U A 1%
A Tl sy 1 i s 9B DA DU 3R B Sy 2015 45 2 e
G SCPR [ T, A RS I a2
K MADP #1 PDOP T # A J2 B 3% 35 8 %
fE3E N, 5 T R, 80 o Z0E PR 48 B 55 R K.
PAFP HARZH 3 FifgFoe ik 2 2015 F 23 AR
2019 4F P F [ MADP Al PDOP WA By 4
B RENFAZE 3 MR B T 2015 4 B R
MAFEL T, H ARy ¥, 3 Fl N T E 41
B RS TR T- DR S B M B MR
PEFE B i, T KT HE ) Rl OBCN TR T R AL &
WP W E T REME R BRI, A5
T G BT ) R R LA B A R, S
A58 45 SR — 3,

B Z RV MOFR A B 0] 5l 7% 18] 1Y 22 FE M, 2 4R T
HE— PR B B AN [R) £E 55 1 v 22 (8] ) b 2H B AR S
Il b VT S BB A R (Y R e R0 R 9
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Changes in Understory Vegetation and Plant Diversity of Differ-
ent Restoration Stands in Karst Rocky Desertification

ZHOU Xiaoguo' s WEN Yuanguang'*, WANG Lei’,SUN Dongjing' s MING Angang”’,

JIA Hongyan®,ZHU Hongguang®,ZHAO Yanyan',LI Jinliang', HUANG Yongjie',

LIANG Jia'

(1. Institute of Eco-Environmental Research, Guangxi Academy of Sciences, Nanning, Guangxi, 530007, China;2. Key Laboratory
of Forest Ecology and Conservation of Guangxi,Forestry College, Guangxi University, Nanning, Guangxi,530004 ,China; 3. Experi-
mental Center of Tropical Forestry,Chinese Academy of Forestry, Pingxiang, Guangxi,532600,China;4. Agriculture, Forestry and

Water Resources Service Center of Chengxiang Town, Wuming District, Nanning, Guangxi, 530199, China)

Abstract ; In order to clarify the characteristics and the change rules of understory vegetation and plant diversi-
ty of different restoration stands in Karst rocky desertification, the pure Acrocarpus fraxinifolius platation
(PAFP), pure Dalbergia odorifera plantation (PDOP), mixed A. fraxinifolius X D. odori fera plantation
(MADP) and the shrub land (SL) constructed in 2011 were selected as the research objects. Based on four
continuous vegetation survey in 2013,2015,2019 and 2021, the dynamic changes of understory vegetation and
diversity in the shrub land and the three restoration stands were studied by setting a fixed monitoring sample
plot. The results showed that the number of families, genera and species in shrub layer of the three restora-
tion stands showed an increasing trend,and the change in herb layer was small. The number of families, gene-
ra and species in shrub layer showed a decreasing trend,while that in herb layer showed an increasing trend.
There were significant differences in the total individual number of shrub layer and herb layer in different
types and different years. The dominant species of shrub layer in the three restoration stands were Vitex ne-
gundo , Boehmeria nivea and Camellia petelotii » and their important value ranged from 11.59 —23.91,5. 89

—28.48 and 9. 04 — 11. 61, respectively. The dominant species of shrub layer in the shrub land were V. negun-
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do ,B. nivea and Urena lobata, and their important value varied between 37. 04 — 41. 99,2, 28 — 11. 90, and
0—11.70 (except for individual years). The dominant species of herb layer in the three restoration stands
were Microstegium fasciculatum and Nephrolepis cordifolia ,and their important value ranged from 3. 20 —
39. 64 and 3. 20 — 31. 48, respectively. The dominant species in the shrub land were Bothriochloa bladhii ,N.
cordifolia and Caryopteris incana , and their important value varied between 3. 21 — 22. 65,0 — 38. 38, and
2.29—12.51. The Shannon-Wiener index,Simpson index and Pielou evenness index of the shrub layer in the
three restoration stands showed a trend of first decreasing, then increasing and then decreasing, while the
shrub land showed a trend of first sharply decreasing and then rapidly increasing. The S¢rensen index and
Cody index of the shrub layer and the herb layer increased with the increase of stand age between the three
restoration stands and shrub land. The fluctuation of species number in communities was usually caused by
those increased and reduced occasional or rare species,and the increase and decrease of individual number of
dominant species could also cause fluctuation. The restoration types of plantations and the number of com-
mon species in the shrub land continued to decrease, and the community succession rate continued to in-
crease. The improvement effect of restoration stands on the environment promoted the increase of understory
plant diversity.

Key words: rocky desertification;vegetation restoration;species composition;species diversity; community dy-

namics
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