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Effects of three forest restoration approaches on plant diversity in red soil region,

southern China

WANG Yun, OUYANG Zhiyun " , ZHENG Hua, CHEN Falin, CHEN Shengbin, ZENG Jing
State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract; Plant diversity has important ecosystem function in forest ecosystem. Forest restoration approaches can impact
plant diversity, especially the understory plant diversity. We studied the floristic characteristics, plant community structure
and diversity of three forest restoration approaches in red soil region of southern China, which included introduced species
slash pine ( Pinus elliottii) plantations, native species Masson pine ( Pinus massoniana) plantations and natural secondary
forests. For each forest restoration approach, a total of 15 independent plots were surveyed. On each plot, three 10 m x 10
m subplots of area were surveyed for trees’ abundance, height and diameter at breast height. Within each tree subplot, one
to two shrub quadrates (5 m X 5 m) and one to three herb quadrates (1 m X 1 m) were surveyed for plant species
abundance. A total of 127 tree subplots, 238 shrub subplots and 357 herb subplots were effectively surveyed for plant
community structure. The results showed that: (1) 155 species ( which belong to 160 genera and 86 families) , 137 species
(which belong to 97 genera, 59 families) and 226 species ( which belong to 160 genera, 86 families) were identified in

EEWA : EBA B AR GIH T RE )y [ 5 H (KZCX2-EW-QN406 ) 5 [H ZBH SC #7155 H (2011BAC09B07-2) 5 M5 H AR} 43 411 H
(40871130) ; {45 2 4351 H (2012M520406)

Y5 B #A:2012-07-08 ; &iTHH:2012-11-15

# W IHAEH Corresponding author. E-mail; zyouyang@ rcees. ac. cn

http ://www. ecologica. cn



4 34 E A MITLEX 3 R R R T SN AR PR AR R R R 1205

slash pine plantations, Masson pine plantations and natural secondary forests, respectively. Dominant species in these 3
forest restoration approaches varied in tree, shrub and herb layers. Dominant species in Masson pine plantations were more
similar to that of natural secondary forests compared with that of slash pine plantations. In tree layer, the dominant plant in
slash pine plantations was only P. elliotti. Similarly, the dominant plant in Masson pine plantations was only P.
massoniana. The dominant species in natural secondary forests belong to Fagaceae, Lauraceae and Theaceae. In shrub
layer, the dominant plants were Verbenaceae, Gramineae, Hamamelidaceae, Theaceae and Euphorbiaceae for slash pine
plantations; Hamamelidaceae, Verbenaceae, Theaceae, Fagaceae and Myrtaceae for Masson pine plantations; Fagaceae,
Hamamelidaceae, Theaceae, Rosaceae, Rubiaceae and Myrtaceae for natural secondary forest. In herb layer, the dominant
plants were Gramineae, Gleicheniaceae and Thelypteridaceae for slash pine plantations; Gleicheniaceae, Hamamelidaceae,
and Dryopteridaceae for Masson pine plantations; Myrsinaceae, Gramineae, Dryopteridaceae, Cyperaceae and Rubiaceae
for natural secondary forests; (2) natural secondary forests had more flora types (21 flora types) than Masson pine
plantations (16 flora types) and slash pine plantations (18 flora types), and had higher ratio of temperate flora. Natural
secondary forests had more unique flora types in comparison with Masson pine plantations and slash pine plantations; (3)
forest restoration approach had significant effects on forest community diversity. In tree, shrub and herb layer, natural
secondary forest had higher species richness and Shannon-Wiener diversity index than Masson pine plantations and slash
pine plantations. There was no significant difference in these indexes between slash pine plantations and Masson pine
plantations; (4) multivariate analysis showed that these three reforestation approaches differed significantly in their species
composition. Moreover, compared with slash pine plantations, the community composition of Masson pine plantations was
more similar to the natural secondary forests. In conclusion, natural restoration is an important forest restoration approach
since it was better than artificial plantations of P. massoniana and P. elliottii, yet the native species of P. massoniana

plantations were superior to the introduced species of P. elliottii plantations in maintaining plant community structure.

Key Words: restoration approach; ecosystem services; plant community diversity; similarity analysis
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1 #R5FHE
1.1 WF5RIX [ SR
A 5E A6 ) R A8 A PH L VL VS A AR LT PR A AT A R L DX A LR BH 8 B R R b b b
24.890—27.318 °N,110. 150—114. 549 °E Z [a],, #EHJE W HHT Z KR IE S, AR 403 17.9—18.9 °C, 4F-f#
9 1452—1950 mm, FEHBIEHR 90—295 m, T HENLIEE . HHE XA RN AME 25, oA T a5
RN N TARFRHAS N TARTEBRAIFIE ) 3—4 a JFIEE 1 W EHEIEART R LB LA M (R, 2
JEARFATIRE . A BRI R 208 20 47 REMUL ARG S B2 003Gk
1.2 FEHRE S YRR A
BEFPERMAME 7 R B 1S AP ST AR, B AR B2 2—3 1~ 10 m x 10 m AL BT TR AR I RE &
WA FIRR B, BEANTRARE S A 1—2 5 m x 5 m AL E TR Y FIB AR B 1—3 S 1 m x | m HAL L
BB AR YR BO RS, LA TRARRE T 127 A (HA R s N TAREE TS 42 A4, S N TAAREE 7 45 4, K
SRUCEMRBETT 40 A) HEARKFETT 238 A (RRHIAA N THMAE T 80 A, Th AN TMAEE T 86 A, KARUEMAE T
T2 A4 EARET 357 AN (A A N TR 120 A4, SRS AN THEE T 129 4, KAR WK A MAE 7 108
A H AP T R A R ARYE Y R4y,
1.3 Hdaadr
1.3.1 YRR B 5 3
TeARZRA (1) A HEARFEA R (2) K
Si = (Di + Fi + Ai)/3 (1)
Si = (Di + Fi)/2 (2)
K, D, F A BUREEEE § ADNYIF RO RIS Z2 B AHXEIIRE FAR D3R, AN 2 E S5 T56 AR Ak
B LA T P R 0 A A R AU AR A A | SRR GETRE T b R S A R ERSR LT A s B
SITUR s A PR 34 EE | ARG M 428 T R R, 45 T4 0 AN i %) i s U T RS LA V& T R 1 e v T T
ORI,
1.3.2  fHYIX R WL
FiFAEYI RE ) X RS % SAE &g Je A O Rh A A A Rk A7
1.3.3 HHis 25

Yo F s B2 R R AR
V- ARIE %L Simpson index ™ FHEARINT .
S, =1- Y pi (3)
p, =n/N (4)
o n AREEHL SR @ MR RRRE, V F5 A BT R A SRR
1.4 Homibs

FEE R AR B E B A e ) 3l 2 R DR 3R 28R IR Ry SRR B A 2 R AR AR S
K ZHaHERT B3 BT (DCA ) 73 B AN 6] ZR AR S 7 XA IR PR 4 b 22 5% . MEWIREIE 220007 22 73 pridi i R iF
HH Vegan LA mrpp, adonis F1 anosim FEFSZEL > BRI 205 22 /0 M d4ii i SPSS16. 0 #4528 ; DCA
JH Canonco 4.5 #t47; Sigmaplot BRATHER
2 HRESW
2.1 Y DX R A LS Py Aa 1l

R DX 2R A8 JCRE S e bt AN A A5 5505 L A TS AE I I Vg 2 R i SRt . SRR IRAE AR 226 FitEY),
sJE 86 Bl 160 J& , M AA N TARA 155 F, sRJE 66 Fh 118 J& , D AN N TMA 137 Fiki#y, K& 59 Bl 97 )&
(£1),
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TEFRARZ T WIS N AR 32 Rl , ks 5 Fl 6 J& , S B N DA 32 iy, kg 10 B 11 8, K
SRUAE M 121 FidE ), K& 37 BH47 J& (R 1) o WA N TR B R R EHZAFL(Pinaceae) , HALF
TR — DR R ZEIAS] 93.0% , Dein N AR E S i RRHEMEL, RE & S EM 1 AF, H
BEEEIE S 86. 1% , K IR WK A Ak rp B L H 38 K I BHE 52 3 Bl (Fagaceae ) | #E Bl ( Lauraceae ) #1111 2% B}
(Theaceae) , H: BFUE ZAHAF] 49.2%

TEREARJZ , ARV AR RE RO E BG5S TPIR N CAR (R 1) o Wb A AR p E S R
B4 EE R B MER KR L #HER R ( Verbenaceae ) \ RAE ( Gramineae ) | 43 25§ F} ( Hamamelidaceae ) | 1145
Bl . KEFL( Euphorbiaceae ) , BFUH ZEIA 52. 0% ; A A TR b 8 B(H B K B9 R 15 208 i R 32 /MK Ik
TR DR AR ST SRR 4 IR (Myrtaceae ) , BEVE FE A 53. 2% ; KR A Moh B EE
BRIEHEEZEH RBVMRKOEFE B 2R IL2EEL 35 7% (Rosaceae) 75 B} ( Rubiaceae ) FIBE 4>
IR, R EEIA 49. 0%

TEFRAZ AHY) B RHEL 8 BRI AR IR AR YA R TR A N TARFI S A N AR (R 1) o 1
FAN AR v 8 208 A R 1Y B 4% J B i R B /MK & R A B BB B} ( Gleicheniaceae ) Fl 43 B B B}
( Thelypteridaceae ) , He 2 FUE ZE K 48.0% , HhRAN N TARH E LEE BB B A BE | 4 2Rl Fn 8 £ 3k
F}( Dryopteridaceae) , RFLE Z{E R 50. 7% . RIRURAESR T 5 4 4= B ( Myrsinaceae ) \ RAF} 6 EBF 40705
FRL( Cyperaceae ) FIPG BREE ZAH ALK, RAEEAE N 50. 0%

F1 3WHEMREFXNEYEFER REXRMM

Table 1 Floral basic composition under 3 forest restoration approaches

JZ Layer ‘foﬁﬁiﬁ B _ Jm%k ik .
Restoration approach Number of family Number of genus Number of species

FRAHIY All plants Ssp 66 118 155

MP 59 97 137

NF 86 160 226
T+ ARJZ Tree layer SP 5 6 23

MP 10 11 32

NF 37 47 121
H#EAJZ Shrub layer SP 33 63 110

MP 38 61 109

NF 57 94 161
HIAJZ Herb layer SP 43 67 76

MP 34 50 60

NF 47 78 88

SP. JHuAA N\ T HK Slash pine plantation; MP: &5 FE#A A\ T.AK Masson pine plantation; NF; K#RVK A #K Natural secondary forest

2.2 FEHYIX RSB

TR B R X R RS DA B0 R 2 WA o IR =, H Ry A gt/ 43l o R JE B 429 —
70% 20% —48% F1 3% —16% (& 1), FERBHIAS A TR PRSI 2] i) X R B 53 B A A 18 F, A AN TR
A 16 B, FARUAEMA 21 F o JRHBAS N TAREEA MR X R W43 A # EH AE I (3R AE L Sk miiom)
TR I W 5315, RIRUR A MR A BAE ) X 3R B0 Ry B SE N R (07 PG =2 ) A R 36 (8B P 5F)
[T A ARG S D R AT R 5% I (8] D A5 R TH IR AT 0 A, IR A N AR L BE AT 10% 1) b 3 X
F A AR 53 A RNz P A X R ol R A 34. 9% F128. 4% iR AA N T ARG 10% 1
Hb P DX R B A3 A G IR A B W 28 BT PR N 3 A RN At 44, 43000 o R B AU 43.8% (19, 2% Fl
18.5% o RIRKAMR A IR IX F B3 2 ali 4041, o7 27. 8% , R Ry $ai S 22 BiE R e i 43 A1 b
T 3 A AR AN SE I BB 23 A, 30 1 14.7% (13.7% F1 12.4% (E 1),
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2.3 FWIRETE S REVE LA os
FIRUCEMAEA 10 m x 10 m H/INEST A (19.2 %ZM‘;»

1. 1) FEdy, BE &S TS EM AT 14.81.3 AR
HIFA N TR 14.4£0. 7, AP N TARZ 6] B 9 b =6 B2
ZFARE(P> 0.05), RARKAEMRNELR ZHEMETE
BB E S T WA TR, PR N T AR Z 0] 22 0K B 3%
(P>0.05,%2),

TRARJZ WP FP=F & B RN Z2 A 1 8 H500 3R 90k A )
FRRAE . AR AR M 25 & T AR L TAR (P<0.05),
PR TR Z [ 22 AR (P>0.05,%2)

HEARZ PR F & BEAE R 07 X Z A 1 22 S
IR RIR KA IR A N TR, & TR AT
M, A RIR R AR TR A N TR 22 55 51 18 35K
F(P<0.05,%2),

3 PRI S 7 X 2 ] B A R W A BOR A B
25 B ZREMEE BER I K AR R A bR 2 5 T P D
N RN TARZ ] 22 A 3 (P>0.05,% 2)
2.4 THIBEE AR S B

AR T 323 FAEY PR T AR YR V% 45
AHIPES AT . DCA A LAAE 4 & | 55 Y S i AN [)
HAEYIRER S5 225, S0 DCA BEELF I IX 53 3
TR IE 7 XA Y BV 4 A (18 2) o 28— Bl
TEYIREVR A5 7. 4% (A8 S5 55 iR 6. 5% 72 5
S —Hh L A9 BE L A b X Ay KRR AR MRS i T Fh
N TR, PR — il b i 75 0 R BN AR A 2 5 T

0.4+

%X & 19 kb ] Ratio of areal-types

' '
(o] <t o o~ >

X & ZKA! Areal-type

E1 3#MHRKREFXHEYX R

Fig.1 Flora composition under 3 forest restoration approaches
L MR 2. 2O 52- L BUHF U RV (2B %)
HHh R SE (ERERPEHE) (6] W oA 52-2: P Y AR PR R 28
YT U347 53 B ST U ARy S U ) B 237 54« THHE SRR
A 54-1: P AR (R AR Sk 7 m ) K Y 1] 07 43
555 PN 2 R0 RPN 3 A 5 6.0 B4 S JH 28 B0 < U 43
A0 56-2: P TN AR A 53 S 2 i 40 Jn 18] U 23433 57 . 4y T2 43
A5 (ENEE—EL R PYIE ) S0 A7 57-1: JRE (S5 T TR ) L2 S AR
el S Al A SRR DTS 574 BT (bR R ) AR (S
B ) 430 58« ALIRA 43 A0 584 L T R R A1 (] B ( 42T ) 4
539 ZRIWANILSEYNE] W43 46 510 TH SR 04 5 10-1. o
TR PE (B W AR R4 A 5 12 . Mg X PG =
IrAf 514 ZRIEA3AG 14 (SH) H -5 D hi 43 A 5 14 (S)) WP E—
HAM ;15 PEFA A6 SP. MRS A TAR MP: SRR
TR NF . RIRR A

PIRI TR (P< 0.05) o 2% Al AE 35 DM N AR g IR BRIk 52 75 20, 70585 i B R9A5 0 3R B
SR A N TR T PR R 773 (P<0.05) , 78 DCA Bl A LERE A N T AROR SR Uk A= MORE
o T RS N TARRE B B BT, X R A LU AN A AR, RIRUAEAR Y O RN N TARRIAE YRR R 254
FRRMEEE R,

R2 TRFMREFXNEMHESHE

Table 2 Diversity of plant community under different forest restoration approaches

WA T Y FE E Species richness F - FRHEEL Simpson index

Restoration 47 iy A A s WA L A ok

approach All plants Tree Shrub Herb All plants FEA Tree Shrub Herb
SP 14.4+0.7b 1.00c 5.72+0.58ab  2.48+0.23a 0.756b 0.157b 0.746a 0.429+0. 04ab
MP 14.8+1.3b 1.33b 4.44+0.34b 2.53+0.25a 0.726b 0.192b 0.746ab 0.372+0.045b
NF 19.2+1.1a 5.00a 1.50+0.11a 2.98+0.20a 0.860a 0.827a 0.837a 0.506+0.031a

R B N AR R ARFF A IR0 SR A 80K | RIFUR R EER IR 0.05 /KT 225 825 SP. B A Tk MP . TR
PANTHIGNF, RIRIRAM; n=15

55—l 8 2E AR W RN T 4546 ( Vernicia montana Lour ) FV4E 4 4 (Ardisia japonica ) ;5 55—l . 3%
TSI AP TR HIAL 58 EK ( Callicarpa bodinieri ) FIRAHY ( Broussonetia papyifera) , 555 — il i & FUAH Y
oA ERTE e ( Dicranopteris linearis ) 5 5 S %N 5 3 O A G B W A oA RLBE 48 ( Mallotus philippensis ) . 7K 7 X]
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(Fagus longipetiolata ) . ¥ ¥ Wi Bk ( Syzygium championii) | K & & ( Tirpitzia ovoidea ) . il 3} #] ( Lithocarpus
corneus) = KM JE3% ( Viburnum triplinerve) FM# ( Celtis sinensis) 3K K& ( Oplismenus undulatifolius) F1YTFE 45
¥4 ( Selaginella moellendorffii) . VA A MFIS DCA #iagA R R EII KT 0.5, DCA EIFRFERIRIK M
TAEFISE G4 o3 AR 2 s FEMEHIAA N AR AR S ER A I 73 M 2

ZIuT7 22003 R BRI 5 7 U A P R s 7

GHZ R B SR (R3,P = 0.000), IR 4| . e
R RS A TARRI R AR U MR 2 IR RE S 450 | =
19.7% VS5 REMB DRI THRRMERREMRMY S | | a0, =
REESHIZIN 32 6% 9657 AR A THRA 2 L]« % ot .
DRI THHIBEE 2 6.15% 98 5%, REET & | ° 20° -

BB RIMRAY 7 225007 (Adonis) ARSI AL 7 A Re . & T

9 R/NELBARDARE ST (ANOSIM) Hiv iy R (HRT0 ATLE | C

WA A TR, T RRA A T R AR U A R A R 7

LR AL C s "
3 i

AFFSEAE TSR A MR JE 2R 3] 86 ) 160 J& 226 Fil B2 3MHEKKRESFXWEDEE DCA Z4#HiFE
HEYI, B FAERE 7 LT HE TR 1 T 4R YA Ak o 1 R ) thzt"}f:"l‘:“ of plant_ community under 3 forest
21—64 Fi X IR E RN R BT AL G i rbkaMp, R TR NE: FRRCEH
F AN IE A P RV R A R A AR
3.1 FRARIRE Jr SR W B E I Z2 AR 2 i)

Fa Y)Wy 22 R RRAIR B B R BV AR TR i BB AR, SRR R AR SRS gl T Bt
T MR 27 KRRV ARB R 2 & BE o 2 AR B X R S A BRI b B (X R M T R
Fis N TARFIE HAS N TR, 7 b i A= 20 58 BE 3R B SE IR A AR E o . A NI AR A 2R HiGE
N THAMBY A R T RIRIR AT N T kR TH A ) ZREVE O STk B /NS T/ IE B 20 a
Jei IR (A A T T B 30 R R AR IR AE AR IR TR 325 5 8 T N AR AR 2 R AR J2 R ) 2 R T R SR IR
AR, BT BES HAF AT X B RAR IR A Az B A9 TP, 5035 R SR R A MR 388 1 1R TR A JZ AR A - UG I bR
AR R O X SRR 1B B BR AT B FL IR T T PR g /N R R R AR B R A
RIRR A MA T Z () IX R S AR R AR S5 ) 200k A 78RR I ASRHRTRR} , i Le)FmT 5 & J2 ik
VBT AR T A TR A 0 b | € BH AR R AR PR AS F B iR G AR R I R B B

R3 EYMBHERENNESTHEST

Table 3 Multi-variant analysis of variance based on plant community

ARARLE 3B . -
UL ST BB AN Jr 2207 ST LT
K .'V‘ Analysis of variance using Multiple response
Hege similarities distance matrices ( Adonis) ermutation ( MRPP)
istance ; s :
Comparisons (ANOSIM) p
SR & fe I 6 fH
2
K P R F P Observed 6 expected & r
SP . NF 0.684 0.001 0.197 6.85 0.001 0.79% 0.879 0.001
MP Lt NF 0.469 0.001 0.326 13.5 0.001 0.761 0.833 0.001
SP H MP 0.883 0.001 0.180 6.15 0.001 0. 662 0.789 0.001

ANOSIM (R # K, BEVE S5 FBASHALL) 5 Adonis: 3T Bray-Curtis 75 1 FE 25 4 B4R 22 SR 00T (R B/ BEVE S5 WA BL) s MRPP . JEFRK
AEERS I Z I BN N SHT; R B FfR Rt ;=15

R Hu A By AN N TR R b = 8 B S AR O o T 5 [ A A TObR AL il 32
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PR A AR 1 2 BEPE D kT BE R R S SR RN T A S TRV TR B 6
3.2 AN[FEIFRMIRE 7 R R VE 25 A AR AL

DCA MZI0 220 Ml I E 7 2 B AE TR 450, 5 RARUAE MM B, N TARFE P v
SR T KA WA U X RN TR AR T R A RS S50 X il S R A S R BB E S5 A
PEFE™, DCA g sds N TAREE J7 5 SR UK A MROBE D BE B /N T 55 BB A N TR D 5 R SR Wk A Mok i i
B, 2007 250 BT A KAL) DX R A0 B 45 SR AR B Y A N TR EL 55 R b N MR B 5 1) e AR o 2
BAIRE ST S A0 TR N T AR b 9 B I I K T 25 A A TR 5 R A A F B, DA AR HL D 2 A
RN RV S — AR RE T SR, PR, (o FH AR AR B S bORT i 23 BHLAS A 28 R 400 1) A 114 Jib s P A
Sz R A i R R R A SR LA B AR gt S AR A S KU R M
3.3 XA 1Y S R

AR AR 7 2L X 55 TR HEAR T BA [ REVR G5 A Z e Ay, A SRR B 1) AR IR EE AR AR )
ZAEME R T TR, A s 5 AN A TARSUAR & 15 | SERMR H AR TR PR e T8 1 R 7 203 X AR )
BEIE ZREPESE RS DhBE b, AR E T T A TAKE | 1 A TR v LA AS R 25 B A AN TR 5 [ FEFR AL
PRI, 7 A AR AR e AR v, B ARAE F SRR ) b A4 Chazdon™ MK FRMAE S R G IKE
75 BB BT - R AR SR AR, 5 R RO B DL R EL R, BN 25 A 5 R BR A AW 2 REE Y
e S 7K S 0 ] B 5 A S UL R RS A ) AR R A & R S

ZEG VL EWFIEIAN TR R I e Oy 23 X IR SO VR 2R B, A SRR 1 R SRR AR
AP REYE e T N TR A S A TARRIR M A TR, AS Al 25 FE A A T ARAE 45 DX R 75 25 4
Dife AR T 5| SERE HAA N T AR,
Bt WA MBS R A TP E R AR B VU AR B T I X B Y SR A BH SO Ry R T AR AR P
EIHAE TS TS BB IEXT S VRS T B, BN BRELS NS | B A O H 20 R AR50 5 B X ik
e AB IR BRI AR YRR DR A T 2 TR Bl R B0
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