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Abstract; China has the world’s largest total area of plantation resource, among which the most common species is masson
pine ( Pinus massoniana Lamb). As a pioneer tree species in hill areas of southern China, masson pine is highly resistant to
drought and infertile soils and thus plays an important role in the ecological restoration. However, as most masson pine
plantations are monocultures, consisting of a single dominant tree species, their ecosystem services are often poor. Close-to-
nature management is of great significance for the increase of species diversity and the improvement of ecological service in
plantations. In 2005, a thinning experiment was conducted in a 12-year-old masson pine plantation in the Experiment Center
of Tropical Forestry of Chinese Academy of Forestry, with four different levels of thinning density (i.e. 50%, 40%, 30%,
and 20% ). Then, four native broad-leaved tree species, ie. Castanopsis fissa, Mytilaria laosensis, Machilus pingii and C.
hystrix , were interplanted with a density of 120 trees /hm® in the thinned masson pine plantation. We investigated the
community species diversity and growth conditions before the thinning experiment. Five years later, a re-investigation of the
plots showed that: (1) the number of tree layer species were significant increased, with the species richness per plot (600
m’) from 2.75+2.56 to 11.17+4.32 and individual number from 5.75+2.56 to 32.17.17+19.09. In addition to the original
dominant species before the experiment, nearly 10 species in original shrub layer grew into tree layer, including Evodia
lepta , Schefflera minutistellata ,Styrax faberi ,Macaranga denticulata , Ficus esquiroliana , Eurya ciliata , Diospyros morrisiana ,
Pithecellobium clypearia , Litsea pungens and Actinodaphne pilosa. (2) the number of shrub and herb layer species increased
only slightly from 24.63+4.24 to 27.58+3.80 per plot (600 m*). Different thinning density treatments had no significant
effect on shrub-herb species in terms of Species richness index, Shannon-Wiener index, Simpson index, and Pielou index.
The dominant species in shrub and herb layer were Evodia lepta and Cyriococcum patens, respectively, which are similar
with those before the thinning experiment. (3) The saplings of broad-leaved tree species benefited greatly from thinning
management. The height and DBH increased significantly with the thinning intensity in Castanopsis fissa and C. hystrix. In
the 50% thinning intensity stands, the broad-leaves tree saplings had significantly better performance than those in other
stands, suggesting that the 50% thinning management was optimal for the growth of broad-leaves tree species. (4) There
were significantly differences in early growth among the four broad-leave tree species in masson pine plantation. Overall, the
early growth rates of C. fissa and Mytilaria laosensis were obviously higher than the other two species. Our results highlight
the significant effects of close-to-nature management, i.e. thinning of dominant masson pine and interplanting of native tree
species, on the increase of species diversity in plantations even in a relative short experimental period. As higher levels of
species diversity are essential for community stability (e.g. the resistance of forest to variable disturbances) , the close-to-

nature management will benefit the supply of high-quality timbers and ecological services in masson pine plantations.

Key Words: masson pine plantation; close-to-nature management; thining, interplanting; natural regeneration;

species diversity
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SRS WS Hb X R AN N T 3 AT ) TR S AR b (4 1B 8 S B MRS it B2 AR A 3
1 #R5FE
1.1 W5 XS

AKIFGT IR Hb 18 A b Ak T U B B R 00 P I 1 3R DR AR T R B ARl B 2R BE 5T B S Ol S5 R 0 (106°397 50—
106°59'30"E,21°57'47"—22°19'27"N) , WF5% X J@ i Wy Z2 WA, R B Z AR S5 P9 = XU Hl, EAIR R 20.5—21.7
C, M i 40.3 C Bl ~1.5 °C 5 =10 C G 6000—7600 °C ;A% B AE LB . HA T 100 m P45 T B
0.53 °C, YRR E 1200—1500 mm, 4F-75 & & 1261—1388 mm , HAXTIRSE 80%—84% , JLli ot K UGS MRA R A K 143
HA, Hoar vk g rE LU e e+ |t A R LA R B A L B AR .
1.2 W5k

F 2004 4F 9 H T I SLH 55 1993 4R A A0 T AR, 157 12 Bt 20 mx30 m A [ 5@ SR b, XL P T A T AR A4S
E(RERT 4 m) 4 5 IR AR RGBT PR N DA S A 2 mx2 m B/NRESVEREARRE TS 1E 5
A1 mx1 m B/NEEVE N EEARE 7 IR A R IC SRR 7 A R 2 AMARE R B T BE S T AR ARAR A B BE 0.8—
0.9, & BIAFHEEBE 1650 /hm*, Dy BHA-FHI 4% (13.5423.98) cm,

£1 SDEMWHTEMEMRAHERERL

Table 1 The native broad-leaved tree species interplanted in masson pine plantation

4 B Tt AE 00 AR/ em
Species Family Planted year Seedling basic height
K45 Castanopsis fissa 723-Bl Fagaceae 2005 30—40
K2 HE Mytilaria laosensis L2 HFR Hamamelidaceae 2005 30—40

W1 Machilus pingii }ER} Lauraceae 2005 30—40

LIHE C. hystrix 72 3-Bl Fagaceae 2005 30—40

T 2005 4F 1 A X SLEa R AEAT 4 TR [R] 58 52 ( L BRAREC IR 20% 30% ,40% 50% ) ) HRAL BE, 45 Ab B 3 DA
2005 4F 4 A R4 BROR 25 3, 4 il 78 & 52 50 FF 1 oP B8 HL 2 B K AR ( Castanopsis fissa) K 2 HE ( Mytilaria laosensis ) | 118 fifi
( Machilus pingii) ZLHE(C. hystrix) 4 1~ L[ A 4 A RE R R SRR R O 120 #k/hm? . BRG 3k 3a B4AEHIRIEE W
W, T 2010 4% 8 XTSIt bt T 2 A, MR 4 SRR AR & B W, TRl 4 IR 2004 4F 02 J5 ik, 43 BT
SEEFEHLN T R TR AT
1.3 Fdiba

XA PIREE YR EEAH WA FE S (S) Shannon-Wiener 64X (H') | Simpson EFETEE(D) 1 Pielou Y5 EHEE(J) 1T
R 17 1 /N Wi

TEE (V) = AN 22 B+ M0 I8 25 B + AR 0T A3 B
VIR EE B S=F7 N Rl BB

H =- Y P, log,P,
S
D=1-3pr"
1

J = (— iPi logzPl) / log,S

Ao, B A BUE S Ry 0—300, FH X 4515 A 12 W Bl ote A RE Jr v 3004 330 55 BT A 0 ol 300 A 500 22 A L 4815 T R 1Y) 35
A M s B T AR AR 5 S R BB PR B AMATE A A Y L)

RYEHAE ] Excel2007 #EATHI2EA0BE 3833 SPSS16.0 A4 1) B K 2 7 25 047 (ANOVA ) J2 2 5 LU H50KG: 36 B V5 ) it 22 1 A
b, BT )08 B v 4 A AR A KB DL 22 5%
2 ER55H
2.1 [afRARFEXTAE Y H AR T T AR
2,11 [IER A BEXT T A 2 AR 4 SR () R )

2005 FAEA T T HAREFH EFRAZNWECH 17 F B84 600 m® M AT (2.7522.56) B, MRECH (5.75+
4.31), HE 1 AT, RARALBRS  BETE AR SR S TR R R AR AR S R B AR AT L RN, TR R T R AR
B RIS 47 Bl SRS 600 m? AR A (11.17+4.32) Bl AMEBCH (32.17+19.09) ,4 A ] A58 B AL A (1 9% 3087 B ALK
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TR Z R AR B2 5 T 2005 4F, AR REREVE I AL T — N TeARIL)Z X A AT T A3, ) Al ik B, B
VEFF AN Z WAL BB AR AR K, 32 7 FR A ( Choerospondias axillaris) /K53 # ( Wendlandia wvariifolia) , W7 ( Liquidambar
Sformosana) A K ( Cordia dichotoma) 1AM ( Mallotus paniculatus) % . Fr¥& N EI T A)Z FIPIF IR0 2 BB ThHEARZ A9 Fh
2k FEEBAH =M (Evodia lepta) NG IIA ( Schefflera minutistellata) . FA4ETE ( Styrax faberi) \H-EH ( Macaranga denticulata) ¥
¥5 ( Ficus esquiroliana) JERER( Eurya ciliata) % TE A Diospyros morrisiana) | W H-34 ( Pithecellobium clypearia) | KZEF (Litsea
pungens) &% A4 (Actinodaphne pilosa) e

257 100 [
b b
20 o 80T
5] o
: 1
Z 15 ¢ b b Z 60
g b E
E b
&10 t Z 40t b b
ES =
& a &
st T a0 SN
0 0
# &K K &K &K # &K & & &
P = = = = P = = = =
S = = = = S = = = =
N =) =) =) =) N S =) =) =)
o o < vy N [ag] < v

E1 AEEEEERGPFAREERAENNYHMHLSHERSELER
Fig.1 The species and individual number of natural regeneration in tree layer in different thinning treatments and the result of

multiple comparison

2.1.2  [AJARAD RN AATS R R A A 5 M)

M)A AL BERT , 600 mRE 7 P H IR A VE BRI g (24.6324.24) Fl LA EAR (16+4) Fi, B (9.63+0.92) Flr; AR AL B
600 m* B 75 Hh HH B RE R R Ty (27.58+3.80) Fift, AP fE R (18.08+3.75) Bl HiAR (9.50+1.24) Fir s i 2 2 AT A0, N [ [1] (5
FE AR RS AR T HE R A LS S AR AT R BOH ), HEAR 2R 3R o =M FEAR 2R3 5 SR 3R (Cyrtococcum patens) .

F2 KTEEIZEYHERREEEE
Table 2 The main shrub and herb species of understory and its importance value
MAITAEAY Forest types

YR Species 2005 4[] ﬁzﬁﬁ 20%@ Ua 30%@ ﬁ? 40%@& so%l‘ﬁﬂ/r%
Before the thinning 20% thinning 30% thinning 40% thinning 50% thinning
treatment treatment treatment treatment treatment
#EARJZ The shrub layer
=MW Evodia lepta 53.51 35.57 34.79 80.96 35.04
KA Ficus hirta 6.19 15.62 18.60 16.02 23.08
K251 Maesa japonica 19.35 15.74 15.37 8.21 15.69
Trd e Mussaenda erosa 17.23 19.88 15.96 19.22 12.27
W Clerodendrum cyrtophyllum 16.20 22.31 4.39 2.87 4.74
LA Psychotria rubra 6.75 21.98 10.86 4.42 8.07
FARBENS 2 Vernonia cumingiana 7.21 2.08 16.84 16.77
TRHET Embelia laeta 6.83 2.99 5.61 5.60 19.86
H AL Mussaenda philippica 23.82 23.42 6.01 7.82
4B Hedyotis hedyotidea 12.26 10.52 5.80 5.49
2K Cunninghamia lanceolata 15.56 3.82 7.05 5.34
B Mallotus apelta 12.92 2.67 13.49
R ek Viburnum fordiae 9.28 9.88 6.85
Y[ JBE Pericampylus glaucus 8.68 2.93 13.62
1ER B Eurya ciliata 12.54 3.26 6.21 2.48
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MAFZER Forest types
b Species 2005 4F[A] ﬁzﬁﬁ 20%1‘:_31 ﬁ:z 30%@ ﬁ_z 40%|‘E_ﬂ ﬁ_‘z 50%|‘E_ﬂ ﬁ_‘z
Before the thinning 20% thinning 30% thinning 40% thinning 50% thinning
treatment treatment treatment treatment treatment
BENG 3 Vernonia esculenta 2.06 13.04 1.90 5.05 2.87
LS8R Streptocaulon griffithii 9.94 6.86 5.31
T 44 Mussaenda pubescens 15.08 2.99 2.31
£ P Actinodaphne pilosa 16.43 12.58 3.12 2.88
b4 Rhodomyrtus tomentosa 7.07 7.78
WF Liquidambar formosana 5.72 7.94
AL Zanthoxylum avicennae 8.04 2.54 2.67
WP Toxicodendron succedaneum 4.45 2.60 3.76 2.22
Yk Callicarpa bodinieri 4.64 3.56 2.83 2.93 2.52
W4V Lygodium japonicum 2.06 4.50 5.09
g BT Rubus cochinchinensis 5.87 3.54 4.54 6.84
A JZ The herb layer
SR Cyrtococcum patens 61.20 111.01 88.63 78.26 88.16
IRYTUT Lophatherum gracile 33.13 42.21 29.54 56.62 46.06
A Preris semipinnata 23.01 20.83 33.00 59.92 35.06
SRKHE Oplismenus undulatifolius 27.15 69.51 18.69 46.30
F3 MR R Adiantum flabellulatum 46.78 33.54 25.70 37.94 34.58
A3 5% Lindsaea orbiculata 34.76 21.80 11.85 11.35 16.98
5 R Blechnum orientale 30.80 9.01 5.32 10.27
FATEE Miscanthus floridulus 11.65 10.64 10.51
T Woodwardia japonica 14.16 0 6.37 4.11
FEB Arthraxon hispidus 12.19 7.54 2.69

2.2 [AERALBEXS AR ML P Bl 22 R 4 B

HH P 2 W] A b PR bR R 2R A W) SRR AR I — S , 30% MR A B MR 73 HE R 2 1 2 W) 2 R Pk AR
B St Hod Wikl R w8 8K 20,67, Shannon-Wiener $5%K 2.84 , Simpson #8451 0.93 , Y94 454k 0.94 ; 117 409% [a] £ &b 3 4 bk
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