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Abstract: Four destroyed evergreen broad-leaved forest plots were established by simulating the
common disturbance types (removing trees, H>>8 m; removing trees, H<(8 m; removing all
above-ground plant; removing all above-ground plant and 0-10 cm depth surface soil) in Tiantong
National Forest Park, in October, 2003. For understanding the contribution of seed bank to the
restoration of destroyed evergreen broad-leaved forests, the seed germination pattern, species
composition, and the similarity between seed bank and the seedlings composition of first year
restoration have been studied in this paper, The results showed that there were 995 seeds in seed
bank and the seed abundance was 248. 75 m™2, which belonged to 28 species, 27 genera and 21
families. The role of seed bank to 4 plots were 1 (0.467) >V (0.389) > 1 (0.368) >1I
(0). The pioneer species Sassafras tzumu, Alniphyllum fortunei, Clerodendrum cyrtophyl-
lum Litsea cubeba germinated and recruited abundantly from seed bank while the climax species
Castanopsis carlesii and Lithocarpus glaber had little role to vegetation restoration. The species
Choerospondias axillaries and Cinnamomum camphora mainly regenerated from exotic seed
source. Conclusively, the soil seed bank exerted little role to the restoration of the evergreen
broad-leaved forests in this area.
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349 ht' FEZH X B & TF R T KB WA PR T/E, 1 X502 WICHk(28,29].
1.2 BRIk
1.2.1 ZHMFBEESKENHHE

TR BARXEBRFALE N, FHR260 m, T 25°~30°07, 3k 5 N F17HEH,
R IKBEAY. A LRRFLKREZRNESATRLBRETFERRN -8, ZRH
BERREMXE LG — K%, BFREN, BRI B T ES R XH31]. T 2003 4
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2005 11 A1 H, FRBBM LR —RBBFE CRRM-RARE B, R /T HE
REREHD, K/ANK 20 m X 20 m. 4 3R T 23R £ oM AR R 2 B 16 DN/NEE DT FE B AN DR
8 L BURE , K /N R 50 em X 50 cm, BURETREE R 10 cmD7. 856 A WG A5 5 9 38 ) 45 o
iE B L E .
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R KEM 2005 4 11 H 8 H 2006 5 11 A 8 H, 3t 1 . L B VFRERFL
HORBSEARBAKIL EEYR 5 cm. TREXRTEMZNHET. HEIEHHRIFE, £
BREERERE,HZCHEM TR, 8CRAMSR T N RIFLHK> HFHABE)E, 2R
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TR FREREAL T67.23%, bR EE (Carex brevicuspis) 5 B BHI56.55%,
BT PR ER HRK R EREARME AR, LMK (Camellia oleifera) . FF Y
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Tab.1 Species component and relative quantity in the seed bank

Y4 # AR KA/ %
HRRBMITA ‘
AKFF Schima superba i ZH -
G ¥k Lithocarpus glaber Fi1# 0.24
KW EHE L. harlandii _ GRS 0. 24
¥ k& Castanopsis carlesii =L 0.97
N 1. 46
AU TS
WK% Alniphyllum fortunei BEFH 0.24
WA Sassafras tzumu ¥ 0.24
B $ Aphananthe aspera Hi & 0. 49
A 0.97
EREARPITA
#AK Loropetalum chinense S 0.24
$EH Rubus buergeri ¥ wE 0.73
W2k Camellia olei fera iig-32 1 11. 65
N 12,62
%ok AN AR
B Mallotus japonicuss var. floccosus b7t 0.24
MY Litsea cubeba -4 1.70
KB Clerodendrum cyrtophyllum oWEH 1.94
K Aralia chinensis . A 3.40
BB Euscaphis japonica Hrme 3.88
Nt 11.17
KERE
T HK W% Ampelopsis cantoniensis #EH 0.73
FH W H W Dalbergia millettii g 0.97
¥ A Morinda umbellata PHER 1.70
B YEHE Celastrus orbiculatus BF# 3.16
s 6.55
EBEERESF
M Achyranthes bidentata wnE 0.24
R ™ Lophatherum gracile V¥ 0.97
KEH B Astilbe grandis | REEH 1.21
HREE Carex brevicuspis FER 56. 55
ANt 58.98
— RS
KE Arthraxon hispidus FAR 0.73
¥ Digitaria sanguinalis RAH 0.73
B E Gnaphalium sp. B8 1.21
— B4 Emilia Sonchi folia HE 5. 10
B Rl Labiatae sp. Bit# 0. 49
AN 8. 25
ait 100. 00
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2.2 B TFEFHTHNHELER

TR TERM TR ERERLHR.7
B/d BRERBEPELRIFHRER 4~6 4
A BHHAREHES KU L, HP 3 AR
REFXE 10 /dLE 1), LERFES
HIHFHFENMANREELERTHRER, X
B FEPEA~6 THRBEER. BrUMHH
MFHABERK, NERTHRELSRIFERY,
B B (Carex brevicuspis) 2.

MAAREFRHFHREABRAEE BT
EHEARM—-FEEEARN HREBEHYRHTF B1 HTETHTESAVIHREER
HEEAEENX S LE 2). HH#AfM— Fig. 1 Average germination rate per day of
EARAEWRIPHRRK, 988 T HA seeds In seed bank
EFERLEAHERRAR100d ARG, KBRS RS HMYFHEBREHEH X RE 2).
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Fig. 2 Accumulative germination rate of plant seeds of different life forms

2.3 L HERRF P X AR AR AR Mo AE SR B A TR
2.3.1 LA TESHFHEBEHHEMUE

FABRAR BT A B BB Ve D A B R . o, A MFE A 1 B UFET £
BT EDRAE 7 R (UEETRFERHBNA 45 #. BE K Jaccard 3 H0. 151.
2.3.2 THBFTESKZHREEMKE S —F A YR EHB AT

Jaccard B R, T HMFESARAZRNBENIKEHBEHHUERK, 51 SH
AL IR K 0. 200, R A 5 IV, [T SR 9 AR U4, 43 51250, 184H010. 179; 5 [T S 4% 4t
B AR LA B AR 0. 162, X RBIMK B 5 T fh 7 P 2 (0 A TRAF B A U
2.3.3 LHFFERBREYF

TEMTFEEZREBKRESLS -FENTRR A BREEYRE D KPP AXEHG
TR RS . ISR R E % B R KA Bk (Lithocarpus glaber). LM T F
PHAREBYMIERED, TEBKES —FHHA, 0 C LMY, B KH A (Litho-
carpus harlandii) KW (Aphananthe aspera) XM HEE. R 2/, b B3
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THEMFEAEENY .0 D XHEY, 8% F & (Cinnamomum camphora) . 5 H
(Mallotus apelia) .BiBR# (Choerospondias axillaris) F & I (Albizia kalkora )%,

F2 IMHBFEHEDSEZREMTETDHNLLER
Tab.2 Comparison of species between soil seed bank and seedling in plots
KA g TE T #Hml AN
A L H ¥ Alniphyllum fortunei
K& Clerodendrum cyrtophyllum
K Sassa fras tzumu
Y88 Litsea cubeba
B4l Mallotus japonicuss var. floccosus
8K Aralia chinensis
B Ktk Castanopsis carlesii
Ak Lithocarpus glaber
C K- Lithocar pus harlandii
B8 Aphananthe aspera
MWZR Camellia olei fera
A Loropetalum chinense
SEEE Rubus buergeri
B8 Hs Euscaphis japonica
IR B Ampelopsis cantoniensis
M YEHE Celastrus orbiculatus
W %W Dalbergia millettii
£ 1 Morinda umbellata
4 BE Achyranthes bidentata
K H Arthraxon hispidus
K& 51O Astilbe grandis
BREE Carex brevicuspis
I, B Digitaria sanguinalis
— B 4T Emilia sonchifolia
B ¥ & Gnaphalium sp.
B F} Labiatae sp.
WAT™ Lophatherum gracile
D Bt Castanopsis fargesii
#FH A& Cinnamomum camphora
414§ Machilus thunbergii
& Albizia kalkora
B BB Choerospondias axillaris
WM Dalbergia hupeana
HE M Mallotus apelta
FIE Castanea seguinii
H# Cyclobalanopsis myrsinae folia
FeiliM§ Styrax confusus
2 A Cunninghamia lanceolata
BiM K Ulmus changii
1t #F Platycarya strobilacea
% Viburnum dilatatum
b Bk K Rhus chinensis
0, B # Pinus massoniana
MR Vernicia fordii
W F Liquidambar formosana
A Bk Lindera rubronervia
#FHAKFEF Litsea elongata
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Fig.3 Comparison on species and densities of seed banks in different evergreen broad-leaved forests
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HAEFLAKE FEATEBTRH#KE. ETRAEFEHAIHESIABK . .SIAMHA
MR SERE . RN ETF R THEARRED. BB T LR A/, e — R 2R
HHT TR, BT ES X MR RRITRE RERN LRI,



HIRII K F R (B RBERD 2010 4

BE LXEFEIBRPBIAGKNIELARSNES, TRTASAMRSRASHE, EHEHENE

[1]
[2]
[3]

[4]

[5]

(6]

£7]

8]

{93

[10]

f11]

{12]

[13]

[14]

[15]

L16]

(17]

[18]

f19]

HRBI R S Y B E A T8 T I — B
(2 % x W)

HARPER ] L. Population Biology of Plants [M]. London; Academic Press, 1977 15-39.

ROBERTS H A. Seed banks in soil [J]. Advances in Applied Biology, 1981(6);: 1-55.

PICKETT STA, MCDONNELL M J. Seed bank dynamics in temperate deciduous forestf M]//LECK M A, PAR-
KER V T, SIMPSON R L. Ecology of Soil Seed Banks. l.ondon: Academic Press, Inc, 1989; 123-145.

VAN DER VALK E G, PEDERSON R L. Seed banks and the management and restoration of natural vegetation
[M]//LECK M A, PARKER V T, SIMPSON R L. Ecology of Soil Seed Banks. London: Academic Press, Inc, -
1989 329-344. '

CHAMBERS ] C, MACMAHON ] A. A day in the life of a seed: movements and fates of seeds and their implica-
tions for natural and managed systems [J]. Annual Review Ecology and Systematics, 1994, 25, 263-292,
ZABINSKI C A, DELUCA T H, COLE D N, et al. Restoration of highly impacted subalpine campsites in the Ea-
gle Cap Wilderness, Oregon [J]. Restoration Ecology, 2002, 10(2); 275-281.

ROOVERS P, BOSSUYT B, IGODT B, et al. May seed banks contribute to vegetation restoration on paths in
temperate deciduous forest? [J]. Plant Ecology, 2006, 187(1):25-38.

JOHNSON E A, BRADSHAW A D. Ecological principles for the restoration of disturbed and degraded land [J].
Apply Biology, 1979(4) : 141-200.

ALVAREZ-BUYLLA E R, MARTINEZ-RAMQS M. Seed bank versus seed rain in the regeneration of a tropical
pioneer tree [J]. Qecologia, 1990,84; 314-328.

THOMPSON K. The functional ecology of seed banks [M],// FENNER M. The Ecology of Regeneration in Plant
Communities. UK: CAB International, 1992, 231-257.

GUNNAR W. Seed bank studies from meadows in the Thuringian Forest (Germany) subjected to different cultiva-
tion regimes—can an entire grassland regenerate from a seed bank? [J]. Tuexenia, 2006,26; 275-295.

SWAINE M D, HALL J B. Early succession on cleared forest land in Ghana [J]. Journal of Ecology, 1983,71.
601-627,

PUTZ F E, APPANAH B. Buried seeds, newly dispersed seeds, and the dynamics of a lowland forest in Malaysia
[J]. Biotropica, 1987,19: 326-339.

DE SILVAU, MATOS D. The invasion of Pteridz'um aquilinum and the impoverishment of the seed bank in fire
prone areas of Brazilian Atlantic Forest [J]. Biodiversity and Conservation, 2006,15; 3035-3043.

EAE, BBE, R,E YEABESKEAHAKEARESI M REKEERH RO —LRE] £5%¥M, 2005,
25(7):1796-1803.

WHANG X H, YAN E R, YAN X, et al. Analysis of degraded evergreen broad-leaved forest communities in
Eastern China and issues in forest restoration [J7. Acta Ecologica Sinica,2005, 25(7) :1796-1803.

BER, BER, kAR REBRHEERREREH P S 5HMEENSHRD] BMNBEXEER(AK/H
2R, 1999, 17(2) ;. 63-66.

RAN J C, XIONG Z B, ZHANG C G. Preliminary study on the fruits eating birds on seed dispersal in Maolan
karst forest area [J]. Journal of Guizhou Normal University (Natural Science), 1999, 17(2);: 63-66.

HONNAY O, BOSSUYT B, VERHEYEN K, et al. Ecological perspectives for the restoration of plant communi-
ties in European temperate forests[ J]. Biodiversity and Conservation, 2002(11); 213-242.

SUDING K N, GROSS K L, HOUSEMAN G R. Alternative states and positive feedbacks in restoration ecology
[J]. Trends in Ecology and Evolution, 2004, 19(1): 46-53.

KEE, BER PELEARTFEMRLERSRKRO]. HAESER, 2009(2): 467-473.

SHEN Y X, ZHAO C Y. Soil seed bank research in China; Present status, progress and challenge [J]. Chinese
Journal of Applied Ecology, 2009(2) : 467-473.



F3W KEW, S LW T EAZRE SR AKI N FRIER 9

{203

[21]

[22]

(23]

[24]

[25]

(26]

[27]

(28]

[29]

[30]

[31]

KWE, KEp, oK FRUEEHEXD PR TFEMNRI] HYES¥R, 199%, 20: 41-50.

AN S Q, LIN X Y, HONG B G. A preliminary study on the soil seed banks of the dominant vegetation forest on
Baohua Mountain [J]. Chinese Journal of Plant Ecology, 1996,20: 41-50.

EE, 0, B, %, BRKAEELERETEKETARFEFR] HYEFEHR. 2000, 24(2);: 209-214.
PENG J, LI X G, DONG M, et al. Soil seed banks of subtropical evergreen broad-leaved forest on Simian Moun-
tain, Chongqing [J]. Chinese Journal of Plant Ecology, 2000, 24(2): 209-214.

RAR, shEE, FRX TREXSHHAIFNRENBR RS FEANSHRD). MYESESHEDEF
#|, 1992, 16(3) . 249-257.

XIONG L M, ZHONG Z C, LI X G. A preliminary study on the soil seed banks of different successional stages of
subtropical evergreen broad-leaved forest [J]. Chinese Journal of Plant Ecology, 1992, 16(3); 249-257.

/AT, T, RER. 5. SHLERLNRHTREIIEFRO]. E£EHHE, 2005, 14(6) . 917-920.

WEI S G, LIL, HUANG Z L. Study on the dynamic of seed bank of Dinghushan forest soil[J]. Ecology and En-
vironment, 2005, 14(6); 917-920. v

HWRAR, TXd, %% BNIUEBX=AEIRAYNRTERRERREARRI]. £S5/, 2000, 9
(43 373-381. '

XIAO Z S, WANG Y S, ZHANG Z B. Seed bank and the factors influencing it for three Fagaceae species in Du-
jiangyan Region, Sichuan [J]. Chinese Biodiversity, 2001, 9(4): 373-381.

Askn, Zwt, FAH. TABETHARRPXEARERERAANBR LB TFEAFEI] AUESER,
2000, 24(2); 222-230.

ZHOU X Y, LI M G, WANG B S. Soil seed banks in a series of successional secondary forest communities in He-
ishiding nature reserve, Guangdong Province [J]. Chinese Journal of Plant Ecology, 2000, 24(2); 222-230.
HFF. XREXSATHANRFEAGHEIM]/RAS, THE WHIREEREALEMBABRIRER. L
. LSRFEEORIIME AL, 1995: 79-92,

MO J P. Seed bank and seeding bank of evergreen broad-leaved forest{ M]//SONG Y C, WANG X R. Vegetation
and Flora of Tiantong National Forest Park Zhejiang Province. Shanghai; Shanghai Scientific and Technical Docu-
ment Publishing House, 1995; 79-92,

XU, $hEE. LR RS NR TR FEREFRD] HYESER. 2000, 24 (4); 402-407.

LIU J M, ZHONG Z C. Nature of seed rain, the seed bank and regeneration of a Castanopsis fargesii community
on Fanjing Mountain [J]. Chinese Journal of Plant Ecology, 2000, 24 (4): 402-407.

RAB, THFE WMIXERFFALEBMABMEXAIM]L L%, EENEERCRE R, 1995 11-12.
SONG Y C, WANG X R. Vegetation and Flora of Tiantong National Forest Park Zhejiang Province [M]. Shang-
hai: Shanghai Scientific and Technological Literature Publishing House, 1995: 11-12.

BRE, BAN, RKE. WIXRERFZFRLAEESAHKFIEARANHBEHREFLU]]). APES
%#18,2004, 28(3): 376-384,

DA LJ, YANG Y C, SONG Y C. Population structure and regeneration types of dominant species in an evergreen
broadleaved forest in Tiantong national forest park, Zhej‘iang Province, eastern China [J]. Chinese Journai of
Plant Ecology, 2004, 28(3): 376-384.

BRE, ZRK, RXB. % WIRXRBEERFAAEERHHREYRAR(DOBEEHREIEARHS LY

TRRRE(T]. WILAREREHM . 2005, 22(4): 363-369.

YANG T H, DAL J, SONG Y C, et al. Biomass of evergreen broad-leaved forest in Tiantong National Forest
Park, Zhejiang Province ( I ) Community structure and fresh weight biomass of main tree species[]J]. Journal of
Zhejiang Forestry College, 2005, 22(4) ;: 363-369,
BR®E, K. I XEZHEFENRERESENR(D: £FKEAXRESKRBEMI]. SRFRLE¥
| CHRBIEERD , 2008(4) : 1-11,

CF#%8 56 TO)



56

ERIMAEKRZZEHR (B RBERD 2010 4

(3]

[4]

(5]

(6]

(7]

£8]
[9]

(10]

[11]

[12]

{13]

ROBERTS D. Eliminating analysis in refactoring[ D]. Urbana, Illinois; University of Illinois at Urbana-Cham-
paign, 1999. . ‘

BREU S, KRINKE J. Aspect mining using dynamic analysis[C]// 19th IEEE International Confere'nce on Auto- -
mated Software Engineering. Linz, Washington: IEEE Computer Society, 2004,

LEE B, WU C. Genetic algorithm based restructuring of object-oriented designs using metrics[ C]// Ieice Transac-
tions on Information and Systems. Oxford: Oxford University Press, 2002,

Object Management Group. Introduction to OMG-s unified modeling language[ EB/OL]. [ 2009-05-15]. http: /
www. omg. org/gettingstarted/what_is_uml. htm,

MENS T, VAN GORP P. A taxonomy of model transformation[]]. Electronic Notes in Theoretical Computer
Science, 2006, 152; 125-142.

RUSSELL C. Bridging the object-relational divide[J]. ACM Queue, 2008, 6(3); 18-28.

NIYOMTHUM K, CHITTAYASOTHORN S. A transformation from an object database to an object relational
database[ C] // Proceedings IEEE Southeast Con., Washington: IEEE Computer Society, 2003.

KICZALES G ]J. Aspect-oriented programming{ C]// Lecture Notes in Computer Science. Berlin: Springer Press,
1997.

MARIN M, DEURSEN A, MOONEN L. Identifying aspects using fan-in analysis{ C]/ Proceedings of the 11th
Working Conference on Reverse Engineering. Washington: IEEE Computer Society, 2004,

TANNENBAUM A. Metadata Solutions: Using Metamodels, Repositories, XML, and Enterprise Portals to
Generate Informationon Demand[M]. Boston: Addison-Wesley Professional, 2001.

SUN M. JSR 175: A metadata facility for the Java™ programming language[ EB/OL]. [ 2009-04-29]. http: //
www, jcp. org/en/jsr/detail? id = 175.

(E#% 930

[32]

[33]

[34]

[35]

[36]

[37]

DA L ], SONG K. Experimental ecology research on destroyed evergreen broad-leaved forests in TNFP, Zhejiang
(I): Ecological restoration experiments and long-term ecological study [J]. Journal of East China Normal Uni-
versity (Natural Science), 2008(4): 1-11.

EE. WOIXEEMIBN LR TESHEESLED] ZHEPTIR, 2001, 23(2); 209-215.

ZHANG G F. Characteristics of soil seed bank and seedling bank of shrubland in Tiantong range, Zhejiang Prov-
ince [J]. Acta Botanica Yunnanica, 2001, 23(2): 209-215.

BRIE. #RRAERMAES¥PAID]. B ERWEXE, 2001,

CHEN B. Study one reproductive of Castanopsis fargesii Franch [D]. Shanghai: East China Normal University,
2001,

THOMPSON K, GRIME ] P. Seasonal variation in the seed banks of herbaceous species in ten contrasting habitat
[J]. Journal of Ecology, 1979, 67:893-921.

RUSSI L, bOCKS P S, ROBERTS E H. Seed bank dynamics in Mediterranean grassland [J]. Journal of Apply E-
cology, 1992, 29. 763-71.

DUTOIT T, ALARD D. Permanent seed banks in chalk grassland under various management regimes; their role
in the restoration of species-rich plant communities [J]. Biodiversity and Conservation, 1995(4); 939-950.
BRA, BRE, K, % ¥EAMRESRETREREEMERIMI/RAE, BB, PERBEREHK
ABREBAVIN S EBKE. LT BEH R, 2007.416-451.

DA LJ, CHEN B, SONG K, et al. Experiment of eco-restoration in evergreen broad-leaved forest [M] / SONG Y
C, CHEN X Y. Degradation Mechanism and Ecological Restoration of Evergreen Broad-leaved Forest Ecosystem
in East China, Beijing: Science Press, 2007: 416-451.



