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云南北部泥石流多发干旱河谷区不同

干扰对土壤种子库的影响
Ξ

沈有信　张彦东　张　萍　刘文耀
(中国科学院西双版纳热带植物园, 昆明　650223)

摘　要　对云南北部的泥石流多发干旱河谷区不同干扰状况下的土壤种子库特征进行了研究。结果表明不同形式

的干扰对土壤种子库特征产生不同形式的影响。人工种植合欢 (L eucaena g lauca)并屏除人和家养动物的影响使土

壤种子库的种子密度增大, 同时种子组成也由原来的耐旱型为主变为耐荫型为主; 马桑 (Coriaria sin ica) 种植并实

行年度砍伐降低了种子密度并减少了种子种类, 但主成分的性质未发生改变; 滑坡与水土流失将很多种子带入其

坡积物中, 从而降低土壤种子库密度与组成种类; 泥石流是破坏地表土壤层和土壤种子库的最主要因素。
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EFFECTS OF D ISTURBANCE TY PE ON SO IL SEED BANKS IN A D EBR IS-FLOW

PRONE D RY VALL EY OF NORTHERN Y UNNAN

SH EN You2X in　ZHAN G Yan2Dong　ZHAN G P ing and L IU W en2Yao

(X ishuang banna T rop ica l B otanic Gard en, the Ch inese A cad emy of S ciences, K unm ing　650223)

Abstract　So il seed banks of differen t eco system s subject to differen t disturbances w ere studied in a dry valley

p rone to debris flow in N o rthern Yunnan. It w as found that variat ion in the type of disturbance had a strong ef2
fect on the density and compo sit ion of the so il seed bank. R esto rat ion w ith a L eucaena g lauca p lan tat ion (w ith

over 6 years free of disturbance from hum ans o r dom est ic an im als) increased the seed bank density and the dom i2
nant species changed from aridity2to leran t to shade2to leran t species. Seed bank density and the variety of species

w as reduced in an annually cut Coriaria sin ica p lan tat ion, though the compo sit ion of the seed bank rem ained con2
stan t. L andslides and so il ero sion had a negat ive effect on seed bank density and species types as m any seeds w ere

removed from the so il. D ebris flow created the greatest disturbance as it destroying bo th the so il surface and seed

bank.
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　　A long som e rivers and their t ribu taries in the

H engduan M oun ta in R egion in the Sou thern Ch i2
na, the phenom ena of“local dryness”, tha t is, in2
creased heat and arid ity in the valley can be found

( Zhang, 1992). D ue to their comparat ive advan2
tage in agricu ltu ra l developm en t, these ho t and dry

valleys are h igh ly exp lo ited and it is now almo st

impo ssib le to find a natu ra l eco system ( Zhang,

1992). In fact, so il ero sion, deb ris f low s and land2
slides are very common (D u & Kang, 1987 ).

R esto ra t ion and rehab ilita t ion of these valley sys2
tem s is of sign if ican t and u rgen t need fo r bo th eco2
nom ic and eco logica l reason s.

So il seed bank is an impo rtan t componen t of

any p lan t comm un ity o r eco system. Persistence of

seeds in the so il have impo rtan t imp lica t ion s fo r
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the resto ra t ion and con servat ion of p lan t species

and comm un it ies (A k ino la et a l. , 1998). In recen t

decades m uch research has been carried ou t on so il

seed bank s, including such aspects as their den si2
ty, compo sit ion, rela t ion sh ip w ith standing vegeta2
t ion, do rm ancy, persistence and viab ility (M ichael,

1992; X iong et a l. , 1992; T ang et a l. , 1999; Zhou

et a l. , 2000). Since the 1990’s, w ith increasing

at ten t ion to environm en ta l resto ra t ion and rehab ili2
ta t ion, som e research has begun to be undertaken

to direct ly serve resto ra t ion pu rpo ses (H ester et

a l. , 1991; Shaw , 1996; A k ino la et a l. , 1998).

How ever, to date no research on seed bank s in dry

valleys in Sou thern Ch ina has been undertaken.

T h is study focu ses on so il seed bank s of e2
co system s sub ject to d ifferen t d istu rbances in one

typ ica l dry valley, the X iao jiang R iver in N o rth2
eastern Yunnan. T he study analyzes the effects of

d istu rbances on so il seed bank s, w ith a view to

p rovid ing know ledge that can be u sefu l in the

resto ra t ion of tho se eco system s.

1　M a ter ia l and m ethods

111　Study area and samp le sites

F low ing from sou th to no rth in N o rtheast

Yunnan, the X iao jiang R iver is one of the tribu2
ta ries of the J in sha R iver ( the upper reaches of the

Yangtze R iver ). T he sect ion betw een 70021600

m eters above sea level has been iden t if ied as dry

valley area (D u & Kang, 1987). W ith in th is area,

grass species con st itu te the dom inan t vegeta t ion

cover. D ue to specia l geograph ica l fea tu res (nam ely

Great X iao jiang Fau lts) and the huge impact of hu2
m an act ivit ies, th is area is becom ing one of the m a2
jo r areas of deb ris f low act ivity areas in Ch ina.

Som e geo logists have spoken of the area as a‘nat2
u ral m u seum ’ of deb ris f low s. T here are 107 deb ris

f low tra ils in the 123 gu llies that lie a long the 90

km stretch of the low er part of the X iao jiang R iv2
er. T herefo re, deb ris con tro l and vegeta t ion cover

resto ra t ion is a very u rgen t need in th is area.

T h is study w as carried ou t a t J iangjiagou (26°

N , 103°E ) , one of the m ajo r deb ris f low w ater2
sheds of the X iao jiang R iver. T he w atershed is

1319 km long and covers an area of 4816 km 2. T he

alt itude ranges from 1042 m at the bo t tom to 3269

m at the top. T he clim ate is ho t and dry in the

low er po rt ion of the valley, w ith a m ean annual

tempera tu re of 18℃ and low est m ean temperatu re

of mo re than 10℃. F ro st is rare and there are

mo re than 300 fro st2free days each year. A nnual

p recip ita t ion is around 6002700 mm , bu t the po ten2
t ia l evapo ra t ion exceeds as m uch as five t im es th is

num ber. O n average, there are 15 deb ris f low oc2
cu rrences each year in th is sm all valley. A s a re2
su lt, a long the low er part ( i. e. the dry valley po r2
t ion ) , slopes are un stab le and land su rfaces are

rocky. Grass is the m ajo r vegeta t ion cover. Be2
cau se the local farm ers heavily depend on grass fo r

an im al fodder and fuel, the grass is cu t annually

th roughou t the valley. In recen t years, effo rts

have been pu t in to tree and sh rub p lan t ing, in an

effo rt to so lve fuel sho rtages, reduce landslides

and ero sion, and u lt im ately reduce the m ateria l

availab le fo r accum u lat ion in deb ris f low s.

F ive typ ica l eco system s w ere selected fo r th is

study. T hese are 1) grassland, 2) sh rub + grass,

3) t ree p lan ta t ion, 4) new slope depo sit, and 5)

new deb ris f low m ateria ls. Each of these system s

is the resu lt of som e k ind of d istu rbance. T he

characterist ics of each site are as fo llow s.

1) Grassland (GL ) : T h is is the m ain land cov2
er type in the J iangjiagou area. T he m ajo r species

are arid ity to leran t species, such as E riop horum co2
m osum , H eterop og en con tortus, and E u la liop sis bi2
na ta. Grazing and cu t t ing of grass fo r fodder o r fu2
el occu r annually.

2) Sh rub s (Coria ria sin ica) + grass (CG) : O n

som e un stab le slopes, seeds of C. sin ica w ere sow n

in 1995, and coverage of C. sin ica is now around

60%. O ther land is covered by herbal species,

such as E riop horum com osum , H . con tortus and

E u la liop sis bina ta. Grazing and annual cu t t ing of

C. sin ica fo r fuel are m ajo r d istu rbances. T here is

no p roduct ion of C. sin ica seeds.

3 ) T ree p lan ta t ion (L G ) : L eucaena g lauca

w ere p lan ted around 199321994 at som e slopes.

N ow mo st t rees are 324 m eters ta ll and the cover
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ra te is 100%. P eristrop he jap on ica and R abd osia

scu lp onea ta are the m ajo r species occupying the un2
der sto ry. N o cu t t ing and o ther hum an distu r2
bances take p lace.

4 ) N ew slope depo sits (N SD ) : T hese w ere

fo rm ed du ring the recen t ra iny season by landslides

and so il ero sion. T he su rface is rocky and w ith

sparse vegeta t ion.

5 ) N ew deb ris f low m ateria ls (ND FM ) :

Fo rm ed by the la test deb ris f low s. T hey are rocky

and bare.

Since it is impo ssib le to find a p rim ary eco sys2
tem as the reference site, w e took grassland (GL )

as the con tro l fo r comparison s.

112　So il samp ling and trea tm en t

A site of abou t 100 m × 50 m w as selected in

each of the L . g lauca p lan ta t ion, C. sin ica p lan ta2
t ion, and grass types. Tw o tran sects w ere de2
signed along the river bank s to samp le fo r N SD s

and ND FM s. T he alt itude of the five sites varied

w ith in 50 m eters.

In D ecem ber 1999, 15 so il samp les (10 cm ×20

cm ×10 cm ) w ere co llected from random po in ts

w ith in each of the five sites. So ils w ere sterilized

w ith 5 mm m esh and the top ones w ere carefu lly

checked and w eigh ted. A fter w eigh t ing, the re2
m ain s w ere tran spo rted to the labo ra to ry and

sto red to p ro tect from the co ld w in ter.

W hen w in ter w as over, each sto red so il sam 2
p le w as m ixed and even ly sp read to an app rox im ate

dep th of 2 cm in a p last ic t ray filled w ith 2 cm of

seed2k illed sand (8 hou rs a t 105℃). T h is w as then

p laced in a large germ inat ion hou se con structed of

t ran slucen t f iberg lass roof and glass w alls. Start2
ing from M arch 6, 2000, a ll samp les w ere kep t

mo ist by m ist sp raying. R eco rds w ere taken at

one2w eek in tervals un t il there w ere no mo re

seedlings em erging w ith in a period of a w eek (A u2
gu st 18). Seedlings w ere removed and reco rded as

they w ere iden t if ied. Fo r severa l uncerta in species,

seedlings w ere tran sp lan ted un t il they w ere iden t i2
f ied.

T he m ean num bers of seeds of each species

from each site w ere calcu la ted and tran sfo rm ed in to

individualsöm 2. T he Shannon2W einer index and

Simp son’s index ( R ico2gray & Garcia2F ranco,

1992) w as u sed to describe the diversity of the five

comm un it ies.

Su rveys on species compo sit ion of vegeta t ion

w ere carried ou t in A ugu st 2000. Tw o 20 m × 20 m

sites fo r L . g lauca , th ree 10 m ×10 m sites fo r C.

sin ica and tw o tran sects fo r grass land w ere de2
signed and su rveyed.

2　Results

211　Characterist ics of germ inat ion

F rom M arch 6 to A ugu st 18 2000, 1358

seedlings em erged from all of the so il samp les.

Seeds started to em erge one w eek after t rays w ere

w atered. A bou t 50% of seedlings em erged after 30

days of w et t ing (F ig. 1).

F ig. 1　Seedlings em erged from all of the so il

samp les of debris p rone dry valley

212　D en sity and compo sit ion of seed bank s

T he to ta l num bers of seedlings that em erged

from the so il samp les are show n in T ab le 1. D en si2
ty of per square m eter w as calcu la ted. To quan t ify

the effects of each species and species group s, the

p ropo rt ion of individuals w as also calcu la ted.

T he den sity of seed bank s in the samp led sites

ranged from 90 at the ND FM to 1397 individualsöm 2

at the L . g lauca fo rest. T he den sity of the tree

covered comm un ity (L G, 1397) w as h igher than

that of the grassland (GL , 1213) and sh rub (CG,

810 ) comm un it ies. L andslides and so il ero sion

cau sed the redist ribu t ion of su rface m ateria ls bu t

there w ere st ill abou t 290 individualsöm 2 of seeds

in side the N SD samp les. P ioneer2species seeds had

already occup ied the ND FM.
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Table 1　D en sity and spec ies composition of differen t seed banks in a debr is f low prone dry va lley

Comm unity types

Coria ria

sin ica

grass (CG)

L eucaena

g lauca

(L G)

Grass land

(GL )

N ew slope

depo sit

(N SD )

N ew debris flow

m aterials

(ND FM )

Species group s and species nam e A 3 B # A B A B A B A B

H erb species

A rtem isia cod onocep ha la 14 5. 8 102 24. 3 80 21. 9 2 2. 3

O x a lis corn icu la ta 5 2. 1 39 9. 3 2 0. 5 14 16. 1

Chenop od ium a lbum 6 1. 6

P oly g onum cap ita tum 3 0. 7 8 2. 2 3 3. 5

Gnap ha lium af f ine 2 0. 8 2 0. 5 18 4. 9 1 1. 1

A m aran thes sp irosus 5 1. 2 3 0. 9

Carp esium nep a lense var. lana tum 1 0. 2 16 4. 5 3 3. 5

S tella ria m ed ia 1 0. 3

Ix eris g racille 2 0. 5 3 0. 9 1 1. 1

Card am ine f lex uosa 1 0. 2

H eterop og en con tortus 149 61. 3 8 2. 0 44 12. 0 22 25. 4

A rth rax on j isp id us 4 1. 0 21 5. 8 4 4. 6

P eristrop he jap on ica 99 23. 6 2 0. 5

S olanum n ig rum 4 1. 7 4 1. 0 2 0. 5

E lsholtz ia cilia ta 10 2. 4 3 3. 4

O rig anum vu lg are 2 0. 8 21 5. 0 10 2. 7 5 5. 7

E riop horum com osum 21 8. 6 3 0. 7 85 23. 3

R abd osia scu lp onea ta 55 13. 1

E up a tirium ad enop horum 20 8. 2 28 6. 7 25 6. 7 14 16. 1 27 100

O xy ria d igy na 2 0. 5 2 0. 5

E u la liop sis bina ta 4 1. 7 1 0. 2 30 8. 3 15 17. 2

S enecio ch ry san them oid es 5 1. 2

T hem ed a triand ra var. jap on ica 2 0. 8 1 0. 2 2 0. 5

Sub to tal 223 91. 8 396 94. 5 360 98. 5 87 100 27 100

Sh rubs species

Campy lotrop is p oly an tha 11 4. 5 1 0. 2 3 0. 9

V ibu rnum cy lind ricum 9 3. 7 2 0. 5

Coria ria sin ica 6 1. 4

S id a acu ta 5 1. 2

Sub to tal 20 8. 2 14 3. 4 3 0. 9

L iana species

A ty losia scarabaeoid es 1 0. 3

Sub to tal 1 0. 3

O ther species 9 2. 1 1 0. 3

To tal 243 100 419 100 365 100 87 100 27 100

D ensity ( individualsöm 2) 810 1397 1213 290 90

　　3 : N um ber of seeds　　# : Ratio of individual

　　So il seed bank s in all samp le sites w ere dom i2
nated by herb s, bo th in term s of the quan t ity of

seedlings em erged and num ber of herb species i2
den t if ied. T he ra t io of individual herb s ranged

from 9116% in the CG land to 100% at N SD and

ND FM. Sh rub, liana and tree species w ere few.

T he dom inan t seedlings that em erged from each of

the so il samp les w ere:

CG: H . con tortus (6113% ) , E riop horum com o2
sum ( 816% ) , E up a tirium ad enop horum ( 812% ) ,

A rtem isia cod onocep ha la ( 518% ) , Cam py lotrop is

p oly an tha (415% ) , V ibu rnum cy lind ricum (317% ).

L G: A . cod onocep ha la ( 2413% ) , P eristrop he

jap on ica (2316% ) , R. scu lp onea ta (1311% ) , O x 2
a lis corn icu la ta (913% ) , E up a tirium ad enop horum

(617% ) , O rig anum vu lg a re (510% ).

GL : E riop horum . com osum ( 2313% ) , A .

cod onocep ha la ( 2119% ) , H . con tortus ( 12% ) ,

E u la liop sis bina ta (813% ) , E up a tirium ad enop ho2
rum ( 617% ) , A rth rax on j isp id us ( 518% ) ,

Gnap ha lium af f ine (419% ) , Ca rp esium nep a lense

var. lana tum (415% ).

N SP: H . con tortus (2514% ) , E u la liop sis bina2
ta (1712% ) , E up a tirium ad enop horum (1611% ) , O.

626 植　物　生　态　学　报 25 卷　



corn icu la ta (1611% ).

ND FM : E up a tirum ad enop horum (100% ).

T he dom inan t species in CG, GL , and N SD

seed bank s w ere sim ilar. A rid ity2to leran t

Gram ineae species (H . con tortus, E riop horum co2
m osum , E u la liop sis bina ta) accoun ted fo r h igh p ro2
po rt ion s (7115% , 4316% and 4216% respect ively).

U nder L G comm un it ies, species in the so il seed

bank w ere dom inated by species from Compo sitae,

A can thaceae and L ab ia tae, mo st of w h ich are rela2
t ively shade to leran t.

T ak ing the dom inan t comm un ity type, grass2
land (GL ) , as the con tro l site, w e can see that 11

species among the 12 CG species w ere found in

GL. T here w ere 18 common seeds betw een GL and

L G. T h ree GL species w ere no t found in L G and

n ine L G species w ere no t found in GL. O n ly one

species of N SD w as no t found in GL. T hese resu lts

suggest tha t d istu rbances can lead to changes in

the species compo sit ion of seed bank s, and that

seeds of som e species persist in the seed bank s fo r

a long t im e.

213　D iversity

T h irty fou r species w ere iden t if ied du ring the

germ inat ion period, of w h ich 27 w ere found in

L G, 22 in GL , and 12 each in CG and N SD (T ab le

2 ). O n the basis of individual num bers of each

species, bo th Shannon2W einer index and Simp son’s

index (R ico2Gray & Garica2F ranco, 1992) w ere

calcu la ted fo r the five comm un ity types (T ab le 2).

A lthough 5 species d iffer betw een L G and GL , the

tw o diversity indexes are almo st the sam e. CG and

N SD have the sam e num bers of species, bu t the di2
versity indexes are qu ite d ifferen t. T h is is due to

the differen t compo sit ion of seed bank s, since one

species (H . con tortus) dom inated in CG and tw o

species (P. jap on ica , A . cod onocep ha la) dom inat2
ed in L G.

Table 2　Spec ies diversity of seed banks in a

debr is f low prone dry va lley

Comm unity types
C. sin ica
+ grass

(CG)

L . g lauca
(L G)

Grass
land
(GL )

N ew
slope

depo sit
(N SD )

N ew
debris
flow

m aterials
(ND FM )

N o. of species iden tified 12　 27　 22　 12　 1　

Shannon2W einer index 2119 3140 3137 219 0

Simp son’s index 0161 0186 0188 0186 0

214　V egeta t ion cover and seed bank s

V egeta t ion su rveys in CG, L G and GL com 2
m un it ies show ed that 21 species w ere iden t if ied in

the estab lished vegeta t ion of CG ( 12 in the seed

bank) , 24 in GL (22 in the seed bank) , and on ly

17 in the L G comm un ity (27 in the seed bank ).

O ther than 60% C. sin ica cover, CG is dom inated

by Gram ineae species (Cym bop og en d istans, H .

con tortus, T. triand ra var. jap on ica, E u la liop sis bi2
na ta) , mo st of w h ich are also found in GL. T he

vegeta t ion compo sit ion of the L G site had to ta lly

changed compared w ith the GL , excep t fo r the L .

g lauca tha t occup ied the upper layer, and P.

jap on ica and R. scu lp onea ta tha t dom inated the

ground layer.

T here w as a sharp dissim ilarity betw een the

species found in the seed bank s and in the estab2
lished vegeta t ion among the th ree su rveyed eco sys2
tem s. O n ly a few species w ere found bo th at the

seed bank and in the estab lished vegeta t ion (T ab le

3).

Table 3　Numbers of spec ies in the seed bank and in vegeta tion commun ities in a debr is f low prone dry va lley

Comm unities C. sin ica + grass (CG) 　　　　　　L . g lauca (L G) 　　　　　　Grass land (GL )

Seed bank s V egetation Common species Seed bank s V egetation Common species Seed bank s V egetation Common species

H erb 10 20 6 21 12 6 19 20 10

Sh rub 2 1 0 4 2 1 2

L iana 1 1 2 1

T ree 2

O thers 2 1

To tal 12 21 6 27 17 6 22 24 11
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　　T he species compo sit ion of seed bank s also

differed from that of vegeta t ion. T he ten den sest

species from the seed bank and vegeta t ion w ere

taken ou t and their rela t ive abundance is show n in

F ig. 2. T h is show s that there w ere on ly tw o in

common in C. sin ica grass, and fou r each in com 2
mon under L . g lauca and in grass land. T he den s2
est species in the seed bank s w ere no t the sam e as

tho se in the estab lished vegeta t ion.

F ig. 2　T he ten densest species in bo th seed bank and stand

vegetation in comm unities in a debris flow p rone dry valley

A c: A rtem isia cod onocep ha la　A j: A rth rax on j isp id us　

Bb: B id ens bip inna ta 　 Cd: Cym bop og en d istans 　 Cn:

Carp esium nep a lense var. lana tum 　 Cp: Campy lotrop is

p oly an tha　C s: Coria ria sin ica　DA : D od onea ang ustif olia

Ea: E up a tirium ad enop horum 　Eb: E u la liop sis bina ta　Ec:

E lsholtz ia cilia ta　E i: E lensine ind ica　En: E riop horum co2

m osum 　Ga: Gnap ha lium af f ine　H c: H eterop og en con tortus

Ig: Ix eris g racille　L g: L eaucaena g lauca　L j: L esp ed ez a

juncea 　O c: O x a lis corn icu la ta 　O t: o thers　O v: O rig 2

anum va lg are　Pc: P oly g onum cap ita tum. 　P j: P eristrop he

jap on ica　Rh: R um ex hasta tus　R s: R abd osia scu lp onea ta　

Sb: S p od iop og on bam busoid es　 Sn: S olanum n ig ru 　 T t:

T hem ed a triand r var. jap on ica　V c: V ibu rnum cy lind ricum

3　D iscussion and conclusion

D istu rbances are the m ajo r th rea t to the sta2
b ility of eco system s in dry and ho t valley areas of

the X iao jiang R iver (D u & Kang, 1987; Zhang,

1992). T hese distu rbances are cau sed by bo th nat2
u ral facto rs, such as deb ris f low , landslides and

so il ero sion, and hum an induced act ivit ies, such as

resto ra t ion, annual cu t t ing and grazing of grass.

Since it is impo ssib le to find a p rim ary and undis2
tu rbed site, w e took grassland, the typ ica l eco logi2
cal type of the study area, as the con tro l site to

compare eco system s w ith in the valley. T hu s the

CG and L G sites can be con sidered as comm un it ies

w ith differen t resto ra t ion effo rts, and N SD and

ND FM as differen t natu ra l d istu rbance sites. D e2
b ris f low is the st rongest natu ra l d istu rbance that

changes land su rface cover. So il ero sion and sm all

landslides cau sed the redist ribu t ion of grassland

su rface so il and fo rm ed N SD.

T he size of so il seed bank s have th is sequence:

L G ( 1397 individualsöm 2 ) > GL ( 1213) > CG

(810) > N SD (290) > ND FM (90). O bviou sly,

these num bers suggest tha t d ifferen t d istu rbances

b ring differen t changes to seed bank s. Compared

w ith GL , tree (L . g lauca) p lan ta t ion increases the

seed den sity of so il seed bank s, w h ile sh rub (C.

sin ica) p lan ta t ion dep letes som e seeds from the so il

seed bank. N atu ra l d istu rbance, red ist ribu t ion of

su rface m ateria l by so il ero sion and landslides de2
p lete so il seed bank sharp ly (N SD ) since a lo t of

seeds are b rough t to the depo sit site. D eb ris f low

destroys the so il su rface and the seed bank

(ND FM ).

It is common ly suggested that the den sity of

bu ried seeds declines a long the successional sere,

and that seed den sity of seed bank of grassland is

u sually h igher than that of sh rub s w h ich are in

tu rn h igher than that of fo rest (X iong et a l. ,

1992; Bask in & Bask in, 1998). T he resu lt found

in th is study w as the inverse. T he den sity of grass2
land is low er than that under t ree cover. T h ree

po ssib le reason s are as fo llow s: 1) D istu rbance had

been elim inated fo r 6 to 7 years in the tree p lan ta2
t ion site. 2) L . g lauca grow s rap id ly and the land

su rface is covered, so that the dry and ho t condi2
t ion is modif ied, thu s part ly changing seed sto rage

condit ion s. 3) T he area of p lan ta t ion is no t large

and seed from grassland is st ill accessib le. T h is re2
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su lt a lso suggests tha t stab le condit ion s w ithou t

d istu rbance can lead to increase in so il seed bank

size in th is area.

D istu rbances can lead to changes in species

compo sit ion of seed bank s, bu t seeds of som e

species persist in the seed bank s fo r long t im e.

Compared w ith GL : 1) L . g lauca p lan ta t ion in2
creases the num ber of species (22 in GL to 27 in

L G) and the dom inan t species changes from arid i2
ty2to leran t Gram ineae species (H . con tortus, E rio2
p horum com osum , E u la liop sis bina ta ) to shade2to l2
eran t species (P. jap on ica , A . cod onocep ha la , R.

scu lp onea ta) af ter severa l years. Bu t there are st ill

18 species in common w ith GL even though their

den sit ies are low. 2) Sh rub (C. sin ica , 60% of

cover ra te) p lan ta t ion w ith annual cu t t ing reduces

the num ber (22 in GL to 12 in CG) of species in

the seed bank, bu t the dom inan t species are st ill

a rid ity2to leran t and 11 of the 12 species w ere found

in GL. 3 ) T he num ber of species is reduced

sharp ly from GL (22) to N SD (12) , bu t on ly one

species of N SD canno t be found in the so il seed

bank of GL. 4) O n ly one type of seed w as found in

the ND FM s.

A fter a study of 38 differen t grasslands acro ss

the Eu rope, Bekker et a l. (1997) concluded that

there is poo r co rrela t ion betw een flo rist ic compo si2
t ion of estab lished vegeta t ion and the seed bank.

Zhou et a l. (2000) found that on ly 10% 250 % of

flo rist ic species w ere found acro ss f ive comm un it ies

rep resen t ing a seria l of secondary succession in

Guangdong. In comparing the seed bank s w ith the

estab lished vegeta t ion of th is study, w e have also

found th is d issim ilarity betw een the tw o compo2
nen ts of CG, L G, and GL comm un it ies.
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