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Abstract

prone to debris flow in Northern Yunnan Itwas found that variation in the type of disturbance had a strong ef-
fect on the density and composition of the snil seed bank. Restoration with a L eucaena glauca plantation (w ith

Soil seed banks of different ecosystens subject to different disturbancesw ere studied in a dry valley

over 6 years free of disturbance from humansor domestic animals) increased the seed bank density and the domi-
nant species changed from aridity-tolerant to shade-tolerant species Seed bank density and the variety of gecies
was reduced in an annually cut Coriaria sinica plantation, though the composition of the seed bank remained con-
stant L andslides and soil erosion had a negative effect on seed bank density and species types asmany seedsw ere
renoved from the soil Debrisflow created the greatest disturbance as it destroying both the il surface and seed
bank.

Key words Soil seed bank, Disturbance type, Debris flow prone dry valley

1992).
slides are very common (Du & Kang,

A long some rivers and their tributaries in the
Hengduan M ountain Region in the Southern Chi-
na, the phenomena of” local dryness’, that is, in-

In fact, il erosion, debrisflow sand land-
1987).
Restoration and rehabilitation of these valley sys

creased heat and aridity in the valley can be found
(Zhang, 1992). Due to their comparative advan-
tage in agricultural development, these hot and dry
valleys are highly exploited and it is now almost
mpossible to find a natural ecosysten (Zhang,
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tem s isof significant and urgent need for both eco-
nom ic and ecological reasons

Soil seed bank is an mportant component of
any plant community or ecosysten. Persistence of
seeds in the il have mportant mplications for
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the restoration and conservation of plant gecies
and communities(A kinola et al. , 1998). In recent
decadesmuch research has been carried out on il
seed banks, including such agects as their densi-
ty, composition, relationship w ith standing vegeta-
tion, domancy, persistence and viability (M ichael,
1992, Xiong et al. , 1992, Tang etal , 1999; Zhou
et al , 2000).
attention to environmental restoration and rehabili-
tation, some research has begun to be undertaken
to directly serve restoration purposes (Hester et
al., 1991, Shav, 1996, Akinola et al. , 1998).
How ever, to date no research on seed banks in dry
valleys in Southern China has been undertaken
This study focuses on il seed banks of e

Since the 1990's, with increasing

cosystan s subject to different disturbances in one
typical dry valley, the Xiaojiang River in North-
eastern Yunnan T he study analyzes the effects of
disturbances on il seed banks, with a view to
providing know ledge that can be useful in the
restoration of those ecosystams

1 M ater ial and methods

1.1 Study area and sample sites

Flowing from south to north in Northeast
Yunnan, the Xiaojiang River is one of the tribu-
taries of the Jinsha River (the upper reaches of the
Yangtze River). The section between 700-1600
meters above sea level has been identified as dry
valley area(Du & Kang, 1987). W ithin this area,
grass ecies oconstitute the dominant vegetation
cover. Due to gecial geographical features(namely
Great X iaojiang Faults) and the huge mpact of hu-
man activities, thisarea isbecom ing one of thema-
jor areas of debris flow activity areas in China
Some geologists have poken of the area asa nat-
ural museum’ of debrisflow s There are 107 debris
flow trails in the 123 gullies that lie along the 90
km stretch of the low er part of the Xiaojiang Riv-
er. Therefore, debris control and vegetation cover
restoration is a very urgent need in this area

This study w as carried out at Jiangjiagou (26°
N, 103° E), one of the major debris flow w ater-
sheds of the Xianjiang River. The watershed is

13.9 km long and covers an area of 48.6 km” The
altitude ranges from 1042 m at the bottom to 3269
m at the top. The clmate is hot and dry in the
low er portion of the valley, with a mean annual
tenperature of 18 and low est mean temperature
of more than 10 Frost is rare and there are
more than 300 frost-free days each year A nnual
precipitation isaround 600-700 mm, but the poten-
tial evaporation exceeds asmuch as five times this
nunber. On average, there are 15 debris flow oc-
currences each year in this snall valley. Asa re
sult, along the lower part(i e the dry valley por-
tion), slopes are unstable and land surfaces are
rocky. Grass is the major vegetation cover Be-
cause the local famers heavily depend on grass for
animal fodder and fuel, the grass is cut annually
throughout the valley. efforts
have been put into tree and shrub planting, in an

effort to lve fuel shortages,

In recent years,

reduce landslides
and erosion, and ultmately reduce the material
available for accumulation in debris flow s

Five typical ecosysten swere selected for this
study. These are 1) grassland, 2) shrub + grass,
3) tree plantation, 4) new slope deposit, and 5)
nev debris flow materials Each of these systans
is the result of some kind of disturbance The
characteristics of each site are as follow s

1) Grassland(GL): Thisisthemain land cov-
er type in the Jiangjiagou area Themajor Pecies
are aridity tolerant gecies, such asErigphorum co-
mosum, H etergpogen contortus, and Eulaligpsis bi-
nata Grazing and cutting of grass for fodder or fu-
el occur annually.

2) Shrubs(Coriaria sinica) + grass(CG): On
M e unstable slopes, seedsof C. sinicaw ere sown
in 1995, and coverage of C. sinica is now around
60%.

such as Erigohorum canosum, H.

Other land is covered by herbal gecies,
contortus and
Eulaligpsis binata Grazing and annual cutting of
C. sinica for fuel aremajor disturbances T here is
no production of C. sinica seeds

3) Tree plantation (L G): L eucaena glauca
were planted around 1993-1994 at some slopes
Now most trees are 3-4 meters tall and the cover
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rate is 100%.
sculponeata are themajor geciesoccupying the un-

Peristrgphe japonica and Rabdosia

der story. No cutting and other human distur-
bances take place

4) Neav slope deposits (ND): These were
formed during the recent rainy season by landslides
and il erosion The surface is rocky and w ith
garse vegetation

5) Newv debris flow materials (NDFM ):
Fomed by the latest debrisflows They are rocky
and bare

Since it is mpossible to find aprimary ecosys
tem as the reference site, we took grassland (GL )
as the control for comparisons
1.2 Soil sanpling and treatment

A siteof about 100m x 50m was selected in
each of theL. glauca plantation, C. sinica planta-
tion, and grass types Two transects were de-
signed along the river banks to sanple for ND s
and NDFM s The altitude of the five sites varied
w ithin 50 meters

In D ecanber 1999, 15 il sanples(10 anx 20
an x 10 an ) were oollected from random points
w ithin each of the five sites Soilswere sterilized
with 5 mm mesh and the top onesw ere carefully
checked and weighted A fter weighting, the re-
mains were trangorted to the laboratory and
stored to protect from the cold w inter.

W hen w inter w as over, each stored il sam-
plewasm ixed and evenly spread to an gpproximate
depth of 2 an in a plastic tray filled with 2 an of
seed-killed sand (8 hoursat 105 ). Thiswas then
placed in a large gem ination house constructed of
translucent fiberglass roof and glasswalls Start-
ing from M arch 6, 2000, all sanples were kept
moist by mist graying Records were taken at
oneweek intervals until there were no more
seedlings emerging w ithin a period of aw eek (A u-
gust 18). Seedlingsw ere ramoved and recorded as
they w ere identified For several uncertain gecies,
seedlingsw ere tranglanted until they w ere identi-

fied

The mean numbers of seeds of each gecies
from each sitew ere calculated and transformed into
individuals/m> The ShannonW einer index and
Smpon’'s index (Rico-gray & Garcia-Franco,
1992) was used to describe the diversity of the five
communities

Surveys on species composition of vegetation
w ere carried out in A ugust 2000 Two 20mx 20m
sitesforL. glauca, three 10mx 10m sites for C.
sinica and two transects for grass land were de-
signed and surveyed

2 Realts

2.1 Characteristics of gem ination

From March 6 to August 18 2000, 1358
seedlings emerged from all of the =il samples
Seeds started to anerge onew eek after traysw ere
w atered A bout 50% of seedlings energed after 30

days of wetting (Fig 1).
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Fig 1 Seedlings energed from all of the il
samples of debrisprone dry valley

2.2 Density and composition of seed banks

The total numbers of seedlings that energed
from the il samplesare shown in Table 1 Densi-
ty of per squaremeter was calculated To quantify
the effects of each gecies and gecies groups, the
proportion of individualsw as al® calculated

T he density of seed banks in the sampled sites
ranged from 90 at theNDPM to 1397 individuals/m®
at the L.
ocovered community (L G, 1397) was higher than
that of the grassland (GL, 1213) and shrub (CG,
810) ocommunities L andslides and il erosion
caused the redistribution of surface materials but
there were still about 290 individuals/m? of seeds
inside theN D samples Pioneer-Pecies seeds had
already occupied theNDFM.

glauca forest The density of the tree
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Table1l Density and species canposition of different seed banks in a debrisflow prone dry valley

Coriaria L eucaena Newv slope Nev debris flow
. Grass land
Community types sinica glauca @) deposit materials
grass (CG) LG) (ND) (NDRV )
Species groups and gecies nane A’ B* A B A B A B A B
Herb gecies
A rtemisia codonocep hala 14 58 102 24 3 80 219 2 23
Oxalis corniculata 5 21 39 93 2 Q5 14 16 1
Chengpodium album 6 16
Polygonum capitatum 3 a7 8 22 3 35
Gnaphalium aff ine 2 a8 2 a5 18 49 1 11
Amaranthes girosus 5 12 3 Q9
Carpesium nepalense var. lanatum 1 a2 16 45 3 35
Stellariamedia 1 Q3
Ixeris gracille 2 a5 3 Q9 1 11
Cardamine f lexuosa 1 a2
H etergpogen contortus 149 61 3 8 20 44 120 22 25 4
A rthraxon jigpidus 4 10 21 58 4 46
Peristrgphe japonica 99 23 6 2 Q5
Solanum nigrum 4 17 4 10 2 Q5
Elsholtzia ciliata 10 24 3 34
Origanum vulgare 2 a8 21 50 10 27 5 57
Erigphorum canosum 21 8 6 3 a7 85 23 3
Rabdosia sculp oneata 55 131
Eupatirium adengphorum 20 8 2 28 67 25 67 14 16 1 27 100
Oxyria digyna 2 a5 2 Q5
Eulaligpsis binata 4 17 1 Q2 30 83 15 17. 2
Senecio chrysanthemoides 5 12
Themeda triandra var. japonica 2 a8 1 a2 2 a5
Subtotal 223 91 8 396 945 360 98 5 87 100 27 100
Shrubs gecies
Campy lotrgpis polyantha 11 45 1 Q2 3 Q9
V iburnum cylindricum 9 37 2 Q5
Coriaria sinica 6 14
Sida acuta 5 12
Subtotal 20 82 14 34 3 Q9
L iana ecies
A tylosia scarabaeoides 1 Q3
Subtotal 1 a3
Other gecies 9 21 1 Q3
Total 243 100 419 100 365 100 87 100 27 100
Density (individuals/m?) 810 1397 1213 290 90
* . Number of seeds # . Ratio of individual
Soil seed banks in all sample sitesw ere dom i- LG: A. codonocephala (24.3%), Peristraphe

nated by herbs, both in tems of the quantity of
seedlings energed and number of herb ecies i-
dentified The ratio of individual herbs ranged
from 91.6% in the CG land to 100% at N D and
NDRM. Shrub, liana and tree gpecies were few.
The dom inant seedlings that energed from each of
the il samplesw ere

CG: H. contortus(61.3%), Erigphorum cano-
sum (8.6%), Eupatirium adengphorum (8.2%),
A rtemisia codonocegphala (5.8%), Campylotropis
polyantha (4.5%), V iburnum ¢y lindricum (3. 7%).

japonica (23.6%), R. sculponeata(13.1%), Ox-
alis corniculata (9.3%), Eupatirium adengphorum
(6.7%), Origanum vulgare(5. 0%).

GL: Erigphorum. canosum (23.3%), A.
codonocephala (21.9%), H. contortus (12%),
Eulaligpsis binata (8.3%), Eupatirium adengpho-
(6.7%), (5.8%),
Gnaphalium aff ine (4.9%), Carpesium nepalense
lanatum (4.5%).

N SP: H. contortus (25.4%), Eulaliopsis bina-
ta(17.2%), Eupatirium adengphorum (16. 1%),0.

rum A rthraxon jigpidus

var
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corniculata (16. 1%).
NDPV : Eupatirun adengphorum (100% ).
The dominant gecies in CG, GL, and N D
seed banks were A ridity-tolerant
Gramineae ecies (H. contortus, Erigphorum co-

smilar.

mosum, Eulaligpsis binata) acoounted for high pro-
portions(71.5%, 43. 6% and 42. 6% regectively).
U nder L G communities, gecies in the il seed
bank w ere dom inated by secies from Compositae,
A canthaceae and L abiatae, most of w hich are rela-
tively shade tolerant

Taking the dom inant community type, grass
land (GL), asthe control site, we can see that 11
gecies anong the 12 CG gecies were found in
GL. Therew ere 18 common seeds betw een GL and
LG Three GL 9ecieswere not found in L G and
nine L G geciesw ere not found in GL. Only one
geciesof N D wasnot found in GL. These results
suggest that disturbances can lead to changes in
the species composition of seed banks, and that
seeds of some ecies persist in the seed banks for
along time
2.3 Diversity

Thirty four Peciesw ere identified during the
gem ination period, of which 27 were found in
LG, 22in GL, and 12 each in CG andN D (Table
2). On the basis of individual numbers of each
gecies, both Shannon+W einer index and Smpn’s
index (Rico-Gray & Garica-Franco, 1992) were
calculated for the five community types (T able 2).
A Ithough 5 ecies differ betweenL G and GL , the
two diversity indexes are aimost the same CG and
N S have the samne numbersof gecies, but the di-
versity indexes are quite different This is due to

the different composition of seed banks, since one
gpecies (H. contortus) dominated in CG and two
pecies (P. japonica, A. codonocephala) dom inat-
edinLG
Table2 Speciesdiversity of seed banks in a
debr isflow prone dry valley

N aw N ew
C. sinicaL. glauca Grass slone debris
Community types +grass (LG) land P€ " flow
deposit }
(CG) (&) ND) materials
(NDRAM )
No of gecies identified 12 27 22 12 1
ShannonW einer index 2.19 3.40 3.37 2.9 0
Simpon’s index 0.61 0.86 0.88 0.86 0

2.4 V egetation cover and seed banks

V egetation surveys in CG, LG and GL com-
munities show ed that 21 peciesw ere identified in
the established vegetation of CG (12 in the seed
bank), 24 in GL (22 in the seed bank), and only
17 in the L G community (27 in the seed bank).
Other than 60% C. sinica cover, CG is dom inated
by Granineae ecies (Cymbapogen distans, H.
contortus, T. triandra var japonica, Eulaligosis bi-
nata), most of which are alo found in GL. The
vegetation composition of the L G site had totally
changed compared w ith the GL, except for thelL.
and P.
japonica and R. sculponeata that dominated the
ground layer.

There was a sharp dissmilarity between the
gecies found in the seed banks and in the estab-

glauca that occupied the upper layer,

lished vegetation anong the three surveyed ecosys
tens Only a feav gecieswere found both at the
seed bank and in the established vegetation (T able
3).

Table 3 Numbersof gecies in the seed bank and in vegetation canmun ities in a debr isflow prone dry valley

Communities C. sinica + grass (CG)

L. glauca (LG)

Grass land (GL)

Seed banks V egetation Common gecies Seed banks V egetation Common seciesSeed bank sV egetation Common secies

Herb 10 20 6 21
Shrub 2 1 0 4
L iana

Tree

Others 2

Total 12

12 6 19 20 10
2 1 2
1 1 2 1
2
1
17 6 22 24 11
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The gecies composition of seed banks al
differed from that of vegetation The ten densest
gecies from the seed bank and vegetation were
taken out and their relative abundance is shown in
Fig 2 This shows that there were only two in
common in C. sinica grass, and four each in com-
mon under L. glauca and in grass land The dens
est pecies in the seed banksw ere not the sane as
those in the established vegetation

4007 A Leucaena glauca
3001 M Seed bank
’E 2001 0O Vegetation
& 100
R
]
% 100} Ec Ov Rs Oc He Aj Ei Ea Ac Bb
]
= 200}
300+
600 B: Coriaria sinica +grass
lE. 400 B Seed bank
g 200k O Vegetation
-E 0 ol e lw_ -
200 Oc Lj He Aj EbCd Ei Sb Tt Ea Ac Pj Sn EnCp Cs Ve
400F C- Grass land B Seed btmk
300k [ Vegetation
E
)
2
>
g
5 Ei Tt EaCn Ac Ga Ig Pj Pc En

Fig 2 The ten densest gecies in both seed bank and stand

vegetation in communities in a debris flow prone dry valley
A C A rtemisia codonocephala A j: A rthraxon jigpidus

Bb: Bidens bipinnata Cd: Cymbgogen distans Cn:

Carpesium nepalense var lanatum Cp: Campylotrapis
polyantha Cs Coriaria sinica DA: D odonea angustif olia
Ea Eupatirium adengphorum Eb: Eulaligpsis binata Ec:
Elsholtzia ciliata Ei: Elensine indica En: Erigphorum co-
mosum Ga Gnaphalium aff ine Hc H etergpogen contortus
lg: Ixerisgracille Lg L eaucaena glauca L L epedeza
juncea Oc:. Oxalis corniculata Ot: others Ov:. Orig-
anum valgare Pc Polygonum capitatum. Pj. Peristraqphe
japonica Rh: Rumex hastatus RS Rabdosia sculponeata

Sh: Spodigogon bambusoides Sn: Solanum nigru Tt

Theneda triandr var. japonica V¢ Viburnum cylindricum

3 Discussion and conclusion

Disturbances are the major threat to the sta-
bility of ecosystems in dry and hot valley areas of
the Xiaojiang River (Du & Kang, 1987, Zhang,

1992). T hese disturbances are caused by both nat-
ural factors, such as debris flow,
il erosion, and human induced activities, such as
restoration, annual cutting and grazing of grass

Since it is mpossible to find a primary and undis-
turbed site, w e took grassland, the typical ecologi-
cal type of the study area, as the control site to
compare ecosystens w ithin the valley. Thus the
CG and L G sites can be considered as communities
w ith different restoration efforts, and N and
NDRV as different natural disturbance sites De-
bris flow is the strongest natural disturbance that
changes land surface cover. Soil erosion and snall
landslides caused the redistribution of grassland
surface il and formed N D.

landslides and

T he size of il seed bank s have this sequence:
LG (1397 individuals/m?®) > GL (1213) > CG
(810) > N (290) > NDRV (90). Obviously,
these numbers suggest that different disturbances
bring different changes to seed banks Compared
with GL, tree (L. glauca) plantation increases the
seed density of il seed banks, while shrub (C.
sinica) plantation depletes some seedsfrom the il
seed bank N atural disturbance, redistribution of
surface material by il erosion and landslides de-
plete il seed bank sharply (ND) since a lot of
seeds are brought to the deposit site Debris flow
destroys the il surface and the seed bank
(NDRAV ).

It is commonly suggested that the density of
buried seeds declines along the successional sere,
and that seed density of seed bank of grassland is
usually higher than that of shrubs which are in
turn higher than that of forest (Xiong et al ,
1992, Baskin & Baskin, 1998). The result found
in this study w as the inverse T he density of grass-
land is lower than that under tree cover. Three
possible reasons are as follow s 1) D isturbance had
been eliminated for 6 to 7 years in the tree planta-
tion site 2) L. glauca grow s rgpidly and the land
surface is covered, = that the dry and hot condi-
tion ismodified, thuspartly changing seed storage
conditions 3) The area of plantation is not large
and seed from grassland is still accessible This re-
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sult alo suggests that stable conditions w ithout
disturbance can lead to increase in il seed bank
size in this area

Disturbances can lead to changes in ecies
but seeds of some
gecies persist in the seed banks for long time
Compared with GL: 1) L.
creases the number of gecies (22 in GL to 27 in

composition of seed banks,
glauca plantation in-

L G) and the dominant gecies changes from aridi-
ty-tolerant Gram ineae gecies (H. contortus, Erio
phorum canosum, Eulaliopsis binata) to shade-tol-
erant gecies (P. japonica, A. codonocephala, R.
sculponeata) after several years But there are still
18 gecies in common with GL even though their
densities are low. 2) Shrub (C. sinica, 60% of
cover rate) plantation w ith annual cutting reduces
the number (22 in GL to 12 in CG) of ecies in
the seed bank, but the dominant gecies are still
aridity-tolerant and 11 of the 12 peciesw ere found
in GL. 3) The number of secies is reduced
sharply from GL (22) toN D (12), but only one
gecies of N D cannot be found in the il seed
bank of GL. 4) Only one type of seedw as found in
theNDRM s

A fter a study of 38 different grasslands across
the Europe, Bekker et al. (1997) concluded that
there ispoor correlation betw een floristic composi-
tion of established vegetation and the seed bank
Zhou et al. (2000) found that only 10%-50 % of
floristic gpeciesw ere found across five communities
representing a serial of secondary succession in
Guangdong In comparing the seed banksw ith the
established vegetation of this study, we have al®
found this dissmilarity between the two compo-
nentsof CG, L G, and GL communities
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