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Dynamics of soil seed banks in the reversion process of desertification in the

middle reaches of the Shiyang River
MA Quanlin* ,ZHANG Dekui, LIU Youjun,JIN Hujia, CHEN Fang

Gansu Key Laboratory of Desertification Combating, Gansu Desert Control Research Institute, Lanzhou, 730070, China

Abstract ; Soil seed bank is an important indicator for plants responding to changes of the land utilization and climate, also
an important tool for the understanding vegetation dynamics. However, little information is available about the dynamics of
soil seed banks in the reversion process of desertification in arid areas. With the method of substituting time with space, the
mobile sand dune and desertified lands closed for 5, 15 and 25 years were selected as a restoration stage series in the
reversion process of desertification, and the adjacent native vegetation habitat was took as the reference site to look into the
change characteristics of soil seed bank in the middle reaches of the Shiyang River. The results showed that the soil seed
bank of the desertified land in the middle reaches of the Shiyang River consisted of 12 species, belonging to 4 families, with
a simple composition, and the seed density, diversity index and similarity coefficient were relatively low. In the reversion
process of desertification, (1) the species number of soil seed bank showed a gradual increasing trend, and the species
composition of soil seed bank was changing from annual plants to perennial and semi-shrub plants; (2 ) the soil seed bank
was concentrated in the topsoil layer (0 —5 c¢m). Except for mobile sand dunes, the ratio of topsoil seeds to total seeds in
the desertified lands closed for 5, 15, 25 years and the adjacent native vegetation habitat were all over 90% . The seed
density of the topsoil layer (0 —5 cm) showed an increase first and then a reduction, but the seed density of the 5 —10 cm
soil layer showed an increasing trend. The seed density of the 0 —10 cm soil layer of the mobile sand dune was 141 seeds/
m’ which only accounted for 13.5% of that the desertified land closed for 15 years; (3) the seed density, ratio of topsoil
seeds to the total seeds, species diversity and similarity coefficient between standing vegetation and the soil seed bank

showed an increase first and then a reduction. The longer the interval between the reversion stages, the little the similarity
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coefficient among the seed banks was; (4) the similarity between the desertified land and native vegetation habitat in the
soil seed bank showed an increasing trend, while the similarity coefficient between the desertified land closed for 25 years
and the native vegetation habitat was only 0. 36. So the reversion process of desertification in the middle reaches of the
Shiyang River was a changing process from the desertified land soil seed bank toward the native vegetation habitat with a
very slow process. The results could enrich the theories of soil seed bank and support the ecological restoration practices of

desertified land in arid inland river basins.

Key Words: Shiyang River;the reversion process of desertification;soil seed bank ;native vegetation ;species diversity
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Table 1 Changes of soil and vegetation systems in the reversion process of desertification

, I _ NI HEMWE 5a HEME 15a HEMWE 252 I
haraeteristios indexes dune( MS) Desertified land Desertified land Desertified land site(NV)
closed for 5 years  closed for 15 years closed for 25 years
YIFPEL Number of species 3 9 10 10 15
FEWE L TEE Total vegetation coverage/ % 6. l4c 18.11b 40.23a 36.44a 35.48a
HAR T Herb coverage/% 1.26¢ 5.22bc 8.02b 8.96b 29.86a
i1 A=W Aboveground biomass/ (kg/100m?) 0.92¢ 20.95b 37.9a 23.05h 14.84b
S iy
gjg;iriiiﬁf the 0 — 60cm layer/% 2.97b 1.92¢ 1.46d L. 79¢ 3.5%
25 Soil bulk density/(g/cm®) 1.56a 1.51b 1.49¢ 1.37d 1.35¢
Vh i Sand content/ % 98.48a 94.62a 77.52b 68.18¢ 49.64d
Aiki Clay content/% 0.87¢ 1.70¢ 4.34b 6.65b 12.59a
HHLET Organic matter/ % 0.143d 0.203¢ 0.466h 0.508a 0.574a
4% Total N/% 0.013¢ 0.026b 0.039a 0.043a 0.044a
i 5% Electrical conductivity/ (ps/cm) 81.20d 90.50¢ 123.78b 133.40a 135.69a

2.2 LIERPTEEEORE Bk 5 Y%E

TE SR IR LR B & Z 1T (2008 4F 4 H) | ZEAEGA A A0 VBI04 AS [ B BERIGT REARE L, 43 S BEA LI $F
KA Tm x 1m B9 10 AS/NEEJT 43 0—Sem Fl 5—10em 2 2R 5 H3ERES | REEHE R/ 20em x20em, +3EHE
i 0. 2mm A9/ W HE G T 0 S, FE4MR AR BT 25em, 248 20em WY RIEAE 4, 78 iR =S BEA T R 15 5% .
FHG7K At 305 B 7K Ofs BN | 328 HOWEIE S8 &A% 00, Wi & AN [ 9 i A iR ie , RrBe 4 il Al 4
FlEBR L AT RIE YRR SR, B R FR T 2008 AES AL H—7 A1 HAI7 15 H—9
A 15 B miBrBatiT,
2.3 b HERE A

TEVDTEAL AN [ Y BERE -, 15 20 m x 20 m KAy, SR SR HA% 11241 1% 400 A~/IREJT, IF4% 2m 1] R
BISTHHI 100 A/ INFETT , A B—/INFE T PR AR 0 A A B AN AR 4 3 B AR HE BB 46
2.4 AR

Vi FH Excel £l SPSS16. 0 31458 A AL BRFNGE 15347 , R ) Duncan QBT 52 A% 22 0 90 vk A T V0 Akt A
AT B B 12 B 114 S 25 b (BB B T 0 =0.05) o MG 39680 7 128 8 & 8 gt i3 b Ak 3 2 it 7
AT B BERE L+ S Fh 7 2 B R TR YRl 2 REETE B K 5 1 R B AR R, MR 2R
A7 TR 49 N BT 5 A5 13 b B R R K BBURE TR P (A b P8R 40 R 1 m® TR B0, 15N ] 3
BB 0—S cm HJEH5—10 em )2 H IR IEDFH ORISR CBi/m?)

K FH 5% FH Y Simpson , Shannon F1 Pielou 3757 B Z2 W48 B0 B2 VB8 Ak 30 5 A 5] o B -39 F 7 R o 22
BEpE

K Jaccard ARABIE 22 55000 B VI Ak 336 4% AN ) B B 1 e b1 R R 5 H . 1 R B R A AR AL AR
3 HERE55H
3.1 [RGB T 2 0 P 4 S AR AE

AR AL e AR R R IGE SRR 12 R, R T 4 B 1L R R R 3 Bl RAR
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Bh4 Fl R4 B, KEEE 1 Bl ZERE RARE ARHEA BB L, JEREHM AR YD B [ i B B ; i v
BT FE MS BB IKE S5a HEWE 15a FIEFIKE 25a BBttt o 5ilic sk 2] 4 Fh 8 Fh 7 Fhfn 8 Fhid
Yy, PR TXEIR NV i 12 RS . SRR V03 Sk i X B S8 Rh 1 JZEAR HE 700 A 2 3] ep e v A 3 5 5
T2+ HeFh T AR Al BRI BRI B ( e 2) , Hi  MS 3R LU SCE R V0 AV ok o L v E R T S
$53.3% , VP KFh T i 5] 40. 0% 5 B EWKE Sa 3R T 2 op VK B 7 80 35000, i R ORR T 7 E
29.6% , Vb WMER TR T 54. 6% s B EIMKE 15a HIER TR 1 AR AR JE A R R K s
SR, VN B 1 JE R R 4> # 46. 3% 27.2% 1 18. 2% B E K 25a IR T
HE A1, 55 65.7% , WK T aiE A . AR, BV SR YU K T B BE U b 3 5 e A
WD IR 25a S5 IR V0 TR SVD B AR 3 INJFEVK R 15a 5 I 2%, iy s Eica R e a3 in , &1 0 AE 7k
225 AEJE B, X b E AR AR LA — R (R 2) .
F2OEAERERE MR IEWT ERAR R LB E Ch/m?)

Table 2 Species composition and seed density of soil seed bank at the different stages in the reversion process of desertification ( Seeds/m?)

HEWE 5a HEWE 15a HEWE 25a

i B ik R Vbt i Vbt i Ak Hh AT A X

Species Family Mobile sand Desertiﬁe('l land Deserliﬁe‘d land Desertifiedl Nati\{c vegetation
dune( MS) closed for 5 closed for 15 land closed for site(NV)

years years 25 years

TP FPEL Species number 4 8 7 8 12

1 F4EAR Annual herb

K Agriophyllum squarrosum 2R} 56.2 £16.2 12.5+6.7 6.3+4.1 — 3.1+3.1

HIFE Salsola ruthenica R - — — 59.4 +59.4 50 +34. 1

ThA Halogeton arachnoideus g — — — — 6.3 +4.1

LA # Bassia dasyphylla R} — 3.1£3.1 6.3+4.1 — 53.1+29.7

I & 5% Eragrostis poaeoides RAFR 3.1%3.1 12.5£8.2 484.4 +110. 1 21.9+7.4 46.9 +21.9

FEEHE Setaria viridis RAF 6.3x4.1 81.3 £64.6 284.4 +141.5 9.4+6.6 15.6£9.3

FREEHE Chloris virgata RAF — 3.1+3.1 18.8 +13.2 — 3.1+3.1

HiES Euphorbia humifusa Kkt - - — 6.3+4.1 —

W Artemisia scoparia HF - — - 9.4+6.6 37.5+15.7

WS Corispermum patelliforme HF — 12.5+12.5 56.3 +29.0 3.13.1 —

ZAEHE B Perennial herb

JEAEET 2 Stipa breviflora RAR} - - - 6.3+4.1 31.3+7.8

Tt BATHE Cleisiogenes squarrosa  RAFE - - — — 131.3 +117.3

FRHE Melilotus offcinalia SRk — — — — 15.6 £9.4

5 5T Sophora alopecuroides 2R - - - — 3.1+£3.1

2EREAR Semi-shrub

W# Artemisia ordosica HEE - 65.6 £36.6 190.6 +51.5 221.9 +67.7 —

Y0 Artemisia sphaerocephala HF 75.0 +36.2 84.4 +48.2 — — —

3.2 N[EIBY B Rl PR A 3

AT VD AR R AN R B B R e R B 1 AR AR AR AR BRI AR, R W B i
EARMYAEEERIF (R 2) . MS.5.15a 1 25a H3ERPF FEYFRILL IS LA 1 48 AR BRSO 32, 0 o 0 8K
Fe 1 o3 i3k 3] 60% 75% (85. 7% 1 75% , 5k MS FMA K TXF R NV 1) 63. 6% ; Z A4 FEAMEYITE MS 5a Fl
15a FAERFRE R I, 72 25 a FIF (5 HU B R 12. 5% S5 T4 BB NV (4 36. 4% ; i EREARAT I T 5 B s
B 5350 40% 25% 14.3% R 12. 5% |, b VP BAL i % i A HL G iR (1 1)
3.3 R[EM B Rl A

FEA FI i ,0—Sem 8RN 4 2% B B U Ak 06 A ok R S s B AG, e MS - R 4 R i
% AN 84 Ki/m® | BB EF IR Sa 15a 25a FIXFHE NV £ 33.8% 8. 1% 26.5% F1 23.5% ;15a BT TR 5%
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JEfR AR, 5% 1038 Ki/m?, J& MS.5.25a Xt A NV 1) OUEE B EEE B OEEA
123 £ 4.2 4% 3.3 f5A12.9 £, 5—10cm |- 3eF T2 R i N e I 15 Y B
R B R B SR IR S s b £ T e Y[

MS k%] 56 Ki/m?,15a LK 9 Hi/m* (& 2), Wk, b §§ 60 -

UL B L MO T R FRIZL NS 5,15, B3 wf

25a FIXFHR NV 0—Scem - 3ERD T 4301 & 2] S0 7507 S 20}

60.0% 90.9% 99.1% 94.4% F190.6% (& 3) . 0

3.4 RIFI B+ HER TP YR £ REE M AR Reoration s

TEA 0 g, L3P P2 Simpson , Shannon F1
Pielou Y15 48 $5 3 Bl v 150 Ak avf A oo i 52 B S 1 K e
FEARAY A, L) 5a fem (R 3) . MS 5,152 .25a +
HERPFJZE ) Simpson . Shannon F1 Pielou 5] B 48 531K
FXHHE NV, Hirp 252 + 3880 74 Simpson ,Shannon F1 Pielou 1427 BEFE B/ 5l 15 2 % NV 1 64. 4% 57. 3%
F168.5% , 5 My A A () AF AR R 2208

E1 DELAFEEAENER L EMTFEERRE
Fig. 1 Life form spectrum of soil seed bank in the reversion

process of desertification

1400 = 5 0—5cm a O0—5cm O 5—10cm
1200 ® 5—10cm I Sl 5 I e I e I 5 I 31
E 21000 |- =3 e
- 23 R
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200 o od it e
0 :: id
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HEME M Bt Restoration stages &S Bt Restoration stages

B2 DRUERARMERLEMTFERE
Fig.2 Seed bank density at the different stages in the reversion

B3 DEAFRARMRIEMTFENEESF
Fig. 3  Vertical distribution of soil seed bank at the different
process of desertification . . . .
stages in the reversion process of desertification
®3 DEREUEERTENELEMFENDTSENE

Table 3 Species diversity of soil seed bank at the different stages in the reversion process of desertification

N FhTEL Simpson ZREMEFEEL Shannon ZREMEFEER Pielou 5] JETE 5L
R B B o i L L i
. /(Cki/m?) Simpson diversity Shannon diversity Pielou evenness
Restoration stages . ) .
Seed number index index index

T BIYY [ Mobile sand dune(MS) 141 0.557 1.335 0. 667
HHEWE Sa Wikt

27 L7157 2.2 L7
Desertified land closed for 5 years 5 0.75 88 0.763

S EME 150 Vb

AU 150 LI 1047 0.676 1.892 0.674
Desertified land closed for 15 years
HEWE 252 VW ik+4b

338 0.532 1.65 0.553
Desertified land closed for 25 years o
oA PRI IX. Native vegetation site( NV) 397 0.826 2.893 0. 807

3.5 R[EIB B A SR e AR R

FEAT T e, MS SEE WK Sa 15a 1 25a 19 35807 FE AR DL 22 B0 BE V0 85 A 300 5% 3 A 2 7 R,
th MS 5 5a 19 R PEARME REGA T 0. 50, 5 15a 19 TS8R EEARRIE RBGAF] 0. 38, 5 25a (19 T 1EFh
TIEARIPE R BAGES] 0. 2(K 4A) , BHEWE 5a 5 15a 59 1SR ZEARMUE 28070 V0 Ak 00 5% o 2 b
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i, i85 0. 885 5 MS () - RN T IEARIE REOR Z , 5 25a () R RN T EAHIPE REGEE] 0.33 (1 4B) .
15a 5 Sa Wy 3R T EEARIE R BGAS] 0. 88, 5 25a 1 HHER T EMIMUME R EGLE] 0. 36 (1 4C) . 25a 5
MS 5a.15a B 3R T IEAR UM REBE VD BAL W BB W K (B 4D) . AR, FEAa 2l rhifie M 4BV I Ak
TG B B 1 - A9 P AR A v, T L L A 40 [ i ] e R AL s i 3, TRI B, Ui Ak - b 5
XoF R A 11%) S PR AL B VD At s 1o R R 398 A, L VAR ) s B B I s U e 5 % R
b PR 1) D T AR AL R B 0. 15, TR AT 25 ARV EAk = 155 5% HE i A 1 ARk 11 38R 7 1 A1
IPE R AR E] 0. 36, Ui I VDAL 4= b - 96— 10 720 1 1) 0 A 0 8P 1 Y AR | T L o 3
ARt RS — AN A K S AR (B 4E)

1.0 - 1.0 -

A B
208} 0.8}
15
Q
f‘é% 0.6 0.6 |
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=204t 04}
E 3
Vé) 02 02|
O L 1 1 L 0 1 1 1 1
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c D Lor g
Sos| 0.8} 0sL
&2
ﬁ“«g 0.6 | 0.6 - 06 L
Q
EE040 041 0.4
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(/=) 02| 02 L 02k o/o———/
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B4 EATEEAENRTEMTFENEMUERBEL

Fig.4 Changes of similarity coefficient of soil seed bank between the different stages in the reversion process of desertification

3.6 A[FFB R 5 EARE A OC R 10
TEA 23] g, VAL A M - SRR S b R
(A Ao B B D S Ak 3 A el R R R A (1 5) .
Horp MS AU 2 B, 5 RIERF R R RN 50.0% ,
H A B 66. 7% ;5a A% 6 B, 5Bl M Fh
B 75.0% , o b AR YRR 66. 7% ;15a iK% 6
B, 5 RN EEYI R R 85. 7% |, o5 M L AE B P AR N | | | |
[ 60. 0% ;25a IKH] 7 F, i B PEDIFIELY) 87. 5% , 5 MS 5a 152 25a NV
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