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Abstract: The soil seed bank (SSB), as a potential provenance, plays an important role in the natural recovery and
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succession of vegetation and ecological restoration. In this study, four plant communities were evaluated in a desert steppe
area in Yanchi County, Ningxia. We investigated the relationship between soil physical and chemical properties of plant
communities fenced for 16 years to reveal the SSB distribution characteristics of the desert grassland community and
succession trend and how changes in soil quality affect SSB characteristics. The results showed that (1) the species
composition and seed density of SSBs in various plant communities were different, and the seed density of the same species
was different in various plant communities. Moreover, the species proportion of four types of plant communities in SSB
included Gramineae, Compositae, and Chenopodiaceae (26.19%, 21.43%, and 19.05%, respectively) , accounting for
66.7% of the total species. (2) Many perennial and annual plant seeds, and few shrub and semi-shrub seeds were found in
the SSBs of the four communities. (3) The species number and seed density in the SSBs of the four plant communities were
as follows: Achnatherum splendens community >Sophora alopecuroides community >Artemisia ordosica community >Kalidium
foliatum community; the species number and seed density showed a decreasing trend with soil depth. (4) Four indexes
(ShannonWiener, Simpson, Pielou, and Patrick ) indicated the same tendency, that is, A. splendens community > S.
alopecuroides community>A. ordosica community>K. foliatum community. In addition, the SSB of A. splendens community
had the highest similarity to that of A. ordosica community, but the SSB of A. ordosica community had the lowest similarity to
that of K. foliatum community. (5) The soil species diversity index of SSB was positively correlated with soil pH, water
content, and available nitrogen and negatively correlated with soil electrical conductivity. Soil pH and electrical conductivity
had a significant effect on species diversity in the SSBs. After enclosure, the species number, seed density, and biodiversity
of SSB increased, especially, those of the perennials and annuals; the species number and seed density of Gramineae and
Leguminosae were both greater than those of Compositae and Chenopodiaceae. All the results indicated that fencing improved

not only the grasses but also positive succession.

Key Words: soil seed bank; soil physical and chemical properties; plant community; seed density; desert steppe
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Fig.1  Vertical distribution of species number in soil seed bank
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Table 4  Vertical distribution of seed density in soil seed bank
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B2 FEEYEETIEMNTESHESE
Fig.2 Diversity analysis of soil seed bank in different plant communities
x5 AEEMEETEMFERLE
Table 5  Similarity of soil seed bank in different plant communities
W W TR F R HREE TR EITURHE %
C o 1 ( Community of ( Community of ( Community of ( Community of
mmuni >
ommuntly type S. alopecuroides) A. splendens) A. ordosica) K. foliatum)
A 1.000
B 0.577 1.000
C 0.372 0.653 1.000
D 0.323 0.324 0.286 1.000

2.5 TR T EYR Z RS HIEF AL T RDA /04T
R T AP s R S RSN 2 B S R SR TR AT O AT HE Y B AR R R £
FEMEFE AL ( Shannon-Wiener #8481  Simpson Z A5 5L | Pielou 372 BE 48 40 Patrick =& & 45 %) 1E by i i A8
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i, TIER R R MR AR &, R TCAY 0 M1 ( Redundancy analysis, RDA) | $EEUHE I 52 0 1 3 /1 22 A5 4k
0 R A8 bR . AWFIE D, 2 54K 2R I 23 A AR PR ) A S A A A 3k B B (P = 0.
034) , Ktk RDA HEJF 1l GEAR L7 (4 fif B BRAL R - X% - S8R0 R Ah Z R 052, fi 3% 6 AT, RDA HEJF ]
FORT 2 AHEF AR AE(EL 2359102 0.987 A1110.005, 41 1 Al 2 Hy7h 5C 2 (1 ST STk R 7050 98.7 H199.2, + 4Rk
TR Z L S A R - 2 AN HEF Rl B AR DGR 43 51 0.996 1 0.999, Sl 1 AT LA A b Sz iy - S Al
TV Z RS LA R 7 0B BE AR AR R . H 18] 3 FTRT, IR PR A ARV RR RS £ S % pHL
Tk A S EADC, 5 L AR R NG, Horh I pH AN S Rl Y R Z AR RS R
S A i SR YR Z AR DA SRR
*o6 TEMTFEYTZHEMESLEELEFH RDA HiF 53

Table 6 RDA sorting analysis of soil seed bank species diversity and soil physical and chemical factors

HEFE Sorting axis ih1 Bh2

FHF(E Eigenvalues 0.987 0.005
YR -FRBEHI X Species—environment correlations 0.996 0.999
AR E T/ e A EEE Cumulation percentage variance species date 98.7 99.2
P Fh-FREE R Species—environment relationship 99.5 100.0
JFA FHE(EZ A Sum of all eigenvalue 1.000
A SRR (B 2 1 Sum of all canonical eigenvalue 0.992

3 i 00
3.1 AR YRS IR R R RE

AN TR S 0 b 1) = 3D T 25 S R, AN ]
MW 5T 5 2t & 5 8O0 g A5 R OR [
Silvertown 2 BIF 5% 2 BH | %54 Y 4 38 b 1 15 %35 )3 1 BB 7
10°—10°Be/m? , A% 3 86 #i -+ e B T P 159 B4 4 4 M
Silvertown FUBFSELE I 4 FhAE P HF I% L HEFh+ E h R _0~8_1'3 —
AR R R YR IE N AR KRR UK

Axis 2

Axis 1
i3 A e T S X A LR, 2 S L B e LA
MHEA R, Hehh 4 FAITEDS 507 1% b _EAE )
DRI A5 B R vy S8, LA PR e L 5 g o
i FA) B R4 AR S B AR 3k ] Bt 5 AR ) ol 114 5 B R g
(PSS
A 1 BRAB) 8 —Fh A 25 A R HO A B 2%
PR IIE N R FEAMAR IR AR AR B
REAE 0 T b X & AR A 0 A B ALK R AR
ROV AT TWEFE , UEW] & AR AR 6 A J S5 AR Y
Piih ZHEMEA G T H s AR SRR R, s
ST XS R AR XK [ A= 1 R R 5 - A G

B3 TEMTFEMMESEESTIEENEFH RDA HFE
Fig.3 RDA sorting map of soil seed bank species diversity and
soil physical and chemical factors
F4k A T ( Physical and chemical factors): 1 pH, 2 H & &
( Conductivity) ,3 77K ( Water content) ,4 25T ( Bulk density) , 5
HHLHE ( Organic carbon) , 6 4= % ( Total nitrogen ) , 7 4= # ( Total
phosphorus ) , 8 B% f# % ( Alkali solution nitrogen ), 9 & %L B
(Available phosphorus) ; - 3 it 7 iz ) Ft 22 £ 1 ( Soil seed bank
species diversity ) : 7 A& 2 44 #§ %X H ( Shannon-Wiener index ),
Simpson ZAEPE D (Simpson diversity index ) , Pielou %] EE 455 E
(Pielou evenness index ) , Patrick & & B #8 54 R (Patrick richness

index)

PEVERT T o0t , 25 SRR AN [R] AL 705 2R F) 40 o Xk S8 25 B R B0 R A AE 22 53, X b 22 e 1 W b g 3647
B 5% e b 26 p Wy b 2 16 B A BIE 58 22 SR BT 0 LA R S A B L 8 3 | 8008 e e M 718 5
SEAFBEIRN M AP S BRI, ASBIESE R 4 PRSIV AT T 22 AR AR R — AR A AR ) b L
JEZ , SHTTEIX L AR 2 A A M — AR A RO A G, (RS I R X 2 A A R — A AR A e A A
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ROMEFE St il s v A TOTGRERS v | AR OLFARIE AR Yy m] 7™ A DR A b1 | (EL 7 g 1 it DX
& LA EARN T Hobh 72452, S0 T AR S0 &

A 2R B B A T LA REAE I ST AR ZE R 5 e T P R R I R B A TS WL A
FEBE IR S, Bekker 5 4 1 WA B 2R 10 13 A58 P,0—5 em 382 P (b 3 1 43 1
HA —E BCAB AR5 RW 5 R 78 1302 b 2 U A SR S A . ARBESE D 4 R
R RN PR B R IR, YRR BORRh 85 B 1 S8 D H 3k A DGR g 4 R — B L R
FFE T B B A R RES AN R AR LSRR [ O, SR RN B o BB SR A R A S, AT
AEIE 5 Ml LA A B o SO AT G E AR ISR M 1 P i1 52 M P AR AR R 2 A /e HHER)R TR
—HEYI AR R R v L R R (03 LA, v RE S A R MR o e AN TR A G

Xof 1 SERh T PEAE IRV 2 REVEAFIE OIS AT LU SE S A EURE 7% 1) 22 A R R e | A7 R R A S 155 i g A
BRIP4 P A= 00 2 R A A LA o B S, T A M 5™ T A A e
EHF TR RAR . ARG 4 R SRR b RS B 250 B R BOR R A
— B, UL 4 TR YRV ARG RE R T5 T R AR I T R R AR v B A, THEACARL W R v ik e B s AR X
WRE , MR SR R R R L (L 3 — B X 5 T A Y T LR PR R 2 A
P, WD B REROR Wy S PERR AR A 45 SRAH B, T RER PR A0 75 BE OIS DX AR IR AL 8 s X, AR
WFTE KRB T ARMUX A R v b 28 AL AR AU R 8 b = B S b BB SR A
Fe R RERE TR L SR R I TR R AT — Bk, SR TOTURE I L S Rh 7 R A B — 5 R By
SRR BRI G R HE REREE AT R M AR RO O A S L SR R 0 R R A G, b 4
P M T3 B A
3.2 A[EREPIRE R LR PR R B R S A A SRR O AR

IR N 0 AR AR BB A, T L — AP AT DS e SR AT OCIX T T Y
HARSRL D o R B2 3 U0 b - SR PRI ST 4 R A B, U0 o R 87 8 R i) Xof 4 S b J26 A 31 e A

SR T LD T 9 7 2 52 b SERAL PR T S0, AP 58 R 1 35 5 W) - S 1 PR (i R 1 B R A A AR SR
FEETR Xk =il A DT ity LA ML ST P AR R A3 A0 SC R AT T AT, AR R B A R
M EXS T BRI EAT A —E R, L pH W O S A AL TR AT REAN TR A 4 Bl
DRSPS, BATRESS ) X R T T T vt LSRN R A AT T A BT, AR K
B SN R AR A SRR A O R A H G AR T Y M AT R PR A X SRR I A A R - SR T
ZREPERE A BURAERT . BRsii 6 R IAE B AL LK & N 2 P AL 5 MR HETIT
AR AR IR TR M BRI R AR B A LB S ISR R ARSI L pH R AR BT R )
Toft Z2 RV AR S 5 o 03, JHR 5 7K R L, 3ol 2 ) T -5 o1 A R A A %
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