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Simulation experiments on the restoration of dune vegetation based on the donated
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Abstract ; The insufficiency of the seed bank in the degraded sandy lands limits their natural recovery capability. Traditional
techniques for vegetation restoration by adding to the seed bank are constrained by difficulties in determining the number
and ratio of added species. In response to these issues, researchers have proposed a method of vegetation restoration using
donated soil seed banks, which involves transferring topsoil containing a soil seed bank from long-term stable communities
with similar vegetation habitats to restore damaged areas. The method has shown good application effects in the restoration of
the damaged wetlands, grasslands, and forests, but its applicability to restoration of desertification-prone areas has not yet
been reported. This study combined indoor potted plant experiments and simulated rainfall to compare the effects of the

donated soil seed bank method from a long-term stable fixed dune on the vegetation restoration of mobile and semi-fixed
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dunes, and to simulate the impact of rainfall changes on the restoration effects. The results indicated that; 1) The donated
soil seed bank significantly increased the number of germinated seeds and aboveground biomass of seedlings in simulated
treatments for semi-fixed and mobile dunes, which was beneficial for promoting the succession of mobile and semi-fixed
dunes to fixed dunes; 2) The vegetation restoration effect of the donated soil seed bank method was better in semi-fixed
dunes than in mobile dunes; 3) Donated soil seed bank could increase the possibility of leapfrog restoration in mobile dunes
and accelerate their succession to fixed dunes; 3) The small increase or decrease in rainfall had no significant impact on the
number of germinated seeds and aboveground biomass in the recipient area; 4) The exireme rainfall could significantly
increase the number of germinated seeds and aboveground biomass in the recipient area. In summary, under the simulated
experimental conditions, the technology of donated soil seed bank can effectively promote the restoration of degraded dune
vegetation, and extreme rainfall events have more significant impact on the restoration effectiveness after implementing
donated soil seed banks. The study provides theoretical support for the practical application of donated soil seed banks in the

restoration of degraded sandy land vegetation.
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Table 1 Basic information of the experimental sites

B INUA ,
- g " B
X 35, Surface conditions HFh
. L. Vegetation
Region i Yl i Species
coverage
Slope orientation Slope
e E VD (ZIEIX) PHL 298° 10° Vi Agriophyllum squarrosum
Semi-fixed sandy dune W EEL Setaria viridis
(receiver area) [ EE Eragrostis pilosa
B WS Corispermum mongolicum 20%
I, f% Digitaria sanguinalis
INIFERAS )L Caragana microphylla
WA (ZHHX) PURg 243° 14° V& Agriophyllum squarrosum
Mobile sandy dune( receiver area) M JBHE Setaria viridis
[} JH 5 Eragrostis pilosa 4%
I, J% Digitaria sanguinalis
M L Corispermum mongolicum
Jli & BT Corisp goli
[ 72 ¥ Fr (FR I 1X) Pk 332° 6° ] J ¥ Eragrostis pilosa
Fixed sandy dune ( donor area) T BB Setaria viridis
I, f% Digitaria sanguinalis
JRIEHL Chloris virgata
=15 Aristida adscensionis
55%

HOER R Euphorbia humifusa

Bl 5 LS Corispermum mongolicum
LWATF Corethrodendron fruticosum
PR L Caragana korshinskii
INIFERRS )L Caragana microphylla
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Table 2 Water addition time and amount of simulated rainfall treatment

B} 1] Date 5/18 5/25 6/1 6/8 6/15 6/18 6/22 6/29 /6 7/13 7/18 7/20
W- 372 5.30 6.23 15.27 8.18 - 18.97 7.38 25.23 13.47 - 12.19
W 4.65 6.63 7.79 19.09 10.22 - 23.71 9.22 31.54 16.84 - 15.24
W+ 5.58 7.96 9.35 2291 12.26 - 28.45 11.06 37.85 20.21 - 18.29
We 2.32 6.63 7.79 19.09 10.22 56 23.71 9.22 31.54 16.84 65.68 15.24
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Fig.1 Comparison of species germination in donor soil seed banks in different donated regions
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(P<0.05,2),
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Table 3 Diversity and uniformity index under different donated soil seed bank conditions

ENR emi fixed subsoi N obile subsoi
[ 52 )i +- Semi fixed subsoil 781 - Mobile subsoil
$H 1 Donor X} HE Compare $64 Donor X B Compare
Shannon\Wiener Z 43844 Shannon-Wiener index 0.834ab 0.755b 0.929a 0.717b
Simpson ZREMETE L Simpson index 0.456ab 0.466ab 0.528a 0.425b
Pielou 514 2254 Pielou’s Evenness index 0.606b 0.757a 0.661ab 0.688ab
AR F R A H ) B 22 5
a
200 + a
14000 | —|—
fﬁ 12000 | b E b
< < 150 T
£ 10000 | 1 . .
22 a0 £5 T
& E i L= I d
=5 -+ 2 100 | I
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E 4000 f 2 sf
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Fig.2 Comparison of gemination quantity and biomass under different treatments
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Wt & S U & B, S h b 2 EHREE 36 d, A W Rl O Rl T A KRR R B R SR TP SR T iR
JE 2 d A8 d( I 2) , B A ECE 4B A8 G e A B 2R RN R A B R A R Y 66.129% 11 69.30% , R
LRIKFL ( Chenopodium acuminatum ) 78 15 d FFURHH K& FIEE 22+ ( Cuscuta chinensis) 1£ 27 d FFAREH AN, AW Fh s
M2 d FFUEHE A& . IR BRERERZE ( Chenopodium acuminatum) FI5 22§ ( Cuscuta chinensis ) 41, FeAIFPERLERT 10 d
IR A I 1 10 d b7 A KR AR SO 62.71% . BARS R A i UL 4,
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Table 4 The germination peak of each species under the condition of donor soil seed banks

24 [ 7 IS 4 Tt ]

My Semi fixed subsoil Mobile subsoil Simulated rainfall
Species el o BB i i HR

]i?in Co:lpare ]fr):)'r Curjr-lpare W= v W We Wi
i} J§ 55 Eragrostis pilosa 2d 2d 2d 2d 24 d 16 d 10d 2d 2d
TR Setaria viridis 8d 8d 2d 8d 25d 27 d 10d 8d 8d
I, 1% Digitaria sanguinalis 2d 2d 10d 8d 24 d 16 d 10d 2d 8d
HiHR B Euphorbia humifusa 2d 3d 2d 8d 27 d 25d 18 d 2d 8d
PEFE Tribulus terrestris 2d 3d 3d 3d 27 d 17 d 8d 8 d 2d
Jh 5 HSE Corispermum candelabrum 10d 8d 10d 9d 28 d 10d 11d 10d 10d
LRIRFE Chenopodium acuminatum 17 d 17 d 24 d 27 d 27 d 17 d 19d 17 d 17 d
22T Cuscuta chinensis 27 d 27 d 28 d 27 d 27 d 27 d 27 d JoHi & Tk
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Fig.3 Daily dynamics of seed germination under different treatments
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AT 2 SR R VR I U0 1T A AR 14 A 0 A S I S 6 40 18] A ) e I R IR WHZH > W A > W -
(K S5), 5590 98.60 g/m*,99.15 ¢/m*, Al 108.04 ¢/m’ {HZEZEFIFAEE (P>0.05,5),

e i 8 TR <4 S 25 AU T A L A R ) A RO T K A AR S AR A DU i A T S
SR B, W s A R AL B (We ) 1~ B vo TSI I I AL ] (W = W W) fFTER I 3 25 5% (P < 0.001,
Kl3) . I H S REBHAR R AL 35 (Wi ) A LU, RoiRee i AL B (We ) B & 4 B4 2 T BAR RS AL 3 (Wi ) | F77E
BEZER(P<0.05, & 5) Bt K RN 5 (R 1 0 i 4 v 06 30 R R R 3R AT (3R 4) , BRERBR ZE ( Chenopodium
acuminatum) T 22 ¥~ ( Cuscuta chinensis) LIAN , FAMP A0 0 & = IEHAYIAE 10 d Z 81, R8I i00E 76 We AN
Wi 2 H - AR MEL RN 22 F ( Cuscuta chinensis ) W] % , A B8 T % 22T ( Cuscuta chinensis ) B0 K& X4 £ [%
T AANIE B, ARG A RRR AR T . AR i D 25 2R s | A o 38 T X L 0 b 2 0 B0 18 £ S e, A i
PR AL TR (We) B HE 2B W) 8w T W-41 W 4R W+41 ( P<0.001, &l 5) . {H 24 i B 1 b B (We ) Fit Hb
AR BT Wi 41(P<0.001, 8 5) .

Wi T 2 5 B AT 3 OO RO AR 7 H (RIVBRE R ] B ) 3 B0 — i R R I (1 6) o &l
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Fig.4 Comparison of germination quantity of different species under different simulated rainfall treatments
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Fig.5 Comparison of gemination quantity and biomass under different simulated rainfall treatments
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Fig.6 Daily dynamics of seedling germination under different simulated rainfall conditions
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Table 5 Diversity and homogeneity indices under different rainfall conditions

W~ W W+ We Wi
Shannon-Wiener Z FEPEFE 4L Shannon-Wiener index 0.792be 0.691c 0.698¢ 0.908ab 0.955a
Simpson ZAEMEFEEL Simpson index 0.476ab 0.407b 0.418b 0.517a 0.527a
Pielou 5] Z 3 Pielou’s evenness index 0.755a 0.596b 0.659ab 0.695ab 0.686ab
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Table 6 Significant comparison between treatment combinations
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