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Abstract: Soil seed banks are sources for the future regeneration of plants and play an important role in long-term
population balance. Groundwater level is one of the dominant environmental factors that affects the structure and function of
wetland ecosystem. While the effects and mechanisms of groundwater level on the characteristics of soil seed banks in coastal
wetlands have received less attention. In order to study the effects of groundwater level on soil seed bank density, species
diversity and similarity between seed banks and aboveground vegetation, a field control experiment for groundwater level was

carried out following the gradients of =20 ¢cm, —60 ¢m, and —100 c¢m in the coastal wetlands of the Yellow River Delta. The
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relationship between soil chemical properties and characteristics of the corresponding seed banks was analyzed by correlation
analysis, principal component analysis and path analysis to explore how different groundwater levels affect the characteristics
of the soil seed banks. The study showed that Suaeda glauca and Suaeda salsa had the largest number of seeds in the soil
seed banks collected in autumn ( both transient and persistent seed banks) in coastal saline wetland of the Yellow River
Delta. The change of groundwater level had no significant effects on the density of soil seed banks, but it had significant
effects on species composition. As the depth of groundwater level increased, the species number of perennial herbs were
increasing. Overall, as the depth of groundwater level increased, Margalef index and Shannon-Wiener index of soil seed
banks increased accordingly. A novelty finding is that the similarity ( Sgrensen index) between seed banks and above-ground
vegetation increased as the groundwater level increased in 5—10 c¢m soil layer. Principal component analysis showed that
soil salt including total water-soluble salt content and saline ions concentration was the dominant factors affecting soil seed
bank characteristics with a contribution ratio of 69.482% and soil nutrients including total carbon, nitrogen and phosphorus
concentration were the secondary factors with a contribution ratio of 23.710%. Path analysis showed that soil total water-
soluble salt content had the greatest negative influence on Margalef index and Shannon-Wiener index of seed banks. While
soil available phosphorus concentration showed indirectly negative effects through total water-soluble salt content on Margalef
index and Shannon-Wiener index of seed banks. Total phosphorus concentration promotes the similarity between seed banks
and the above-ground vegetation. Our results indicated that groundwater level fluctuation mainly affected species diversity of

soil seed banks by changing the content of soil total water-soluble salt in coastal wetlands of the Yellow River Delta.

Key Words: groundwater level ; species diversity; soil seed banks; total water-soluble salt content; path analysis
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Fig.1 Vegetation community composition in the controlled pools of different groundwater level
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Table 1 Species composition of aboveground vegetation of different groundwater level depth

KA R EE/ em YrFP L

Depth of groundwater level Species composition

=20 R (Suaeda glauca) 575 ( Phragmites australis) ERMHHE (Suaeda salsa)

~60 W& (Suaeda glauca) .75 ( Phragmites australis) . %840 ¥ ( Cynanchum chinense) | B 3% 3% ( Sonchus
arvensis)

~100 RE (Suaeda glauca) ERIHIE (Suaeda salsa) i35 ( Phragmites australis) 53238 ( Sonchus arvensis) K&

9 ( Cynanchum chinense)
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o R KR E R -60 ecm F1-100 em )+ 2R 122 Margalef 7855053701 5 2 55 T M N /KL B A -20 em (1Y 135
T ¥ Margalef #8241 (P=0.003; P=0.000) ; 24+ JZHE K 5—10 cm W, Bl T KA AN, Margalef 15 %1
R (P=0.003; P=0.000; P=0.004) (&l4),

http ; //www.ecologica.cn



3830 JAE = 41 4

AR b BEHL T KA R EE RGN, AF 7 % Shannon-Wiener $8 50Z #ii K, % 18 + 2 W E R, 7 0—5 cm A
5—10 cm T ZHFRIA , H R KA E H-60 em (P=0.042; P=0.043) F1-100cm (P=0.011; P=0.017) £
+3EFIFJ4 Shannon-Wiener 8500 71 i 25 5 T T /K OLEREE A -20 em (IR FRE (K S) , AR L T
IRALRE AR B XT Sgrensen $5E0TC 2552 ), AN 24 + 2B 5—10 em B, N KGR -20 em Fl1-60 cm
[ Sgrensen F80 T 3 5 T Ho N KA ERE M -100 em Y Sgrensen 548 (K1 6)

-20 cm

0000000000

0000000000

0000000000

0000000000 ™ 7!7% hililE

0000000000 " 283% Wi

0000000000

@000000000

0000000000

0000000000

A4 = 106
-60 cm -100 cm
0000000000 0000000000
0000000000 0000000000 _ .
0000000000 ™ 535% Hitii 0000000000 ™ 7% iiHE
0000000000 39.8% W% 0000000000 327% ﬂj@%
@00O®000000 m 50% ¥ 0000000000 ™ 109% %
0000000000  108% fit 0000000000 ' 164% M
0000000000 g 06% FRL 0000000000 ™ 09% R4k
0000000000 0000000000 ™35y R
0000000000 Q000000000
Q000000000 000000000 e
-2k = 190 Py Bt =16

E2 R ok AR+ T B A

Fig.2 Species composition of soil seed banks at different groundwater levels. “Total” indicates number of seedlings
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Fig.3 Comparison of density of seed bank at different depth of groundwater level
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Fig.4 Comparison of Margalef index of seed bank at different depth of groundwater level
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Fig.5 Comparison of Shannon-Wiener index of seed bank at different depth of groundwater level
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Fig.6 Comparison of Sgrensen index of seed bank and vegetation at different depth of groundwater level
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Fig.7 Correlation coefficients among soil chemical characteristics and soil seed bank density, Margalef index, Shannon-Wiener index and
Sgrensen index
“u " FORBEMEL (P<0.05) ;TWSS: 13K M ER BiE Total water soluble salt content; TC; JUBKE Total carbon concentration; TN ; &l & €
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Table 2 PCA analysis of soil chemical characteristics

F s sy 1 %)
Principal component Component 1 Component 2
pH {E pH value -0.830 -0.278
+ KM L B Total water soluble salt content 0.994 0.066
JEBRHEBE Total carbon concentration 0.290 0.930
R E Total nitrogen concentration 0.247 0.919
FHUBRAE Organic carbon concentration 0.520 0.818
BRI Total phosphorus concentration 0.236 0.953
H R E Available phosphorus concentration 0.893 0.357
BHESFURIE K* concentration 0.531 0.824
ENES U Na® concentration 0.990 0.128
BB TR BE Ca®* concentration 0.968 0.242
BERTHE Mg® concentration -0.412 0.754
S T E C1™ concentration 0.990 0.134
TR 1B SO3™ concentration 0.855 0.505
iRk Contribution rate/% 69.482 23.710
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2.3.2  ALEEAR AR SR PERAOE B AR AT

TR AR XTI T Margalef 46 2000 ELEAE H R B ZEXHE HH R B/ MK Ry TWSS>A-P #BE>STP ¥
BESTN MR >STC Mo >Ca® Mo >Na W B >CL 1 ,Xiﬁ’%ﬁ? Shannon-Wiener 8 2% 19 ELH:E FH & 500 45 % {H
A KRB IME IR R : TWSS>A-P ¥ STP He BE >Na ¥ >Cl M STC M >Ca®™ HE L STN M B, X} Sgrensen 54X
P BLAEVE ) 2R 5000 46 M R B/ MR YRR < TP YR BESTN Y BE>Na ™ Ve BE > ClU MR STWSS> Ca® MR > A-P Wk FiF
>TC W,

TWSS FI A-P 2[5 Xf F 7 J4 Margalef 185020040 77.7% (R*=0.777, P=0.001) , HoHh TWSS Sy B
YEHT, A-P il TWSS K MR E ] (£ 3) ; TWSS \A-P F1 TP h[a] %} # 7% Shannon-Wiener #5541 5% i
HH 89.9% (R*=0.899, P=0.001) , Hr TWSS Jy EiETA/EA, A-P i@ 4T TWSS RN [ £z 6 /5, TP i it
A-P RIRBIHELIEMEH (£ 4) ;TP XFF 1 Sgrensen $5 E A2 M %l 33.2% (R*=0.332, P=0.05) , b EH#
EVEM .

*£3 FERETFITEMTFE Margalef 158 M BE ST

Table 3 Path analysis between Margalef index of soil seed banks and main soil chemical characteristics

A+ EEX 4 BB R [B] 4238 4% 224X Indirect path coefficient
Factor Correlation coefficient Direct path coefficient TWSS A-P
TWSS -0.790 " -1.680" — 0.889
A-P -0.565" 0.972" -1.537 —

TWSS. KiEMEEL S & Total water soluble salt content; A-P. AR Available phosphorus concentration

R4 FEEFLEMFE Shannon-Wiener I5H R BR ST

Table 4 Path analysis between Shannon-Wiener index of soil seed banks and main soil chemical characteristics

LEEEY HAZEAS R [A] 42238 4% 22 %L Indirect path coefficient
A+ Factor . - . e N
Correlation coefficient  Direct path coefficient TWSS A-P TP A9t Total
TWSS -0.802 -2.187 — 1.4823 -0.097632 1.384668
A-P -0.556 1.62 -2.001105 — -0.174246 -2.175351
TP -0.135 -0.339 -0.629856 0.83268 — 0.202824

TP B Total phosphorus concentration

3 e

3.1 MR KA R EEAR AT R PR Al A AR 5

AL M T KA TR 8 S RD e vk M BR i MR b B X AR L], R PR A A AR K
FEPE R TR0 T 122 B H A FRD TR AE B0 = A I I — A A A A AR L 8k 31,219 o
DASR M B3 RIREE o3 A d5e) ™, AT AR P2 AR TR RN LR BRE , T S ik A 48024 SR, 32 X 4 iy A
BAEY), WP =E A (Imperata cylindrica) KM ( Tamarix chinensis) SFFHY)FFHNBEEH 143 #0401, 2 BA
W L e B, AN T e N 3 DRI DA~ i A B T DR 32 DXl 3~ A e R ks o o
TP LB B B SR B ARERD AR ) (R 2 RV RE ) R IR LA YA 4 7 seed viability ) 4ERRAY
KR 53, AR 0G0 T 1 AR R4 R b S B b A T 1—5 4R S IR AR 7 B it 5
AR RE AR RS R o b B SRR T R AR P e A A R G AR I A7 TS
RS 71, — AP R D38 T AR A T2 sk G o B O 4 1 IR 20 3 Rt Bl 52 1 S T — AR AR
HIW), T35 | 25 BRI 8 AR AR, T 98 R W — AR A A P 7 A5 A 38 KT 24 AR A 77,
TE A 3R B A (0 TR T M AE S AR BT W AR R M R R 2 AN ORI R K AT o 2 R ST ER AL
il FE S BB W TR BE 7 2 DRI, DR 4R A B T DSt R AR TR 5 v il 0 6 e 52 b - 250 T
Fe A g v 1) B A

http ; //www.ecologica.cn



3834 JAE = 41 4

3.2 SRR R T R AR B T

AL A SRR R B IR A2 BN A A 2E AR AR A2 TRH AL, BRI 9 % B i e D - SR T
541 pH W3 NG, 5 R0 R P B W IR A A R A R AR R A T RE SR R, 1) R T
JEEBURE R IRIAS ], AR SCRYBURE AR )2 10 H B8 T WA R A 38R0 12 | 15 4 O BURERF (R 8 1, JEAR K
FEA TR 52) ASBIEGE iz FEh b pze Fh 1450 LA =, 78 3 RIS A K 7 TR EE 25T Bl 1y
REAR L A K Al A = KR TR LR AR TR TR IR 2 B R 2 B RS R F B0 5, SR
Fl 7 W Fh 2 REVE 32 3] + A A FE AR A B & 5200, B 40 Margalef 5 450R1 Shannon-Wiener #5434 5 + 3% pH {4
IEARS, 5 EHOK AL R (TWSS) A8k E (A-P) Na* Ca™ CI"FISOT WEEGANG, FRLsr ik
B 2 A R4, 050k R AR 4y, R EE A 3 0 FIFR S e Fp R B R b 3K 3 1%
R BRI R T PR R 2 RE M R SCHE N -, BN B R X S IRATES 2 MR —8, BeAh, RS
B FEAE /K I R B RS2 T | 0 50 M b P 2 | IR IR A B P 33X 5 A T T ek i 2 b 1+
BERh T PERF I 45 AL, A R S b T PE R 2 A AR S A kv 1 A7 1) - 8 1 AR Ak T A
Y EPER R | i A AR BR A] B A SE A M AT N, A R R K A W A G AR T AR
-tk BRI A Rk, A A ST A I SR W I (R A AR R B A R ) A
e P AR TR Bl A A A QOB RIS IR S22 o i 3 43 o 0 40+ G T35, 38 17 T B AR ALK Aol 2 A o 2 R
H I, X R, PR R X6 3R R SR A AR B =, HAR SR S R S B A MR s i
T3, A7 T 3 [ i 5y L IR M A U vVt M~ A A 2 ks B0 K R - SR B S ) SR A
RSN RRARAR R A B S AN AD 2 B S, I I R B ., TR b - R T A 2 R E 27 F)
o A HLUTA pH (AR
3.3 Fh P S ML AR REE AL

T 5 b b A R B b AR A P R A R R R TR B SE R R P A e
TAEREE ST B e, e — B R ok e 5 b B AR OSSR ) AR SO 3 el T AR TR B Y A 4
¥ P2 55 R AR AU 22 57 /N (0.63—0.81) , B A& FAHALME S Ecdw = , 31X 5, BT = A DN Ve T 0 b A v 1Y)
3L FE S B A R T A R 25 S AR BB G RN — B ATREBR AR 1) AR ST Y SRR S 2R
LTI NN TGRS BT — 2 @& B, B T RS R 1545 | Tt PR B ™ Az i Fh - 431
AT, ATRERG I T AN PR S b EAR R IR IR AR 2) AHIFSEAY IR EAE SR S R AR T, X
A5 R RN 0] BE S AR T S B A BRI 0 5 3) R KR B S S s i A9 £
ezl JE A U X 3R AR TR TR, TR A9 8 Rh 7 2 55 AR i AR U e i i, iX 5 8%
SIS R I A IS R T AR TR X b T 2 S AR L A S
TAE AR AT IBORE S HT o Ak A WLBR AW AT SO ¥k B [) - 398 A 1 128 5 b b A AR (P 2 i 3 TE A
5%, Hor | R B X AR S B0 B0 IEAVE AT, 20 38R 40 X HZ DX IR A o 2 5 b R (L R 3
ST (S I =129 NP P A < w2 1 g B A A 0 2 7 4 182 ) | i g S L i % =R L

4 Zig

BT = U R b, A R B AR A 25 ) - SR PR A A BARSR I B T KA T,
HEFhF-J%E Margalef $5%(F1 Shannon-Wiener $8 8 REAK, =V B F oo R /KO ZS fh 5 %) A 338 /K 7 1 h B 5
A5 R PR R ZFEPEREE TR TR MR, PR, BT X X Sl R A A B AR 1Y) F SRR, TR I
12385210 N VA A = 7 22 S = ST ) L S 3 € ) 1 . R L 7 i o O b L W 8 e A S PN /SR WA

22 3R ( References)

[1] OoiMKY]J, Auld T D, Denham A J. Climate change and bet-hedging: interactions between increased soil temperatures and seed bank persistence.

Global Change Biology, 2009, 15(10) : 2375-2386.

http ; //www.ecologica.cn



10 34 TR A BT = A YN IR M T KA AR A X b SRR R A 5 R 3835

(2]
[3]

[4]
[5]

[6]

Tellier A. Persistent seed banking as eco-evolutionary determinant of plant nucleotide diversity: novel population genetics insights. New Phytologist,
2019, 221(2) . 725-730.

Saatkamp A, Poschlod P, Venable D L. The functional role of soil seed banks in natural communities//Gallagher R S, ed. Seeds: The Ecology of
Regeneration in Plant Communities. 3rd ed. CABI, Wallingford, 2014 263-295.

Lherl, BRIEM, BN, B, TURAL. MAERAL B fa LR T RS SR SAS T SEE R ARARA R, 2012, 32(13) : 4261-4269.

Fan X M, Pedroli B, Liu G H, Liu Q S, Liu H G, Shu L C. Soil salinity development in the yellow river delta in relation to groundwater dynamics.
Land Degradation & Development, 2012, 23(2) . 175-189.

Xie T, Cui B'S, Bai J H, Li SZ, Zhang S Y. Rethinking the role of edaphic condition in halophyte vegetation degradation on salt marshes due to
coastal defense structure. Physics and Chemistry of the Earth, Parts A/B/C, 2018, 103 81-90.

Jevrejeva S, Jackson L P, Riva R E M, Grinsted A, Moore J C. Coastal sea level rise with warming above 2 “C. Proceedings of the National
Academy of Sciences of the United States of America, 2016, 113(47) . 13342-13347.

Feng W J, Mariotte P, Xu L. G, Buttler A, Bragazza L, Jiang ] H, Santonja M. Seasonal variability of groundwater level effects on the growth of
Carex cinerascens in lake wetlands. Ecology and Evolution, 2020, 10(1) ; 517-526.

Kaiser T, Pirhofer-Walzl K. Does the soil seed survival of fen-meadow species depend on the groundwater level? Plant and Soil, 2015, 387(1/2) .
219-231.

Bekker R M, Oomes M J M, Bakker J P. The impact of groundwater level on soil seed bank survival. Seed Science Research, 1998, 8(3):
399-404.

TRIESE, T8, M5 3 ORI R WA R R KT L3R TR RRAE. 4252k, 2008, 27(3) : 305-310.

You X G, Liu J L. Describing the spatial-temporal dynamics of groundwater-dependent vegetation (GDV) : a theoretical methodology. Ecological
Modelling, 2018, 383. 127-137.

Schoolmaster Jr D R, Stagg C L. Resource competition model predicts zonation and increasing nutrient use efficiency along a wetland salinity
gradient. Ecology, 2018, 99(3) . 670-680.

Rubio-Casal A E, Castillo ] M, Luque C J, Figueroa M E. Influence of salinity on germination and seeds viability of two primary colonizers of
Mediterranean salt pans. Journal of Arid Environments, 2003, 53(2) . 145-154.

Greenwood M E, MacFarlane G R. Effects of salinity and temperature on the germination of Phragmites australis, Juncus kraussii, and Juncus
acutus ; Implications for estuarine restoration initiatives. Wetlands, 2006, 26(3) . 854-861.

Wolters M, Bakker J P. Soil seed bank and driftline composition along a successional gradient on a temperate salt marsh. Applied Vegetation
Science, 2002, 5(1): 55-62.

Zhang C H, Willis C G, Ma Z, Ma M J, Csontos P, Baskin C C, Baskin J M, Li J Y, Zhou H K, Zhao X Q, Yao B Q, Du G Z. Direct and
indirect effects of long-term fertilization on the stability of the persistent seed bank. Plant and Soil, 2019, 438(1/2) ; 239-250.

TEHE, FIAEEE, BENIAR, BRih, SEKAL. BT B 2k b =R AT AR AR Wi SO R R M. AR, 2016, 51(3) : 343-352.
Zhao X M, Xia J B, Chen W F, Chen Y P, Fang Y, Qu F Z. Transport characteristics of salt ions in soil columns planted with Tamarix chinensis
under different groundwater levels. PLoS ONE, 2019, 14(4) . e0215138.

Zhang J, Liu G B, Xu M X, Xu M, Yamanaka N. Influence of vegetation factors on biological soil crust cover on rehabilitated grassland in the hilly
Loess Plateau, China. Environmental Earth Sciences, 2013, 68(4) : 1099-1105.

27, &AM, T, XA, KM, skukek. 3% b 58 DX LAY B S A 0 8 RRAE KO X L AR AR, 2020, 40(5)
1610-1620.

g, NEH, RER, XIPIE, X, Je s EETEPRE A T BE R B R A ST R IE . R AR AR, 2019, 43(6) : 512-520.
SReE R, MRRIR, BN, SRLLHE. BT A N i AR AR DR ARE. AR ZSIRAE AR, 2009, 18(2) ; 600-607.

Thompson K, Band S R, Hodgson J G. Seed size and shape predict persistence in soil. Functional Ecology, 1993, 7(2) : 236-241.

Thompson K, Bakker J P, Bekker R M. The Soil Seed Banks of North West Europe: Methodology, Density and Longevity. Cambridge: Cambridge
University Press, 1997.

Lampei C, Metz J, Tielborger K. Clinal population divergence in an adaptive parental environmental effect that adjusts seed banking. New
Phytologist, 2017, 214(3) . 1230-1244.

Thompson K, Hodkinson D J. Seed mass, habitat and life history: a re-analysis of salisbury (1942, 1974). New Phytologist, 1998, 138(1) : 163-
167.

KL, MKE, Z2E6. —FARAMYTERPEIPI IR, Y LSS, 2009, 33(6) : 1220-1231.

Ma M J, Dalling ] W, Ma Z, Zhou X H. Soil environmental factors drive seed density across vegetation types on the Tibetan Plateau. Plant and
Soil, 2017, 419(1/2) . 349-361.

MaHY, LiJP, Yang ', Lii X T, Pan Y P, Liang Z W. Regenerative role of soil seed banks of different successional stages in a saline-alkaline
grassland in Northeast China. Chinese Geographical Science, 2018, 28(4) : 694-706.

Ma HY, Yang HY, Liang Z W, Ooi M K J. Effects of 10-year management regimes on the soil seed bank in saline-alkaline grassland. PLoS ONE,
2015, 10(4) : e0122319.

Wang T Q, Yuan Z M, Yao J. A combined approach to evaluate activity and structure of soil microbial community in long-term heavy metals
contaminated soils. Environmental Engineering Research, 2018, 23(1) ; 62-69.

Baldwin A H, McKee K L, Mendelssohn I A. The influence of vegetation, salinity, and inundation on seed banks of oligohaline coastal marshes.
American Journal of Botany, 1996, 83(4) . 470-479.

BUBHE, B, 2R, d AR IR, I SR RO b R T R ARAIE S CCA AT, AEASEANAE, 2014, 33(7) : 1762-1768.
XUPRHs, 0], BJEE, EE. W R TR S EA A IMEOCRBTTIIR. AR, 2014, 34(24) ; 7465-7474.

Peco B, Ortega M, Levassor C. Similarity between seed bank and vegetation in Mediterranean grassland: a predictive model. Journal of Vegetation
Science, 1998, 9(6) . 815-828.

Touzard B, Amiaud B, Langlois E, Lemauviel S, Clément B. The relationships between soil seed bank, aboveground vegetation and disturbances in
an eutrophic alluvial wetland of Western France. Flora-Morphology, Distribution, Functional Ecology of Plants, 2002, 197(3) . 175-185.
SRAEMS, E, SR, KGN, WG, FI. T R R AR AR LR A S AR O R, AR, 2017, 37
(14) : 4619-4626.

http ; //www.ecologica.cn



