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Effects of farming on wetland soil seed banks in the Sanjing Plain and wetland

restoration potential
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Abstract: Seed banks are an important source of regenerative material in wentlands, and can be of value in the restoration
of farmed wetlands if the seeds can survive periods of cultivation. A seed bank assay was performed in a greenhouse under
two water regimes to evaluate the community structure of the soil seed bank of natural versus farmed wetlands for different
years in the Sanjiang Plain of northeastern China. The seeds of fifty plant species germinated from the seed bank. The
number of species germinated from seed banks decreased gradually with the increase of the farm years, which were 34, 31,
21, 21 and 8 in natural wetland and farmed wetlands for 1yr, 3yrs, 10yrs and 20yrs respectively. One-way ANOVA was

performed and showed that mean species richness and seedling density of seed banks have significant difference among

ESTH . HEARR ST HITHE (40830535) ; HE HARR 4T LI H (40871049) ; HE FHARRI2EH4ATH (40901051) ; o HRHEEE
“ A E B F RIS 57 R H
Wi EHE.2011-11-02; &7 B H8:2012-02-22

# IANEH Corresponding author. E-mail ; jiangm@ neigae. ac. cn

http ://www. ecologica. cn



206 A E = 334

habitats(F, =8.32,F,=5.946,P<0.001 ). The seed density of the natural wetland and wetland farmed for 1yr were 7624
individuals/m”, 9836 individuals/m”, much higher than that in wetlands farmed for 3yrs and 10yrs, whose seed density
were 4336individuals/m®, 4872individuals/m’ respectively. The lowest of seed density occurred in wetland farmed for
20yrs, which was only 432 individuals/m’. The number of species and seedling density of seed banks under drawdown
condition were significantly higher than that under flooded condition. Seed density varied with depth so that seed density
was higher in 0—>5cm than in 5—10cm. Calamagrostis angustifolia, the dominant species in the vegetation of the Sanjiang
Plain had 1192 individuals/m’ germinating in the seed bank from the natural wetland; this species was absent in seed banks
after 20 years of farming. Our research suggests that even after several years of farming that these wetlands retain the seeds

of many species, which can be valuable for wetland restoration.

Key Words: Sanjiang Plain; wetland farming; soil seed bank; wetland restoration
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B 14E) PR R MRS I B2 T HABZER (P<0.01) , HLUCh RORIBHL 5T B 3 4E i, B E L TIFR
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Table 1 The germination species and seed density of natural wetland and wetlands farmed for different years in the Sanjiang Plain

Pl 2% Seed density (F7/m?)

R PR ‘ R Taliih PR 3a i JFE 1000 PR 20a 20
Life form Species RIS Farmed wetland Farmed wetland Farmed wetland  Farmed wetland
Natural Wetland
for 1 year for 3 years for 10 years for 20 year
HEA B (ZENT) Salix spl 88 112 64 32 16
Shrub M S ) Salix sp2 16 0 0 0 0
/N3 Calamagrostis angustifolia 1192 656 352 296 0
&L Carex humida 48 16 0 8 0
HH Carex sp. 320 112 64 88 0
SFELE C. duriuscula 72 0 0 0
SERH Riccia sp. 0 48 0 0
PEYE Alisma orientale 48 0 0
ERIBAE Lysimachia thyrsiflora 80 0 0
BT Stachys baicalensis 0 16 0 0
IKIR S. japonica 16 32 8 0
=259 Sagittaria trifolia 592 912 32 40 0
T REH Saussurea amurensis 32 144 112 96 16
FEM A Typha latifolia 168 720 192 152 160
B3 Sonchus brachyotus 8 48 48 16 0
L B =g Sparganium angustifolium 25 0 0 0 0
JELHL Potamogeton crispus 2160 4064 448 1352 96
WHEFBKR Poa palustris 40 0 16 0 0
ZAE ST Juncus effusus 0 80 0 48 0
Perennial R Lycopus lucidus 0 32 0 0 0
G Ceratophyllum demersum 8 0 0 0
PEIT Sium suave 8 0 0 0
FT Cicuta virosa 0 96 0 0 0
K2 Hippuris vulgaris 0 64 0 0 0
MARIPIE Galium dahuricum 8 0 0 0
Bemt$5 % Scutellaria regeliana 0 16 0 0
ZRALYEYEYN Veronica rotunda 0 0 8 0
TR T3 Potamogeton malaianus 168 208 0 0
LEMARE Hemarthria sibirica 8 0 8 0
WE Artemisia argyi 96 16 0 0
5 Vallisneria spiralis 648 768 16 136 0
%P HR Gymnocarpium dryopteris 591 108 176 1296 80
M FHZ Crepis crocea 8 112 160 0 0
IK¥HE Geum aleppicum 0 0 0 0
V)& —FF Amaranthus sp. 0 16 0 0 0
K& Angelica dahurica 56 16 0 0 0
FEBL, Stellaria neglecta 0 0 32 0 0
B Echinochloa crusgalli 0 16 96 208 16
ZRAL BN L Gnaphalium mandshuricum 456 144 1920 64 16
YL Bidens bipinnata 16 0 0 40 0
F3% Capsella bursa—pastoris 56 96 416 912 32
— A4 BRREREESE Eleocharis ovata 0 176 0 0
B B Artemisia sp. 528 304 56 0
Annual K Polygonum hydropiper 112 544 8 0
TEBY AN Agrostis trinii 0 64 32 0 0
IS E Cyperus microiria 8 0 0 0 0
KERZE Chenopodium glaucum 0 64 80 0 0
TR Setaria viridis 8 0 16 0 0
S Total 7624 9836 4336 4872 432
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9836 4336 4872 1432 Hi/m* , FKETRHL T & Fh PR ROK, B L2 TJF R 3a.10a {1 ( P<0.01) , FF & 20a
MM /D, W E AR T HAZE AL (P<0.01) , MR HL S FF R 1.3 10a {21, FF & 3a 102 JRHLZ W] JC 0 35 25 =
(P>0.05)

RAR TR FF BAFBR/INT 10a 0 180 b 47 T B5ORN - 25 B V0 A 1 35 22 5, (L 08 T B AFE FRIA 3] 20a
J& PR ECS R T B RAIR, 3X S Wienhold 26 (URFFE 45 A — 5, KARBHE/NT 10a FF B IR HUAH 2
PELAERFAE 0. 54—0. 58 Z 18], ifi 5 FF B 20a MR ARRUM:E) B H 5] 0. 42, WK 2,

25 ¢ 12000 ~
a F=832 P<0.001 a F=5946 P<0.001
e 20} % ’g 10000 ab 1
ﬁ%lS» %ﬁg 8000 |
=5 b b L8 L b
5 g [ 6000 b
@ 2L
H_ .10 + Jeri 7
§ 2 be % 5 4000 |
Jerngi
€3 st E
c % 2000 +
] :
0 L L L L ) 0 L L L P Bt Y
NwW Fl1 F3 F10 F20 NW Fl1 F3 F10 F20
FARFEH AN [F) FF B AE AR FRARIEH A [F) JF B AR R
Natural wetland and farmed wetlands for different years Natural wetland and farmed wetlands for different years

B1 ZIFREXARMSHAREMMFERLEFHYMESESTHFEE(WEAREDR)
Fig.1 Mean species richness and seedling density of seed banks from natural wetland and wetlands farmed for different years in the

Sanjiang Plain. Values are means+SE
Xof AN [ B AR R R4 T B DR 22 05 2 43 W R /N i PR B0 (LSD) | ANl R Ab BRI 22 SR 2 (P<0.01) 5 RARTHE NW B 1a
Hi F1, JFE 3a {@dh F3,JF B 10a {4 F10, JF R 20a {4 F20

®2 SIIFRRZABMSHEEMMBLIERY

Table 2 Similarity coefficients of soil seed banks between nature wetland and wetlands formed for different years

AR AL KRV, Hl (1a) 4 (3a) A< (10a) 4 M (20a)
Similarity coefficients NW F1 F3 F10 F20
RIRITHL NW 1 0.54 0.58 0.57 0.42
A¢H (1a)Fl 1 0.51 0.62 0.41
A< (3a) F3 1 0.59 0.57
A2 H (10a) F10 1 0.64
A< (20a) F20 1

2.3 KOTAELIR KRR

ARYGR I AT T R K AL B SR IE AE K 10 em, MRV FRIL & )RR 47 B, i K AL B &Y
6 F, 433 2 WL ( Potamogeton crispus) T HR T3 ( Potamogeton malaianus) . — 33284 ( Sagittaria trifolia) .
W (Vallisneria spiralis) 515 (Alisma orientale) \56M 7 ( Typha latifolia) , H:H AP K 43 244 F 3245 W Fh 3
. = 2284k ( Sagittaria trifolia) 775 ( Vallisneria spiralis) | %M 777 ( Typha latifolia) ,

P 2 BRI J5 A T W A A B 2 s TR K Ab B, IR AR E T AR b 5 Bk B b i K A i 4
7E 28—32 fift , JF B 3a 10a B R MR HTE 15—20 B, JF B 20a H W0 AT 5—10 F, KA 8K
PIFPEL LR B TP TE 4—T R /Ay JF B 20a B AR R 2—3 Fir, [R)AS i S50 F - 0 2% A
R TR, MR AL BRI T B G T B AR BRI N, Fh 5 % B 2 s b , BT B 20a, 1L /D 3
304 Bi/m’ , WEKAEBHZCPET , —20T B B R A 745 B EUR/ )N, BT B 20a I, %8 A 128 Ki/m’,

X 0—5 em 5—10 em + )2 DA P ik B BAR ZE 3R AT K 55 7R R WIS [R) TR BE - J2 i & ) R B R e
THERA B E R (P<0.01,L8D) . AFJF ARG, B2 WL YRR i kB B ST
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Fig.2 Species richness and seed sensity of natural wentland and wetlands farmed for different years under two water regimes ( drawdown/
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Fig.3 Species richness and seed density of natural wetland and wetlands farmed for different years in different layers (0—5cm/5—10cm/

Rhizome )
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INWZE ((Calamagrostis angustifoli) F17E & W ( Carex lasiocarpa) i =11 JF A PRI M p SRR At ¥y, B
I RAEBRAHI N, /N3 ( Calamagrostis angustifoli ) F1# % ( Carex spp. ) #5 2 B % 25 5 (P<0.05,1SD) .
FERERNB I, /N 35 R R 28 B #838 3 e KAHL, 430002 1200 i/m’, 440 Ki/m® ZiA7, Wb B & W
o PIEF TR B N R, BIFHEH JT B 3a JT B 10a B3PI % 5 20 %) & 350—600 Ki/m?®,60—130 Ki/
m® iR 20a 5, AR 0(F£3),

®3 RAEHEARRFARFREM N EMEEMFHEATE

Table 3 Seed density of Calamagrostis angustifolia and Carex spp. in nature wetland and wetlands farmed for different years

YIh species KRB HL NW AR M (1a)F1 A M (3a) F3 A2 (10a) F10 4 1 (20a) F20
JNEE Calamagrostis angustifolia 1192 656 352 296 0
BHH Carex spp. 440 128 64 9 0

3 itig
3.1

VLAV D M o AR

LA JEAN [R) T B AR BRI D 7 728 A AR, v LA IR K I8 b R Kk R M fie K, 23031 3k 3] 7624 K/ m?
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9836 i/m”, MiEHL—Z T B ] 5 3 P& AL 31 4000—5000 %i/m? , JF B 20a J5 , B 1% BEAV N 432 ki/m?*, A] I,
T B4R G 25 5 e S o R AR, SR ARA A4 A R AR TR B TE 10°—10° R/m’ Z ] ook
YEROFPF PR A 10°—10° Ri/m’® Z (8], W HUFP % 09 2 FE 7E 0—10° Fi/ m® Z[8], Leck Hl Graveline )
5 [ 5 P N R K TR BRAE S 2 W 1 28 HEARAE. 6405—32000 hi/m® 22 [a] , X 5 A8 45 SehK v R i i U5
e IR P T R I 7 PR BB AE 4689—35832 Ki/m® Z [, AT H Hb AR FH o b 7 PR AL 5 £ A 45
FARFF G TSR S5O SR IR 2 7 R R T Ao 28 e /K DR - 3 e X = VP J5 VA 5 1 45 U 7 91 (1 o 7
PERUASERIE ST S 433—2066 Hi/m? , ASBIF 5T 45 A B e e & T A ATz X R .

R BRI ] A W) RS b 7 PR A des , B S i T AR T BRAE R A3, [R] i s T R AR 3, (M
Tl A2 BE AR W 255 . I 4 ATLUE B 2 B80T )2 5—10 em B AR BUE B3 & T HAMZEAY X2
SR A NG R A Bk R b AN S 0 R A R ) Ao G G UK W T B ( Potamogeton
crispus ) [ R A2, [ Fof AU, 5 S3000 h vh m3 BRF I o P A% 495 1) 5 26 55 B W) o 140 007 &, BU A 32358 ( Sonchus
brachyotus) \JKEEZE ( Chenopodium glaucum) 553 ( Capsella bursa—pastoris) EF# ( Echinochloa crusgalli) % .

XF o3 )2 RIS R ,0—5 em BT A R AR S Fl 785 BE AR 1 35 KT 5—10 em )2, X5 LR BT
FEAERAR B AR 5—10 em HIERPTERUASNT 12 BT AR H BIEESECT 2 MR OK B XY B Bl
T AT T BB MR 7 RSO E I 322 Fh 7 PEAROR AN REZ ML, DRI IBORE TR B 0 3 2 R, 3 5 LA
AR ST FE R B 2 T AR S b iR 7 R R - B h 7E T 0—5 em TREIN,5 em DLF BN
A2 AT A AR

Hb UK 20 1 B SR SCRHIE  FEEAT R 11 I R 2098 TAR L 1T T T AN R IR T AL BRAF 5T 4%
T IEE T ARPKOZET G BUKCIR BT A 785 & B0, vander Valk F1 Davis'"® #F 57 26 B , ViV A B
YKL IAA 25% IFSIEAHE B, BMEAL 2 em SRAG/K L2060 R B2 0y & 7 AR 2852, ABEsE et
TAEEARIEA 10 em MK R T, I RBRIEGGEA FK r 2RI R &, B & 45 R 3R], IRhK 70 6 1F T
WY K RN 2SI i 2[R SR A AR T B R A BB A W R R M R M K SRR T
KR RAT 3—5 Bl LIS RS TUK AR O
3.2 B HARESAPI I

D AL A 25 R B SR A L P R A 7 RIS A I RE AL R 20 . AR BRI IR
WRE BB SEEA R 2 —) il B AR R A ST, X TR R R 1 ST B A SRR i A Y TR
FHPY S T I RIS O A R Wk S0 T o T, R TR 2R AR M e 5 R A AR K 25 5, SEE P PEHR Prairie
TR IT B 70 a J& HHERR T PSR ARAE AT B AR AR T BRI, AR LA TT R 1—3a J H AR AA
FRCAYFIEE T REAERD FREH IR . X Prairie IR IT R W], & B7E IR MO &2 v 32 B Fp 1O BRI, P L5
FERERNE FOIRFN T AR BRI 2 ABESE b AN B ARy =V ISR SR B T B AR R 54 , b 2
JEZH RN, BT R 20 Z4FJ5 /N FERD T K ORI 1 1R L A R BOXERE AR/ EAT D
AR RURYIFN AT DL AR R T TR A (R — B2 T B R 25 A SR AR K 32 B BRI
TR IR IR SR AR F 4, IR B B2 A e R i £ 35 22 52 i s =,
TFRRZ) 20 a (/N EEIRHIZRT 10 a Ze7 09 HARIRAZ  BESEIE I— A LI/ N B LS Wi 1R s AR IR 7%
X T A AT A A 5 —  FERE S R B O R (0 R AR AR 48, R K 22 AR, 12T BRIB kAT
FERIE , 5 R A R AR B 7 B2 K R PRUE TR MR B T T B K S R R AR A
FEL R HY R AR/ N B M iz e p Bt 1 5 R RN TR, IR /N BRI AR s M R R T S &
iof WAL REVE R, o] LR A1 AFEditrt [ i 32 368 09 7K 360 22 (i A5/ N 55 b ] LIGE i 7K A g 2
FERR R 222 SO N R AR DA E R AT (A . SRAT, VTP SR RRE A A T B A A A
A, Al Bl 2 AR M b 7 1 A 45 [ i e PO B L HlE 7KV 5 % A ST K A 3 T R Bl = 0 S K UK g B
F20 SO TR FALRECN AT PRI XA H S5 SR A7 1 /D B ST R ARV b, T B AR i 9 A )
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ZRE A S R T 25 DE R L,
3.3 M ENI SRMIRE

A e o P2 A L RO ORI 1 2 B VK A2 e 3 - E AR I (R IR SR LR A O I b 1 A
PRAZ B R PR B , TR IS 7Y LA e SE i 32 21 18 P8 A4 IS T] R158 BE AN R] , o5 2 2 9K 52 b ) A FH A AR
KIGZESE, T PE R B SR AR 5 1, X A [ F BT BRI s LT 28 p e AR, 483 20 2 TR
J& , Prairie {RHbAR TR AT AR AF AT 220 60% H RN 2 AT AR AF A T AR R ARG A AR, Winton
SRR T R KO R R A KA AR X TSR 2 B A b B A
VEHT, W9T0 b 2 B AL AT R B 5 DR K S AR AL 1 T

VTP RR PR D) 7RI T B, b 5 R 5 5 T o IR A iz i 2k . 1BMITR 10 a
ZEAT , W R 5 1 B MROR DRASAE —5E (7K1 VR0 = VTP I S5y b 14 /N 55 R AR OR AT A (L 8 T
BFETEE TR 20 a5, WEBIRIAK , 2 ZHE0E 835 T BERARRA K. I FRAITIAH =70 50T Bk
FE M PR AT A R R of  AROR BAT AR R RS 18 77 o AU ] b 1 P A TR MR AP AE— T B
BIE, RETE 10—20 a Z[H], 5IF B 20 a J& , SCHKCEENE M - e P xfE LIk 210980 A 9 0k 52 RO R

IKSCHRIE JER KRS ) AL B A | Bl K SR P IR A ) A AR Bt T A AR o0 LIS B R 7K
SCAESR ) 7K M K Sl 2 b 7L i B R A, M7 PR S IR A BBk T T BRAERR Fh 1 i ol
T BURMBAK R A RS Z IR Y BRI A R 7 SR Bk K 0k 3ok 3 i
R TR R . ZARAYRE = V0P OB AR U, /N B2 B RS AR AR L
A LATR I A7 JCAE BB AN B0, 7R M A2 i A v i B e PR SR 7 NI A &, M1 I O IR R R
SR T IR ARl X TR TR H I R R RR LU RN B RS R 3R R FRA TR — MR A i
2 I T T R R L W R 2 S R R IOC R SRR I T M I R A | ] B T R
T 7 LSRR E KR R0 B SR T ZF AR USSR, XAl DL T T B R T
PR HIE R R EL R D7 15 o JUHAE =00 5L, o SR 2 X IRl v DL 490 o 5 1) — ol T2 B2 SR,
SR 77 T AT ZE X = VTP IR ik 02 A H 2808
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