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Abstract

Paddy fields not only provide a variety of ecosystem services but also serve as crucial habitats for biodiversity
conservation. Recently, their ecological value and significance have been increasingly emphasized. Therefore, this
study aimed to investigate the characteristics of soil seed banks and analyze their correlation with soil
environmental factors in Conventional Paddy field (CP) and Organic Paddy field (OP) with different farming
practices. Our results revealed that the vegetation in CP was simple, resulting in low plant diversity in the soil
seed banks. On the other hand, the vegetation in OP was relatively diverse, leading to higher plant diversity in
the soil seed banks. Additionally, distinct differences in soil environmental characteristics were observed between
OP (K, Ca, Mg, Na, Fe, Mn, B|) and CP (K, Ca, Mg, Na, Fe, Mn, B t). These results suggest that variations
in agricultural practices for rice cultivation have influenced the structure and diversity of vegetation and soil
seed banks. Furthermore, these agricultural practices have had both direct and indirect effects on soil
environmental factors. Our findings can serve as fundamental data for evaluating biodiversity conservation in
agricultural ecosystems, ecosystem restoration, and ecological value assessment.

Key words : Conventional Paddy field, Organic farming, Organic Paddy field, Plant diversity, Soil factor, Soil seed
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al,, 2004). SALEANA BETSEL AFsaold &
= oo 22 A AEAE AlEched o 9T
& 32t (Chemini and Rizzoli, 2003; Baumgirtner,
2007). dE E°l, d3HAE9] 87.5%7F HAE o &
A R}e] o] BastH (Ollerton et al., 2011), & AlA
T8 A AE5 3 A2 A4 SN s H
Aol AErteFA HAHo]l 935ttt (Klein et al., 2007).
A 24 A FeF ok slehH| R o] e ARgat
EZolg W3} 51 22 AtgFor =AHA Y H=Th
FAgol Yty At (Lockwood, 1999; Tilman et al.,
2001; Benton et al., 2003; Ratnadass et al., 2012). =55
A= ArEolA S8 A Aled B9t ofyet 24/,
o, FHFETE T U oMY FAEY FaT A4
24 AEodd Hdo Fast g SFdctar ot
(Luo et al., 2014; Kong, 2017). BAIZ FINME =5
A= 2o AT ofyet ket AEEo] AAlshe
ettty HugA st 7125 AAAcR QIS
ol =& A& 7HeRt 2 AlagoR HeEshate =5
2] BETSd S 9t 2922 A=statt (Kong,
2017). =520 ety B 842 Udo] =
H lom Be =7tet A YoA AeEsdS AT
24 &7 9 Aettdd ZAE idsh] A% k2s of
31 9ot (Chappell and LaValle, 2011; Rasche and
Steinhauser, 2022). E3t 318t H|mQ} A xA|, AZFA|
71 &4 soFe ARgsto] A2 At BE TY2
= 4 99 AETIAE AA 5 AHA S E hAs

ol of

L [¢)
A, FT g7 olfret HEol IS A A= H7lEHS
FTAE HA, AEudd $4, Aettd sdde S
AANA FAYEHAE Fhsto] 7|38t g 4+ A=
Weto 2 n#E Ity (Gamage et al., 2023).
EF T2 (Soil seed bank)> 4= F<t 2A4A
[e)

A AP e] Aoz} JAteln] ESF 9 Be EYF ¢toll Q=
2E AL 7T A FAE udd (Bigwood and
Inouye, 1988; Yang et al.,, 2021). E% FA2F2 A&
O AdazA Ao deddt fEdE AEAE B
stal Edst=dl $a% dd= F+ (Chesson and
Huntly, 1997; Brock and Rogers, 1998; Harwell and
Havens, 2003; Choi and Kim, 2022). @2tA A EA
o AEthefdat AeiA el ek ukdsty] fsiA=
FAR2del gk olsizt Ba-Aoltt. v T A= Al
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Organic Paddy field (OP)]; &l =9 =57 A7
[CP_F, Footpath area (F) in Conventional Paddy field
CP)]; 7] =9 =% A4 [OP_F, Footpath area
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Fig. 1. A map of the study site in Jindo. Conventional Paddy field
(CP), Organic Paddy field (OP).
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HstA 63] FHEoSte] (Tl =6, &

ZAtet EG MEDS sdokloh ZF HRA WA= A
=9 H% (Plant coverage), WX (Plant density), &1
(Plant height) & ZAFSIILL 2|4HF AE& sste] 4F
oA Ax AE=F (Plant biomass)S =A35FAH (70°C,
72 hr). ARAZAPA 2 AR F2 Gd AE) o=
A= 7] g2l AR FFE B2 AlLskat
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Y =EE, =FDT 77 =E"E, =599 E
T2l BAe  moshr] fdl BEYG AE
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MEE AHHIL A 12217 ool 24709 EE
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EGRALD = 2470). T2 24 Sl 24 O
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AMEste] Ad H7bA] 4°C oA Bgt & Aol ALg
ATt (Lee et al., 2014).
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Ad 712 F A SAsHTh fAES] S8 15
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foh
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F B9 T, o] 7|t o 24 715 A ¥
H1 ool 217 86°C ¥ 34.6°C ojt}. ZF EoF MEES
AFe] Bl 7] a8 o]l gdE AAT H M= F=
o] woto] A3kt 2L ThEo] 7] Yl FA Edo]
(54 x 28 X 5 cm)o| HEE A T4 EFS <
1 cm =o]2 1274 dolFtt (Zhao et al., 2022). A3

B i

C

71 E¢toll= 159 19 ol &2 FAH (B
oA -2 ~ 0 cme] ¢ FA]). Tofet fFAE2 Lee et al.
(2014) el A AHEEF oz 54 9 Uk XAE SH,
FA4ol E71sd A%, =S HE9 3R A4A F
o] 7Hse w7kl Auistoich. FA2A 2@ B
AE T2 A7HET AAHPEA AR (NATURE) S Hlo]
EjH|o]| AE o]-85}o] FA ALt (Korea National Arboretum,
2020). 2E floJHE R Z2O3E Fo 54 E4s%
I, B8 = §7] =9 EY T2 U s H| s}

)

o
o St

A7 8 7k Mg 87) $1s) ANOVA testE 43
739 (P <€ 0.05), Tukey A A%

O

E A2 T dFdE Hush] Q& F &5 e
We & ZFHI (species richness)®}, £2 Atz 74 4
H-&& Yet+= £ d5 % (species evenness), 181 &
ot WA o] HFEE Al BESh=: T U=
(species diversity) & Tl B2 A5 ARgoto] 4HEsH3I
S A5=(Diversity Index, H) = =X /-, Pixi{n(P)
(St A F4 Pit i MiA o] £5h= 7HA 4] H]& (ni/N)
2 A4t N: 23 o] AAl ZBA] 4=, nit 28] 7HA] 90,
AE55 2 4(Bvenness Index, E) = H/Ln(S) (H': th¥:, S:
AA F4), 28312 FHEE Z4(Richness Index, RI) =
(S-D/Ln(N) (S: AA T4, N: & /N4 )& 4APgstAtt
(Bulla, 1994).

23 E¥ £

AelA AFT B HESS AP 2solA 257 o
Az & E4ste 2 mm Ao B 7= AAE] FAHLS
skt (NIAS, 2000). EQFo] &35ty EA4S 24
Sk7] 9o AA DG EY Ame 208 SH 59t
o] EGFEARE H&statt (NIAS, 2000). & &<F
(Water Content, WC)= 74X At AR o] EF FAE

Z7ste]  ArEStela,  pHeF  AM7)HZI(Electrical
Conductivity, EC)= E Al5$} 32k S4+FE 115 HE&=2
&3t ¥ %319 pH A= (Orion 8157BNUMD, Thermo
scientific, US)¥ EC A=(Orion 013005MD, Thermo
scientific, US)& ol-&ste] ZAsH3ch EY Alm & Ad4
(TN) &} A& A(TO)= YAESZ7I(LECO CN928 Analyser,
Michigan, USA)E ol&ste] EASHY, #7185 o=
(Organic Matter, OM)2 Z&t4 ol 1.7245 J3dto] 4t
Z3ot (Kong et al., 2020). #8 Q14HP,05)-2 LancasterH
= MRSt S5kl 284 ol (Ex. K, Ca, Mg,
Na)2 ICP #H](Optima 8300, Perkinelmer, US)E ©]-&3}
o] BA5}9th NH, = Salicylate-S AF&5HT, NOs =
Auto Analyzer (QuAAtro, BLTEC Korea, Germany)E ©]
&oto] EA5HGIT Fe, Mn, Bi= mlo]a 2o B FEoi-S
Atgste] EA ST AAA] fdE EGS E93etd &
A& v ws7] Y3 ANOVA testE £H5FH I F240] 9l
= A9 (P <0.05), Tukey AFE AAS 514t (Bang et al.,
2020). Warde] HE AFESH 23 24 (Cluster Analysis,
CA)Z hclust @45 AH&sto] A& ohg A2 138 470

Fog BRIV, FAHE EA (Principal Component
Analysis, PCA)2 EF EAT A2 /8 1] #AE =
Aral7] Q8 AHESEA S (Bang and Lee, 2019).

-

3.0 AzA
Wl =1 {7] =0 AR ARy IRt ApolE B
t} (Table 1 and Fig. 2). &3 =2 AAo] A9 gl= (&
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Table 1. Vegetation survey results in CP and OP.

Vegetation survey OP
Plant coverage (%) 1.240.2 57.6+24.8
Plant biomass (g) 3.1£19 37.5+16.1
Plant height (cm) 53.4+28.4 118.2+50.0
Plant density (no. 0.25 m™) 2.8%+0.9 92.0£43.3

Dominant Species (%)

Portulaca oleracea (50)
Echinochloa crus—galli (33)

Digitaria ciliaris (59)
Commelina communis (21)

T Conventional Paddy field (CP), Organic Paddy field (OP).

100

z (A)
< e
S
& o0 |
g
g 40
& 20}
o
o] +
CP OP
80
= (B)
o 60
[}
. l
& 40
K]
E 20 |-
o
0 —— '
CP OP
100 100 (©)
—
X
o 80 80
Qo
=
©
E eo 80
=2
Q
©
L 40 40
kS
0]
e 20 20
0 0
CP OP
B Portulaca oleracea [ bigitaria ciliaris O cyperusiria
B Echinochioa galli [] C i is ] Setaria pumila
. Rorippa palustris |:| Persicaria lapathifolia . Eclipta thermalis
[ Lactuca indica B Echinochloa crus-galli

Fig. 2. Vegetation structure in CP and OP. (A) Plant coverage
(%), (B) Plant biomass (g 0.25 m™), (C) Relative
abundance (%). Conventional Paddy field (CP), Organic
Paddy field (OP).

2 Hk) MAAR H¥|E(Portulaca oleracea)¥t =1
(Echinochloa crus-gall)7t 2 S5, 47 =2 4
Aol ok (Plant coverage), X (Plant density), %°]
(Plant height) 12|31 AR A= (Plant biomass)©o] &
Y =Hot =74 vergth (Table 1). §7] =9 449
TP Aoz B3shA e ed (Fig. 2), $HF
vyeol(Dygitaria ciliarid)®t SVFE(Commelina conumunis)
ojth, ¥ =1 {71 =9 AR Fx7t thE AL Alx
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;qﬁc}/go] QL BT =4

3.2 EY 212

E¢ A2 & A A7 B9 =(CPT 771
=(OP) Atolof st zto]lE Bt (Table 2). 3d =of
A= 83 12% 181 34,510 seeds m 7} ZgtE| 91, &
20| & (Rorippa  palustris) 25%, 7Vl E(Centipeda
minima) 22%, XWV|E(Portulaca oleracea) 18%, B|xd]
(Eragrostis multicaulis) 18% «°2 ZdstAtt. 184y
7] =o|l A= 133} 24% 123 204,340 seeds m 27t &
A5FAL £ AL NEOr=E(Poa annua) 33%, HEUE
(Stellaria alsine) 27%, SM&(Alopecurus aequalis) 14%

o2 yeigon, #s) =Rt w2 F3 /A7 S3dst

A7 = FAE tt2A Uehgth 2240 Wr 7e g}
F71 =0l BEAF Mo TebA ARt AtolE Heit
(Table 3). Annual plants®] 3%, E9F 22239 U=
71 =ollA Ads] =4 vkt (P < 0.05). Perennial
plantsﬁﬂ AL, B T80 W= Annual plants®t
Hl&gh RS 2ok (P < 0.0D).

EY ALY T AN 27 B = §71 =9
AR Gl mebA Addet ZFolE Hot (Table 4). &
Y =9 B AAZ(CP_R) AAME 5% 11F 181
9,010 seeds m &7} 2d@stgy, &7 =9 Egt Aalx
(OP_R) oA 83} 14%F 283 152,150 seeds m2& 7}
T w2 A= RATE vERT #38 =9 =5 A4
(CP_F) o|A= 43 8& 18]7 25,500 seeds m 27} =49
st 7MY AL F 7 e, §71 =9 =53 A4
Z](OP_F) A% 123 20% 283 52,190 seeds m %7}
Sdste] P B F 7 yETh SR & 74
Tl = AAR(EY, =FR)dAe vl FE0] B
Edstely, grde] /7] = AAAE ‘é]', =) oA
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o] AA2] 55 T EQF A28 9] Wi E3F Ztolzt 9L ot (F=18.805, P < 0.001). sbd5A]oA EF 2423 A
= Zog yehgtt (Table 5). Annual plants®] 739, & T2 285 A AT Ew, A4z 889 b 2o
7] =9 Bt 442 (0P R)= U&7} 7HY =4 et 95 Y Waterfront A]412]o]n 80,900+ 24,315 seeds m™
gtdo] el =9 B AAZ(CP_R)= 7F W2 UEE (2@ A12)9t 23,400+8,225 seeds m A(thd Ay A1&)7}

Bt (F=10.082, P < 0.01). Perennial plants®] ¢
Annual plants®} H]5=3F AFS KW B H22]9}
T A2 BE §7] =olA T2 HErt =4 vE

=

Table 2. Comparison of soil seed bank in CP and OP.

UEFGA (Lee et al., 2014), & A3 Ay} B oF 2 4]

(29 A=,

OP_R)&t 1.4v(ctdAy A=, OP_R

or o
1o 1o

FA-23go] ZEFct (Table 5). o|#g A= shlele

Scientificname TCP (%) OP (%) Lifespan
Oxalidaceae go]dt}

Oxalis corniculata 3o\ 1,020 Perennial
Asteraceae =+3}}

Centipeda minima 5 H7}&E 7,650(22) 3,060 Annual

Eclipta thermalis 8% 850 1,870 Annual

Conyza canadensis &% 680 340 Annual

Senecio vulgaris 7§47t 340 Annual

Pseudognaphalium atfine B4 340 Perennial

Bidens tripartite 7FZAH] 170 Annual
Rubiaceae ZEEFA Uz}

Galium spurium ZFg= 510 Perennial
Euphorbiaceae =+

Acalypha australis E 1,360 Annual
Ranunculaceae "2 oA v] 2}

Ranunculus sceleratus 7§72 2H] 170 Perennial
Onagraceae HH=ZX

Ludwigia epilobioides 1¥|vHs 1,190 Annual
Brassicaceae B3}

Rorippa palustris 4%°0]%& 8,670(25) Perennial

Cardamine flexuosa Ayl 1,870 3,570 Perennial
Poaceae HT}

Poa annua M EOHE 1,530 66,470(33) Annual

Eragrostis multicaulis ¥]c2] 6,120(18) 340 Annual

Digitaria ciliaris H}2§0] 3,740 Annual

Alopecurus aequalis EMNE 170 28,730(14) Annual

Eleusine indica <vFejo] 170 170 Annual
Cyperaceae Atz3}

Fimbristylis littoralis BFsl=2]7] 5,440 Annual

Cyperus iria F¥5AH 2,380 Annual

Cyperus difformis 25 M 170 Annual
Caryophyllaceae A=+

Stellaria alsine WEU4&E 54,570(27) Perennial

Cerastium glomeratum -F+RHAUYEUE 6,120 Perennial
Portulacaceae 4]H|S3}

Portulaca oleracea *¥]& 6,290(18) 510 Annual
Fabaceae &3}

Vicia villosa B1A] 340 Perennial
Scrophulariaceae @4+t

Mazus pumilus 5 19,040 Annual

Lindernia procumbens &5 2]E 2,890 Annual
Number of family 5 13
Number of species 12 24
Total Seed density (seeds m?) 34,510 204,340

T Conventional Paddy field (CP), Organic Paddy field (OP). In parentheses, the percentage of emerging species

(010%) is indicated.
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Table 3. Soil seed bank density of paddy fields by plant lifespan

category.

Paddy field Annual plants Perennial plants
type (seeds m™) (seeds m™)
Cp' 7,990+597 ® 3,513+1,303 ¢
OpP 45,900+10,712 ® 22,213+2,083 P

TConventional Paddy field (CP), Organic Paddy field (OP).
Different lowercase letters indicate significant differences
between treatments (P < 0.05). Date are Mean + SE.

et

chere Aol 4

R

Mo
flle

A5k Qo] 47 Kk B

o FAego] HAT 0T FHTLL

Y =3 87] = 29T AN SBEE, EFD)e
wet B FAeqY T4 Yeot el AL g%
W9 o]z QIFt Awts FYHh 5o AxAL 2L
s}el B ARG-S A9 TRMA ohlet FAflE o)

FE & & At Kremer et al,, 2009: Myers et al.,
2016; Gomes et al., 2019). Gomes et al. 2017)+= A%
A B AlzA Y BatEo] EQF] dof QoW EF T3

B2 AAAA T2 TolE YT Hilst

JEE A QA ABTeelE oreere

38 o
B oot
%]

Table 4. Comparison of soil seed bank by habitat type in CP and OP.

Scientificname TCP_R (%)

OP_R (%) CP_F (%) OP_F (%) Lifespan

Oxalidaceae 3 olgtzt

Oxalis corniculata 015+

1,020 Perennial

Asteraceae =3}t

Centipeda minima % H7}=1& 1,530(17) 1,020 6,120(24) 2,040 Annual
Eclipta thermalis I+ % 170 850 680 1,020 Annual
Conyza canadensis &% 680 340 Annual
Senecio vulgaris N7t 340 Annual
Pseudognaphalium attine B%; 340 Perennial
Bidens tripartite 7FZAH] 170 Annual

Rubiaceae ZFHFA Y}

Galium spurium ZHJ=

510 Perennial

Euphorbiaceae =3}

Acalypha australis "WE

680 680 Annual

Ranunculaceae  @]ub2] opAu] 1}

Ranunculus sceleratus 7§72 A4H2]

170 Perennial

Onagraceae HH=ZX

Ludwigia epilobioides AF|¥l& 510 680 Annual
Brassicaceae H| 33}

Rorippa palustris 4%0]%& 1,700 (19) 6,970 (27) Perennial

Cardamine Hexuosa ZFAFo] 1,360 (15) 1,700 510 1,870 Perennial
Poaceae HT}

Poa annua M EOHE 680 63,920(42) 850 2,550 Annual

Eragrostis multicaulis ¥]|x=2] 1,360(15) 4,760(19) 340 Annual

Digitaria ciliaris H}=§0] 3,740 Annual

Alopecurus aequalis EMNE 170 28,730(19) Annual

Eleusine indica <¥vtejo] 170 170 Annual

Cyperaceae Atz3}

Fimbristylis littoralis V&5 A]7]

5,440(10) Annual

Cyperus iria FH¥5AH

2,380 Annual

Cyperus difformis 25~ 170 Annual
Caryophyllaceae 4=}

Stellaria alsine WEUE 48,110(32) 6,460(12) Perennial

Cerastium glomeratum -FHHAYEZUE 850 5,270(10) Perennial
Portulacaceae &]H]|E3}

Portulaca oleracea #1¥]& 1,020(11) 5,270 (21) 510 Annual
Fabaceae &3}

Vicia villosa A 340 Perennial
Scrophulariaceae @4+t

Mazus pumilus 5 4,250 14,790(28) Annual

Lindernia procumbens &5 9E 680 2,210 Annual
Number of family 5 8 4 12
Number of species 11 14 8 20
Total Seed density (seeds m™?) 9,010 152,150 25,500 52,190

TCP_R, Rice paddy area (R) in Conventional Paddy field (CP); OP_R, Rice paddy area (R) in Organic Paddy field (OP); CP_F,
Footpath area (F) in Conventional Paddy field (CP); OP_F, Footpath area (F) in Organic Paddy field (OP). In parentheses, the

percentage of emerging species (>10%) is indicated.
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Table 5. Soil seed bank density of paddy fields by plant lifespan el oFFFE Fohr HIskoh (Helander et al,
category and habitat type. 2019).
. Annual plants Perennial plants A W = Az A= AlxAQ ke =z AL
Habitat type (seeds m™?) (seeds m—?) - =55 =3
: B Wro} Jrjgos U EdF Aoz Holv B
CP_R 1,983+397 ¢ 1,020£340 *© = = + . = v
SR L g Fo) FAo] M ol AZA Al G A
- 1728479 0002592 2ol 98 712 Aohde AR s Ae] P2} the
o OO S sf wolsl BAe® malch W] §7] = AAR6IA
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Fig. 3. Species diversity indices of soil seed banks by habitat type
in CP and OP. (A) Diversity Index, (B) Evenness Index, (C)
Richness Index. CP_R, Rice paddy area (R) in
Conventional Paddy field (CP); OP_R, Rice paddy area
(R) in Organic Paddy field (OP); CP_F, Footpath area (F)
in Conventional Paddy field (CP); OP_F, Footpath area
(F) in Organic Paddy field (OP). Different lowercase letters

indicate significant differences between treatments (P <
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Table 6. Physico—chemical properties of soils by paddy habitat type.
Soil properties CP R OP_R CP_F OP_F
WC (%) 415+1.1° 88.1+1.2 ¢ 10.9+0.7 ® 455+1.8 °
OM (g/kg) 441+1.1 % 37.8+2.7 349+1.4 ° 50.6+0.4 ©
pH 5.2+0.1 5.6%0.1 6.3£0.5 53+0.1
EC (dS/m) 6.840.2 ° 0.840.05 ° 17403 ° 0.9£0.1 *
TN (%) 0.25+0.01 ° 0.22+0.01 0.21£0.01 ® 0.28+0.01 ©
TC (%) 2.6%0.1 b 2.2£02 ® 2.0+0.1° 2.940.02 ©
Hs' (mg/kg) 269+1.6° 18.0+1.5° 16.2+1.7 ° 21412 %
05~ (mg/kg) 7.2+24 ¢ 25409 ¢ 414%83° 10.5£3.7 ¢
P,0s (mg/kg) 40+29 *° 1384109 ° 103+16.8 ° 148+113 °
Ex. K (cmol./kg) 0.7+0.02 ° 0.340.03 ® 1.0+0.04 © 0.3+0.1 °
Ex. Ca (cmol./kg) 8.4+0.6° 4.3+0.05 ° 6.840.4 ° 48+0.2 °
Ex. Mg (cmol./kg) 4.0+0.09 ° 1.9+0.1 ® 3.6£02 ° 1.8+0.01 ®
Ex. Na (cmol./kg) 35402 © 0.4%0.05 * 17404 0.3+0.01 *
Fe (%) 1.1+0.05 ° 0.6+0.01 * 1.4%0.1 ¢ 0.8+0.03 *
Mn (mg/kg) 270+7.5 ¢ 138+5.2 ° 374+7.5 ¢ 194465 °
B (mg/kg) 107£1.5 ¢ 48+0.8 * 130£2.3 ¢ 58+1.2°

T CP_R, Rice paddy area (R) in Conventional Paddy field (CP); OP_R,

Rice paddy area (R) in Organic Paddy field (OP); CP_F,

Footpath area (F) in Conventional Paddy field (CP); OP_F, Footpath area (F) in Organic Paddy field (OP). Different lowercase
letters indicate significant differences between treatments (P < 0.05).
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Fig. 4. Cluster Analysis of soil properties for habitat types at the
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in Conventional Paddy field (CP); OP_F, Footpath area
(F) in Organic Paddy field (OP).
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Fig. 5. Principal Component Analysis of soil properties for habitat
types at the rice paddies in South Korea. CP_R, Rice paddy
area (R) in Conventional Paddy field (CP); OP_R, Rice
paddy area (R) in Organic Paddy field (OP); CP_F,
Footpath area (F) in Conventional Paddy field (CP); OP_F,
Footpath area (F) in Organic Paddy field (OP).
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