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1. l ntroducti on

The ripariibayndrdoadtrmdg and bi ogeoaeathetmércraéd sterciod lo
and aquatic Teceo sryisptaermsanni qauend ni s nteractions wi
ecosystems @andwipdeovriadnege of e@pdsgstiempeetrantes
rol e i n mai ntaining biodiversity by provi din
i mproving water gogl styeaamndaskabialgéad ch st fl oo
Pomeranet $nh@9 %) pa,ritame zloamteer al amad rean qad sof w

energy, amdi bl pt a(i FRisfdy oadrsd Decamps 1988, Br une

Wal ling and He 1998)

Fl ooding, the periodic change between wet
of fluctuations in river fliosw,piadateals dryidwion g g
devel oping and mai ntthadi piamg atnldleg oaayws tcemaafi | i br it

(Wanl®@90On t hehammer ivati ons of hydrol ogi cal regi
effects on soil physicochermfXicmletprmlpeh@® &5 an
af frmicarobi al community structBwrzeeta@dmd&Z2mMde& an
the otheiff @aa@dt WWydr ol ogidcialelcetddyi me shnf fa$son
mi cr o(lbGust knecht ,etl eeddi ng0O0tégoiclhhangesi e mt dynal

(Hefting etamd .a20®&# 49 o0ons eque(nLcaen gaef feetclta |v.e g2elt 1a5t)

ot her words, flooding enhatnhceé pahydmolzogiec al hey
changing feedbacks among soi l physicochemica
mi crobi al properties.

The rcéhcat er i sti cs offr &d uweondc ynagn dsuuncahy,imosh u d e

howeweare, often influenced by tthlereitpoapa garna pzhoincea |



For exédmwyé/enghawveas | onger watempaesd-deocki ¢l n

Il ying. aTereasgradient in hydtrolkigghhg! aregsmer &nab

tmporaaald speteabgeregiettyatdfminl apmhdy si cochemi cal pr
including soil smolstederappoadveaitijabof gangi c
matter (Bbmetgat eRolavi. €y 0a&bl,. 2011

Based on these dynamic interactitomes bet wee

rimpari amanorceont mielgutoemmat o and gl obal Fhirogeochen
i nst araeeep,ari an zosnener dguwlnastfeer of nutrients an:t

(PinayDanalnpds88) , sarsd aacti nk or source of nutrie

various factors, such as hydrological regi me,
topography (Hill 1996). Materi al s hreirmarsipaomr t ed
zone until bhéeyi ¥éowornteturn to the atmospher

such fAmxwersts of nutrientss tand serogdridc amalt treet
depend on soil physicochemical properties such
di stri bsti ¢ npr@twa@tiina,aly and Decabesi d®88 tempor .
and sppatriialti ons of pl ant boomasstguettocturoe
i nduchee di fferencegeiornuouetiease fapt saantd i n | i
turnover. T h d te mipsam atl hsepraetr iiaarltdd iommge d mhemi c al cyc
in response to hadkatltegt catl algi Mm99, , Bal dwi n
Wol f et ),alt.opoidomigy et), aboi ROphysi cochemical

(Gei ssel er and), ahadr waetghe¥2att g oth et Wagnerl 904, al

2012.5

Among various soil biological properties,
understand the biogeochemical «cyocille noifc rtohbee sr i
pl ay an i mportant hreanieai ncyblkee,bi®sgebc as org
decomposition an&onu¢moleeas sgcténg.soil enzyme
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catalystsomdorbi ogeochemical pr odceegsrsaedsi,ng part
macromol ecul abycbymwpoohgsi soosi mpliedatompounds
can be easi |l goimtilackreonb eusp a®ydn spd baanu &® 44 tSi anlg.h

and Kumar. 2M0hOe&oa floreen,zyme activity is widely us
mi crobi al community J uindrto ina I(dGCHfl iadmeed 4 a s2 0I10i5v i n
component of soilsasrgasiokmarteouraa@tnaf nutri e
Acquaye GZx®&h) mimabi |l i zati on of nutrients in mic
on amount of Lamanhbvaimaahlee nutrisentis, ami cr ol
i mportant indicator of the changessamd quantit
nut r iMornrteso.viear, o m al bi omass which is sensitive
understanding the effects of flooding on micr
Las,tdsyl 2e@® ssi on, originated from plant roots o
Larionoya 2805:m key step for bi ogeochemical p

cont exar bbodn .cycl i ng

Previous studies suggested ttheaet paoi Anbi ol
zone were significant@hyou edta)aeldy t2o0oci3emmpendt ueg
Bardgett and Skbngeel 98bi |20b7 §/tammr &Secaretl et al
1996 Goodr i ck) aentd aluatvra Detin@b il Il i ®&3§)8 aAl.t Rough t her e
have been some studies ombmiblge oe fcrbyad temd tf f | 00
were carried out at the | evel of mesocosm expe
regi me, such as frequency, dAndtrasnodn aMidt sncahg ni t
200™dent zer e,t Srhi.t 2 0a0r6d )JTahc&®i mptahr @ a,h0Hzebweev e r
is mamen system where complex and dynamic int
Bal dwi Mi aaldel) L MoO@over, the occurrence of e
floods has gradual |l ycliincarteealscehddmgseviac z gastul al of 2

Therefore, an attempt to exmwldainng time trhees pfoinesle
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equired.

Furthermoreg, tfhiecepdrisamdzone is necessary
eed for consideration of the role of plants i
o play a <critical r olRl aint s bic@ae oicnhfel mui ecnacle cm
ommunity structur emeby eElbdasiesg aedzyoxygen
hi zosphere affecting Rianotbi alegdéasiet puoriaat
hrough nutrient uptake or rel ease. Amount ,
rganic molecules rel easerd aro Isiotitlert hfralulg hv arow
o plant species, and quantity and quality of
Barling and O®Gapaeatd89dtnabhddR200bBn, nutrient wu
eads to het er og e nneuotursi \eehigt est. a ititheeti ip@m i ah zone,
owever, shows dynamic Waduipat iaonnds Qdsutee rtkoa mfpl al®
nd vegetratiten t hat refl ect responses t o envi
pecies composition and divserrsiibtuyt i ®mm miadhree ns
i omass. Given that, tempor al and spatial vV a
l oodi ng woul d alter bhegpauibami caAccoydliagliy
eget ariaoms are needed to be considdred al on

roperties to under st ahdtreibpg aorgieaorc hz2ame.al cycl e

Al t hadaweagnp amall swpati alti ons in soiltlieé ol ogi ca
i parian zone have beenBatsaessedyihieanaaryd s 008
i u 2d0el 7Sosa etQualet 2H018&IDOMI9st udy showed diffe
epending on thaec ® ocentdiali.onc2016) reported soi
increased with flooding magnitude, and floodi
| ant divearsGeng,etwhalre (2017) demonstrated ind
esponded differently to variou®Gu fétoboding(20¢e

eported flooding altered principal factors go
4



only governing factor of mircegpdrdalféovsodiniugi ty

n ¢ o,Marnags tet al . (2019) showed that hydr ol og

nutrient | evel determined microbial community

This incongilse eamtctyr mauted to the fact that

into account interactions between interrelate:i
physicochemical properties, vegdthe®et pam,j aand n
zone, dynamic and acnoonmpgl esxo ifl e e dviseagieitt cartd boens an d

occMoreower,atv ons of heydarsolao griecsaull trseagEihmi | oodi n
feedback¢camhsaehchange biogeochemical cycle of
number of studies habvieogoeeménpxlap e teidedutswaoh as
enzyme activities, according to soil physico
regi me, but few studies have considered t he
bi ogeoclpemipealti es comprehensi vel yf. pFluarntthse rinso r e
known tbiaf§éeechemi chault dyctdttdomhies ek hewhs of t emg
and S pvaatriiaalt i ons dfr avegetcatuiseyrd sbuyc hf laosodp hgnt
communi ty structur e, species composition and

rcchness and diversity

The aim of this study was to provide a coc

tempandl spatiati ons of biogeochemical cycle du
zonéFiguré&hetpeciobijecti ves wer e 1) t o det ern
physicochemical properti es,prvoepgeevtaaawnsomg and s
di fferent topography, especially elevation ab
the river channel, wi tehati mashi2ps tamionmdens ofifly
properties, soi l physicochemical properties a
governing factors determining soi l bi ol ogi ¢

physicochemical pr opdrotgiicsa,l wegdtemtsicormpyhydr o
5
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2 . Materials and Met hod

2.1 Study site and field survey

Fi ebdvweays conductedoinnd aNamlipamirainver in Yeo
GyeonRyrgdvi nce, Soutdh, Klo2dFea3(OF2)BA2TBhe site recei
936 mmabhfall between 2@ab%argndndh®©Octemeper at ur
freem 4AC to 30.5AC with the avemRra.geThempleirmdtug
in this mseandls wmot h high rainfall during the
215.1 mm) and August (total rainfall 225.6 mm)

precipitation.

E125° E127° E129° E131°
T T T T T T

Homogeneous
Wnt community
; \ Soil sample 2
Measureme
CO, efflux
Soil sample 1 @

N41%—

Soil sample 3
N39%—

y Measurement of
R ks A, A aboveground

& plant biomass
(30 cmx 30 cm)

N371—

050 100 150 200(km)

Fi glrtehe study site and schieamatyi.c diagram of f
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FigwBmDaily precipitationeraamtdurdeiflryomelanwmamry tteom
2019 at the study site.

I n the study site, si x repl iecsataeb |l p srhmanen
perpendicul ar t antdhd irvieveruadlrfan Be B fingdr. €5 m
established ivnirtamisrecegadh o &li ZiBeguadchtgladrat,
di stance from the river channel and el evation
The di st threeel aathidwieson of a t ot al of 30 quadrats
m and O to 116 cm, respectively. Quadrats were
(hereafter these are,ared ehirghd dloevast il @w), and dad
domi nant vegetwati @wvnzdbdwerrl pclacc ed adj acent to th
(0 omthe river ), owalsi gdeotmei nwacttekda by z@barat | at i f ol |
Mi ddl e eh=elWat,i dnocfated < 26 cm above the water
river chanosdloyniwastPed ylgy num .t hHiingohre regE &g at i on (
where distinctive plants domcian atilesd?2 8ac cadbrodvien g |

the water -10n8® mnfir &m5t he river channel

Field survey was condutteddphogme 42019) oodi
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and after ffllooooddim)y (Bwagaiest 2&1Doadndngpa2s;t 7 Octo
2019) at the samel qaudidma,h sthd tyanf gplrle was only 25
and themaémwstenosiwnarwiadateiron evel oasbdefsocrhear ge.

pot§ |l oodi ngedse orcaxiumpfaaldliscul arly from 26 July t
rainfall 170.1 mm) and 7 to )12l Aupgast ftobdin
thererwkati vel y nmexckereatte dr:aifmrfoad rl4 (ttoo t5a IS erpati ennfib
112.5 mm) , 10 to 11 September (total rainfal]l

rainfall( Bi3gr enm)

800 6
2 ~\/ W
__600 == Discharge
m —
st —=\Nater level 14.E
° E
D400 | o
- 1
= 8
©
2 2
a =
200
0 . . T T - 0
May Jun Jul Aug Sep Oct
2019

Fi gurDe scharge and waterobemdl9 faromhMay ttuad yOcti



Average height, density, and coverage of e

Xx 1.cpuamdr ats were surveyed. Some i mmature or |
only to the family | evel. According to the 1
specwersedd afded into five categories based on t

in its habitats as fol(l@BW: fablui gatevepuaphadn
(FATU facult(aRAGefptahntati vi(eFAWaM | amdl oblaingat e
wetl and OBWame obligate and facultative wetl and
hygrophyte and emergent based on tlhre aaegh ee of
quadr at , aboveground biomass was determined b

from XB0cmm quadrdtr i addad 60AC for over 48 hol

22SoiClef fl ux

SoCQef fWwausx measured using afnl wxutoysattend (sloli
8100-CORI Biosciences Inc., CDRiedndduxmedEur d6Aby
monitoring thecamaeamtersatiinoiCOi nsi de the chamber
gas analyzer. PVC soil collars were inserted
placed on the soil collars. Living plants insi
each measur e@@et ftbd xesloiithi nat e aboveground pl an
mhni mi ze daily vaeafifaltumeasunement sC@ere made bet
am.and 12m.86i p temperature (AC) and Jgr¥%avi metri
in volume) were measulédradijsangntprtobesachnonec

8100 at the s&€e ftfihmaxsof e ment .
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23Soil sampling

As soil s wer e nwitt hhioomogg eqhlesodisats oi | sampl ec
depth2®@fc® from the soil top | ayerqgqueaedreatrandom
obtaining a totafoof sf@btpeygiiloBsampl ¢é¢® anal ysis

were sievedmmhmeslgh( ata@ndard sia&mwy pilldnt tmat emi

or gravel, mi xed thor BaglhOOy,g uanéda nsptloer ewda sa td r4iAeC
for soil texture anal ysi s.
24Soi | physi cpocohpeemitci aels

The moi $tcomeé ent was measured based on the
dried am a@5A@ein for over 48 hours, and the ¢
determined by |l oss of i gnsi(tBiooyd e( 2®I0)4)at THhe0 A®
and electric conductivity(whb@i |Wwedred ome aeur emh t
suspension sopHtmehemusbngd a conductivity mete
texture was determined using the hydrometer me

USDA (Carter 1993).

NQ-N and-NNWere extrMcK@Id swltadtt nZoenn tarnadt i on s
were measumgdzdiyrde met hod ( Kamphakepheetnoal . 196
met hod (Murphy and Ril e dcSeon2t)ryaarseoshee et mvaley.
using ascorbic acid redae@€?) oaf tmen hexdt { Sotl ioo rz awm
1 solution (Bray and Kurtzntae4dbijsmn(KxNtahangeabl
C&*and 2Mgwere measured using an atomic absorp
AA240FS; Vari an, USA) after extter ascotliuotni owni t(hAl1ll

et al. 1974).
11



25Soil enzyme activities

Four soil enzymes representative of import
for tlyi bl sitcwddi dase (B®BNaEE@t¥yl Pyl ucdAx mi ni dase
EC 3.2.1.30), acid phloskpmdt alslkeall AC®, pE€sBhat as
EC 3.1.3.1) .r e8lGtiesd canmdyme, which is involved i
of cellulose to glucose (Kloserahadt Bab atnalyanie, 2
which is related to tihce nmitnreorgaelni zpaotliyomme rosf, osrug
(Seidl). 208 s dlsatmlscesrpenloa tuesd enzyme, whi ch i s
mi neatailonz o f phosphor us )(.Schhnoesi pdeeartc dests sail f. i €2d0 Oal
ACP (orthophosphoric monoester MAMhPhspbohlyydr ol a

phosphoric monoester phosphohyd¢etolmase pHpH 11)

The activities of BG, NAG, ACP, and ALP were determined on the basis of
released p-nitrophenol concentration when soils were incubated with p-nitrophenyl
(pPNP)-linked substrates in a buffer of optimum pH (Verchot and Borelli 2005). In brief,
soil slurries for BG, NAG, and ACP activity assays were prepared by mixing 2 g of
soil with 40 mL of 50 mM acetate buffer (pH 5.0) using a homogenizer. Soil slurries
for ALP activity assays were suspended in 100 mM tris buffer at pH 8.0. Two
milliliters aliquots of soil slurry were pipetted into 15 mL conical tube, and 2 mL of 10
mM substrate solution was added to each tube. The substrates used for BG, NAG,
ACP, and ALP were pNP-b-D-glucopyranoside, pNP-b-N-acetylglucosaminide,
pNP-phosphate (buffer pH 5.0) and pNP-phosphate (buffer pH 8.0), respectively.
The tubes were placed on a shaker to be mixed for incubation. Incubation times for
assays were as followed: BG and NAG 3 hours, ACP and ALP 2 hours. After
incubation, 0.2 mL of 1 N NaOH was added to terminate the reaction and cause color

change. Each solution was brought to a final volume of 10 mL using deionized water,

12



and the tubes were centrifuged at 3000 rpm for 5 minutes. The light absorbance of

supernatants were measured at 410 nm. Sample (2 mL buffer + 2 mL soil slurry) and

substrate controls (2 mL buffer + 2 mL substrate solution) were conducted during

each incubation to control for color development due to the substrate or dissolved

humic substances. Final absorbance of each sample was calculated by subtracting

the sample control and substrate control absorbance from the sample assay

absorbance. All the enzyme acti-drydoilléds were exp
The someéetthy of soil wamnywrmhe zadt iusiitniged he r

BG: NAG: ( ACP + AL Pgil C:H:P acgusition ratio sneasu®ed by the ratio of

BG:NAG:(ACP+ALP) activities is the indicator of the relative C, N, and P limitations

on microorganisms (Sinsabaugh et al. 2009). Rat i os of BG/ NAG, BG/ ( ACF

and NAG/ (ACP+ALP) activities are indicators of

N, C relative to P, and N relative to P, respe

26Soi | mi crobi al bi omass

Mi crobi al bi omasys uwsaisn ge sa i moadiefdi chati on of
Nunan et al . (1998) . I'n brief, 5 g of soil w a
subsampdsdamiwgated for 24 hours in a desiccat
chloroform in a beaker. Fobsamphgsf wenwr gapli aoed
a fume hood to remove c humofrwormisaitbesd Mpakse ©t wWer s
stored at 4AC. Fumigated and unfumigated soil s
Kx$SQsolution for 1 hour wusing a shaloer 42and fi
filter paper. The UV absorbance of fumi gat ed
measured at 280 nm. Soil microbi al bi omass w:¢
absorbance at 280 nm af-dreasdofi d mibg@atiison on an ov

13



27Data anal ysi s

| mpor tvaancuees were calculated as the averacg
relative densityand®dpepiceecsesveversbhmelgat ed with
Si mpsonahdd®Manhini ck | fSliempsaresipkedhhi a)e.tky 1964
Community <classificatiog wWad NSBaARMu¢hmadcat or
Species Anal ysi s) .s €llheec t2eudt 5a se ¢ 6N hsen doer 1@ .nat i on
met hods wereveaédat ©oons ailnonvge gtehtea tsiooinn physi co
vari ghhdifemt eachSimerei opdr e Iniamiysasg euaiemg e d
correspondenb€MAasabygessed a | inear (theponse b
|l engt h esf= fOi.rbsbta nd@x 4% , fforo opdriedf d ,0o ofdg ;mgnd post

flooding 2), raeslpiencetairvead oyt € la nwiyR BAwaalsy sciasr r i e d

out in ordéhetoedmadli pynship between vegetation
propertHoers this analysi s, rare species, which
each period, were excluded to meduddédet Moint ei n

Carl o Permutation test (with 999 permutations)

significance of the relationship between them.

Repeated measures ANOVA (r mANOVAal was wuse
and spatial vahy saitd omntse mifc assloidr operties (pH, E
organic matter cont eaN,, MNHPO.Pamdcationd (K'oNa's of NO
Ca?*, Mg?*), and contents of sand, silt and clay) with elevation (low, middle and high)
as a between-subjects factor and time (pre-flooding, post-flooding 1 and 2) as a
within-subject factor. Equality of covariance matrices and sphericity were tested
using Boxds test and Mauchlyébdés test, respectiyv
could not be met, Huynh-Feldt correction was applied to produce a valid F ratio

(Huynh and Feldt 1976). Since organic matter content did not meet the assumption

14



of equality of covariance matrices and could not be transformed, these data were
analyzed using Friedmand®bgtdremBNOVA).&Repeated par amet r |
measures ANOVA was again used to analyze seasonal and spatial variations of soil
biological properties such as enzyme activities (BG, NAG, ACP and ALP), microbial
biomass, and CO: efflux with elevation (low, middle and high) as a between-subjects

factor and time (pre-flooding, post-flooding 1 and 2) as a within-subject factor.

The differences in the soil phyd iogo ctad mi c
propeamoreg differdnhntowel envatdilensand high) for e
determined by using one wayoANGY%#e®el |l otvedt by
for equal or unequal Warimandeéesg, ames ho@amtoigealey t y
were tested -Wsi kg $Sbéapsd asttd, Lreevsepneect i vel y. Some
did not nweenaltihtey arsd uenpulidnnot be transfor med

by Kr-Wakhls followsdtekegtBonferroni

The rel ati onssciilp bbiedlweginc al properties (so
mi crobias$, abdon@dbsf | ux) and soil physicochemic
vegetatiwas tamaaltgzed by Pear solhhecoarrdeil matiionn ¢
met hods were wused to rhkeivelad gipgaarpg earttiioenss d Ino nsgo
vegetation trait aanl d vsaoriila bpg rey sgircaodci heenmii cf or e ac
preliminary analysis using detrended correspol
l inear response (s he 0.em3y,t hO.oF7ffliamdi ax49pbet
floodingl |l aodi pgpst, respectively), a Jlinear
anal ysis @UREBA) twasdentify the relationship be
propertivegetadivami aihrdobhdbl ogi cal phepeMotnit es
Carl o Permutation test (with 999 permutations)

significance of ththem!|l ati onship between

15



The r mANOVA was conduct efdorbyWiusen®gS SPSS 2
I nc.Chiclagogmeél her statistical analRysies sweme pe
3.6(.R Core Te@mgmriofliB8gance | evel was 0.05 for a

tests.

16



3. Resul ts

3.390i | physicochemical properties

Fl ooding resultednidn sguadrditamlttieemmsorianl most (
measused .l physicochemmialE)erlpe opepeiaeed measur
ANOVA (r mAMA@VYAt)htaed seasonal changeawhyg algnsoi k
physi cochemi cEherewereaigndicant diffesences in moisture content
(F2, 27 74 .p&K1 D,. ,@drdeptrations of NOs-N (F2, =5 . 9,p8 (@A), NHs-

N(Fz, 9. 1,p8 O, ,PRPOkP(F2, z7 3. pO60 KB}, 7. 0p8

0. Qdnd Na*(F2, =24 3. 9p%3 0 . antodg)differente | evaThe ANOVA
ressulsthotwetddhe interaceéel en atnield ngecears o n a | change
significanoti sdnlry Ffcasm tée w2 6Q . 0 0 NQs-N aomakntra-

tion (Fs. 12544 . 3,p& O0.DHegwas a cl e earl eevfadtvdeatn toif me on

organic mat(Frmri ecBmié.npe<0 . 0)0.1

17



Tabl&@he effects of elevation and t ibmesean soil
omepeated measures ANOVA &r mANOVA) or Friedmar

Measur Test st

Test vari ab Mode | df (Fval ue P

r mANO\ pH El evati 2, G 0.562 ns

Ti me 2, t 8.516 **

El evati on 4, t 1.117 ns

EC El evati 2, : 0. 457 ns

Ti me 1.52 53.091*¢*

El evation3. 04 0.713 ns

Moisture content El evati 2, : 74, 41¢*x*

Ti me 2, t 10. 27 (**

El evation 4, t 6. 726 **

NO3z-N El evati 2, : 5.936 **

Ti me 1.56 1.165 ns

El evation3. 12 4,310 **

NH4-N El evati 2, : 9.126 *=*

Ti me 2, t 88.54(* ¢

El evation 4, t 0. 555 ns

PO4-P El evati 2, : 3.506 *

Ti me 1.72 40. 03(**

El evati on3. 43 1.115 ns

K* El evati 2, : 7.013 *=*

Ti me 1.79 4,100 *

El evati on3.58 0.125 ns

Na* El evati 2, : 43,99 0**

Ti me 2, t 16. 96:¢* *

El evation 4, t 1.946 ns

Caz* Elevati 2, & 1.097 ns

Ti me 2, t 2.674 ns

El evation 4, t 1.681 ns

Mg2* El evati 2, ¢ 1.964 ns

Ti me 2, t 12. 78(**

El evation 4, t 1. 388 ns

Sand El evat.i 2, y 1.491 ns

Ti me 2, t 15.67:**

El evation 4, t 0. 793 ns

Si |t El evati 2, y 2.409 ns

Ti me 2, t 13.55:**

El evation 4, t 2.257 ns

Cl ay El evati 2, 1.004 ns

Ti me 2, t 95, 46¢°8**

El evation 4, t 0.165 ns

FriednOrganic Nonpar ame 2 16. 06 *~

test conter
Test statistics for&r maBBVabare akhmé sgenatni vel y.
ns indicates me 9L bB)ficance (

SignificampeeOl @&el0* Pl O.*GO1, ***

18



Moi sture content differedlseivghi Mbcabhulkg an
content showed a decreasing trepndndvipbsthi gher
floodTalml e ORpani c matt eel ecvoantdigonns i ohi fhi gdnt | y |
than that of the ot hend efitcewtadii mgp.s Alnbdod dh ps @i
ECremarkably increased after flooding, no sign
di fferent elevations. Regprdbongteofl opdirnhgel &
content of high elevation was significantly h
wlereas the opposite pattern was observed for t
content of sahdoeercalelasedntent of silt and cl
was no significant spladiaatirivlawutiacm oaf ther sfoli d o d
of nut r i e n tNOsdNvcancehtetion tlecréaged and NH4-N concentration
increased in post-flooding 1.1 n -preodi ng-f & o dd pHugtcahgentra-
tion was significantly higher in low e | e v atlhan that of the other el ev gt i on
whereas in post-flooding 2, there was no significant difference amonge | e v adué¢ o n
to an overall increase in NHs4-N concentration. No significant difference in PO4-P
concentration was found among e | e v g, tanddP@4-P concentration decreased
remarkably after flooding. In the case of cation contents, K* concentration showed
an increasing trend with higher e | e v awthéreasthe opposite trend was observed
for Na* concentration. Although Ca?* concentration ranged from 286.33 to 1584.78
mg/kg in the study sites during the study period, no significant temporal or spatial
variations were observed. There was no significant difference in Mg2* concentration
among different e | e v g, fand the overall concentration of Mg2* was lower in post-

flooding 2.
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Tab2 V¥ari adfi onsi | physicoamarnirc alli fdreodeanntit neg ®tvhaet {(sotepusdByE )per i od

Prel oodi ng Podtl ooding 1 Podtl ooding 2

Low Mi dd I Hi gh Low Mi dd]l Hi gh Low Mi ddI Hi gh

pH 4.90N0 5. 14N04.80KN05.28N0 5.30KNK0 5.23N05.03N05.18N05.14N0
EC (€S 11.72N14.01N116.08N37.67K 36.14N34.43N31.36KR31.61N35. 76N

Moisture
content (%)
Organic matter
content (%)

NOs>-N(mg/kg) 1. 64RN0 1. 91N01.82N01.36N0 1.66N0 1.53N01.12N01.49N02.82N0

52.67N 46.85N29.66N50. 3 32.60NK

pra]

7.74N 28.25N47.87N45.20

w
pal
w

9.91N010.99N 8.02N010.23N8.72N0 6.59N08.93N010.15N 7.36N0

NHs-N (mg/kg) 8. 59N2 3. 98N12.35N013.68N 6.28N1 4. 76N045.14N37.93N29.60K.

POsP (mgkg) 23. 40N 14. 34N 11. 65N 6.90N14.68N0 4.09N04.59N04. 71N05.07NO0

K-(mg/kg) 122.30NR149.28K207.51KN166.06N 172.38N253.95KN106.73RN125.23N177.95K

Na*(mgkg) 47. 35N 55.84N22.04N44.04N39.19KN10.32N35.51N36.11N12.78N

Ca?*(mg/kg) 1004 .3511184. 780970.30N980.07N1234.9511082.941930.29RK962.87R1L023. 221

303.25N295.15N199. 79N208.009

Z
pra)
2

Mg?* (mg/kg) 265. 04N328.58N300.11N217.37 244.58

Sand(%) 25.55N 24.14N29.53N30.40N.31.31RKN32.97N41.13N33.38N39.59N

Silt (%) 68. 41N64.96N159. 15N60.84N62.76N60.73N53.40N60.00N54. 17N

Clay (%) 9.71N010.86N 9.96N06.24NK1 7.06N0 6.17N05.47N06.62N05.29K0

Lettienrds cate significahevdtibereanbepeamodg(a>b>c) .
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3.2 Vegetation

Signi fdiddrstrierabevegr ounda nbdd penaisess diversit
existed amoAlgo wegri odmrsd almigedasdss om 10.n2 to 64.5
in fpreocdndgowed an increasing trRemmdo.w&3h, highe
< O.;O0O0Fli gt @ Banttrlstrelationship between ele
ground biomabWshapedediian rh dtil ioppausRérg 01 19 9,

p = 00)05and-f lpangd iR2=( 0. $3<3,0.001):f | badipmogt 1,
aboveground bi omass vari ed Wi ¥ vy ahdomadg7. 4
significantlat hafg htelre tdctafme rtghh Wwen pedrotodliisng 2,
aboveground bi omass -fwaoso dlionwge rl twiiatnh proasntges of

gd. md( Fi goujj e

On t he otthheer rhealnadt,i onshi p Is@ptewe e&rs dali eveatsii dl
showed a umkewdad!| wiptalhle&rgpestobcicodexng at the mi
elevat i-&® orm 6M0f bobo Ri=p@P8,p< O.,FGxybd) e and post
fl oodRnrg 01 (46,0, O0Fi e HOE Wever, there was no si

relationship betwereni ed ddnauwfgdoessto tainrdg 5f2) .( Fi gur e
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dive(djtyg,
podgt oodi ng
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o(f a )e l(aenydaft lipmwoed i ng; (

ftpodBdig( &) htirpebnsdn e s
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There was an obvi ouss pteecnipeosr acl d riv@ads di i@tti3oonn i |
Figue)eZi zani a, Paltygonum ,t h®hb apgaisit eweelries
domi ntahnrtoughout t he f.i eRrdi osrurtie yfelmiesidgaadds, s

Phal ari s a r Mingdd aaratctewas s,a& rc dGaarl ii$upno r w s me

domi nantM, whiclchwasvifde®lrysdi strifbhwtoadd iredpnstli.| post
frondarstae mp sii mcerpddumul us sbaegaens o grow | ate
domi nated after -fflloooodd g .i2n ¢weeprsp o ddtomi nant |, anc

Stel aquadisalPaAceadistralis

There sviegrei ficant spaspedi essard amp oqi ti on
di st r ipoauttti effenbsl eF i 3,ud) e Spati al di fference sho

relationship with the eVvVelAt i bowabbegatihen,wat

permanently flooded, domi nant specéeesod. d not
Zi zalhawi fahi abligate wetland plant, -avad const a
podgtl oodi Bg, famwmadsosaal so found at | ow el evation

to fl ®odi hgabd8r gviuwgrarnei domi nant wietvlaitn oaxsr ange
of-28 c¢cm adnsd c2n6, respectivel vy, whiPbbhagméet peri od
aust,y awhisch i s an obligate wetland plant, was
57110 &meci es composi it o on apha vdshramsgaeflot e r

foodi ngondtl oodP.ngt Huwbderdgomi nant at middle el eva
ot her speciesPhdagmebasbwegustwirdbel g distributed
el evation. I nvasive orA.pipneldcepd amdeans i ncl u
Si camagul,atmesr e obser wddvaitfo w8 tchmef | ¢ odiprogt 2,

P. thuwher gitii | | di stri buofedpeorvieaodiac awil d/e frl arnge
Obligate upl and Appanheaenpddnc | sicda mwabe ws del vy
distributed evxlmaf ®h®hePmn, aaumdarslaolniismabnotve t he

el evat2i8om. of
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Tabl 8p8ci d: Kiheedi ed ri.parian zone

Post Post

' Degrfllaro'eofloofloo
Speci es Frequ of 1 2
WetnLMHLMHLMH
Achyr alit ¢ e wBtl autree OoBU O
WollmTLETEMAint fac 00000000
Al opeawrqusbbesl . FACW HYG O
Artemisia vulgaris FACWHYG OO (0]
Ar t enpirsiinaPa my . oBU 00 OO
ngﬁ??sg)nz'iaga(csrtreeud. EAC o
Bidens flrrondosa FACW HYGO 000O0O0
Calyshedéen®wakh. OBU @]
Chelidoni uny Hagiagt it OBU O
Comme lciommemulhi s oBU (O}
Cor ydpaaluicsi o @b Wit a OoBU (ONO)
Eclipta (pr.o)stlr.at a FACW HYG @]
Equi sat umbhse FACU (OO O OO
Erechhiiegres¢Lf | Raf OBU (0]
Festparavi ¢t ema . OoBU @]
Gal isupmur L um OoBU (ONO)
R R 0o 0o oo
Humul us sgclamdre.n)s M OBU OO0 OO oo
|l sachne (gThouwmobs.a) K OBW HYG (0]
| Xxepdlsy c eahsad .a FACU @]
LactiumalL c a oBU 0]
Lami aceae a O
Ludwi gi a Rporxobs.t r ata OBW HYG @) (ONON6)
Meni s p edamurmDcCu m oBU @]

Mi scant hus s@Ma@hiam

FACW HYG OO0 OO0 OO0
Hac k.
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Mo s 8 aant(hBeurddla m. e x

Maxi m. OBU © ©
Oenant he (jBlviemea)caD OBW EMEFO O 0]
Panicum biThwinbwatumr FAC 0]
PersilcamgiaBetua j n) oBU 0]

Phal aris ab.undi nac FACW HYG (ONO) (@]

prragmited Cawshrall 5gw EMEFOO0 000000
T o o oooo
Polygonum Shehbkdg FACWHYGOOOOOOOOO
Pol ygpreurmolLi.at um oBU 00O (0]
Roriippaéaf{ ca) Hiern FAC 0]
Roripolauétr) sBesse FAC (ONO)

Rubi aceae a 0]
Ru mecxr i sLp.us FAC (ON0) o O
SagittariMakignmash OBW EMEF @]

Sal i x grMicgi.l i styla FACW HYG O o
Salix tLriandra FACW HYG O 0] 0]

Schoenoplectus tahb

(C.C.Gmel.) Palla ©OBW EMEF O o o
Scirpus Sahlk whams OBW EMEFOOOOO O0OOO
Sicywmgullat us FAC 0O00O0O0
Stel aquatica Scop. FAC @] O O
Symphyotrich(uwi Iplid. OB U o o
G. L. Nesom

Triadenum (Bpboméeéfu OBW HYG 0]
Tr|gon9t|s (pTerdeuvnicru. OB U o

ex Palib.

Veroni ca Waddul at a OBW HYGOO
Zizani a(Gatsébl) aT

oBW EMEFOOOOO OO

Stapf
L: | ow; M: miOBdJl: e ;obH:i ght @ghupl and plant; FACU:
plant; FAC: facultative plant; FACW: facultati

pl antHh@grophyte; EMER: emergent
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( ¢ Dominant ARVU, PHAU, PHAU,

. ARVU POTH ZILA
species MISA ARVU PHAR

150 —
100 —

Elevation (cm)
o g
|

A6 A5 A4 A3 A2 A1
( I Dominant PHAR, PHAU, POTH POTH ZILA
species MISA HUSC
P

- A
: 4
c
S <7
g o . - |
i} J1z 10 8 6 4 2 0
Distance (m)
B5 B4 B3 B2 B1
( ( Dominant ARPR, POTH ZILA,
species POTH
150 —
5 100
[
S 50
g 1
2 0
o 2
= Distance (m)
c3 c2 c1

Figur®ystematic diagram of bi seecftl oaonrdd ndyo nfian a n t
podtl oodinand HoOPtodi nARRRAf¢)emi si a ARV Unceps
Artemi si gHUWSuHgmauli ss s;PelA®md ari s agPHAUWUIi nacea
Phragmites,; PRQTSH Pal ygonum it MU BAMi giciant hus
saccharZIlifizirzuasni a. | ati fol i a
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3.3 Rel ati onsvheigpe tlenidoeeomi | - physi

chemical properties

TWI NSPAN cl assi fi @dfel30o djiuradl,oa@aexntgf 1 and 2
i nt(ol ®&betAésPp (A B belBssda nBdy rBos P abelC3d €éspectively

(F

guUyleli ncludes 6 quadrZat d gaamdiowataed olryat ed at
el evation. Sevewerdeomidnatted othymaheae gleadcat ed

at mied cklveaAritoenviusgligsmaa sc ommon sA3E,ciledsn ARG

which were |l ocated3attompghsesebatiuamr ats domi
vul garAids i ncl udes 2P.aguusatdrraatiss,, wae#fea uvnudlignaarciesa

were commonEibgpeqiuasr ad seloofs eASy wAel attbedat bs, P.
austrandss spuriAémincludes 2 Aguadidagntaid.i swher e

saccharwiefrteommepeci es.

After flooding, classifBraitmnohudds vegaeu ad i
which were | ocated @t | ocamiBfoéwadwena, cwmmoe
speci es. B2 and B3 comprise 1 and 1B. guadrat
thunbamgismo of them were | ocated at mi ddl e e
quadrats dobi nau sathridkblyi sc arFbairs .quadr ats of B5
closely Pel atsthrh loissac c hadrhief Imorsus.common speci e
Cl, including Bi mamida B.o$firagaedees ¢ hukbewvgini
quadrats of C2 wer & hduowihi entbgti esdc abmy@ € n&d ¢ o mmon
species. Clguacdd atdess vahueartralaplriisnavepe common

species.
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A6 A5 A4 A3 A2 A1
(1 I
PHAU PHAU POTH ZILA
[ MISA ] [ HUSCJ @'El [ ZILA } [ BIFR ]
B5 B4 B3 B2 B1
(¢ |
ZILA
ARPR (POTH ’ iy
[ PHlAU ’ |-|u|sc i
C3 C2 C1
Fi gurTeWl NSPlAeNn dr ogp rafed coddi ngf I @9 di mgnelo s(tb)
floodi(ng) with indi can@ahRRBRectiems sfi ghRpd&Jaalceps
Art enviusliglBt FRRi dens fGANRasb asupmur;HUSEHuU MUl us
scand@®@MHARPhal ari s arPHAdUPhaagai t es;, PO@Ustralis
Pol ygonum ;tMi BiMb esrc@init hus s;@¢ ¢tAiazarilarluati fol i a
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Th®edundancy aA)alt gbenat (®dc ariesplfagr al l of
guadmwatdh the arrows iiddi eat istgrsetnagetdnsse il daft itvhee
physicochemigraad{vEanrgByarbel When pl DA ear dinn & thieon
axes, the quadrats tended to be separated int
from TWI NBPAMN.uadr aadlsscdwearl y separated accordi
el evation ,ahdwhiiméhdfdil est t wob & Boe>x28 doxapndai ned
4779% of t he varfilaonocdei nigh o opdentgd 1 d ®todi ng 2,

respectivel y.

Prior to ftlwroadingnt eawotspsrwiarsc ithael factor, ex)
18. 75% of the varipgti ©@n0 ®I) .v eRyuerttaht & romo r(e, or g
cont(Enk0. 5§, 0. ECIF) 5. 1pk, O0.,@Ca1(F 4. 7px<, 0., 01)
Kt(F 4. 7pl<, 0 ,Ngt"[F . 7p&, 0 ,dhdNa*concentrations(F 3. 10,

p < 0 .c6éuld significantly explaint he vari ati on.

Af ter flooding, main factor sverged mdn inb| e
changed. The fRDAdofngpdsti ndi cated that moi stur
princip&E12ap$o0..0ANngani ¢ mét ke npXke¢ o0n. t,0e0Onlt)

Na*(F 4. 6px, 0 ,NO:-N(F 2. 9%, 0.,R02-P(F 2. 8px, 0 .,@5)
(F 2. 4p&, 0 ., dahdNHs-N concentrations (F 2=. 4pX, 0 .coudidgni fi cantl vy
expltahien vamfhat RDA.-folf o @pdisn ge d2 tmheavtetallr e(Fcont ent
=9. 5p6s, 0.,00dngani c mg@t Be Ops<c oOn.t,0eOniEY 2. 5ps<,

0. Q5)amQGfF 2. 3p6<, O .werbk principal factors.
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3.4 Ibioollogi cal properties

Fl ooding resultednidn sguadrditamlttieoemmsorianl most (
measurednzsymd actbhbwti tineef fi(nilax®D &here was a
significant difference in NAG (F2, 28 6. 0@ ®.J,0ACP (F2, =8 . 9,0 &
0. Q and ALP activities (F2, =75 . 83X 0 . &@ndng different elevations.
Seasonal change W®AGP (Bitsg g=ilf. i7¢pBdnt @1forand ALP
acti (Fustsi 82 . 3Pk 0. OThe)ANOVAhowtllahe i nteraction
bet weéewvatnidorseasonal change wks s8i3gB®fBi,cant f
0.05) (RRACP:s3. p0O0Q.,0bd ALP dRetirv 3 .i@&50.05)
There was a el eawmtvebhe B@GeabihFvi egfmad2. 400,
p< 0.,a0hdhere was a temmpiocradbivall F@aii démfasainn

40. 0pB<7,0.)001
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TabWhe The efefl evtaadnido it i meb ioonl osgoiclalb apreadp eornt i e s
repeated measures ANOVA &r maANO¥A) or Friedman

Test st

Test Measured Mo d e | df Fval ue p
rmANOSoil e NAG El evati 2, 36. 09 *=*
activ Ti me 2, ¢ 3.079ns
El evati on 4, t 3.895 **
ACP El evati 2, i 8.904 **
Ti me 1.75 1.750*~*
El evation3.50 3.500 *
ALP El evati 2, i 5.832 **
Ti me 1.58 62. 39 **
El evati on3. 1574 3.725 =
CQeffl u: El evati 2, Z 1.232ns
Ti me 1.79 0.529 ns
El evation3.57 0.072ns
Fr|ed5$0llle BG Nonpar ame 2 22.40 *~*
s te activ
Microbial biomass Nonpar ame 2 40.06 **
Test statistics ford&r mabBBVabare akmeé sgenatni vel y.
ns indicates me 9L §bB)ficance (

SignificampeeOl @&el0* il O.*GO1, ***
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| ndi vd dauyame ya etsipwintded di fferently to seas
di ffetemati ®mni or BG &hdodiAGg.,act idweictrieeas i silgowed
treswdth Rkilgevafhiom decreasingfaraB@i vobhyi madeer
fl oodvihndwer al | Bécaneabsmadtyoadd{ RiggaZ)AG
act ialiageyl ev amaisonsi gni ficantly hi gehleervatthhaom t hat
prfel oodi ng -fd md d,pwhagdaslno significant spatial variation was
observed due to a decrease in NAG activity at low elevation in post-flooding2( Fi gur e
9 )Prior to flooding, ACP activityebkdvoatidom dec
despite the | ack ofAfstteat ifAlCdockeda tisoieidteyv fait ¢ @amc e
increasefll oodpogt 1d ercelaesreeda sa gidtil o oidrn enpgo B2t i n g
in no significanel evid(fFeorgOmigcRe i @among@AUERP oodi ng,
activitthyei wboe st at e maAdfidibesr ftlhoeordei nwgas a decr eas
trend wiehewagihemd otodi ng 1L, hewlkerwsamass no signif
di fference in AlPewnat hogwtdwtoadramggathaver al |

decr gasieQd) e

There were no significant differences in microbial biomass among different
elevations (F i g 9a). &lthough CO: efflux of middle elevation was higher than that
of the other elevations during the survey period, it was not statistically significant

difference ( Fi QOUi.r e
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The stoi colfi oBriz,t r NAsGnHd AXIPP aa@atamndlty z2zesd w
BG/ NAG ratios were >1, whereas BG/ (ACP+ALP) r
dur i ngurtypey i od LQF.i glureaddi ti on, NAG/ (ACP+ALP)
for all el evatureomegr jdauda rnige d hfer ofmn dOt. 0Alsadawn 0. 40

da} a

FigulrOeThe stoichiooie tenyayorfiuwsddir ¢ $ ef emtat i ons
dur i ngt udy (pPmreeldDH)
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