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Identification of N,O Formation Pathways in Paddy Andisol using 6°N

Toshihiro DOI!, Haruka YAMAGISHI? and Kosuke NOBORIO3*

Abstract

Nitrification and denitrification are the two primary N,O-producing pathways in soil. The N,O produced by
these processes has different stable isotope ratios. N,O production pathways can be determined by analyzing
the isotopic composition of 1N and the site preference (SP) of ®N in N,O. The effects of different water
management strategies on the N,O production pathways in Andisols should be clarified to reduce N,O emis-
sions from paddy fields. The objective of this study was to evaluate the effects of changes in soil moisture on
the N,O production pathways in Andisols. The N,O gas flux was measured using the closed-chamber method.
The 6N and SP values of N,O were measured using an N,O stable isotope ratio analyzer. The SP values for
the emitted N,O obtained from this experiment ranged from 14.00-56.18%;, and the 6N values ranged from
—44.81-15.02%,. The 65N and SP values in N,O and the respective time variability of NH,* and NO;~ con-
centrations in surface soil indicated that 1) under intermittent irrigation conditions, the amount of N,O
produced by nitrification and denitrification was negligible, 2) Under continuous flooding conditions, N,O
production by nitrification was high from 0 to 24 h after the start of flooding, 3) N,O production by nitrification
was higher under waterlogging conditions, and 4) A significant negative linear relationship was observed be-
tween 615N (%) and SP (%) . The slope of the linear regression equation was larger for Andisols than for the
other soils, similar to the results of prior studies.

Key words: 6°N, N,O formation, paddy soil, denitrification, nitrification
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TGy 7 AR O =R F v N—EE Vo, NoO O 85N fi & SP i N,O 28 R A Hrat % v C
HIE L 720 SEIOEBRFER P B HN/IZNO 75 v 7 AR SPfEild, 14.00~56.18% DHEiFATH D, N
% —44.81~15.02% DHFH TH - 72 N,O ICEHEN S BN, SPfE & EJE b NH,* (35 10 NO;~
REOZNZNORHIZBIOF R LD, 1) FWERSEME T, AERSMA TIIml LRSI X 5ERETD
FHTH o7, EBBAAED OT2RHBICE VTN 75 v 7 Z0O8NiE, +HEPIC IV TIEIC X5 N0 4
AR TH - 7o72b & 2 Dz, 2) BKEM T TR KBIAEE 0~24K5RE60E, MEIC X5 N,O 4%
BN o 7o BAKBIA D D524~ 144R5FHRIC 1 TIREIC K 2 NoO AR BB E 2 - /oo 3) KEMET T
d, WIS k5 NoO ERERE - 72o 4) 0PN (%) & SP (%) ICHERADRIVRERYN D - 72, BARY
+ THIBEIRR OB X Ao EFIC B L TAE W T SIFEITHIZE L A Th - 72,

F—TJ—F 10BN, N,OApk, KH:HE, Bz, Mt

1. (FL&®IC

—Mb—%FE N,0) 3 EFERIT S THEOEE)
ISR DR - HE e X O 12 A% TREAHITHH
SNBH, BHiNS N,O P KRKUCHFH S A ETDO
DA OPCTHI LT, BESTHICET AN,
OB ZMHEIL T /DI ETH S, LEFTD
NoO DA BRERR 13 ENTIF S T TH U A AL IS
LRSS T THEL ABESO —EHTH 5, ¥k
POSIE MR IRBE 2 B < HEEIC W T L, [HBRAY
FiEE (Water-filled pore space, WFPS) 2360% LV F T
EREEIC L5 NoO AR B E S A 2 L dE s h
T\ 5% (Bollmann and Conrad, 1998), WFPS 2360%
DL EDOBRICHEEIC & A NoO AT 5 & F 2
b Tw5b (FH, 2000), ZD7HKHZE &K S
NTCWBLEERICIEWTL, HEOKGIREN? S+
HRCAR S 72 NoO DA KRR A RE 3 5 C L IEH
HTH 5,

WAFEOFATH T, HEHICEBT % N,O DR
PR & R 9 5 72 OIS LB AL AR He e N 7 i 728
WHNTWA, ZERME LR TETHAHNER
DRI LIFFTHAHRMAKDS B, ZEL TELT S
CEDIRWTLEDZ L Th b, AEHEF DL ERAL
ROFAERITK 3 5 ZEEY E h ORI A O &
DR EZERNARE 5, Kool ef al. (2009) 1
& o THML L %8 TR S 17z NoO (322 R (A H
DEIL DT EDPM|EIN TS, N0 17 N-N-0 DJF
FHTHESIERAMOER T T T H72, NO D5+
Ol (o) BEROKE (B) OMEICEST S BN O

FRAMMEAKS KOG FAD Az 552 LT,
N,O AR #5452 &3 T&% (Toyoda and
Yoshida, 1999), Z® BN O4FP5Aiw SP (site
preference) & MFCF, SPIT(HATEI NS,

SP (%) = d'"Ne— §15N# (1)

Perez & (2006) (&, BirmiktEEIC W TAERS
N7z No.O Offftds KOBEIEHIC T 5 65N 5 LU
SP ##lE L, WELHE (Ultsol) T3\ TH{LBE
Tld 0PN = —102%, Wiz EEE Tid 0°N= —45%T
BHo7oDITR L, MEELEE (Oxisol) 12\ Tidhf
{LBFR Tl 6N = —111%, W= Tl 0PN = —
31% CTH o7z LB L T 5, 7 Ultisol IZF1) 5
SP i3 M@ e Tid SP=4.2%, Pig %2 ClL SP=
31.6% TH -7, Liu b (2016) (I+HD#E T N,O
AERENRLD, ELEPEELCH XD L NO &
BOEE DA E N EEHREL T 5,

—Ji T, HAOEMMEEED S HH919% % 5T
WAER 7 4 (Andisol) (2355 % 015N & SP %
7= NoO AE BRI O R ICBI 4 AT EITIT & A &
D\, BN 7 RERIED DA NS U VIRERRTI K
EWVEREA D D, LI E L TR SN 5D, B
R LRI A TRk E L TOFALE S Ao s
(BEZE - AR RPeE E R BE o kRS, 2003), AR
7 FRKEE+ LD L HESEROBBLEIKE L
& (B - A, 1988) %, EHRIEE &AL /-
BT ey AEREN NS W T & (Hayashi et
al., 2009), SHICKHREDEARZ LITHENTH N,
OBMMPAEL AT E (FF6, 1983) A IhTw
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%o KREBOENZ & - TERZ LAD N0 A Bk
BWED LSBT HOPEWLNCT ST Lk
RIS T % NoO PeHH 2 4 o 5 720 ICHE T
BHbHo AR TIEERRZ LKHEELZ AT, 1) N,
ONAT7Z v 7R, 2) LEEROWMEREER U7
VEZULAEEFRB LU 3) ERAMMKILOLE 2D
KETRDEWC L A LEIK G DZEALD N0 A B
L5 2 BRI LNCT LT LR BIE LT,

2. MHRLAE

2.1 kg L KE R
ARBTG5 7 26 B X D WA R AR H = v

VNZRENOFERE TEM L 7z, S BRI FF v v

INZNEESCTRKEE L TFRIHIN TV T4 v A—

S K E D BRI 2R EERR 7 £ o, OB

BR7 LIRS v v/ N A RS ORE L HERRS

N, TA VA= ERRHCTIE S Nz kI LPGREIRO +

BThn (LI, 2005), REFR 7 LIEERREICE

WL, 2mm @S L /2 b D& 3D 1/20007 — )b

T 7 FIVRy PICE—ZEEE (py=0.65 Mgm~2)

(7% X DI — M) 7 KL KSR - BE 0D K 2 130T

Pl TFIEL A (K - i, 1971), LA+

B E K011 MgMg 1 Th Y, T LERZ

8.0kg T - 7o, FBRIT20174E 2 A23 H 4 520174

4 AITEIC/TTLAUF D 3 & THEM L 72 -

1) MIWHERSES 2 A23H 205 3 AL0HIC AT TF
Wl 7z COMRRDOT AT S5y 7 ZDOPEILR
WHEREBRLA 2 © 0, 24, 48, 72, 144, 216, 312, 360
% TO 8l T 7k - 7o FERBALAKFIC 1.0L,
2AREEIELAREL 0.2 L DK EABRIHT AT 5 v 7 A
BIERNCERM L 7o HTAT 5w 7 ABERG 5 5
BICT 7 VR y b B & HEEREICAKE K %
WL 72 AGEKDEINEHT A7 5 v 7 ZBER;
LIAHC B W Tl T habah - /o, EBRMKp, 7
TRy FTIO=Zay 7L 72,

2) WAKGHIT4AAHELH 4 AIIAIC 2T TERBL
7o SOOI X7 5 v 7 APE I KB
M50, 24, 48, 72, 96, 120, 1445 &£ TOEH 7 [
Bllkol, 77 FX)Ry FFO=Z 0y 7%

TV Ay FEEPVCF o — 7 TEML,
Ry P LD EEERMS Ry P NOFEKES
3em &7 A L DITEHEL T,

3) HAREMITAAL2E2E 4 AITHICH T TERL
7o SOOI A7 5 v 7 ZAME KA
75168, 192, 216, 288K5fi]#E £ TR 4 B35 Z 7%
5720 WKL TWBRy R FHICERL /cF 2 —
ThrOHKL, Fa—T7PO0PKNET L1
Rl & D ME & BAtA L 7o ERRIRAHE, Ky
FFEOF 2 —T AL 72,

D7V y F BV EBREORERIT 1) HEE
W& O WK H1320.8~23.8° COHIPH Th 0 FH =R
1322.3CTh > 72, 2) BAKGEMEBTITI) %K
HDEIF20.4~25.7COHEIFA TH VD FHXIET23.1
CTH- 7,

2.2 JEpe
REBRTIEERy FOHEREICHBT VE=T
(B ETREASE, EFL£E21.0%) OREA 1T
-7, KBRWIH A& TOREET V=7 ORifEEI
1Ry F %720 &5H2.1g (N, i &8.8kg-10a 1 #f
W) Tho 7o HWHEB S OFRBMKK (201742
H22H) 121.0g (N, fii /i E4.2kg-10a- 1 #124), #
KM DOERRBAR: (201744 A5 H) 121.1g (N,
MafE4.6kg-10a-1#2Y4) % Zh 2 h HEEREICHL
il 7o MBS COER 7 LI\ CERME#Am & +
BAOT E AN TONO FAERE T 5 &,
KEHANZ L > TN,O FAERMER I N 5 Z &2
HxhTwb (M, 2001), MWE)IEIED B bECEE
He (2 )| L BR B L R K PE B M 2E IR R, 2023)
i, KRS IS I A8 N, fia H &135.0~7.0 kg
‘102! RPN TH 55, ABFFE Tl LEE+HO N0
ERABBITAZ A HE LcDT, MZS)IIRIELE
LD H1.3~1.8f%% < M L 7,

2.3 WEHA

231 HATS5 97 A

W O OB R A HEOWEICIL, 7
O—ZAFFx /= (B - /UK, 1988) % v /o,
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FHEWRT 7 VIVEDOF % /8 — (EEE25.6cm, &S
48.0cm) % 7 )UKy T EIC 58 THF v v/ /3 —
WD N,O T A% GLEIeHERL /2o F v V=]
MICIH ARE ) — LS/ H7-DDOFH 7 7 v/, &
R, HABRBAF 2 — 7 BXUF % VI N—HNDET]
T EICH R & R — ISR D7z O OFFHELE % D £+
7o WRERIC, Fr v/ S—=HO4PFNICE VTR
v PHIEE 2 OF + VN N— LT TOEm S 2 fllE L
720 WK TIRPAKE 2 HF v v/ /N— Ll & TORE
ShF e UN—FHIELTEL I, Fx v/ =%
73Ry b ETEHIC L cE®KR D 52051, U
VIVEHWTSSBICT v/ N—HND T A% 50mL
BIL, 62 L OHEZES| & L7/220mL N1 7IVE
CHEALBRAE LT A AT T v 7 AFRMUFIC, 2P
K& (LE0EH & B TERERL 72,

T L 72/ A%, ECDHA A7 B 757 4
(6890N, Agilent technologies #-#4) 7% f\ T N,O
BEaRPE Lo WAT Sy 7 Aq (mg-Nm~—2h-1)
d, R@)»bkDd (THEDS, 2012),

_XAC(ZB% )

1A a1 97315+ T 2)

ZCT, VidFe v =@ (m®), AdF v+ /13—
DU (m2) Thb, TIE7 Ty 7 APEEAR
DF v VN—=NLE (°C), AC/AtIZWER & N,0
B OBRAMIZEEL 72 E (mg-Nm~3h~!) T
b5

2.3.2 FERLERAAR

AT Z v 7 AERIG» 5605 HED T % /N —
WDH A% 7 K5 —/3y 712500 mL FAL 72, R
U 7277 Ald NoO 2278 [F 72 44 e Hrat (N,OIA-23e-
EP Model 914-0060, Los Gatos Research) # i\,
N,O © OPNfEi & SPEAME L /zo FHAT T v 7
AERIURRIC, $RIRL 722 RKGAE & T L 72,

2.3.3 NO,~, NH,* s

FEFRZEFMAEOTRHRIERIC, &Ry F O
DAEFT P ORI /o, HFIRL LT 1:5
AshE (Fim - W F, 1996) VT, HEEBER

B3 - 25 (2024)

Table 1 Measuring without measurements of soil surface
temperature.

By T Hi 3 0D K BIIR]
no- E RSN k7% K0

2017.4.7 14:41~16:14
2017.2.25 12:56~13:02 | 2017.4.8 16:19~16:30

2017.3.10 12:00~17:30 | 2017.4.15 5:12
~2017.4.17 12:51

3 2017.2.24 12:00 _
~2017.2.25 14:33

i L 7o, REEEWIE A A v bt (IA-300, 3R
mr o —r—r—HKAat) 2w T NOy- B XU
NH,* R L7z, 72720, #EKD» OHKPOE
BRPALA R ORUEHI KT - 72,

2.3.4 BREESAM

Ry FPOBREESME LT, FEEKEO(mPm—?)
EHEERE (O BIU=ER (C) #HIEL 2, HE
\Cid, HEERE - k% - EC Y — (5TM, Decag-
on Devices) & +8E/K4% + v — (EC5, Decagon
Devices) #H\ 7z, "Ry F no. 1{ZiE 5TM, Ry k
no. 2 8k Uno. 3ITIFECS %, ThZFNBy FOF
OICHEECHRE L 7, WRERE & iR T H2E
W FWTHIE L 7o BVERS &KV —I1E, £h
FhT—2n i — (B H : CR1000, Campbell
Scientific ; K 77 v ¥ —
Devices) ICEfit L, 570 fBICHIE - sigk L 7o, HIR
BN N 72 BGESRT O R AR Table 112" L 72,

: Emb0, Decagon

2.3.5 [HifRfafiE (WFPS)
%Ry FOMBREFE (WEPS) 134 EKE LR
HROFELYHWT, UTFOXTEL

0
QN — ——
WFPS (%) a+0100

COT, QEAHRHEARE (mPmY), ¢ IEME (m?
mi?’) VG%%O

3. MRLEBE

3.1 WEFPS, i LU N,O 75 v 7 ADZEH)
WEPS (3 HIBTE RS T IC 3\ T13~40%, #EK
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Fig. 1 Temporal changes in N;O fluxes, WFPS, soil temperature, NH,*, NO;~, 61N and SP during experimental periods. (red line:
result of intermittent irrigation condition, blue line: result of flooded condition and surface drainage condition)

G T68~T72% CAAL L 7= (Fig. 1(a)), #k2 5
%KD WFPS 13 < IR T L, EBRETHRICIE
55.4% L 75 - 72, [EIMTEEER ST Cld, LEERMITK
UL 7272, WINE#IC WEPS 2810% EA L %
DEWA T BEF DA SN/, WFPS DK T i3HEE
A CORFELTHRENEL, FEEKEMET L7
e bE 2 BN, FATHEICIST, WFPS=0%
TEHNOBERITEALERI LW ERFEIN
w5 (55, 1983),

i (Fig. 1(b)) 13, MEHERHHEIC 5\ T17.7
~22.7°C, #KIB LU KEAHIC 35 T720.5~23.0°C
DO TZEAL L 7oo IREEIEINT 5 & AL EE 2515 hn
THIENBESNTOLA (LS, 2019; 56,

1983), COREDOREZN TIIEBRBERICK S
BrbziintEZOND,

N,O#H 275w 27 A (Fig. 1(e)) (Z WS
T WL, 724 CT1.55 mgNm—2h-! OfkH
o L7e s, T2 R R DA o #1613 0.02 ~0.09
mgNm2h-1 O TH - 7z, HARSEHTICTEWT
%, BEAKBAE 2 H24RFRI T N,O T AT 5 v 7 Afifild
BEL, mAM3.41mgNm 2h1 %R L7z, 2405
96IFfHE T T NO H AT T v 7 ARPA L 7zs 9620
BIARERIB E CTNO AT T v 7 AT & A K21
HAHHNF0.03mgNm 2h~t OfEE R L7z, HKE
T (168-288K5fH]) ICHEWTNO T AT 5w 7 A
120.022 50.22 mgNm 2h-t N F HinfE [ 28 B 51
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3.2 NH,*, NO,~ ¥ XU NO;~ 2z

MRSt T IS W T, ERRBAIA TR fR < 12 NH,*
Bl 72 (Fig. 1(c)), CHUTBIERTICHE M L
ToABAKIC KD, MR L 7-BRER T Ve = ADERL 72
72dEFE BN,

B S0 (0 70 H48KEfH]) 1235\ TRI@ LR
O NH,* & & NO;~ £ (Fig. 1(d)) OEA £
Ll enb, k&I X% NO A B2 RIRFIC
HEL7ZEMEZ BNz, 1440 BH288KFEIC />0 T,
WEPS B2 A L NOs~ iREA B L7z, ChidHt
KEFETICECTLM2Z TN/l I8 T
NO;~- REA EA L/ EE 2 bR,

3.3 LERNLIKH

LBl O EBAER» B3 Hh /- SPfE (14.00~56.18
%) < BNl (—44.81~15.02%) flid, Jfrrse
@» Well et al. (2006) 55~85% WFPS +8 (/)1
FEEL) O SP AT LU OON [ CTH b /- Fhk
WERICW/AETH > 7=e — ST, Perezetal (2006)
OBGE TR L HEIZ 3513 5 Ultisol % Oxisol @ SP i 15
F U SUNHOHIFA» HANIMELD > 72 THIEE
BOMBARL D L0, SEFERTHEMLBRY
TSRS H B O SN EHR R 5 o720 b H#HE
EINT,
FIMTEBSE T IS B\ T, EEBRBAA 2 © 725 %
I TSP AR rIc ER L 72 (Fig. 1), %17
Mrge L0, LI X - TEB S 7= N,0 O SP fE
3, METERSIN/IZNO0DSPELD & EWEE
Tt EDRHRE SN T 5 (Wunderlin et al., 2013),
SEERBRIA 7> B T2REREIC 51 5 WFPS {E1336.47% C
HVIFLMERE TH D20, K505 LERIC O,
DG BD - 12 LRSI, COT Enb, [H
W S T IS CEBRBAMRE B 2 O T2RFHRIC 0
TO SPEDE I, 8 LiC k5 NO AR 24 U /e
7o EE 2 bz, T2RERIR DA O EBRIARIC 51
% T REBE 4 T CHIE L 72 N,O © SP (%) & o%°
N (%) OEFRZHOME EIZIZRL TH -7z (Fig.

B3 - 25 (2024)

1(6) (g))o CHUIMHMIER G TIZ 3\ T WFPS fE
(313~40% OB TH D, WFPSEA40%LLF D%
- Cid NoO A E MK § 5 (Bateman and Baggs,
2005 ; F5 5, 1983) 7z, fifb - WiZEIC L 5 N,O E
B 23 TR Ao T TR AR S T & T 5
Telc O RZHFOM ENFER CEA R L2 EB8E XD
N7,

BEKBAIAE £ HHEK 2 HH (24RERIER) 1S
T SP %323.05% 7> 556.18%~ & L 7z, WFPS fi
1368200 H71.14% ~ WL TWich, LHEH
(2012) 1T & % &K ER2405H T3 LiE T AL (Eh)
DAOWBETEFLAZWT &5, WEPS{EAE <
THLEERICMEIEAFEL TDHT EEZ LN,
FERPALA B 1 0 D 24RF R 12 2 TNH, T R IE &
NO;~ #FE (Fig. 1(d)) 2 L7z Z & bk &
FIZ LD NOEEARBFICAL 22 & &, ki &
> TERSIN/ZN,0 D SPEIL, BETERSI N/
N;O D SPfiE & D &\ MEAE R T Z L5 (Wunder-
lin ef al., 2013), KD 624 KeEHEROFKE HHEH Tl
iz k0 L RIEIC kB NoO BN % 0 5 72 C &5
%z bhic (Fig. 1(f)), #K2 HHLRE (24FFR)
5 SP A L, NOs~ RENBA L7z, Well et
al. (2006) %, WFPS=55% 4T THis & gkl
S AERMEL AT &%, Wunderlin ef al. (2013)
I%, SP=25%L T CHRENEL A taxthZhniH
HLTW5, K2 HE»H%HKHET (24~168KF
fE) OEIEIC I\ WTE, RELEPICE W TRSEIC K
5 NOAERENHLIZE A NOERELD bED» -
7= EHE2 5N/ (Fig. 1(g)), %K (168~288
IRFfET) 12 SP XA #E VR L 7=tk, KB 9 H 2
B12H % (216~288ERT) 141 T SPEAMM L
7oo EKRIZ L > THEFDO WFPSEMET L/2C &
k- TC, HEPBPHFZIZERE L 2D K26 O,
DR SRS R, WIS kB NLO B 28880 L
Tolc iz EHEZE I T,

No. 1~3 DRy FZB\WTHEL Bl S h7z N0
D OBN (%) & SP (%) DOBfR% Fig. 2 1TR L 7=,
Well et al. (2006) %5 XU Toyoda ef al. (2011) DI
fIBrgE & [ARRIC, ABFFETH 6PN (%) & SP (%)
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(CHBELAORIPERMEO N/ (r=0.95),

3.4 [HIWHEI ST FIC 310 5 NoO LBk D # 2%
FIWTREBE St FIC B\ T, T2RRI21IC NoO /T A7
Ty 7 AFE OB AR L 7o, EREIBEKR D 572
RIS 200 C SPAEIZIE I L 72 SERRBAIATE TR < 1C
NH,* EAEML /22 & &, T2BFRBIC BT %
WEPS f#i1336.47% Tdh D LENFRBVLERE TH -

70
60 A [m]
a
.. O
40 -
/—8\ |:|""..,|;|
S 30 - a2 o
| 0O pg O
20 EB‘ O
*
10 4 ;§
%
y =-0.85x +14.59 ;
07 x Xx
R=0.95 X
-10 T r r -
-60 -40 -20 0 20 40
SN (%)

Fig. 2 Relationships between SP and ¢°N in N,O emissions at
experimental periods. (red cross: result of intermittent irriga-
tion condition, blue square: result of flooded condition and sur-
face drainage condition)

(a) Continuous flooding condition

70

NH} 1186.62+738.76
24h ‘I:

60 (mg-NL1)

NO3 25.70+11.84

50 A

{ NH; 1304.94+489.08

NO; 106.98+62.44

40 4

NH{ 780.30+44.05
30 A

SP (%o)

NO; 28.8318.82
20 _{ NH} 1024.80+377.43 :

NO3 21.2249.07
10 A 96l

{NH: 473.13+113.87

NO3 20.74£12.95

o | {NH.‘ 792.06+43.34

NO; 33.331£9.06

-60 -40 -20 0 20 40

85N (%o0)

2l EnD, WIEL BT VEZ Y ABFIHINT
LI &% NfO AR BEB T > 72 2 L hE 2 Hh
720 T2WERIE LIS O AR Tld WFPS {Hi313~40% D
HPETHY, NOH AT S v 7 A1F0.02~0.09 mg
Nm2h~ ! OFH T—EfE%~L, SP (%) & N
(%) DfEIZKZF DM &P/ fi% R~ L7z, WFPS {i
D40% LAUF D4 Tlid NoO A E MK % (Bate-
man and Baggs, 2005 ; [55, 1983) C @GS h
TWh 7o, fgfk - a2 X 5 NoO A E DKL 7
D, KRHFOMEEUAMEEZRLIZEEZ BN, Z£D
7z, T2R§RAE LA O AR T D NoO A Uk ik % 45
THZ LR TERD -T2,

3.5 PEAKEMTITH 5 NoO A ik DE%E
WK G (0~144FFfH) TR SN/ N0 ICH %
N%NIB LU SPOKHASR &, KELEHO
NH, " 1% & NO;~ i ORFHIZ B % Fig. 3(a) IT/R
T, EBRBIMGH 0 H 524K A 1C 20 1 TSP
23.05~56.18% £ T L, 6°NfHix —2.66~ —
44.80% £ THA L 72, ZTOBEIC, K@ LEHO
NH,* ¥ & NO;~ #EEEI: & LIS L 7o, EBBIA
1#%24~96/FHIC 721 T SP fili1356.18~12.43% % T
AL, 0N fiiid —44.80~0.64% % THIIM L, FE+
B> NH, ™ R & NOs~ JREE I A IR 2 L 72,
SP {3 EBBAIAH£96 7 © 1208 FEE I A THEMI L,

(b) Drainage condition

70

NH{ 699.92+110.52
60 { (mg-NL)
/ NO; 58.47+17.64
50 288h
- NH; 921.58+310.00
40 yd { NO; 56.47+34.86
—~ 192h
S
i\, 30 \
a, '\
[75]

20
216h

168

NH} 929.83+97.80
{ + = { NH} 675.40+170.81

; 2485481
Nog 2485£8.14 NO; 30.97+434

-60 -40 -20 0 20 40

SN (%)

Fig. 3 Changes in relationships between 6°N, SP values during flooded and drainage conditions
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