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Table 1 [l35 0 LD IR
Physical properties of soil in the test field

&%, s R TR ERE3 RREE7KE (em’/em’) B KR 5K
(cm) (g/em’) fiafn pF 1.5 pF 3.0 (cm/s)
A, 0—16 1.03 7 CL 0.60 0.40 0.37 1.7 X 107
Cy 16 — 37 1.32 21 CL 0.51 0.50 0.50 8.4 x10°
Cp 37— 67 1.24 13 CL 0.54 0.53 0.52 7.6 X10°
Cq 67 — 1.17 9 CL 0.56 0.52 0.51 5.4 x10°
HEOE X E20em TH o720 FOH, BELSOHME 3 EHHER

BO3ELU EOBEORIA F Kk E NTHEREETEH 2T
TAEP DO RERF ST % PEV it L 720

LA L — BEAE R L - A 2 D K L T
To720 KRGS —EIZT 5720, HKkO% H#E
e UM SIZHELT, HKIET 2 F TALKENE
BTHAK L%, YEKO0E S 2 BFEITICRE LT, 24K
MHEK 21T 5 720 BEREPEKIO 2 H OB EIF T, NO,-N
JEFE100mg L' OfEEE 7 ) w7 AW (LUF, NO-NE)
e N LTS TR U0 5 £ THKL, FTED
WM, RN & MR S SRR L 721, Pk ES e T
HEKFH DO NO-N Ot i & 5 L 720 BERPEK DTS
LWL, 1H, 3H, 7THo3MEE L, "Eoz0
BEHERO DN S FIF 2T b kb o 7286 b llE Lz,

%8B, NO-NBEHDOHKN IR F CO—HOEEN
#b b T MBEREOIMGEL EOBA + 2 k&5 2 T,
AIOFEERTH: 2 72 NO;-N B AR I S N7z D 2T L
B, ROFMETOEREIT- 72,
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Fig.1 PIKFEGEEOMZEX

Schematic diagram of the drain experiment system
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PEKIINo0.1 ~No3 X35 B3 ) & 2 B Y AH) CH R H
T 50em 12 H T RN % 5 E L 72 (Fig.3)o HEKENo4 &
No. STV H S E RT3, WE ORFEIK %17
72o H BN EORD AFITIE, 20114E X428 H,
2012416 A 1 HIZAT 5720

2011 4R 1%, 59 H 2/ AL BB &R 15-15-15 (N-P-K
FHGr & b2 12kg/10a) B L72fR, AA — b a—
VERBR L, 6 H16HIZBEE L TIHREL 2 NEG T
Skg/10atfi L, 8 3 S HIZIH#ELTT- 72,

201241, 7TASHIZN B EIFX, XfEIX & B2
O TH R 02 AL AR 15-15-15 (N-P-K £ 55 & b 12
20kg/10a) % Hofi L7212, 8 A8 HIZF v XY OBAi & 1T o
2o L2L, BHiGBOTIEONE L, F v XY IdiRon
o7z,

20114E5 2259 T, 138 B & I2HEKIINo.1 ~
No.5 THAKZ ATV, HEIKFDONO-NBELX A 4> 71
~ b 75 7 (DIONEX, ICS-1500) Till%E L 7z, F 7=,
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Schematic overview of the monitoring set-up
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Fig.3 WFRHRONCITS EAY) 4 2 3%l L 728+

Groundwater level control structure

DOHARECTEf L 720 BEE25cm, B & 25cm (5em H 4T
HiAA) OARBEWLZEEROF v o N—%2 T r0—
A RF v N=I X BB O 7 AR AT, A A
ruax r7 77 (BESIERT, GC-8A) DECDHIL#
TN,0 ZilllE L7z,

2012466 A2 590 T, 20114F & AR EIM %2175
&L ITREPEKEIZOWTHME Lz, BHEPEKE X
=R TS A B CllE L 72,

I HEREET

1 EAEEER

PARM ZRFREOEF CICHE Lz L &, KGRk
FEREI CHER MR E ) ¥ — 2 HEKEIE L 72 (Figd) o
Z D%, FKETo T HIHITEKE L HKkEANTIZ
L WIREETHERS L 720 #Kk 2 EIE 2 L ka b s
P L7z SHUIREREN O TN AT T 5 K
BYSE X722 L2 K B RS R EUKH OFEKIZ
BOWTKRELHFGT LI EINTEL (LIS,
1964 ; B0 - A, 19715 HE, 1988) 0 A+ AEER
TORLEKHOPAEEABHR TS b0 L s
5o

W RSO A TR E LI L TCnd e
E OHIK T ONO,-NEE OREREZL % Fig5 12K,
TARMHIEZ LOS&Tld, BREEEE & kb o
NO;-NRESSWIZ LA L, #R0INO-N B AMIE
T D 80% LLEIZEE L 720 NO,-N O fiti &\ A9~ AR5
PEHEOEE1260%59TdH -7 (Table 2), 24 B fHEK
=R KRGS L7, BHEMRE LB L O
T THRE SN2 L BHERE DT TIED LM
REMERICL 200 EEZBND,

REEHEK IO % L5 EIFCH TR 2 iR O/ S 1
PRo 72 HIR L7236, HUT KRG % 5 < PREE L 72 T
DL 7 213 ENO-NOHIHFE AN L 72 (Table 2),
TRENSEICIKREE 2 1), BEEIC X ) RS, 5 O NOs-N

PER A G S NSz 2 EDRER S N7z B LR Tb %
Mo 7ZFEONONEEELY =L 2 kgL, F&L
THREBIZL DL EZ5NLNO-NHIELRDD &, |1
H247- 0 ONO-NHREIZT~17% & 75720

=R S (1983) 1F, AKHOD X ) 1K TIE, H
MKRZHE SEDL2TTHREIC L) NO-NIEESEKT
THIE, EHIKEBNEZRESESLZ LI2L ) NO-N
EEAHHAKDIBETRTSIEL L TELILE
WAL TWD, LIS (1992) 1, BFEZ @ U C/kHE
JENZi2E S D2 L1 X D) NO-N D AKE T &
63% 2 S N7-Fhl Mt LT\ b, KHTIE:EAN %
BESELIEIZEY, X REREG LHE S8
ENBEWVR D, FDROICIZTBATORBEKDOME
R A TR T 2 BN D Do WIRBAEDIGE L 72k 1 H
B CILHLFLRR % 0 U 72 FE AT LT, Bk O
HAEE RS 5 2 LWEETH D, L L, SROE
BRI, LRI TR B K O R 2 AR S
72012, MRzl U725 Wi s LR w 2 & 2 fl
AL, BEHKOZVE I THTARMEZEEOZ L
PENTHAZ EERLT VD,
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Table 2 HPREZOFBOA M| & 2 fFFRRESE FHE & OE
Effects of controlled drainage on drain outflow and nitrate losses

ek k= PERE/F7KE NO,-NJtif & NO,-NHEH & NO,-N il g
(L) (L) (mg) (mg)

PEARAZHIE 2 L 1.34 1.09 81% 142.9 81.1 43.2%
AR 1 H 1.24 1.04 84% 128.8 50.7 60.6%
PRI 3 H 1.17 0.90 76% 101.7 29.5 71.0%
PN 7 H [ 1.25 0.77 61% 131.2 13.1 90.0%

2 [EEEER

20114ED A A — b 3 — I BT 5 BEEEHEK
O NO,-NEE DRl % Fig.6 l2R T, 5 RIFIX
HIRIX & I NO-NIR DRI #7225 6 P AIZ 22 C
<L 6 AT ALIBEIEEMIZIET L7z NOS-NRED Y —
7 ZEHERHINE S FIFX E R RIXTIRIZE CCTh o 7225,
NO,-NIgHEIL, MM ekz@EL <, Vb RFX25%
HEIX X DKL % 2 EITH > 726

2012 4E O FEIEIA M 12 B 1T 2 BEFEFEK O NO,-N &
DOREMFZEAL % Fig.T IR b BIFIX, AKX E I
7H FAOHENEENENO-NIEEAMRWIRIETH - 720 Hi
JEE I 50mm QRN ® ), NO-NgEED ¥ — 7 35
A L7z €= ZHEONO-NEEIZE FIFX D) 5%
BIX XL Zotee ZRUSOBIFIZBWTH S B
FIX DT ) 25 IRIX X ) BFEHEK O NO,-NEE AR < #E
®L7,

SEE (1999) DR L7z HERKRBLOFIHEIC X 5 F v X
PRt 3 Z ARG & ORFIEHEK A O fE BRI IR B I %)
BT, BKEPD % CHFEIKE S % WHIH T,
IR XAZ AT S FIFKIENO-NEED 11018 F
T L T2, BKEDNS NONREED Y — 798
A U72IHITIE, COHIEIRIL 12 EICIEE 5T b,
A0l o [ 3 RS R O BRI DR R Th o 720 HITFK
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Fig.6 20114EEEDREAKE (F) & NO,-NEREE () OFEEZL
Temporal changes in precipitation and NO;-N concentration of drain
outflow during the field experiment in 2011

amd L7zE ENONBEDS TS ZRIILEIZ X
BLEZ L, /NS (2000) (Z5 5 FEOF D D155
AR S AIUE, # T KEE EERI2 B TR MR &K O
NO-NAE SN T VI L EZRL TV 5,

B EUPEIERRES 1 ~2 BN THEKIC X D s 8
Nizo ZOHROHTRMVOREREALE 5 L, WX
WARTHIZH TR A 30em BREE L Rz NTnwWizZ &
oA (Fig8 k). 20124E H 376 EIFE % iR EHRY
270 I RIE IR & Rk, R R XA AR IS T AR AL
AT 30ecm AR S RN T Wiz, LA L, 8 g LIRE,
FER2SIE & A WIS 72720, 26 RITIXOH
TAKAE D RIRIX & W Uk E TERT LAz (Fig9b)o 9
H2H~6HIZHEMERSmmD BN H Y, H KA
bIRAIZHE L 720 2O &) IHEEHRAHIEIC X 2 H
TRMOEENIR RGN ARE T b FIRABEDNISGEL
TW72720, BRI 2ICH TS EA L, B
HTHLBERLPLICH TR T L CWwb, 72, MR
A A%t < & BHEHEK I X o T S 7z Tk
MAMET 352 & QERI S Nz T kiR B EIFIX,
IR & b ICFEBROMHE THER L 72 (Fig.8 F, Fig9 ).
VHETFERROAATL EI2ED, BHICH T KD
HIHDTTRE T 5 Z L DR S Nz F 72, BEMICHTS
LT IRMABIMX & SEMLTBY, b LIFED
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Temporal changes in precipitation and NO;-N concentration of drain
outflow during the field experiment in 2012
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AT IEBERZOBEKICH T Y x5 23, #hTK
a2 SRR D B LTS N5,

B P ERFRRIX L S A X M3 5 B4
PRk ORI BT 72 (Fig10), L2 L
e 2 X 8] o TREMICHGT S 5 &, WIRORFEIPKE S,
6 A E T3 s BIFIX (1173 mm) 256 HIX (59.9
mm) L0 EBSNAD, ZORIGMEX (1188
mm) NIIHAE EFX (756 mm) LD E L ko,
B OB RHFKE O ¥ — 7T 2 &, WRBRX O
139 2535 FIFKIZHARTEWESEI SIS 2 & 0%
o7z (Table3), b RIFEDOREICZLD, [FHNEH
FCICEFEIZL D RE TR L YT ARV TFA - 72
Wi, BEHTKMICETA2ETCHEANTIHER T, L
BHREE R D7D =7 RED TR o728 EFEZHN5,
Gambrell et al. (1975) <> Wesstrom et al. (2001) (&, b
TARMEHIENC & 0 By RS AMRAE S AU KR A%
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Ground water levels and their temperatures in 2011
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Ground water levels and their temperatures in 2012

FTLIEEHMEL WD, 2, FHS (1997) &, F
oI & ) BN O REECHEIRASET 5 &, HifpT
DIKDBEIER L Y, BaEIL X D RN OKOFLHAH
WINT 52 L 2REd sEMRTHME L TW5, Bl
OMAETRIZ L ) IRIX T 7 A T IZH T KA
EHEIDRERWEICBEI SN2 25 (Fig9), 8A
DIBECTHRIRIX DI 9 A3 s EIFIX & 1) BRI E DS
MolZ EIlZDonT, BEOIEICLLEEROZEILD
—HERELTEZONDL, LL, RIFFETIE, KR
KEDBMA2012EEDARTH o2 S, SHH
BT — Y EREIT, TENTOKRDTEIREDS o7
HPUETH 5

THEEHOKEZ 28R ToMIrH o
NO,-NHH =D AFHE, 265 FIFIXT0.4 kg/10aTH -
72DIZR L CRFRIXIZ1.2kg/10a T - 720 Lk £ 9 12,
Z OB OREHERE DS FIFIX & )RR X% 5o
722 &, NOMNEREELH FIFIX & ) wf X2 E o 72
CEDOMBDOERIZL S,

Fig 11 |ZE Q@ THAET 5 L Vbl b N,OFE AR
OBIHFER AR L7z 14 BIZ1AOHEE TORETH -
72728, BEMIZAE - CHIERGEDIEIN L 7255 12N,0
75 v 7 AT A (Akiyama and Tsuruta, 2003) %
DFIEH TORIFN 2T E 52 5N TW RV, 7
B TIPS EICE 28I L T b 72, AKX
ICHARTNODFE LR T WERIEIZH S Z L 2 RIET 5
MRE o7z, Sk, LBNTOERNE 2T 5
ZIE, WD EROFAERRVEWIC & 2 ERBIGE &P
L) EHEE R MESVEETH o
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Hydrograph from end of May to September 2012
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Table3 20124 EFORKE, HEIKEDS X OTEED 5 ONO-NHE &
Precipitation, discharges and nitrate losses for the field experiment in 2012

W EHEK i [mm]

NO-N#E = [g]

o it fmm] v h FIIR R v EK AR
5/28 — 6/8 39.0 28.1 13.4 0.0 0.0
6/9 — 6/15 25.0 14.9 4.3 0.1 2.6
6/16 — 6/24 121.0 74.3 422 0.6 18.3
6/25 — 6/30 0.0 59 17.4 0.0 1.8

7/1 = 17/6 30.0 9.3 10.3 1.3 1.8

7/7 — 7/13 39.5 27.7 36.2 14.6 493
7/14 — 7/16 42.5 16.7 34.2 168.7 557.4
7/17 —7/22 0.5 13.6 5.2 0.1 6.6
7/23 —7/29 0.0 2.4 5.9 0.0 1.9

7/30 — 8/5 0.0 0.5 2.7 0.0 0.2

8/6 — 8/15 11.0 0.0 6.9 0.0 0.2

0.025- EF XA 5 OB IEHER O NOS-N i B 13 B IX 12 T

= —o— THEFK BEEM
F —o— THLIFEBEEL
e 00201 O xmEX FEER
= —&— HREEEEL
(o] -
2 oots
X
D 0.010
N
[N
N 0.005
ON
P4
0.000 T T 8
51 6/1 7" 81 91 10/1

Figll —Mfb=2F% (N,0) OFAERI (20114F)
Dinitrogen monoxide emissions from the experimental field

NV # B

FREARE OB BT 2B A A ST,
TEUKH I & L TSR SN S L)1k 5
&, B2 S ONO-NOFIINEM OB MAIE S SN 5,
ARWFE TIEBFEPER IS S BN B2 B ) 5 8 5)
RRIZE DT RALZ m R, TEIZ L D NO-ND
T BT A S 2 iR O R A B R~ o 8 1 &
A L7z

TAEAERIC LY, EIRAAIE LI ENOKOE
B E 2 IEIR T 2 & & B 1K O & NO,-N DIl
L OBRIZO VTN, HRARNORND S
BE, KK HERLPIZE— T HEKEE 2D, Hik
DNO:-NEFE D FIK DO NO:-NIERE D 80% 123 L 720 K
BRI % 5 TROME IR A2 RS 5 &, NO-NOD
HIR RIS RIS E L 2 B I2OoNTREL R, W
R 7 H B CLIENEEEAT90% Th o 720

2011 4F IZHE IR O % 4T o 74 B iR T 2011
AR L 20124F (I H B iR B & ATV, MUK HIAENC X B
NO,-N Ot HHEIBAD B % 7o BFRFEKITIIZ S LA
DEXIMY T D725 T, BHICHTREEEHESS
EDRTEDLZEDPHER SN, Bl Z®EL T, Vb6

12~ 1/100 IZAK T LT\ /2o HITREIA ORIy 22 22 k1
BERR St B S IIRAE L Tz 20124E7 A L
AL 2> 5 8 H A £ TOH 12 HFEDONO-NFEHED
AFhiE, B EIFIX T0.4kg/10a T - 72D 2% L TR
HEIX 13 1.2kg/10a TdH o 720 T IRAL % & < RFFT 5 2
LI2ED, ENCERCENTE, HEMEES N TE
FERFONO-NEEDMET L7722 & R PR T %
BT EICK, AR SSAMME S AL CTHHK DS A L
7 EDTODBERNEZ BN, Tz, BHEICL DA
XA IR THBILEEIBE LR T WEREICH L 2 L
IR STz,

VI LofERD S, WREaAATHE L /oM EisEn <
1, BRRPEKINCZ S B EEZI)FIFAZ 812k
BHICHTAREHESTRRTHL 2L, T2, BEIS
DONO;NFHAMHIIRICOBANTH L L BHL 2L
Teolze 72721, HEAREFMER NO,-N it H BT B8R 14 1 %
EREFZ W T2 CEWICOL2HEPVLETH L,
7z, HUNOKAL A C L2 E ORI 5 5B O
TS HEORETH 5,
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Effects of Controlled Drainage on Nitrogen Losses in a Clayey Agricultural Field with Cracks

MIYAMOTO Teruhito, KITAGAWA Iwao, SHIONO Takahiro and KAMEYAMA Koji

Summary

Paddy fields are often used for upland crop cultivation in intensive agricultural production in Japan. To maintain
high crop yields and groundwater and surface water quality in drained agricultural lands, management practices
which reduce the leaching of nitrate-nitrogen (NO,~N) into subsurface drainage systems are required. Controlled
drainage has been identified as a potential management method to reduce NO,—N leaching into subsurface drainage
systems. Therefore, this study aimed to evaluate the effects of controlled drainage on NO,—N leaching in clayey soil
with cracks.

The relationship between drain discharge quality and soil-water residence time was investigated using a model soil
layer with cracks. For free outlet subsurface drainage, preferential water flow in cracks was predominant. Therefore,
the NO;—N drainage concentration quickly reached 80% of the supplied NO;—N solution concentration. In contrast,
controlled drainage had a significant effect on the drain discharge quality. The longer the residence time of soil water,
the larger was the reduction rate of NO,—N. For a residence time of 7 days, the reduction rate was 90% .

In 2011 and 2012, a field experiment was conducted on clayey soil on a field scale to assess the effects of
controlled drainage on NO;—N leaching. Controlled drainage makes it possible to conveniently vary the water table
levels by attaching a riser to the drain pipe. There were 1/2—1/100 reductions of NO,—N concentration in the drain
flow in controlled drainage as compared with free outlet subsurface drainage. The reduction rate was dependent on
rainfall and farming conditions. The amounts of NO,—N leaching from early July 2012 to the middle of August 2012
for the controlled drainage site and free outlet subsurface drainage site were 0.4kg/10a and 1.2kg/10a, respectively.
By raising the water table, more soil will be in a saturated state, producing anaerobic conditions which promote
denitrification. In addition, evaporation from the soil surface will increase and outflow volume will decrease. These

results show that there are significant environmental benefits with controlled drainage.

Keywords : Subsurface drainage, Nitrate—nitrogen, Denitrification, Water quality



