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AR VANEE 7 i o2kl TR S ] T AR AR E i A
ARV ZR GRS A e FH T B U BLADLAN [F) R 35 A1 A Ak A 2
TE WX AR SR M B R B AZAHI T . IR A
}5 RZWQM (The Root Zone Water Quality Model) %,

DNDC (Denitrification-Decomposition) '), CERES (Crop
Environment Resource Synthesis) ', APSIM (Agricultural
Production Systems Simulator) ['4%, i S by Ay 45 4
HBIED A, AKCEIRESES R AT K RS
R it AT A T U H A . 4 Skaggs 25O R i) sk
] DRAINMOD-N IT F&7 f J e 742 1 FH (1) RUBE OS2
AR TSRO0 AS () P ) S Tt RS [F) PR 5 B L e 5% AR T
BEMBNE BN AL LT KA RGP A e T
P o BRI T S K B P JF A S B A RIEH
g, ZEMABEDH 53R, 5T EgAEE. H
i, AE A N 2 AR 22 AT T HEK & R oK AL
KA N T, KT MR A 2= AR
IKTE A RiE B i R R AL A 2 W . AHE 5T A
[ 5% ar FEH AL AR A HEAK B BRI FE 7R 8 A A BE iR
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P&, L H R R AN AR A 5 [ 52 i M AL B Y
R, IR F R S K EA MR R e
MR, Dy b EAR FPASE 2 AF . R R U B A
TR X RS %

1 RS

1.1 Rt R G AL I

AR RO HEK E B 7R I8 AU (Agricultural
Drainage Water Quality-Research and Demonstration Site,
ADWQ-RDS) A4 9% F 52 faf *£ M Pocahontas £ Gilmore 3
BHIT (42°45'N, 94°30'W), %4 AT FZ)A 7.3 h,
FIIEN 0.5%~1.5%, Kk 373 m. ZX ZEFHIF
JKE 784 mm, VXl 8 °C, PR 13.6 T, F
BBARRIR 2.4 Co 1ZX FEM LR RAE 4 FU7.
Nicollet, 4035+, WRE& T, WIEHEE 1158 Webster,
i+, WAL, AR, WIEIE)E s Canisteo,
guift, WAL, AKX, WiERKHEE L Okoboji,
i+, A, . WIGHARE, RN E LR
PRI S5 R I, P A BEBENLHES . 6 45 O R
LR 15 em A EFE, i SRR 2R Bray Pl
{64 31 mg/kg, pH N 7.7, VHAGHLE & EAEH R,
X2 SIS H KA I R

WAL 78 AN/NX, AR EAA 0.5 hm*(15 mx
38 m), TE/NXHULZRAR B N HEKEE, 2 & FATEIE
[AEE 7.6 m, HEIR 1.06 m. FE/NXPIISEATHE B 1E LR
FUNX o B3 AP T A, T s X
HDRHEKE FIHEKERKRE . /NMX3E 26 AR,
AWFEEAR 1.2 m, FEEIER 3 AN/NX L Bz,
S, AT AN DX ) o0 B T 23 ) 1 NERKITL,
FHINE 1> MS3 BKIE CE SN B8 5 4RI Zoeller
Pump G RAFD, U NHEK, fESAKGT BT ERREE
e aEit (Wi B M SER P R R AR AFD
WsRAKE, EEE FINLBZIREKFE OKFERER
N 20 L [IBEEEHE, KEL) b SHKER 0.25%). — M,
LHKEN 13 mm i, 2UEES] 10 L 7K.

ARI et 2 MEEE, RIToAZRE Y ToK- KT 5
PEALFE (NC) MIAZH A E R 2 - FOK-B - R ERAER
GiALEE (CCO, FERERM/INX PBENLAT E &AL . {58
if 5 a (2005—2009 4F), CC 4bEEM 2004 4E 10 HIF44,
RICIA ) EHE XM EZE (Secale cereale) 1E N7 #AE
Yy, FEFEN 100 kg/hm?, VREELERSVEAE YRR AT 5t 2
BRI EREAK . BEFERAKPRKFENEIE (28%M
RIEWD B TE 10 cm &b, FEEUSEA 140 kg/hm?

(BUN i, RED. #/NXAEMEYD R 2 11 X HEHENL
B 1k, FHBIREE 10 em, BHESREEN 0.25; BGRZ R
FAXF BB AR 1k, BHIRE 10 cm, BHHSREEN
0.45 A SR HE IE ) 3R R T FERRCAS 2 T (Revised
Universal Soil Loss Equation, Version 2, RUSLE2).

1.2 DRAINMOD-N I &4y

DRAINMOD-N II'"”/if DRAINMOD %k JEifisk, itk

1 DRAINMOD-N HREEAMEHLIERAL, T

R0 FE ) ROBE PRI RE Y, P T A0 AN () T (1) 87 2 44 e 1A [+
T R e A N AR BN A A S AE I3 —K—1EY)
RGPS FE . B 7K SO HE: DA 335 1
KR P R, 32 DL 2 B SR T AR S
TNABIELE K 2 AT HEKE E 2 8] LR K &P
DU B H A, FERRE R %M HK RS, LI
RBIFHFP RS T, BHE T HEK, HRARR . 2
B HUR KGRI R BRSSP S8, BRI K
SRR 2 BV WOCRR[19].
1E At B BEP AL 42 YK A 2R
AV,=D+ET+D;s—F (D
b AV, AR NKERE, ecm; D NPAAT 1 15%
HEKE (B F#EBEE), cm; ET AZEEE, cm; D
NEREERAMFEER, cm: FANEE, cm.
YR TE AKBAR T, Ar BB FRAL L Z N K
P AR
P=F+AS+RO 2
K P ABEWNE, cm; AS AR BFUKIERELE,
cm; RO NEE, cm.
R PR R BB B TS TSR
(NO;-ND. B JFEMEEMY) (NH-N). FHLE (organic N,
ON) 3 MR, FFIANT 1 AN R ABAE A n] DUS A
WLE% Corganic C, OC) WIzha&A k. R, BAF5IN
T 1 MR, B8 TIRE. TKE N LERIESE
RO s o7 J A A A RS ADL B R o . BT R
2 I — XTI YR HUR Y, /7 #E (advection dispersion reaction,
ADR) HME R MIsH, Az F.

0 b ac, oC,
a—t(aaca+0gcg+pbcs):z(eu0a > +0,d,—% |-

6(vaCa)+S

9,
o C, M Cy 733 7 HE P 5% SAE WA A S M B 19k
FE, M/LY; Cy 2 F P U0 aU7E [ A5 B B (IR S, M/ME;
6, M 6, 3 AL BRI ARG B, LD p, 2
A BT 2R E, ML v, £ ARES, L/T;
D, IR IUREL RS, LYTs d, 2o P iR, LYT;
SEVEICIN, MAL*T): ¢ WA, T; z N%SEAFR, L.
1.3 HPUEMRESHL
1.3.1 ARALETH

R HBEA /N H B R %0k R AR NS HR Campbell
Scientific HRAF] ), SERE IR X B IEAT RN S5
P, TR A T R 2R AN B AGRES AR 15 km
A1) Humboldt SR 3R1S, %0k & R E E K EH0
(National Climatic Data Center, NCDC) ¥ )%l s
(COOPID133985), M TiZMAFMTL, MFHHES
AR B, — o, BERESKEZ—A
10 0 11900 RGEE . RKPHEE ST A R S K vh B 6 b
ZR4EHB 50 km ) Kanawha SR 353815 . AR¥52 H AR
. HEN AR, % DRAINMOD-N 11 #5742

(3)
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KA L AR S, R BR B AR s b
HRAE R F Bl AR AR Y P 7R RSO0

BRG] RAF R KBAFEST . AERHEEE . B
SRR E R, 5 FAOS6 HHal (40) THEASENT:
FEEHERY, SRR Z5 IR (potential evapotranspiration,
PET,). R4 Luo 25Vt 72 R FVEY 2 5075 B S bR /E
ZEBUE PET ropo Penman-Monteith A 30715 H PET i A\
RIBAUSE R ONKER, S HAEWZBE T RAE A F
TEVIREET AR ZEELR (PEToo), TEMIAREL (KD E
T5H FAOS6 HEA I R EUAERY, Wk (4). W5 322
BIUERFATK-KRERAERG, XFHEEEVAEE,
YR A=A B TR TR ZR R A E P R BULER 1.

PET0p= K.-PET, 4

SEWRAT IR AT KR IR R (10,
33 A1 500 kPa) f5 7K 3 LA e 80K A S5, 8T
ROSETTA #5584 1+ 1] 345 DRAINMOD-N II #5704 35 %2
WS, MBS KR, FRREKE, WA FKERL
M 2R TR S BUE S5 . ROSETTA #7435 1 4 N AE 5 AR 7Y
HME RN 2,

%1 WRMERIERGE KFRERERIENEY
Table 1 Root depth and crop coefficient in crop rotation during
research years
e EBEWE LR VEPN R RIRSE TEM Z L
Crop  Growth period Days after planting/d Root depth/cm  Crop coefficient
I 1~30 3 0.3
EF S RE W 31~70 3.8~29.2 03~1.24
Corn i 71~120 30 124
JE 121~170 29.3~9.5 0.51
W1 1~20 3 0.4
Jg KEW 21~50 3.5~24 0.4~1.15
Soybean ] 51~120 25 1.15
Ja 121~140 24~10 0.35
W1 1~160 5 0.4
9% Rye KEM 161~235 3.5~17 0.4~1.15
i 236~-310 18 1.15
=] 311~335 15~3 0.25

T FAOS6 HREIEMIAE KR SRR TSy 4 BB BIAEKYIN. 4
KREH. EKPH R EKED. I FAOS6 K 2420,

Note: Crop growth period is divided into 4 stages according to characteristics of
crop growth based on FAO56. They are initial stage, crop develogment stage,
mid-season stage and late season stage. Shown in Fig.24 of FAO56!*".

FT2 LMIEAKAFSEER ROSETTA {REITEE

Table 2 Observed values of soil hydraulic parameters and calculated values obtained from ROSETTA model

ik 20 R,
jS:OJ:Tlt Pa rtijﬁtﬁﬁﬁiition %Té ) N K . . Ksatil A1 E 7K % Water content/(cm ™ -cm ™)
depthiem R BES Fik Bulkdensityl(gm ) femd") femd)  lokPa z33kPa Z:1500kPa 6, 0,
Sand Silt Clay
0~10 0.32 0.36 0.32 1.37 0.01 1.46 3.02 —0.46 18.11 0.38 0.38 0.19 046 0.07
>10~30 0.32 0.45 0.23 1.39 0.01 1.56 2.32 -0.1 17.95 0.38 0.38 0.22 045 0.07
>30~60 0.43 0.3 0.27 1.39 0.01 1.45 4.01 -0.54 16.17 0.4 0.38 0.21 045 0.07
>60~120 0.44 0.34 0.22 1.46 0.01 1.47 4.02 -0.49 16.04 0.35 0.33 0.19 0.42  0.06
>120~390 0.44 0.34 0.22 1.5 0.01 145 422 -0.58 13.42 0.31 0.29 0.17 0.4 0.06

e Z T 0, NERREIKE 0, WBMEIKE; o N NHMETERSH: K KR FIULRE R LT ESGEEIESE, Ko MEMSKE. 0., 0.

av Nv K. L % Ky 9 ROSETTA FERY 4G AR, HoAth g szl .

Note: Z is matric potential; 0, is residual water content; 6, is saturated water content; o and N are curve shape parameters; K is the matching point at saturation; L is an
empirical pore tortuosity or connectivity parameter; Ky, is saturated hydraulic conductivity. 6, 6;+ o N+ K. L and K, are output from ROSETTA, others are observations.

1.3.2 HWTFH/KE. NO-N Ak B AAEA AL

BERL K 118t S8R BT 4 HE K RS
WE, iz XK R A 1.05 m, [HEE 7.6 m,
42 1.5em, HOKERECN 3.5 envd, RiFE/KZERE N 390 m,
WIGEH T KA 2 m, MR K EREN 3.1 cm. HAhS
B N TR Du ZPe ek 1. S5H0KE SR H R0
TIESH, BRI AR HEKE AR K EFHEE 2
B R, THELIENBR Green-Ampt A 4 1 B
ARG H RO Z 2% R, BB AL B 4 1) R3S 1
AR T

FEAN /N AR H: A AR R R B, B SRId SR
R HEK &, MR B R R S R 2 N TR 1 IR -
FERFTE_EIT/INL E SR AR K RE ORFEICEEI N 20 L 1338
i, KEL) 5 BAKER 0.25%), FHRFFAE 4 CHRIBER,
FIH B SEOCRE R AN NO3-N (IR (7EZ it
SER AR I 7 928 = HEAT) O, NOS-N i sk B 45T sk
6 S IS NO3-N IR FEE {7 3 LAAH B A HE K &

BB E R SR ARG S5 GEIEE. JER

BIRERE) . fEMZSH GBE7E. ek, Rt
FARZERFR PR A S 8D DL RIS B id 1 24055 . Wang
2512305 e LH-OAT A1 VARIANCE-BASED 2 Fhgsitt 7
#7725 5T DRAINMOD-N 11 S8 [ 40Ut 131
MREMKRERME R EEN 8 M8, M =t /E R &
EIRE. BEMEERER REE. LK HERM
LU RHUE LB E /K (water-filled pore space,
WFPS) it Michaelis-Menten 2> 30 K 5 B 5 A
B AU 5 AR P B il P AN v P T 338 WL 6 TS o ok
R, VW Du P83 P AR L1 2 5 50 458 (non-
linear parameter estimation, PEST) XfiX e Hit {74 IE,
REBEERISHUE, BB L .
1.4 EBURIE. ERIE MM

TR IR (1) 3 2 H 1) 72 1 1€ S A 6 B 70 X 3P A 2R
0K H. (EMS R B RZEAS RS,
PR BB ARE o AR SO JC7E S ARV AL B K- K
SHRAERS Sa (2005—2009 45 MEHE, 454 PEST
RURIERR K S IS4, B S (EY AR PRI - ToK-
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2K G5 A 2 G0 SN A BOAIE AL 1F f5 iR A
AT 2005—2009 F ADWQ-RDS a5 5 Hh ity s
DR, o LU ASE RO 1 AT AR AR 78 % b 138 F PR VT AR
KH 3 PG SRR AR : Nash- Sutcliffe
TR 280 (Nash-Sutcliffe efficiency, NSE); [4rEL
fli 7 (percent bias, PBIAS ) #3177 R 1% % 5 Frift % LU AH (ratio

of root mean square error to standard deviation, RSR).

Z?:I(Oi -4 )2

NSE =1- <& . (5)
zizl(Oi_O)
PBIAS =100x w (6)
=1 ¢
"(0,-PY
R=_RMSE 2,(9-%) 7

 STDEV, \/Z (o _5)2

b O WIME; PONTRINAE, O A FTA WL P15
B, nidi%. BAREIH T HEK S KNSR A =R,
24 NSE>0.65. PBIAS 7E+25%2 [f] 2 RSR<<0.7 i, KA
RETEVEE P, BORCR G AR R HEK A
BIRFEI, 24 NSE > 0.5, PBIAS 7£+15%2 [8] & RSR<0.5
i, RORELCTEE A, B ERY.,

2 HBREDH

2.1 REBSHRIE
FF PEST A B R E B SHOTRE, FLIESS
IR 3.

%3 DRAINMOD-N I fRB AR B L IZFSHIIEE
Table 3 Calibrated values of nitrogen cycling parameters in
DRAINMOD-N II model

fNZ L Inputs

IFE Process KZIE{H Calibrated value

by 4 NI SREUE em 15
Transport Bl 0.5
F KRR BEEH Vipaxenid/ (g +d ™) 20
LA LIRIHH Kt (g2 ) 10
Nitrification BB Ty C 55
GUIRFH o 0255
BRRPEER Viasedenl (g -d ™) 07
EAFIH L Ko gen/(mg- L") 40
RISIAER BT Topden/C 30
Denitrification 2360k 2% Baen 0.186
AR AL G S 0.65
B S )
) BOEHR L Toproo/ C 30
Oﬁrglrﬁljl}; matter ZRPIR R KL 0.186
ARIEH |

2.2 FRBYIGIE R IE R MHIEN
2.2.1 ¥WTHKE
RIGHF AR HE (2005—2009 4F), 5 a FIJERKEKE

N 82.6cm, HHAEKT (5 H—9 H) ~H475cm, HK
Z (3 A—11 A) N 73.1 ecm, X 5Z4E (1971—2000 4)
P KE 82.1 em. AEKZEEKE 51.4 om KHIKEE
FEKE 753 em BONEEE . K 4 FEIR S a I HLTE
2 FPANE IBHE R G0 H T HEZK S 0I5 B A58 L AR
o BIE/NX NC AHBL 45 R R 5 a PR FHEKE
N 31.7 cm, SAMMEAR LS, PBIAS. NSE & RSR HJi%
ZNIN 2.03%. 091 % 0.29, WTEIRZETEEN . KiE/
X CC AbFRAINSE B 2R 5 a P R HEK &~ 27.7 cm,
PBIAS Z s PE LEWLIIE 28.3 cm /) 2.28%, NSE K&
RSR 758 0.98 } 0.15, ¥JEiRZELRE P, FRIPHAE
I HE K S RO AR G . I, I M R HEK
7E 11.6 cm (2006 4E) A1 54.5 cm (2007 4E) Z [ E,
R T HEZKEAE 10.6 cm (2006 45) A1 51.6 cm (2007
) VBRI N AR, 5 a 8] 5/ NEKE A 2006 F[H] 62.7 cm,
KPR E A 2007 4F 105 cm, XA U IHHEK =52 B
KEFMEK, SRKERARIEMR, X500 AR
2 3], DRAINMOD-N IT 75 ] 4 418 1) HE 7K 5 i %
MR AR AR, AR S B RCR

&4 20052009 FEARE/NNXHTHKEH
FME R AR HME
Table 4 Observations and simulations of subsurface drainage in
different plots during 2005-2009

Hi N HE/K & Subsurface drainage/cm

fEgy gy RRIE/DIX Calibration plot IG3E/NMX. Validation plot
Year  Crop NC cC
PURITIER BEE PURITIER BEE
Observations ~ Simulations ~ Observations ~ Simulations

2005 EK 25.8 24.8 17.7 19.8
2006 N 12.4 16.9 11.6 10.6
2007 Rk 48.8 515 54.5 51.6
2008 K& 49.2 41.9 352 36.6
2009 Rk 19.2 235 22.7 19.7
)18 Mean 31.1 31.7 283 27.7
PBIAS 0.0203 -0.0228
NSE 0.91 0.98
RSR 0.29 0.15

7E: PBIAS /2 F4rLbffi2; NSE /& Nash-Sutcliffe 205 2%; RSR &R
WREGIEZHE. NCAXTLEEPX, CCHLFEHNMX, T,
Note: PBIAS is percent bias, NSE is Nash-Sutcliffe efficiency, RSR is ratio of
root mean square error to standard deviation. NC and CC are plots without and
with rye, respectively. Same as below.

la A NC F1 CC AFE T 5 a A F¥H R K E MR
R, HIEAT %1, DRAINMOD-N I #5845 a HEZKZE(K)
H P854 HEK S W UME B AN 3 A 1 H BAEK 22 S 4h
HoAth A BHUE SWINME AR A, A R HoK B E i
LB AFEAMIA, BAEIECR BT . DRAINMOD-N 11
P2 Luo Z5PURGHEIG , $E T 16 2874 b X R BERDURS 1
EEREKILT 0'CLLTFR, ZXEMSIRE R KE
Wi, AR R4 2 B gm0, 5 NC MEE, HEKZE CC
BB KB Z R AR 3 Ho XA A0SR,



12 8 T 5% : DRAINMOD-N IT B34 2K 31 78 o 22 35 1 R HEZK B NO5™-N it 2k 520 157

3 HA¥&mmERiRA 5.8 °C, wiKiREA-4.1 C, HH
BRALRRATIA-15.1 C, ELAR T HOKEE 32 5 TGHE
AKE K EENE RS B RZE . A ZERES A i
PG 52, 06 2 2= XU P25 4 m/s, A5 H RGE AT
& 8 m/s, WEFERMIHMAATHE 20% 0T 50, it 800
U TERANTTE DR RS

M VLYI{E Observation [ BEHIE Simulation

- RERBHUAE — RBWIIE

Accumulated simulations Accumulated observations

£ 8
[} 4=
w26 3018 5
£ %2
341 0N 205279,
oo B8 =
=8 5.8
FE35
®E 2 ! 10RE 5
2 f B 3
|‘| 0 <

[
3456 7 8 91011
A%} Month
a. NCHi FHEK
a. Subsurface drainage in NC plot

§8 40 :
on
£ 6 30@%5
SE #33
B E
Fgt ey
7 2 10%:"5
2 % 2
w2 Q
0 0 <

H 4 Month

b. CCH FHEK
b. Subsurface drainage in CC plot

—_
(=}
w
(=}

[
S © © O

AR KR
NO5-N loss/(kg-hm2)

S N A O

=
RBMSRRAR
Accumulated NO3-N/(kg-hm2)

345 6 7 8 91011
A4 Month
c. NCTHARR K
c. NO3-N loss in NC plot

oo
B W
S o

BRI AR

w
Accumulated NO3-N
loss/(kg-hm™2)

N A
>3
(=R

AR
NOs-N loss/(kg-hm™)

—_

| ]
5 6 7 8 91011
A4 Month
d. CCRES AR B
d. NO3-N loss in CC plot

B 1 2005—2009 4 NC #= CC 4 #3, T HE K Hn

T HEK P A A RURAR 4 LA AAR R A A
Fig.1 Observations and simulations of subsurface drainage and
NO;-N loss in drainage for NC and CC plots during 2005-2009

2.2.2 REEAH

DRAINMOD-N II #7855} NC F1 CC 2 FAS [H] (ke
R T HU R HEZK H NO3-N I 2R S RO AR 1 (3R 5D
KEIE/NX NC AbFRAE AR, 5 a “FH1E N 44.7 kg/hm?, Eb
MME = 8.1%, NSE F1 RSR 43514 0.89 1 0.33, #7E
RELHEN . BAE/NX CC AR RIB 5 a “FIIE AN
IE 435y 34.2 F11 34.4 kg/hm?, PBIAS. NSE & RSR 4

AA-0.5% 0.96 2 0.21, HFEIRZETEREA . NO3-N Kt
KESEKERHDKEEAREERIEML, B NC N
B, 2006 &K ED N 62.6 cm XF R NO3-N 7t 5 20 il
EAEUE 23 514 18.6 F1 22.4 kg/hm?, 2007 4F [ /K 5 %
4105 em X . NO3-N ¥t 25 & I B AL HE 43 514 65.8
A177.9 kg/hm®. DRAINMOD-N I AU A LU I NO3-N
TR B R I A R, RO B B /K K T K

7 5 78 DRAINMOD-N II B RI7E NC f1 CC &b
XTHL R HEZKH NOs-N R RER 1. R IE/NX NC
Ab R A2 7E 12.6~15.6 mg/L 2 [, H4L
IR EINACEA7E 13.0~15.1 mg/L 208, 5 a SIFI{E
N 14.0 mg/L, LB %5 1.3 %, NSE Al RSR 43724 1.00
A1 0.06, BHIFEIRZETEREIN. UE/NX CC AbHEULM{E /E
11.4~13.7 mg/L Z[f], AL 11.4~12.9 mg/L Z[f],
5 a VR BAOME AU 73 5] 9 12.3 F112.4 mg/L, PBIAS.
NSE }2 RSR 7351 4-0.6 % 1.00 [ 0.06, ¥J{EiRZETGH
N, R LT

&S 2005—2009 4 NC K& CC /MX NO3-N FE#E FHEK BT
K2R REMFLRERWNE R AR E
Table 5 Observations (obs) and simulations (sim) of NO3-N loss
and its flow-weighted average in NC and CC plots during
2005-2009

LRI NOs-N K
Flow-weighted average NO3-N
concentration/(mgL’l)

NO;-N ik &
NO;-N loss/(kg-hm %)

R (Y]
Year Crop NC CcC NC CC

WU FEHME OGS BEOME USROS O A
Obs Sim Obs Sim Obs Sim Obs Sim

2005 FK 384 322 225 252 126 13.0 127 128
2006 K. 18.6 224 14.5 127 151 133 125 120
2007 FK 658 77.9 62.4 66.7 156 151 114 129
2008 K& 558 583 41.7 415 131 139 118 114
2009 FK 283 32.8 31.1 249 138 139 137 126

Y Mean 414 447 344 342 140 139 124 123

PBIAS 0.081 -0.005 —0.013 —0.006
NSE 0.89 0.96 1.00 1.00
RSR 0.33 0.21 0.06 0.06

B 1c~E 1d FA#EHEKZE NC Al CC 4P R NO5-N
WMEEN 5a A%ME, 5K la~E 1b HKE KRR,
B3 A5 11 A4, HAh A 0 FR R BE 5 WA TG %
EHER, AR NEBMS KRR, 3 AHEK
HR/NFI NO-N ik S MME R/, 16 B A s Al
NO;-N Ji R R IR . NC A FEEE CC AFE ) NO3-N ik
i 17%, JUHE 3—5 H i), NC &b # 1 CC 4L #E NO;-N
TR R =1 37%, (BAEP)AE K HTE], NC F CC AbEE ) NO3-N
MAEZERNAK. HF7REY DRAINMOD-N II 7£3EH %
fap SN AGHE I PE R 4T, P DABORG ff USSRk R HEK &
U HEAKH NO;-N k& Sk B, B AT LIS A A2
BT, HE SRR ERS I, 48 SR A=,
2.3 1EANMAH

AR PR EiL ) DRAINMOD-N II ##I7E NC 1
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CC 2 FA[FRIFAE RS04 N AT N HEK &= HEKH
NO;-N i % 2 S B AR R B35, mT DA 52 A S
AT R R BHE S FIOHEKE . NOs-N Ik & IR
ST AT IR, DU 2 kR QAT Rk
B X AT G B 1, FERT S B AR AL S A 55T
Pl 2R 40 Je Ak H AP B il 1Rk F L R HEZK & &% NOs-N
MR IR 1B 275
2.3.1 SPARIMEFRGKIAZ A

R 20 a (1990—2009 4E), 20 a “FiFEKE
N 75.7 cm, HCEEFEFEREKED 7%, W RAKFFEK
BN 1997 4E 1) 54.4 em, fix = B 7K B8 2007 421K 105 cme
L R B oR, K AR A 2= s E ) SR 22 nT ffi A
KB, I BLBEE I (] R D S 28 1K
ks (R 6). XFHimBFELI CC 2 EFHHK
H 28.5cm EL NC ALFEM) 31.0 cm FRMK T 8.1%, 5 a &
SERHEK B 2 EUAE 5% 5 14%2 08 (B 2a), B
I 5%IZH K, 5 AR 2008 £E (1) 14%5PEATLE 12%,
X5 Strock 5P R B JE T5A M T KRR X A S0
H Qi £ 19178 32 1 46 M L # FH RZWQM2 B 25 5L 11%
ARG, B R FHERR Ui/ B 4k S0 KT B . CC Al NC AbFE
f\) DRAINMOD-N 11 HE/K AR KA I A —
H, 5 a EFHEMEIEHRBEARA—B, &MEN
2000 4 13 cm (CC) Al 14.2 cm (NC), fe KfEH N 1993
fE(F) 52.6 cm (CC) A1 56.9 cm (NC).

F6  1990—2009 FENERIERG S
DRAINMOD-N II ##BEH7k 8 L # % FH{E
Table 6 Multiyear average of DRAINMOD-N II simulations for
water balance parameters in different rotation systems during

1990-2009
Bk AE ET/cm 7K & Drainage/cm o
WEH Precipi- Infil g o km wkAT ., KT Runoff
Treatment tation ration —~ - & Soy-  Com- ESS Soy-  /em
fom  fem soybean Com  yen soybean Com  pean

NC 757 753 4377 452 422 31.0 269 352 1.7

cC 757 753 463 456 450 28.5 25.0 31.0 1.6

ZEH _ 19 _ _
Difference 0 26 05 27 2.5 19 -42 -0.1

AT 1
WERE -~ 0 59 10 64 -81 -7l ©o-3l

% ’

TE: ET 2R R TR AR (R ) A8 O HERR S5 AR AN 388 6 TR T i S 155
AR HokE (K« MEIORMFERHDKEIE: HkE CRED) -
FiRE R M HE K 3 . BRIEKAN, FoAh3s N BE

Note: ET was calculated by model which eliminates effect of factors related to
crop and soil based on potential crop evapotranspiration; Drainage (Corn) is
average for corn year; Drainage (Soybean) is average for soybean year. All
parameter values are simulations except precipitation.

KR S EDT BT SR, nI$Em ET 4.
KBRS EY D ET N 46.3 cm, BARFEEE
ARFRF) ET B 43.7 e 34 i1 T 5.9% o (EFP K G TP B 22,
HEKEFFIK T 11.9%, ET &M T 6.4%, {EFFEKFTFHE
maE, HOKERIKT 7.1%, ET $28 1%. A&, ek
TP B LR R FOK BT R BB, X 2 AP HEK
A ET EMME K. AP B Bz, R

FUE Eorxt H R HEK B ET HSE B, SAE.
B ML BT FmA R, X—4R15 Qi %FH
RZWQM2 401y &8 L — 341,

mm NC —O— NC-5a#4J{H NC-5yr average values

3 CC -&-CC-5a¥J{H CC-5yr average values
— Saghi AP/ FRIYME S-yr average drainage reduction

m
=N
(=]
1
—_ — )
(=] w (=]
Sagh A5 T HEK B HE
5-yr-average drainage reduction/%

N
W

1 HEZK B Subsurface drainage/c

0 0
1990 1994 1998 2002 2006 2010
4} Year
a i FHEKE

a. Subsurface drainage

I

({990 1995 2000 2005 2010
4E4} Year
b. SRR
b. NO3-N loss
B2 1990—2009 4 NC Fo CC 432 F Af HpK E A0
HERALZORAZ A

Fig.2 Long-term effects of NC and CC treatments on subsurface

drainage and NO3-N loss during 1990-2009

(=)
(=}

B
(=]

AR RS NO5-N loss/(kg-hm2)
[}
(=}

2.3.2 MREMBAGKEH A

AHFFEH, NC Al CC ALBETEAE 7T AR AL NO3-N Vit
REMATEE A 21~53 kg/hm® il 15~46 kg/hm®
Z I8, 5 aZh&BEZ RN ER NC f CC AL T ix
20 a MAEIHEK BRI A A —5, SHTFHOKER S
a ZHAAL AL (B 2b). XA S B %
I T HEAKH 1) NO3-N i 2k i, CC Ab B (19 2% s A 4DUME LE
NC AbHE 7 R EAEAUE /N 16.6 %(FE 7), 5 a 3145 NO3-N
TR E AR AE 4.1~7.3 kg/hm? 208, FEIE/NR
KE N 6.0 kg/hm?, X5 Feyereisen Z52I7E B J& F532 P4
R B 7T R SE SR 5.8 kg/hm? AT, b Malone 251
RZWQM2 F1 APSIM IR kN 3.9 il 4.8
kg/hm® o Qi ZWER—HF A XA E R E %M,
RZWQM2 A& Z= K AR 7E S5 EP B 225 NOs-N ik
MK, BN E N 1.8 kghm?. KK
WM E S EYEE CC A FE LR EIMBCF N
10.6 mg/L, Lt NC AL T 8.6%, #eix 3 EM BRI
E (USEPA)KILE B 5 KI5 Gk BEAE 10 mg/L (BA N i)
POl b Qi 25K AR FE A D/ N 12% 0 Li 2501
) RO P AR Rl /N B 49% 7. 41, RZWQM2 41
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IR A& 2278 S AE 5 248 F L R HEKH NOs-N [k
FEZE L DRAINMOD-N 11 #fMA & 42%, RIS
Fr, RZWQM2 #ME NSE 1 i 5UE A RSR>0.7 ¥ &R
AL L HEK R NOS-N IR B AR ANE . ]
T L, AN RIS LE [ — 25 A N B RAEE 22 5%
FERIER RSB S H 2 G,
Wt A E LR E S .

K 7T NC AR FEK SRR b 20 171 kg/hm?,
5 Carpenter-Boggs % P 7 g i A} A /1 FH ) s )
142 kg/hm® Al Qi 517 Z fif HE M L3 H] RZWQM2 541
FIME 168 kg/hm? M3 . CC AL 1b B8 NC AL PR
1% 6.1%, 5 Parkin B0 Bremer 2503 5 58 (1 Szl 45 5

AHBL, Parkin ZEBI6 IR Rl & 2 s AR 2 1 A [
B IRNET LR SR Li 260U 5 g A o A R
2000—2005 “F[A] R Fe 45 R BoR, A EAEY
T Ryt B LR P A S EI S 1%, Qi
SIS 25 Bl CC AbFE EE NC AL 4 5 AL B 157 34%
ik, BHFRED, RZWQM2 7E I AT 26 E W P
RAFM T EmfiigEy LRSS, XN %5 2 MR A
AR G PR M e 5%, DRAINMOD-N 1T fA 5] N T
CENTURY #ERPH5T CN B2 FE, i BT
TEMRAR YIS 5B FREH, 1 RZWQM2 J2k: T
OMNIPBIE SR AL C:N, H %5 [EH ik R HIIE3R, He
R AL AL

£7 1990—2009 £REERAIERS T DRAINMOD-N I EEEBIMART USRS FIE
Table 7 Multiyear average of DRAINMOD-N II simulated nitrogen parameters in different rotation systems during 1990-2009
P ek o e DRI NO-N
A =N =N
wew N mme mmeem o B opng PG AR sk s
Kb B Fertilizati BT . . . [ IR E i CropN Net .
ertilization . S N fixation Denitrification Volatilization NO3-Nin . . Annual flow-weighted
Treatment -2y Ninpercipitation a2 T2 12y Nin runoff ; uptake  mineralization -
/(kg-hm ™) /(kg-hm2) /(kg'hm™)  /(kg-hm ™) /(kg-hm ™) /(kg-hm ) drainage (kg'hm®)  /(kg-hm™) average NOs-N
g g /(kg-hm™) 6 6 concentration/(mg-L™")
NC 140 7.7 94.8 52 0 0.2 36.1 139 171 11.6
CcC 140 7.7 106 8.5 0 0.1 30.1 149 161 10.6
ZH
Difference 0.1 113 33 0 0.1 -6.0 10.1 -10.4 -1.0
X% -1.3 11.9 63.5 0 =50 -16.6 7.3 —6.1 -8.6

RE/%

e TORFHEAE AL RN 140 kghm® (BAN P
Note: Fertilizer was applied at 140 kg~hm’2 (based on N) to corn.

3 & ®

1) BZIEJ5 ) DRAINMOD-N IT #5750 A] DL i AsE 42
AFEAE RGN FHEKE . HFHEZKF NOs-N )
MRE LR, Z8tit2#04T,  Nash-Sutcliffe F81 343
R B o w2 A AR R 2 S 22 U AE I e R 22
LA .

2) HKZERRRT 3 A 11 HZ2ARIE R XS Sk
TR AR, = Al A, AR ] AAOME -5 W E UL A L
Uf, R THI AT AN B AT DU B B T HEK
IR R HEZKH NO3-N Fk =R AH: . DRAINMOD-N
T1 AR 52 A7 A 3 3 FH 1 R4, S BBl Ak L RUBE 7K R
ME RSB R 2 —, AR
55 ar e B AR UL A B 58 R0 A HE B A 5 0 4 it )
X, [F] DRAINMOD-N II #4247 5%,

3) BIRBMAFBIERG N (EK-KE, BFE-E
K-HEF2- KD P FHEKE R FHEZK T NOs-N i
REMKR IR, ARRAMEAFEGIEYEE
AT DL HE K& 8.1% (2.5 cm), /D NOs-N &
16.6% (6 kg/hm?®), 0 ET 4 2.6 cm (5.9%), FEZ
TER G RIPEAZE SR BBk, BT AT
6.4% (2.7 cm),

4) KHIFPAE &= SR A] DL R AR e R HE K
NO;-N IR, FIamBCr 4K E 2 10.6 mg/L, F#
K7 8.6% (1 mg/L), [N, WFFLEsRELWHKIMELT

2w AE AT AT A A B R oA A W WA A ] S
— BT YN KIS AR R T 2 4
Ky WM R RSB IIFERN, SaRaL
T H BN EIRAN I T

(& % X WM
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Simulating effects of winter rye cover on subsurface drainage and NO3-N
loss based on DRAINMOD-N ||

Du Xuan®?3, Feng Hao>***, Matthew J. Helmers®, Qi Zhiming®
(1. College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling 712100, China;
2.Institue of Water-saving Agriculture in Arid Areas of China (IWSA), Northwest A&F University, Yangling 712100, China;
3. Department of Agricultural and Biosystems Engineering, lowa State University, Ames 1A 50011, USA4;
4. Institute of Soil and Water Conservation, CAS&MWR, Yangling 712100, China;
5. Department of Bioresource Engineering, McGill University, Ste-Anne-de-Bellevue, QC, H9X 3V9, Canada)

Abstract: Planting winter rye cover crop can reduce subsurface drainage and NO;3-N loss in corn-soybean rotation. Field data
from Iowa was used to calibrate DRAINMOD-N II and evaluate its applicability in cold regions in US. This study simulated
the long-term (20 years) effects of winter rye cover crop on subsurface drainage and nitrogen dynamics using DRAINMOD-N
II. Two treatments were set in Agricultural Drainage Water Quality-Research and Demonstration Site in Iowa. One treatment
was with rye planting in winter (rye-maize-rye-soybean rotation) and the other was bare in winter (only maize-soybean). The
experiments lasted for 5 years from 2005 to 2009. The drainage was collected and NO3-N content in the drainage was
measured. The DRAINMOD-N II model was used for simulation of change in the drainage and NO3;-N content from 1990 to
2009. The results showed that the DRAINMOD-N II model satisfactorily simulated subsurface drainage and NO3-N loss with
Nash-Sutcliffe efficiency (NSE) larger than 0.65, percent bias (PBIAS) smaller than 25%, and ratio of root mean square error
to standard deviation (RSR) not larger than 0.70. Flow-weighted average NO;-N concentration (FWANC) were simulated
satisfactorily, with NSE larger than 0.50, PBIAS within 15%, and RSR not larger than 0.50. The errors between simulation and
measurements of drainage and NO;-N loss mainly reflected in March when temperature was low (average monthly
temperature was -4.1 °C), which may partially cause by drainage delay. Also the larger wind speed (4 m/s) which can take
away 20% of snow could affect our estimates. These results suggested that DRAINMOD-N II had good applicability in Iowa
and could simulate the long-term effect of winter rye cover crop on subsurface drainage and NO;-N loss. Long-term
simulations (1990-2009) indicated that adding winter rye cover crop could reduce drainage, NO3;-N loss and FWANC by 8.1%
(2.5 cm), 16.6% (6 kg/hm?, by N) and 8.6% (1 mg/L, by N), respectively. The amount of drainage was decreased year by year
and the 5-yr dynamic reduction rates increased from 5% to 14%. The 5-yr dynamic NO3-N loss varied between 4.1 and 7.3
kg/hmz, with a mean of 6.0 kg/hmz. The winter rye as a cover crop could increase evapotranspiration (ET) by 5.9% (2.6 cm),
and the time period to plant cover crop also affected ET increase. Planting cover crops before soybean ET increased by 6.4%.
Meanwhile, adding winter rye cover crop could increase crop N uptake by 7.3% (10.1 kg/hm?) and N fixation by 11.9% (11.3
kg/hm?). Planting winter rye could reduce net mineralization by 6.1% (10.4 kg/hm?), but it was in disagreement with the
existing experiments and simulations by the other researchers. These results indicated that there is still some debate about net
mineralization response to adding winter rye cover crop. Further research is necessary to understand the simulated nitrogen
transport and transformation mechanisms in soil. The field data is well matched with the calibrated model, showing that the
DRAINMOD-N II model could reliably simulate water and nitrogen movement in the soil. This model could simulate the
effect of different cropland management practices on subsurface drainage and nitrogen dynamics to optimizing cropland
management practice.

K eywords: nitrogen; drainage; evapotranspiration; corn-soybean rotation; DRAINMOD-N II; winter rye cover



