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FLLAA AR 4K X B R KR FEx %, R RZWQM2 AR A5G I 2537 A Kt R KA B RTAT 4, X 2014—2016 4 1ok
Tk i) J5 K A TR 2 S 4% 8 S U0IE 0 TIE S AR W, LB AR5 7K 6 35 7 AR AR 22 RSP B A ot 45 258 43 SIHE 0.000 6~
0.070 7 cm’/em’® F1 0.21%~21.44% 2 A5k, 3R A5 5 AR A5 2 AT B H XS 28 20 IFE 0.000 8~2.617 3 mg/kg Al
0.03%~18.58% 2 [MA24k,, F&rfr2F 37 JE /K it FH 398 PP S S B2 7E 0~ 120 em /2R AR, U] RZWQM2 74 mf LA
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AR FE R 2 SR0MRT8S RO B0 IE 5 TN , - 3 R 74 RV TR 2 B T /K S P 38 v 389 . RZWQM2 ASEAY AT LA F T 23 JE /K it
AR (RN, R T AN ik 3983 (4 BB /K e P 42 it 58 A i 1 vk

XHER: BB ek R 35 A ER; RZWQM2 AEA
doi: 10.11975/j.issn.1002-6819.2020.14.006

FESES: S275 XEkiRERE: A

IRE, KRR, f4F, F. RZwOM2 FHEUEBAHLKER EERDRHSREIBIHE]. R TIEFIR, 2020,
36(14) : 47-54. doi: 10.11975/j.issn.1002-6819.2020.14.006
Wang Guiyun, Zhang Keqiang, Fu Li, et al. Simulation of the soil nitrate nitrogen migration characteristics of summer maize
fertilized with dairy manure and wastewater using RZWQM2[J]. Transactions of the Chinese Society of Agricultural Engineering

XERHS: 1002-6819(2020)-14-0047-08

http://www.tcsae.org

(Transactions of the CSAE), 2020, 36(14):
10.11975/j.1ssn.1002-6819.2020.14.006

0 5 &

B ARAMN TR AN, EREEEFYK
AR, W EAAERER T ERE S, e [
BRI AT REER Y, N FRAE R 7 R 3 S AR F R
RXFAESEACH) 2N 2R KR X F 2
IR —, GEMARMHZHREE TR, %k
PR RPSAE LA P BN D AR, FREEAE
FKAR FFI FH B 5 3 e = B4, R K i R 38 i 4 /N 27—
HEKRAERG R ERAR, BRI RD,
5T, FRFEAE G BN R AR FH LA R R i,
TS BRI R 1 T KR A AR eI RGN, AT £E DR 1
KRBT AN i 28 R 40 K 1) [R] I BE AT SR AT
TRAR B FE RSCAT ] P 92 P ) e s i

FUAT, AR RRADN Ik PR R A ] B L A0 o A AT AR DL 45
AR S I0 AL, )2 B Tk B T AN E
i, HRIX KT (Root Zone Water Quality Model,
RZWQM) F & 1AM A 8 DL KR S50 R AR, 7

WeR H 1 2020-04-29  AEIT H I 2020-06-11

FEEWH: Al CRID BHFLIT (20150310605 Rt mi AT 4=~
AR A GUHT BBV 5 F BT (ITTCRS2018006)

PE# I Eitn, FENERNEF IR FH SAE RS 5T .
Email: guiyun225@qq.com

MOBEIEE: Abads, [, BIFFALG, RENHEFRR TR JpiE
FTHFF. Email: duhuiying@caas.cn

47-54.
http://www.tcsae.org

(in  Chinese

with  English  abstract) doi :

PREPXN H A IS B 78 o B JR A |, RZWQM2 A
ST DSSAT4.0 #7, RS EUF LA AR 7 R 4,
A T AP A A P 480 3R b v e R g T LU
Fang Z:"2IHF 70 7 RZWQM2 FAL R b [X & /N -F
KEAE RGN SN Li &0 3R Yang 2500
B REAFEKRIEEH S, R, EYEEST
X, WA LHOKEFEH M Ward 21055 SRR T
—RHITEZH ARG Fang U Jiang ZUSAN
Sadhukhan 25U T BRHERL AT T IR AN DSk, RS
T (NO) HEsREE (P Mifikizsh. HErmik,
N RZWQM2 B A= 37 HE K HE R . oK A% H (1
Fubf WARIE, AL X 437 A K WL 1 3E PR A A
HE—PIE .

RIS, N7 S8 U Mok S AR K 51 T % R,
=Pl TR AR K BE X M E P ) B R e fe o b
KW FAH RZWQM2 A% b X 2014—2016 5
TSI E s, A LA KR, SRS E. 1F
Yre AT e AR, HE— 2D X A A R VA AR 52
THE S B REAT AT 3E, A H R IR RS
AR R, N AR KHERE AR H & 20t P A A G 1
X 7K BB FH $E B I R 22 A4
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RIGTET AL B PRAETHIR/K X (115°32'E, 38°56'N)
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HEAT, M X8 T Wi oy 22 KB R Bfi 1 <, P35
1123 °C, £ FHREK 575 mm, SEZR K 8N 1040 mm,
TERE A3 184 do 1Z X HL R ZKAZ 30 m, VRFH-FHZKEEBAL
H o RIGX Ry rb e+, TR AR P AL
WA 1 Fia. W58 IEAK & it R AL B )
IR, EAOKRFERTRE pH AN 7.9, ¥ FHEE
(Chemical Oxygen Demand, COD) >4 2 800 mg/L. =%

(Total Nitrogen, TN) 4 382 mg/L. #A&% (NH, -N)

N 244 mg/L. HAR (NOy-N) N3 mg/L. & (Total
Phosphorus, TP) N 62 mg/L. &% (Total Potassium,

TK) 4203 mg/L. #i (Cu) N 0.51 mg/L. & (Zn) N
1.08 mg/L+ % (Cr) N 1.49 ug/L. & (Pb) N 44.23 ug/L.
4 (Cd) M 0.16 ug/L, &5k (Total Mercury, THg) Flis
ffl (Total Arsenic, TAs) Kiii.

* 1 DREAREBUMRFAIAMLER

Table 1 Basic physical and chemical properties and mechanical composition of soils
LI AL HURA &
e Physiochemical properties of soils Mechanical composition/%
Iz
e N g Rk ] A ] - N
Soil BE - pHIE g orgtmi); Saturated FEACH &R BER WER 05 S0002~ <0002
depth/em  Bulk density ~ pH matter hydraulic Field water ~ Field wilting ~ NH4 -N NOs-N o m 0.050 mm  mm
Ng-em®)  value feke") conductivity capacity point Amgkg")  Amgkg) ’
gke J(emh™) J(em®-em™) /(em’-cm™)

0~20 1.3 7.7 1.4 1.449 0.299 0.137 1.0 13.2 24.5 55.6 19.9
>20~40 1.5 8.3 0.7 0.529 0.310 0.140 1.0 2.7 18.5 59.6 219
>40~60 1.5 8.6 0.5 0.721 0.195 0.085 1.1 1.1 325 45.6 21.9
>60~80 1.5 8.6 0.5 0.577 0.265 0.119 1.0 33 30.5 49.6 19.9
>80~100 1.4 8.5 0.5 0.637 0.380 0.176 1.0 3.7 325 51.6 15.9
>100~120 1.4 8.6 0.4 0.498 0.385 0.137 1.0 6.4 38.5 45.6 15.9
>120~140 1.4 8.7 0.4 1.553 0.253 0.080 0.9 3.6 425 41.6 15.9
>140~160 1.4 8.8 0.4 2273 0.226 0.081 0.8 3.8 74.5 15.6 9.9
>160~180 1.3 8.6 0.3 1.968 0.239 0.093 1.2 8.0 48.5 39.6 11.9
>180~200 1.3 8.5 0.3 0.993 0.206 0.081 1.2 10.1 22.5 57.6 19.9

vE: HIAEKEN 0.33 Pa K E &, AN 15 Pa K52

Note: Field water capacity is soil water content at 0.33 Pa, wilting point is soil water content at 15 Pa

1.2 HiERE

WM 2014 4E 6 H—2016 4F 9 H#E47, FLi% 4 Mk
H, CK FaRAHiALALTE ., BSL #R4- K 20%+HiE K
80%AbHE . BSM En 477K 33%+iE7K 67%40HE . BSH
FRPIAEIK 50%+HE 7K 50%40FE . 4 AN AbFRAE K &N
BEB0H8 0. 64, 105, 159 kg/hm?, B (P,Os) A&
BN 0. 241 39, 59 kg/hm?, £ (K,0) A& HIA 0.
40, 67, 101 kg/hm*. JE/K it Fi 30000 Kb s, it )
B8 830 m¥hm?, it =B AR ETT R, R%E 1%
DA SRR 3 RES, /DNXTHA 51 m®, BEHLX ZHE
Hil, BEAS/NX P 1 m R RGBT, /N X (8 1 m
RYAT . T KRN “FB B 9587, FERHE 6 A HR A FEFh,
KA, 9 HIRUGER, WkEe =&, LI
TEFRARBGR GRS, REREH 200 cm, 20 cm H—
2, F 2 mol/L SALAT (KCD 242, WahES o
(FIA-6000+, JbI# RAXERARAFD WE HIBHER
T,
1.3 #RXKEEE (RZWGM2) SHUIMA

R 4] 46 B B B4R B 8 57 AL 55 < 5 B0dE A 0 3
TEECHE . BB O LB EE . HmAiR. |
AR R AR R AR, b R A A
RE., I pHH. WMS/KE, HEFKE., LES
KE L IS B SE VG S & R R
RN S HOR R B H . BT S HOR e B K 4
IR FE W B A58 2R 5 K F] Hanson Z52'AT Cameira
SRR 2 AMBTH BRI AS E  E

[20]

R, RIEHMAFRZERZSE, X BSL 435 BSH 4b#
HEAT B

AHEFH F BIAR X K B R R RZWQM2, (R
A 45 4 DSSAT ( Decision Support System for
Agrotechnology Transfer) 4.0 BHRTEAEY) £ KB T T
BRI R A KB, DSSAT B —AN T8,
EREY SRR LA, HAHL T 2R EY A0
HSE ER AR B SR K . B SRR AR A A K12,
IR 75 565 DSSAT #Ede i IV E VIR 3E1T S 8B 1. 1
2 E B R SR W R ) TP AR R . T AR i 2
A= B ME S STME R WTRE— 2. 51EMIR R TRIRLE
4 # 4t (Crop Environmental Resource Synthesis, CERES)
MRS AR ], 32 B E R e SRR d RO AR ESURI I (E VIR
HRISH . AR TS E oK AR 9587 HILEK SR
HATBIE, HPhE KFEGAE 6 M8, &M HA
IR SIUE TSN ER 2 s .
1.4 IRXKFRIEE (RZWGM2) TN HEHR

B 28 58 UR B PR A2 )€ ZHR AL ) OGBSt
FAH 3 DGRBS, 30l
JRi%Z% (Root Mean Square Error, RMSE). “F-¥J#H Xt
%7 (Mean Relative Error, MRE) FlIAHXti% % (Relative
Error, RE), RMSE Ml MRE [¥{E /)N 32 W A4DUH 5 Sl
ELAR) 22 ey, B R ARLADN 285 SRS HE P 5 . R 24
g MEGUE AR H, 29 RMSE ik 8 5/ME v, MRE
RE BT T 0 BAECER A, Hd MRE &K v 22
T LLIE R 50%, HitHm (1D ~ ).
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2 DSSAT BRIRFEEARK “(BE 958" EKSHIIELR
Table 2 Growth parameter correction results of Zhengdan 958
summer maize in the DSSAT module

BoME  EEE RRE

s ¥
DSSAT B {EVIZAL Default Value  Calibration
Crop parameters of DSSAT module
values ranges values
YA RS
Growth characteristic parameters at 200 150~290 240
seedling stage/(‘C+d )
Ot A WU R R
. o -1 0.8 0.2~0.8 0.6
Photoperiod sensitivity/(d-h ")
IR SR
Characteristic parameters during 615 600~900 720

-1
grouting stage/('C-d )
LVSEONE Y
Maximum number of grains per plant
TETEREN

-1
Potential grouting rate /(mg-d )
o A B 2 2 4

Outlet leaf interval characteristic 38.9

710 500~800 534

9.6 6~12 9.3

35~60 39.29

parameters/(‘C-d_ ! )

1E: DSSAT FRARNBARBER ISR CRF RS, HoA RZWQM2 BRI &
PR,

Note: DSSAT stands for the Decision Support System for Agrotechnology
Transfer, which is a module used in conjunction with the RZWQM?2 model.

RMSE = /153(13—Q,)2 (D
nig

" P-0.
£=9  100% 2)

i=1 i

MRE =l
n

RE =279 100% (3)
K PN Q, 7 A ER | AMEAUAE AT S s n BLAOME EX
SEAE N

2GRS0

2.1 KD EHEESWIE

N BSL AL FE 2014—2016 4F 3 Z5 5 o KPP i AR
SRS 1) - T S K o B AT R SR R e, R
SELERWFE 3 Fin, BSL ACH IR & /K R RUE
S AR A AR R . A5 1-3% K 43 ) RMSE {5 23
0.001 1~0.048 8 cm’/em’ {IAE LK, EARFRILA 154k
K R AR 45 SR BE - S VR FE S N AR 4k s MRE {H A8
k36 Bl R BLIITE 0.46%~20.66% & FRARAL TG A, 68 1
AR S K R LIME S HEPME SR ER L, R —F
1) -3 7K 73 B0 E B A T FH A AR

&3 20142016 £ BSL AR EFEH & LR HIRARLKENHHIRIREFMEIIRITIRE
Table 3 Root Mean Square Error (RMSE) and Mean Relative Error (MRE) values of soil volumetric water content of each soil layer during
BSL treatment calibration from 2014 to 2016

YRR 2 SEAIR R 2
+JRIRE Root Mean Square Error (RMSE)/(cm®-cm™) Mean Relative Error (MRE)/%

Soil depth/em ™, 4 2014 2015 2015 2016 2016 2014 2014 2015 2015 2016 2016
06-10 0922 0612 0924 -06-12 09-26 06-10 =092 06-12 0924  06-12  -09-26

0~20 00045 00396 00122 00034  0.0036 0.0228 2.83 17.23 5.96 1.49 1.86 11.19
>20~40  0.0139 00422 00470 00488  0.0343 0.0124 7.26 16.48 19.45 17.95 15.74 5.6
>40~60  0.0044 00099  0.0400 00281  0.0388 0.047 6 2.12 3.48 15.79 10.34 17.00 19.57
>60~80  0.0089 00134 00307 00443  0.0385 0.005 7 432 446 11.56 15.07 15.76 2.07
>80~100  0.0266  0.0206  0.0449 00066  0.0372 0.006 0 12.25 6.71 16.04 227 15.04 2.14
>100~120 00141 00195 00055  0.0391  0.0484 0.001 1 7.94 7.40 2.4 15.13 20.66 0.46
>120~140  0.0050 00233 00210  0.0240  0.0290 0.0114 2.94 8.91 9.12 9.14 12.78 547
>140~160  0.0073 00425 00157 00390  0.0414 0.044 8 3.43 15.74 5.86 1521 16.24 18.03
>160~180  0.0213 00183 00012 00065  0.0376 0.0178 8.33 6.93 0.52 2.50 15.27 7.20
>180~200 0.0451  0.0388 00140 00155  0.0325 0.047 1 16.99 14.00 5.65 526 13.07 18.24

FIFH 22 J5 1 L3R BB K F 24, BE BSM 4b
A BSH AL P 2014—2016 4 5 K K P AT J5 % 2 135
RFAE KE, S R 1 R, Bk ERHE S5 s
MHE A AME, RN 0~120 cm + )2 /) A
FAKEAAN>120 cm PLFRERZET3E, 120em LR+
HARF S K F s e g . AR AR RNRE 2 i 1%
FUE K ) RMSE 8 B A28 10 J5 E BSM AL F Ky
0.004 8 ~ 0.066 6 cm’*/cm’®, BSH 4t ¥ 5 0.000 6 ~
0.070 7 cm’/cm’; MRE {8 S A28 L5 H BSM AbFE N
1.93%~21.44%, BSH 4¥4 0.21%~20.46%; RE fH
SR VEE BSM 4 #AH-0.18%~0.26%, BSH 4b#
H=0.14%~0.26%; A4 i B A5 7Y e % A 4L+ 35 A

FKRARA, N 25 NS R E MBS IE SR (L mT A 1
BEARA S K R H L
2.2 THEBEESEESRERESWIE

TEIK 3 3 I J At kAT BRI SR SRR E
IR, BT AT R IR e it f2F, BSL AbEEf
HEAME S STME R AR R, BIETFEN 1=0.946 0x-
0.082 2 (P<0.05) , R*¥0.971 8, FHIFRMEALKIGEH T
TR AR S B S S B A e . JE HaE K 4
FE i, 2014—2016 4 BSL AbHFHIEMSE S EN
RMSE Z84L 5 9 0.001 1~0.743 3 cm*/em®, MRE 484Y,
TaHA 0.26%~18.27%, UiH] BSL AbBE & 1 JZ i) 354
AR BRI LA ELER,
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7E: BSM. BSH 733435 E7K 33%+E 7K 67%4HE . 37 E/K 50%+E 7K S0%ALEE ., RIE .

Note: BSM and BSH indicate cattle farm wastewater 33%+clear water 67% treatment, and cattle farm wastewater 50%-+clear water 50% treatment, respectively. The

same below.

Fig.1
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2014—2016 4 BSM #= BSH 432 +3Z (kAR /K R IE

Verification of soil volumetric water content in BSM and BSH treatments from 2014 to 2016

T4 2014—2016 F BSL LERFLEHE L EHSESENHHRIREMFIEINIRE
Table 4 Root Mean Square Error (RMSE) and Mean Relative Error (MRE) values of soil nitrate content of each soil layer during BSL
treatment calibration from 2014 to 2016

75 iR 22 BRI  IR 2
+ 2R Root Mean Square Error (RMSE)/(mg~kg']) Mean Relative Error (MRE)/%

Soil depth/em 54 2014 2015 2015 2016 2016 2014 2014 2015 2015 2016 2016
-06-10 -09-22 -06-12 -09-24 -06-12 -09-26 -06-10 -09-22 -06-12 -09-24 -06-12 -09-26

0~20 0.744 3 0.109 6 0.1671  0.1005 04509  0.7200 7.74 1.95 1.41 1.64 6.94 8.64

>20~40 0.507 8 0.107 6 0.1935  0.1618 02426 02222 10.56 6.00 3.28 13.91 13.16 8.81

>40~60 0.120 3 0.0222 00351 00773 01032  0.0065 9.11 425 1.72 18.27 735 0.72
>60~80 0.096 1 0.025 8 00177 00055 00239  0.1832 8.76 1.69 1.03 1.45 233 15.49

>80~100  0.009 7 0.060 0 00692 00011 0090  0.0666 0.64 7.89 3.34 0.26 10.71 4.87

>100~120  0.1050 0.044 1 00895  0.0027 00203  0.0366 6.54 8.10 428 0.70 2.82 1.99
>120~140  0.0313 0.060 3 00918 00157 01571  0.0566 1.81 9.12 4.61 6.13 13.58 3.64
>140~160  0.0149 0.024 1 0.0863 00019 02077 02332 0.87 3.33 4.57 0.87 17.20 13.46

>160~180  0.1374 0.033 0 00460  0.0059 00617  0.0467 8.82 3.96 2.49 1.77 5.81 2.83

>180~200  0.0862 0.018 4 0.0462  0.0062  0.0826  0.0499 331 2.40 1.97 1.25 9.01 2.85

MY BSL AR A A S B AFRE, Wik BSM
AEFEAN BSH ALFE R 2014—2016 4E %2 H IR SRS &,
RS R IE 2 Fron, BHME S S E A B E
I, AN RN FE b R 1 A S &) RMSE A&
AL BSM AR HE A 0.000 8~0.521 4 mg/kg, BSH 4k

H14 0.016 3~2.617 3 mg/kg; MRE {H AR Fl BSM
PR 0.03%~18.47%, BSH 4LFE A 0.27%~18.58%:;

RE {H.2 205 BSM 43 8-0.12%~0.23%, BSH
P N-0.15%~0.23%; &k b BSM b3S i{E 135 Al
AEULT BSH 403, BULs R T BSH 3. FAh 1%
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B2 2014—2016 4 BSM #= BSH & 2 +3Z2 A R4 HiE
Fig.2 Verification of soil nitrate nitrogen content in BSM and BSH treatments from 2014 to 2016

2.3 EREERMERDT

Ty N K Tt P s 1 8 0 T e 285 2 70 AT Bt i 2 U PO A

T T AR - AR B K SRR A S MR IE,
WEAEMAEK S, WE TR BT %8 MRHE. & S
N 2014—2016 FE TR/ & MBHE 550 iME, &b
PR (R B 5 SEM /e A B R ZE T Y, 75/ RMSE
B CK AbHE AR FBITE 216.77~894.80 kg/hm*, BSL 4k

HRAS Lk FIAE 235.59~572.30 kg/hm®. BSM AbHIARLTE
Bl fE 168.90 ~523.08 kg/hm®. BSH Ab 3 25 1k 70 [ 7
124.21~911.09 kg/hm®, FT47 kb3 ¥ MRE {8284k 7 Bl 7E
0.02%~0.21%, RE {E21kTEHE #£-0.18%~0.04%, %
H T KAERKSHUR I 7 BB 45 R SRR n] DAE & 7
T2 FE B A= 37 AR /K F T 5 B AR H

=5 20142016 ERRIRE EKZEEIUL RELE:

Table 5 Comparison of summer maize yield simulation results under different treatments from 2014 to 2016

SHME L EN(ES
A Measured values/(kg-hm™?) Simulated values/(kg-hm™?)
Year CK BSL BSM BSH CK BSL BSM BSH
2014 5315.70+310.46 7 335.90+315.47 9 102.60+243.55 9 828.00+328.23 5538.21 7038.00  9625.68 9703.79
2015 4165.20£331.20 6 719.70+£406.27 9 438.00+£387.08 9 629.10+£388.98 5060.15 7292.03 9037.61 10 041.09
2016 3708.90£71.17 5670.60£161.18 8451.30+£344.73 9 016.80£365.60 3925.67 5435.01 8282.40 9927.89

T RN ENMEIIEARAER; CK. BSL. BSM. BSH 73 A AANGEARALEE . ZFIHEK 20%+HE7K 80%ALHE . 437K 33%+HE K 67%4HE . “FIZHEK 50%+

TEK 50%40H . T,

Note: + indicates the mean of measured values * standard error; CK, BSL, BSM and BSH indicate that no fertilization treatment, cattle farm manure and wastewater
20%+clear water 80% treatment, cattle farm manure and wastewater 33%+clear water 67% treatment, and cattle farm manure and wastewater 50%+clear water 50%

treatment, respectively. The

same below.
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2.4 THIEBEESEIMNAREIES TN

gE LR HIAIE, BTN RIREE 2RI IR K i B oK
A H IS EOMVE AL, S5 R WK 6 P, A EEAY
AEMEBAREE RMSE A7 7108 118 1.60. 2.24 Fl
3.81 mg/L; MRE {EZEFl CK ALEE )Y 9.59%~18.84%.
BSL Ab31 4 5.76%~18.36% - BSM 4L F 4 5.57%~17.32%-
BSH Ab#K 3.94%~18.99%, HAAALIEEN 3.94%~

18.99%, RE ZZ{LIERIA-0.16%~0.16%, ifi#H RZWQM2
FERY AT AN 2014—2016 4= F KA H 200 em JRFE 135800
A BT L AR o TS TR TR P B IE 7K S50t N B
WA AR, MWEHUE S SCIME XS EEE H CK AR FEAE
200 cm VAR FE T IBRAHAS EIRIE R BEAR T HoAth AR FE . 3@ i %
2017 FEAHAS IV BOAR B (TN T UGt K 75
REZKAS 2 38R 2 A A B A B

R6 20142016 FE ERFWSEMBRREFES TWER 2017 FUNIE
Table 6 Simulated and measured values of nitrate nitrogen leaching solution concentration in the summer maize season from 2014 to 2016
and the predicted values in 2017

SHE BME AR R

H 1 Measured values/(mg-L™") Simulated values/(mg-L™) Mean Relative Error (MRE)/%

Date CK BSL BSM BSH CK BSL BSM BSH CK BSL BSM BSH
2014-09-20 8.92+1.38 13.19+2.48 19.69+3.19 25.74+3.69 9.78 14.30 16.97 29.15 9.59 8.45 13.81 13.26
2015-09-22 8.5410.31 11.70+3.34 14.86+1.49 20.67£1.54 9.83 12.37 15.68 24.62 15.11 5.76 5.57 18.99
2016-09-28 7.17+1.12 9.88+0.84 13.18+2.17 18.62£3.07 10.92 10.67 17.83 20.89 18.84 18.36  17.32 3.94
2017-09-26 10.09 11.69 15.76 17.89

3 W ® FHE BT IRFRHIEKED, SRR EDRIX,

3.1 HIFBEKHE A B E KK BAERAEHIAYIE A
HHT, RZWQM A 7 FEAN [F) 1 X Ak s B A
P+ HEK B Bh 1% A KR = B RE 0, R
REAK AR H R 75 B B B i N R, TE ARSI =
FTHE T PR TS A, R B A B K 1
ST A A A Kt P 94 e — N B AR e Y. AT
FURRILL IR 45 JR 2 3R I % )2 IR S /K ) RMSE 1
MRE {873 HI7E 0.000 6~0.070 7 cm’/cm’® A1 0.21%~
21.44%2 A2 4, & LEHAZN RMSE Al MRE fH7E
0.000 8~2.617 3 mg/kg 1 0.03%~18.58% [Al A4k, I
W B EREUSCR LT L2, AT RE R LAY B i
10 3 FL R R D BRIEL 1T ST Y, BN R d A
AR NBIIFE . G2 FEIE R ED = BRI A A
TWRIR VR E 1A AL, 1) RZWQM2 AR K Btk e T br
KU BT FIARUROR . Rk, RZWQM2 1] LGN
TEFP IR 454 N 28 3 M K it A A A6 ~F TR B K 1 B 40U
T, I IR AR K R A HR
3.2 1EREHIFIZAKER X T IERE KRN
A EE — P &, kB sl ) 145
I A NI, AR SR S T, AR 2R S DR bk i 4%
RPN R A R 25 T RE S N URT X S S U T
KiGHe, R EEI X, IMNFECIRER B KAES
W HL R K E AR KR R ROR, TS ZU R & 5 K
BEEEMKK R, Mckague 25052 F RZWQM HE AT
ity 20 L it P 2 A0 it P BT ) 6 R KR X b R 7K P R R 3
TR IR, 3R AR Y RS A HULAN [R] X S (s Ak H
EEL, RS AR 2 (A AR AT % (9 () B A T AT 1) AR
B T ikt A A E A LR I, B Rk
37 B KA 338 m AR 2 SR T 2 I it 2 O 488 o v 4
T 33K 455 4 S il S P o A TR O (O T 4 R — 5. A T
AEHABAPHE RS (EDRTL AR E R R R T8
T AR T Ltk R B AL KB, E RSB TR AEK S,
AR B A2, AWl s A

RHRE TEPAABRZ SR, DU IR [
HER, RGBSR L PR LR, -
B S R A R RS AN A (A AR ek, AR L
PR E, EE KNS MRIX - EREINB N
PRI HEDY, DRI 7 R AR A R 2 Uk - S 25 M v
FRIAB LRI U 45 24 1 LA DL AT

4 £ ip

X RZWQM2 BT SR %, X 2014—2016
3 FEER SRR, MEREGEULEYT &
ITZEMIGUE, JUE4 R BRI & T2 LIRARE KR
Rt 5 HR % Z (Root Mean Square Error, RMSE) H1°F-13
FHATiR 2 (Mean Relative Error, MRE){H 43 BII4E 0.000 6~
0.070 7 cm’/em® F1 0.21%~21.44%2 [A1354k, + 2R
f) RMSE Al MRE {E7F 0.000 8~2.617 3 mg/kg A1 0.03%~
18.58% 2 [A) A8 4k, ARALh ) 385 /K 6 5 505 3 T 20 A
AGIMEAFE . BB RE I, BT BRI
Bk, RE TP AERZ AR, Bidxf 200 cm
- )2 A S RO BB T 32— 25 U B B TR
B, AR DX IR A A A5 SUE TR 0 1 J2 Bl it 2 2 110 186 o T 384
e ZR5 75 A= 2 AKIER FRE L, IE B
3K S TR R B AG I TAT 1, AR ik
FEAIA AR K B AR BN AR R FE A K .

(& £ X #]

(11 B%EE, Ea5, S, & AR S HE
HEEED]. HERLEZE, 2016, 49(2): 339-347.
Yang Junxiang, Wang Heliang, Jiao Hongchao, et al. Stock
capacity in different cropping systems[J]. Scientia
Agricultura Sinica, 2016, 49(2): 339-347. (in Chinese with
English abstract)

2] Emest, B0 ZREHEKMRD). B3k, 2017,
54(2): 281-296.

Ju Xiaotang, Gu Baojing. Indexes of nitrogen management[J].
Acta Pedologica Sinica, 2017, 54(2): 281-296. (in Chinese
with English abstract)
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Simulation of the soil nitrate nitrogen migration characteristics of summer
maize fertilized with dairy manure and wastewater using RZWQM?2

Wang Guiyun', Zhang Kegiang®, Fu Li*, Dou Guofang?, Zhang Jisheng?, Du Huiying*
(1. Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Animal Husbandry
Development Service Center of Tianjin Binhai New Area, Tianjin 300450, China; 3. Tianjin Jialihe Livestock Group Co., Ltd., Tianjin 301803,
China)

Abstract: The continuous improvement of the intensive breeding of livestock and poultry had resulted in a large amount of
livestock waste, which caused seriously affected the sustainable development of animal husbandry. The ecological model of
farmland reuse after anaerobic treatment of breeding waste has been widely used. Wastewater application increased the
cumulative nitrogen utilization rate of the winter wheat-summer corn rotation system and reduced the accumulation of nitrogen
in the soil; on the other hand, excessive irrigation of farming manure and wastewater increased the intensity of nitrogen
leaching losses in the farmland, and nitrate nitrogen leaching affected groundwater and human health. As a result, how to
protect groundwater quality and reduce nitrate nitrogen leaching loss while rationally using farming fertilizer and water
farmland had become a hot issue for domestic and foreign scholars. This study took summer corn in Xushui District of Hebei
Province as the research object, using the RZWQM?2 model to verify the feasibility of irrigating the corn on the farmland with
dairy effluents, and uses the data from 2014 to 2016 corn to verify the model parameters. The verification results showed that
the RMSE values of the water content of each soil layer vary from 0.000 6 cm’/cm’ to 0.070 7 cm*/cm’® and the MRE values
from 0.21% to 21.44%, and the RMSE values of the soil layer nitrate-nitrogen from 0.000 8 mg/kg to 2.617 3 mg/kg and the
MRE values from 0.03% to 18.58%. The results showed that the RZWQM?2 model after calibration and verification can be
used to simulate the dynamic changes of soil water, nitrogen and crop yields under the application of dairy effluents on
summer corn planting in the North China Plain. The utilization rate and verification model carried out the verification and
prediction of nitrate nitrogen leaching, which showed that the application of dairy effluents mainly occurred in the 0-120 cm
soil layer, and the leaching amount of the deep layer increased with the increase of nitrogen application. It can be seen from the
simulation results that due to the concentration of pre-season rainfall in corn, there is more nitrate nitrogen in the deep soil. The
simulation and prediction of nitrate-nitrogen leaching in the 200 cm soil layer further illustrated that the leaching of the root
zone over time nitrate nitrogen in deep soil layers increased with increasing nitrogen application rate. The results showed that
the RZWQM2 model can be better applied to farms for applying dairy effluents, and provided a more suitable method for
predicting and evaluating the appropriate amount of dairy effluents brought into the soil. But in essence, for a model, it was
difficult to reproduce the soil layer in the multiple root zone of summer maize. Therefore, the simulation study of the
nitrate-nitrogen leaching in the deep soil of the crop should be combined with the specific local conditions. Comprehensive
consideration of crop yield and water and fertilizer utilization proves the feasibility of the model for the assessment of soil
nitrogen loss after irrigation of cattle farm fertilizer and water, and it was concluded that the replacement of fertilizer with
medium-concentration cattle farm fertilizer and water in farmland is more conducive to crop growth.

Keywords: irrigation; wastewater; nitrogen; dairy; summer maize; RZWQM2 model
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