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Nitrogen balance in the farmland system based on water balance in Hetao

irrigation district ,Inner Mongolia

DU Jun'?,YANG Peiling""* ,LI Yunkai' ,REN Shumei', WANG Yongzhong®, LI Xianyue', LIN Yan’
1 College of Water Conservancy and Civil Engineering, China Agricultural University, Betjing 100081, China

2 Bureau of Ningxia Farm ,Yinchuan 750001, China

3 Hetao Irrigation District Tabu Channel Administration , Qiangi 015000, China

Abstract: The influence of human activity on the nutrition circulation has essentially changed ecosystem processes, and
chemical fertilizers and nitrogen-fixing plants further enhanced the nitrogen flux in agricultural ecosystem. When the input
of nitrogen exceeds the crop assimilation capacity, surplus nitrogen in the farmland system will lead to the increase of nitrate
leaching, ammonia volatilize and denitrification, and result in negative influence on the environment. The amount of
absorbed N by the crop is from 26% to 36% in farmland system, and the most of the surplus N is lost by the NH,
volatilization and denitrification, and some of the surplus N leached into groundwater. Hetao irrigation district ( HID) is one
of the three large-scale irrigation districts in China, the fertilizers amount used in the farmland of HID is increasing during
the past ten years. This paper conducted a case study on the transport and balance of nitrogen in the farmland system based
on water balance in Hetao Irrigation District ( HID ), Inner Mongolia. The cycle process of nitrogen and water in the
farmland system was analyzed and a coupled model of the nitrogen and water balance was set up, by which the nitrogen
transport rule in the farmland system was analyized.

The results showed that the coupled model could reflect the relationship between water and N in farmland system by

application of water-balance and N balance. The model not only reflected the migration paths of N in the farmland system,
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but also explained which could effectively increase the utilization of the fertilizers and which could reduce agricultural non-
point pollution contribution. It could reduce the production of the agricultural non-point pollution by increasing the amount
of straw returning, and it could reduce the output amount of N in farmland system by reducing the fertilizer amount.

In autumn-irrigation period, the uptake rate of corn, tomato and sunflower is 17% , 18% and 32% respectively, and
the soil residual rate is 57% , 60% and 58% respectively. In this period, the amount of N from the irrigation water is 12. 1
thousand t, and the N discharge amount is 840 t. According to the fertilizer amount of 0. 6 million t in year, the amount of
soil residual of N is 0. 17 million t. Because the fertilizer amount is higher and its utilization is lower, although the
irrigation and drainage water amount is diseasing in the resent 10 years, the amount of N discharged into Wuliangsuhai Lake
remains at about 330 t/a. So the effect of the agricultural irrigation non-point pollution of HID on the eutrophication of

Wuliangsuhai Lake was significant.

Key Words: Hetao irigation district; farmland system; nitrogen-balance ; water-balance
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Table 1 Crop area and fertilization amount

SR N0 Bt

. . Hok A
e . . . .. . N amount in
Crop Area N fertilizer ~ Uptake ratio Residue ratio volatilization release Draining ratio
. groundwater
ratio ratio
FE4E Sun flower 290 91935 32 56 25 0.96 0.29 0.02
FE K Maize 77 29920 17 52 29 0.97 0.24 0.02
&9 Tomato 26 8250 18 60 20 0.96 0.29 0.02
55 Wasteland 43 0 0 0 0 0
FHIE Town 39 0 0 0 0 0
A1/ P Sum/aver 477 130105 22 56 25 1 0.26 2
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—— HRBA W WA —A— BB e SWE

60 A 7H1H 70 — B 8H15H
& 50 - 60 |-
=
E 40| 50
=
g 40 |-
£ 30 1
2 30 |-

20 |-
Eﬂ 20k
Z 10 10 -

0 ' ! | 0 | |

0—20 20—40  40—50 0—20 20—40 40—50

+3%H)E Soil profile/cm

2 FEMPHENEERERRALTVESENE

Fig.2 Simulation and measured volume of N accumulation in soil profile indifferent period
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Fig.3 Variation of groundwater water depth Fig.4 Variation of groundwater table depth and ditch water depth
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K (5) PABATAT HU T 4015 .

N' = ZMJ.C’“. (9)
J
N, =0.101Q,C, (10)
N, =0Q.(1 -ny)C, (11)
7 172 AH/

Ny =€yt A s (=0.21 +0.70L41") - ET, - ) (12)
Ny, =0.25N, (13)

Ny,0 =0.01N, (14)

Ko, €', RR LRI BOR N R HWKRIE (me/ke) ; j HE2H S 0 2 BB €, HARFLZE N ZAEm
Be NP EIE (mg/kg) 5 €, BFBEPIAEE KR N R E (mg/L) 5 €, BFBINTRIZH T KH N ZHE (mg/
L) 5 A AR MO RUR B W R B 0. 8 5 LAT VR I BUERL; ET, it Be AR (e s K 5 A9, B>+
JEH I E KA A0 T LRI R S K R SRR

AT (1) —(14) BRSE, AR T AR G Hh K S~ A A 3 A S AR B

0.C + 2 M, ; + N, + 0.000062N, = iMJ.C’”. +0.101Q,C, + Q,(1 = ny)C, +
j éj)l 12y ET Aaj
A (= 0.21 +0.70LAI") ET, <0 +
0.2N, + 0. 01N, (15)
ARG (15) THA; B[R R VR A ) SRR 5 A DA LS (A, i TFARSCN 7 A 1 H (IR B KA
it AT W A AL ) IR R AR 2R (15) Z M.C,, + N, OB B I h A S i (R 3) .
2 GRE5HH
2.1 HEHWFKPRZENEL
MRKHE(7 A 1 B) BZB4E 4 A4y, BRIZH T AKCERIREE K 150 em, HIRE BT 2 MNIE(EF 2 DNAE (K
3) . KA EY P ST S R R S AR B i B e R 2 R OK T R R AR (R 5) , Bk )R &
JEH R KRR WERA EIF(K5) ,NO;-N HI NH;-N i 0 A BK#ERT (7 A 1 H)0.01 mg/L F11.28 mg/
L FFA-RIFE S 0.33 mg/L F11.88 mg/L(8 H 15 H) ,BiE R R Z M AFEALFIER ZH T /K Z8 A 2 HWRE L
FREBIEKBERTY 0. 12 mg/L Al 1.44 mg/L(10 H 1 H) . #kFEJ5, KEK NOJ-N Bk pE 21 21 R Kb, [A]
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B, B PR AR, 30 TR 2 T /K eV R LB (O B ) e i TR E R
JKH NHG-N 3R (WS A RAE IR T 1k, ) . B, )2 T KPR R R R E s L AHEER K (BT
NO3-N FI NH;-N Ab22 P 5T 1 25 55, 12 T 7K b i 2 e o 6 2 8501 R B RDAS TR] ) | 439314 0. 90 mg/L( 11
H 15 H)M3.75 mg/L(12 J 15 H) . ME 4—E 6 F i, TEK AR T N i B Bl 2 1R 2 1R /KoK RS
U e A K TR K R 2 0K, B R A T2 R /K A0 378 AN - S K A DB K R A R R AT
o, LR TR BRI FIRKBR 5 1933 2 1l T 7K e 2028 o o 40 50 1S e B 7, Bk S T X ™ A Al T
5 S5 ™ A 4

#3 HKBREXKERGZHRREFE kg
Table 3 N balance in the farmland system/kg

4 AT Input item i 3 Output item %2 Error
(=7 Am hEEESE W Wi o X - - M KRS
_ SR THER L B el gy TPEE RKEE L
Crop Irrigated ~ Content . Uptake . 2 NH; Drain N amount in .
. . Deposition Residue N,O0 Absolute Relative
amount in soil amount amount  groundwater
ZE4E Sunflower 3657 96741 6 30750 53253 22984 919 282 2098 -9881 -0.10
F K Maize 976 28362 2 5451 16161 7480 299 75 560 -687 -0.02
i Tomato 327 8761 1 1552 5164 2063 83 25 188 15 0.00
JicHi Wasteland 3636 0 0 6126 0 0 0 0 0 0.00
A7 Sum 4961 133864 8 37753 74578 32526 1301 382 2845 -10553 -0.08

2.2 RHARGAE M08

YEYI A B HRIR 0 25 5 4 S B0 (AR AN 3 b R BA AN TR] . A3 2 o R b v it e i
1o, TR AR A6 A ARG 5 b A 38 o 8 BR LR TROK <ZEAE <, 1T R EL B2 oK ~ e, X b - AR B HL A
W i 22 57, I S B R SRR A B A, LR e A K B o TR R B . IR, & & AT N, O
TR LA X e T, A, B ot S R W ) 77 A ) ARl T U R TS e B

4.0 -

35 = HER
S 3.0 %
£
T 25 g
g 5
S 20 g
o 8
o 1.59 z
& 5
%10 % 04|

&
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0 0 | | I
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H #A Date
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Fig. 6 Variation of N content in ditch water

5 WTAPEREREZL

Fig.5 Variation of N content in groundwater

IR X R (A 2 7 7R B HE— Rk e 31 (B0 XA R 4 P R Wi i ) B oK - 48 8% BE it NH, (N, O 74
T HE MR AR 0 0 o RO AR Y 22% 5T% 25% 1% 0.3% F12% (2, T HEFA R E®E, A0
FEAIE =~100) . 2036 XA FH 2R 48 Hh B B PN 28U B 13 v, E 22 i TAOlAR B At . 80 0 X Hy 8
FIAMITCHLE 4961 kg( 3 3) , {H i BATTASVE X M AF BE —BKBE I 18] 25 | K B 11580070 5 | JE LA i ik
F 1,21 J7 v, MIRTE T DAY T 5T G ) 07 ap 437, K E—RK e B 1], VR Wt A o Bt 2 it 1Y 22% , T
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HE Y 57% SR B AE T A3 rb | A AR K HEHREE X B BN 0. 26% , 45 i BRI 25 3 X Y 4F 24 2 B BT 7K
AN A 840  FUBL B A Tk A VA3 h | B4R I T U 2 QR R U AL 2838 (TR AR A %o 2 AR B Rl
W, THFE TR A, A SRR F AL .

3 itig

3.1 FEXIS YR TR IR

X X AR 2R G R i T, e R AR BE e T A HE T S R R A R R R
YIRS R, A% Rt IR ek 348 T 5 350 T 2R 0 HP 2000 i (4388 s TR TR e R AR VB 18 22 ORAG H R ¢
PRI IIEF IR, WEHE XA YRR R 59 J7 (& BEAEA ORI R0 35% F122.4% ) K KEGE
7 R, DR P BN IR YR INEE 3T 10 a AT KIEREAY SE, AR5 KSR RN 44.5 42 o HETICA
G ZF AR TR KR[N 4.5 2 m? | TS 55400 B RN 330 « 2247, PR B Rl 5 8 e £
R FAE AR AT e B R 30 /K P BB AR IE A NH-NUO | LA /K A URBi A 434 i == 782 J PR
RISV X 22 AT R AR IR A (6 P s R O A R 0 T A AT TN R M K R T K Ak
AR FEIESWRE NH-N, WX — 5 B, T ERE X R w5 gt Fif R R E SR UEE R
FISEIA , ARIE KRG F8 ) H AT AUTS G e AU b DCAE rh B R p T I 7 A48 (i) A n e & i EH Al
AU I LAFE S, 2] 2010 AEBRVCPE  Lpu sk, o E R R AR M AL X 15 N () KA i AR TS B
JRUR: DX 38k 22 ARG S PR 5% o A XA G5 e e St AR XU, (BSR4 34
o ELR RG22 K I AR R B B & AR R VE X A AR N T U5 G IR PR A AN 2%

FETTETE X ROBUG E RS A F LGB 2 30% , KHB 3R A1 4 56 be sl 15 53 76 YA 8 RSic s rh | JEIE 3 Jon
TAYUIE AR Gt B P HRTA LR IR WA SRR S — A EE A ) BT AL AR RExH L%
FUE 5 k5 I R TR BRI BRAT | ol S0 & I A 40T AR R R 40 % [T IR 2 U 1 it FH R 4 b 7548 L
ANERESL i BT, PR FE 43R A HLFR 4, LR T A WL ARUIE R A SRURE 4 T 45 it P 2 A R T 25 [X oA F
B RGRITTE YA EE R,

3.2 SHUE

ia FHAR AR S R GE S0 VA A A T4 R 40 A i s R 280 4 A B — AR B 2 A [ gt 2 2 B Y ik
B0 T BRI R S ECE T 5E , ARBFTIRZ 1R HSCIIE , X — S0 XA SR AT 2% 1 S8, R
FARUES BB, F5 2 B DNDC Bk i S AR R, Hirth R LEARE ERENRHFZAE M
DNDC AR A7 R FHFZE 7, AR BL 20 2 R R 7 ] A 7 e T R ) 22 T 454 T ) s R0 A R e [
%5 100 ZAEE A H A MUR SIS A B e R RV SR SR 4 28 BRI [/ Fioi 7 28R, %R
FAMAA €O, N,O CH, IHEBURFE | £ 38 HLEK 1 AR (LR AE S EA T T K B, Rt B Bl 32 0
5, TR AR PS5 5 — PR 2 AT R AR 9 “ region ™ BB T SR FH “ site ™ BERL 1A tHAE P A 1
W] P SAS R R, AT, A S T X R R G0 R TR TR U I NO, TR T A S e A T
A WA SC RV TAEG SR, TR, 7845 AOAR SR | R 386 i o] 45 0 [X 244 4 il NO Bl 26 i
Y W

KFAEY M T3 29 T (15) HposE 4y 14 S e 405 7K 43 19 56 2R TR FH 2P 40 56 1) AR 35
MR R IR K HE RT3 NOS-N MR EEAG SRR MR, 38 T R S48
4 Zig

(1) A FH 28 G 7K -1t AR RS M [ 107 P 43 DX A P 2R 6 R RCT A8 , AS(SUAE g S Bt H o ol T VR 75
Yoy () FEREAN AR B R G It ], 17 LB 4 ) 100 B R 8 v IS S 00 1) AR b mT LA RIH i 3% o0 R % T e
T A4 S Ak T DAY Al T VS Y ) TR

(2) BRHE—RRBEIAE] , oK Fe A AL AEAE DX B RSCR A: 3N 17% 18% F1 32% , -3 v 5% B8 1t 433l
K 57% 60% F 58% ., ARAEAEFEIXAERGIL 60 J7 ¢ 715, HIEIR A REIAF 17.2 7 v, FERKHE-BR B8 01 ] ML B
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SRR EIRE] 1. 21 J7 v, B PR /K HE A E A5 840 t,

(3) i FHE DR T R GEAF R AL B, TALAE A R EAR . RARIT 10a KFE X Y95 K FIHEK 2980 /0
THOLT  ERHEA 5 BRI I RAT PR RFAE 3300 ZeAy o ARIEGE P 8 14 A AR RIFRE 7 2 MR BB  Dl  , A 258  ik
DR MRS R ARBEA L, [ 0058 FF 8 TS AR 7 BT, KA R el Aol AR 25075 G W i)
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