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Simulation and Analysis of Nitrate Leaching and Water and Nitrogen Use Efficiencies in Farmland Under

Organic and Mineral Fertilizer Management Practices

LIANG Hao, HU Ke-lin", LI Bao—guo

(Department of Soil and Water Sciences, China Agricultural University, Key Laboratory of Arable Land Conservation in North China, Ministry
of Agriculture, Beijing 100193, China)

Abstract: The objectives of this study were to quantify water and nitrogen use efficiencies( WUE, NUE) and N balance in farmland under
different fertilizer management practices, and to recommend optimal fertilizer management practice. Based on six year( 1992—1998) field
experimental dataset under different fertilizer management practices( traditional mineral fertilizer, T1; organic manure, T2; combined organic
manure and mineral fertilizer, T3), the WHCNS(Soil Water Heat Carbon and Nitrogen Simulation ) model was calibrated and validated, and
then was used to simulate the crop yield, nitrate leaching, WUE, NUE and N balance under different fertilizer management practices. Re—
sults showed that the amount of total drainage of three treatments during six years was as high as 1230 mm, accounting for 35%~38% of the
total rainfall (no irrigation ). The WUEs for three treatments were in order of T3>T1>T2, which was in consistent with the crop yields. The T3
treatment had the highest yield, while the T2 was the lowest. The main fates of N in the farmland were crop uptake and nitrate leaching. Ni—
trate leaching in the T1 treatment was the highest, amounting to 33.6% of total fertilizer inputs, whereas the lowest in T3, which was about
23.5% of total N applied. The NUEs was in the following order: T3>T2>T1. Compared to the initial soil mineral N, soil N after six—year cul—
tivation was reduced by 144 kg N*hm™ in T1, while the reduction was only 55 kg N*hm™ and 79 kg N-hm™ in T2 and T3. The present find—
ings indicate that combination of organic manure and mineral fertilizer is the best management practice, which not only reduces nitrate
leaching, but also enhances WUE and NUE and maintains soil N balance.

Keywords: fertilizer management practices; soil—crop system model; nitrate leaching; water and nitrogen use efficiencies; water and nitrogen

balance
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Table 1 Physical and hydraulic properties of experimental soil

+)Zem  HE/grem DL % Orfem**cm™  fs/em’*em™  a/em™ n KJem*d™
ki b iy Fki
0~30 1.45 85 9 6 Heinb 1 0.027 0.385 0.021 2.013 92
30~100 1.5 90 5 5 0.027 0.319 0.027 2379 162
100~110 1.55 81 6 13 Wb+ 0.065 0.385 0.028 2.147 30
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Table 2 Parameters of soil organic matter transformation

ksom SOM 1 43 fif B4/ d 2.70E-6
K som SOM2 JE43 fif i 2/ 1.40E-4
K o AOMI PRS2 /d! 0.025
K sonz AOM2 JES e /d! 0.1
Ao BOM1 FET 3% /d 1.85E-4
d'sonn BOM2 SET #Z/d! 0.01
m o BOM 1 FEGEHFATIH /0! 1.80E-3
m’ov BOM2 RAEHFIFIRH %/ 0.01
e SOM2 FEE] SOM1 PRI A Iie R EL(-) 0.1
frow sovz BOMI1 % SOM2 PR 43Tt Z 44 (-) 0.6
fhow sone BOM2 JE# SOM2 JER 4Bl R4 (-) 0.6
fAomsom AOM1 JEF] BOM1 RSB Z H(-) 0.5
Faowmt_sowe AOM1 FES] BOM2 FEM it R4 (-) 0.5
[C/N o SOMI1 JERRA L (<) 10
[C/N]some SOM2 FERRE L (-) 12
[C/Nsou BOM1 1 BOM2 FEfRA L (-) 6.7
[C/NTsow AOMI1 JERMAE H(-) 100
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Table 3 Crop parameters used in WHCNS model

B

A ik s &Nk AR &k

Thase VEMVERKFTERAGRE C 0 0 0 0
Tsum R 3 AR °C 2100 2110 2000 1800
Ke LR 0.6 0.6 0.6 044
K_ini HIHITEY R 2L 0.6 0.6 0.6 0.6
K_mid TR 2L 135 135 135 135
K_end JFIATE) Z 5L 0.6 0.6 0.6 0.6
SLA_max AR I /m? kg™ 28 22 25 22
SLA_min  f/NEH A /m? - kg™ 18 14 18 15
AMAX s RFEEZE/kg - hm?h 45 55 45 45
F R /em 110 110 110 110

R_max
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Figure 1 Comparison of simulated and measured soil water content at different depths in T1
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Figure 2 Comparison of simulated and measured soil nitrate N concentrations at different depths in T1
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Figure 3 Comparison of simulated and measured soil water storage , soil nitrate N content, dry matter and crop N uptake in T1
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N

EARAE 100~150 mm ZE47 o T4, —AE R Z=AEY)
7K oy & 1l B B 5 T RRI— =B - MoK oAl
KT ,1994.1998 445 Ab PR F B B B A9 K435
il AR 7K A3 FEAAL F R AR . 1994 4F 3 4>
A PR 7K 43 5 i 2 25 mm, 1998 -5 52 77 mm.



1322 RAMERF 2R T
R 4 WHCNS BHIE 110 eom LEFEKS TFE(1992 F 9 B—1998 £ 7 A)

Table 4 Annual water balance in 110 ¢m soil profile simulated by WHCNS model for three treatments(Sep. 1992 to Jul. 1998)
A3 Gy &7 RERR /mm ZE B /mm I fmm B/mm P /mm 7 kg hm™ WUE"kg*m™

T1 1992 or 137.5 55.0 0.0 98.4 -15.9 — -

1993 or,sh,ww 625.2 329.9 0.6 266.8 27.9 8455 2.56

1994 ww,wb 713.4 392.9 0.1 346.1 -25.7 7390 1.88

1995 wh,wr 502.4 354.4 0.0 152.5 -4.5 7321 2.07

1996 or 486.0 350.8 0.7 132.3 2.3 598 0.17

1997 sh,ww 541.2 406.9 2.0 125.4 6.9 12 869 3.16

1998 wW 370.5 318.3 0.0 130.1 -77.9 — —

b3 3376 2 208.2 34 1251.6 -86.9 36 633 1.66

T2 1992 or 137.5 54.5 0.0 65.7 17.3 — —

1993 or,sbh,ww 625.2 324.7 0.6 261.8 38.1 9467 2.92

1994 ww,wh 713.4 395.5 0.1 343.6 -25.8 4544 1.15

1995 wh,wr 502.4 366.6 0.0 151.0 -15.2 4734 1.29

1996 or 486.0 357.2 0.7 124.3 3.7 489 0.14

1997 sh, ww 541.2 398.2 2.1 119.9 21.1 11 762 2.95

1998 ww 370.5 317.8 0.0 130.5 -77.8 — —

H{EY 3376.2 22145 3.5 1 196.8 -38.5 30 996 1.40

T3 1992 or 137.5 56.0 0.0 115.1 -33.6 — —

1993 or,sh,ww 625.2 315.1 0.6 278.8 30.8 15 427 4.90

1994 ww,wh 713.4 393.9 0.1 345.5 -26.1 7568 1.92

1995 wh,wr 502.4 359.2 0.0 147.5 -4.3 8953 2.49

1996 or 486.0 350.2 0.7 132.7 2.5 658 0.19

1997 sh,ww 541.2 381.5 2.0 132.5 25.2 12 417 3.25

1998 ww 370.5 316.4 0.0 130.3 -76.2 — —

CA 33762 21723 3.4 12824 -81.8 45 023 2.07

01992 4F45 9 H 2 H—12 H 31 H,1998 445 1 A 1 H—7 H 27 H ;* KA FHECEE(WUE ) =7 /78 ; or FERARNAEY) 5 sb 18 EHZE 5 ww

RAFRA/N swh BT s wr (R . T

BT 1998 AEFIHE IIEY R A /INEE A /N2 e —
FPFEAPEAR SR (I VED) , AR F KPR FE, K
IRV EIAR 2R ORN - T8 KB T (FEAL 318 mm )
VEY) PR T3>T1>T2, T1.T2 Fl T3 ZbHfg 7K
A RIHRCR R 1.66.1.40.2.07 kg m™, 1EY)- i
()26 5 S BOK AR I 225
23 TEREERARAEFANE

e 5 BRI 3 b PR AR AR 2l K
REFIFHECE  BHER R R ORI T R - G AL
JEI AL, AR 2 R EUEEY RSO R R
MFE 5 UL, 3 AR A 2 S L I g, Jh
A HUEAL PR R, 5% 820 kg N-hm??,
MALNE AL B 5™t i d5e /N, b 452 kg N hm 2, A L
NE B ABE R T 3R L. T1 A1 T3 A BRA 2L
PER KT T2 4b B, SO il g i ok
(R R ML) MARHED, H5IERSRIER
6% A, MBI IR R K L %, T1 . T2 A1 T3

b PR R R IR BB 430 241,247 250 kg N+hm™2,
Horb 71 AE SRR R R K (R 6), KB A S Y
33.6% ,T3 Ab PR bk P R B 1K, H i BUIE B &
23.5%. BUNRREMGE, BEEVEY) - iR T3 403
REF AR I 1) F 2R i85 37.8 kg-kg™'; Tl
T2 AL PR R R A IR 35 28.2.35.4 kg ke o

1992—1997 4E (] T HER R IEALRER Ay, 5 6k
FERAELE 1998 4F . IXJEH T 1992 4EHI 1996 4F-4B
Pl SE IR VED) , SE IR VEDDIA S 3 T H R R
b, M T R E AN AN L 7R IR EY i 4
1 R R AR I B, R, LR 5
AR A R AR B 5 5%, T 1997
AR5 TR P R VR IR R0 3R R
W 3 R R i TR .

3 iTig

TR ZE SRR WK 3 T AE T 12 2R 2%
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R 5 WHCNS &89 110 om L HBERFEFEH(192F 9 A—1998F7 A)
Table 5 Annual nitrogen balance in 110c¢m soil profile simulated by WHCNS model for three treatments(Sep. 1992 to Jul. 1998 )

bise Ay YER) By HAe Jdk ARt Wil ki -1y 7 kg hm™ NUE “/kg kg
Tl 1992 or 0(0) 21.0 0.4 0.2 233 2.5 -5.4 —
1993 or,sh,ww  80(0) 164.6 125 12 1547 462 29.9 8455 39.4
1994 ww ,wh 140(0) 1112 4.2 2.6 204.8 51.3 -11.6 7390 28.1
1995 wh,wr 145(0) 223 5.1 2.3 1525 240 -16.6 7321 39.8
1996 or 160(0) 473 5.3 2.1 157.3 272 15.4 598 3.1
1997 sh,ww 130(0) 929 7.4 2.8 2497 557 92,6 12 869 40.8
1998 ww 50(0) -7.0 0.6 1.0 69.5 345 -62.7 —
H{IES 705(0) 4523 355 123 1011.8 2414  -143.6 36 633 28.2
T2 1992 or 0(198) 65.2 1.4 0.3 31.7 8.6 232 —
1993 or,sh,ww  0(66) 272.0 6.0 2.5 170.1 716 21.9 9467 37.8
1994 ww,wh 0(60) 164.9 1.8 2.7 727 59.8 27.9 4544 332
1995 whwr 0(37) 54.0 0.9 2.1 764 347 -60.1 4734 41.5
1996 or 0(262) 9.5 13 1.8 68.9 9.2 11.3 489 6.0
1997 sh,ww 0(66) 171.8 3.4 4.1 146.7  33.0 -15.4 11 762 62.8
1998 ww 0(42) 0.2 0.0 1.2 31.7 31.0 —-63.7 —
A 0(731)  820.7 14.9 148 5981 2478 -55.0 30 996 35.4
T3 1992 or 0(198) 20.3 0.6 0.2 25.6 8.6 -14.8 —
1993 or,sh,ww  80(66) 2182 17.5 1.8 1846 677 26.6 15 427 56.8
1994 ww, wh 90(0) 114.5 2.9 1.8 141.6 460 12.1 7568 39.4
1995 wh.wr 95(0) 44.8 32 1.9 1295 243 -19.1 8953 56.3
1996 or 115(198) 539 4.8 2.1 1454 157 0.8 658 3.9
1997 sh,ww  110(66)  138.7 11.1 2.9 2015 502 -17.0 12 417 46.7
1998 ww 35(0) -5.0 0.4 1.1 583 380 -67.8 —
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Table 6 Summary of water and nitrogen balance in 110 cm—soil
profile simulated by WHCNS model for three treatments
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