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Modeling N loss from paddy fields and sensitivity analysis with DNDC Model

ZHAO Zheng'?, WU Shu-hang? ZHOU De-ping? CHU Chang-bin? CAO Lin-kui*

(1.School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China; 2.Eco-environmental Protection Institute of
Shanghai Academy of Agricultural Science, Shanghai 201403, China)

Abstract: N loss from paddy fields lead to agricultural non-point source pollution. Observed data from lysimeter study was used for valida—
tion of DNDC model, and then sensitivity analysis was conducted with DNDC model to evaluate the impact factors that affect N loss from
paddy fields. The results indicated that DNDC model accurately simulated rice yields and N loss from paddy fields under different fertiliza—
tion methods. Fertilization and precipitation are the major factors that affect N loss from paddy field, and showed positive correlation with N
loss. N loss through subsurface leaching negatively correlated with SOC content and soil clay fraction, while positively correlated with soil
nitrate content. According to sensitivity analysis, decreasing of fertilization rate, application of water-saving irrigation and organic manure
could effectively reduce N loss from paddy fields.
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F FE R AR R MR [, AR 8™ A T i SR 435K
o LA 2013 4R, 3 FEUKAS B R 2.05 12 t, 24
i SR I Y 27.5% , 1 KA AR T AR A T SR
FfvAE TR ) 18,5961, [ iy i 7 2 AT 45 Tk

W #5 B #A.2016-06-14

BEEWH : 855 KT E 51 H (2015GA680004 ) ; [ 5¢ 1 AR 2= 3k
4 @ s I H (71333010 ) 5 | i ol BF & B o X i B
(14391901502)

EEE TR 14:(1988—), I3, g KRB, 1 o, RS 05 1) S A FHT A
2%, E-mail ;zhaozheng24@qg.com

* BISESE . WHHZE  E-maitrctk@sjtaedoenr—

A REA R R R, AH DGR A 2 W, 1 T 4t X
R e FH e 24 U Bt £ 294 300 kg N-hm2, 171 k38
DI 1= 7 e FH A b 80K F- ik 350 kg N-hm?#,
Tt s B4 it R K L e A DS AR B R
PR 5 ot S 5 ) 2R it T AN AR ) R
AR FEOGEACEA B R AR — T BERUKAE
WSO 1 R P e B o R RS FH HE /K 25 3 e AN ]
RAR TR B A s, BRI S 1R T — RS TS
YRl o A AR M BE KR R AL 22 5 | F AR 1Y
= E I, R S EOh N KR ER 15 e i) B


mailto:zhaozheng24@qq.com
mailto:clk@sjtu.edu.cn

2406

BN Y £ 3B EFE12H

SR AN IYOK L AR S R, RIE A
H B NEBEA I R 2 790k MR AR AN S
T 1) 75 2 Ak 2R K 3R ., H A, J R —
FRTR AT T e 25 /KA e PR AL, A o P E A, I HL
2k T IITA N Y BAT R SEA LR 2SI RE , TR WA
KB Bk AR TRE . DL, A R TR
IFFE T [l K PRI ) DR 4 R ARl TRT DTS s ) 428 il
PRA T EENE .

UTARR , A= My BRI AR L B RSl A 2
FRGUURIEFAE 2T H. . DNDC A8 a] J LA
VARG E TR Fe A R £ B L m), 2
TR R A S R —
DNDC 52 5 I HCART 5 1) iy A 2 50R0 A O AL 0L 45 2R
B8 Z B AR EZ ARG H, B
A TR YT 7 1 G R L I IR =
PR BOHETC A K L ik fid (28 AL 22, [R]isf, DNDC
AR BAT SR M DI RE , BERE X 52 mi i S A1 i
T A RBURRE DR 3R BEA T IEAR , DT 5 R ) R S 2
] B SCHE DR 3%, ARl AR 7 e R R o O B2 4 B
PSR AU . SAEGRYEF SN SE IR AH LE , B Y
WFFERERS 5 L9 R BRI ) A 0 1, FF S AR
AR AR TR A A . fERTIIORFE R, FAT]
X DNDC A5 rp 557 FH 603 R A G O S B0tk AT 1
BIEAAGHE, B0UE T DNDC A5 RURBHLARS H & K ik
AU SIREM . AWTFTAERT ] R | ik — 256k DNDC £
TR AT HE 2 4 A FH SRR R A T4 Tk () P
H i R DNDC A7 A 0 2o B 2 RE X 52 i e FH
BRI A D K A TP, BT 52 0 et U= It
R RN R I LU R s il Bk A i
FEEE , SR P20 3R 0L R A28 Tl P Ml BRIE A 4 4 it
Rt .

1 MRS

1.1 SEEgutRs
SCE A T BRI, il B,

JE BT K IR AR 2 — o M X A LR RE AR A
X, FhE S LIRS Z 50N 3, AU G
T 2 RS, AR 16.7 °C AR X R TR
1087.3 mm, SEEGATIA] N 2012—2013 A /K G4 H I,
PIAF K R A IR~ ¥ SR 43 518 25.0.26.3 °CL F%
W00k 408,595 mm A5 SR FIN 0 2 037 52 565,
MBTRGEAL T XK 55 Jm A BUKFIHARAET 554
ZMT R G T 1998 47, 3t 16 MBT, Hiik > [[] LA
AR UEIE B T LABK L BEZK A9 BB 3, BN BT IR LA 6 m?
(2 mx3 m) . MHTEEE AR A R - R, Sy 3R
JER 2.5 m, HHE AT N ] (4458 DA S
ANEREE IR B IRK A R AR TR RS . RR
A8 HR K R AL v b DX KRR H FE R S 2
BEAE A 10 em; HH TAIZK /57 B2 0 2 B Y Ak R oK o048
PO BRI B YRR 7~8 cm, JEF ok
SRR o 2 A AR FH L ERAR R HE A (RO . b 3R
G T E, ERFER R B i stHPK R .
WL R B RN 1 Fs TN 3R h
AR IR %) 5 S5 U8 KRS 4, 02 R Sk #E4b
PR 1 iR .

R (R 10om( T
+-Hel ik W 420 cm

50 cm ==K e Bk
80 cm
110 em > AR
150 cm 250 cm
E
BRI 'J S K IR T

B 1nkEREE
Figure 1 The structure view of lysimeter system
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Table 1 Physical and chemical properties for the topsoil at the experimental site

ATy TN/g-kg™* B /mg - kg™ AR Img - kg™ HHLFg-kg? pH 25 dilg-cm™
CK 1.20+0.03 21.36+2.87 38.57+£3.55 28.07+2.33 7.06+0.08 1.34+0.03
CT 1.15+0.05 20.84+3.01 43.55+2.75 25.54+1.78 7.18+0.05 1.29+0.02
MT 1.23+0.03 25.85+2.45 51.32+4.03 23.72+1.65 7.08+0.06 1.23+0.05
oT 1.46+0.02 33.51+1.98 55.81+3.76 31.33+1.08 7.05+0.05 1.22+0.03
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Table 2 Fertilization scheme for different treatments(kg N-hm-2)

JreTaI. Jehe BAE 1 BAE 2
AL JR%E IR%E IR#E
CK 0 0 0 0
cT 0 180 60 60
MT 60 144 48 48
ot 300 0 0 0
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Figure 2 Leaching dynamics from paddy fields

BRI, FRATA BT T 7 HH R A T HE /K e RN i 2
[ AR OCPE (8] 4) , 45 3 3R B 38 Z [l A7 A o 2 A ¢
P (R?=0.95) , HAH H ¢ & AT H 28 5 20 7Y =0.90X -
11.96” 3k o, B S B RN 4 5 13.3 mm i, /K A H
A T RE A M AR I HE K (B 4a), o] R 4 B T
1 1% 28 56 FORAR B KR H 0 R AR I HE K i
2 L8 B AE WA IR [A] W 31 1 15 Wb R AR
2012 4F 8 J1 8 H A1 2013 4F 10 J] 8 H MWk HhE4%
TR OUECMRERR DRI FRATTHERR 3 PR AR I PR A
BT 1 e FH b 2R 428 3 IR RN =22 (0] AR A S, 45 SRR A
T A AR OCHEAT BT REA R AR 0.67 (&l 4b) ., 41
MraLF 2R, AR B 2013 4F 10 /] 8 H ™A=
(A8 i BT A MR AR T AR KA, A KRB AF
FERR R T 43 A 2o bt 2 A58 U R 48 W 22 ] ) A Gk
(I 4a) ; 55— J5 1, AH A 3 0 SR AT BE S i TARE
AR (BRI FRR B A AR 5 R 131k,
IR J2 DA et e EH b 5 A28 i 0 e T 22 ) 1Y) —
A

3007 1300
b 1
250} [T M AR HEK Rt + 20
E o
15 200 [l {20
% ! E
% 150+ | "150 UH
B | { i
S 0o i | 100 ¥
® * ! |
2 T ; x| i
501 g & o *® .“b; 150
R o ] W '_...‘\..\" _'. i
Qieetrdnins P TN S —— i P P S —— | ISP ISP [NPUNS SUNPUNS NSS! TSNS TP ——1 10
26- Jun 12-Jul 8- Aug 8- Sep ------ 23-Jun 27 Jun 31- Jul 8- Oct
2012 2013

H

B 3 BHRERAKSERESEWMEINXR

Figure 3 Surface runoff pattern from paddy fields and the relationship with precipitation
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Figure 4 Correlation analysis between surface runoff and
precipitation
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Table 3 N loading from paddy fields under different fertilization
methods(kg N+hm2)

Kb 2012 2013 AEYE g
LA Bl R Bl Bt

CK 1.79+0.12a 1.04+0.08a 3.05+0.17a 1.57+0.13a 3.73+0.23a
CT 13.74+0.61c 2.98+0.33b 14.73+0.43c 6.13+0.35d 18.79+0.95c
MT 11.79+1.25bc 2.43+0.27b 10.20+0.56b 4.95+0.21c 14.69+1.27b
OT 10.69+0.48b 2.51+0.24b 9.82+0.81b 3.14+0.18b 13.08+0.86b

T« i — 3R ] 78 2R TE P<0.05 K- HoAf B2 R,
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JERE R ZE AR i R AR . RS R R AR 2k
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Figure 5 Simulated N loading with DNDC model under different
fertilization methods
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Figure 6 Simulated rice yields with DNDC model under different
fertilization methods
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Table 4 Sensitivity analysis with DNDC model

RURPERERL(SD)

WASHK S AL —
- N#Z# N5
P& TR 5 /mm 1 103.6 882.9~1 324.3 0.93 0.28

it A -k Z/kg N-hm2 300
Jti & - HUE/Kg N-hm? 300
+HERAS A A E/mg N-kg? 500  4.00~6.00 0.00 0.23
A A S RImg N-kg? 725  5.80~8.70 0.01 0.04
+HEA IR & R/kg C-kg™ 0.015 0.012~0.018  0.08  -0.87

T HER A b ] 043  0.34~0.52 001  -037
43 pH 766  6.13~9.19 -0.01  -0.03

240~360 0.77 0.74
240~360 0.87 0.00
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