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Simulation of non-point source pollution characteristics and control effect in southern paddy irrigation district
based on SWAT model during paddy growth period//CHEN Li’ na, ZHANG Wenshuo, XU Junzeng, SUN Yimiao
(College of Agricultural Science and Engineering, Hohai University, Nanjing 210098, China)

Abstract: To understand the output characteristics of non-point source pollution in the irrigation area during the paddy
growth period and its impact on the water quality of downstream control sections, a typical paddy irrigation district in
southern China was selected as the research object, and a numerical model for simulation of non-point source pollution
processes in the field, gully, pond, and control section was constructed based on the SWAT model. The model was used to
quantitatively analyze the dynamic response of water quality at the control section under 9 pollution control schemes
throughout the entire paddy growth period. The results showed that retreated water and nitrogen and phosphorus pollutants
were discharged in a pulsed manner, and the peak of non-point source pollution in paddy field occurred in the first half of
paddy growth period, including the transplant regreening stage, tillering stage, and jointing booting stage. Measures of
controlled irrigation, ecological engineering, and controlled drainage had good effects on reducing nitrogen and phosphorus
pollutants in the first half of paddy growth period, and the reduction effect was significantly improved after the
implementation of comprehensive measures, with the reduction rates of TN and TP exceeding 90% during the whole paddy
growth period. The effects of single measures on water quality improvement were limited, and fertilization management led
to more pulsatile TN mass concentration peaks at the tillering stage. Comprehensive measures could significantly improve
the water quality compliance rate, especially, the combined measure of fertilization management, controlled drainage, and
ecological engineering and the combined measure of controlled irrigation, fertilization management, controlled drainage,
and ecological engineering could ensure the TN and TP mass concentrations to reach the water quality standard.

Key words: paddy irrigation district; non-point source pollution; whole paddy growth period; control cross-section; SWAT

model
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Fig.1 Overview of study area
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Table 1 Fertilization methods
e s A ] U FH R/ (kg/hm?)
IR IR R E B R E M
. HAMw(N) t w(P,05) : w(K,0)=16% : 12% : 17% 6 A 28 H 6A8H 56.3 45.0
AR EIR A gy =17 1% 7H4H 6 H21H 69.6 52.2
BEfE JRE sy =46.2% 7HI13 H 7HI10H 69.6 87.0
R JRE: cwpy =46.2% 8A8H 7H31H 87.0 69. 6
T 282.5 253.8
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Table 2 Model database data information

Wyt b B A A 7K SO N LT R AR i e
T BTSSR HE X
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PIXTIR K A T4 8, B B AR I VA A 7K PR TE 8 7K AL
ZKEAHM 0.06.0. 15 5 m®  fQ 3 IR 1E H
KBEEE KA 1 U7 m? s A28 T AR RS il Hh i B A 2%
AT B ERE R 3 m, I TERE B S5 PN 1,97,

3 HRE5SMW

B 2 e/ VeSS
=3 23 (A1 5HiE S R 3.1 BHIBKERS BSLAM
A4 23 (A5 dhe I 22 O A 1R 6 A = -
AR R AR S8 T P 52 a3l ) (19 B 2 B ALK AR ié ke
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Table 3 Calibration results of runoff and water quality parameters
RIS SR Hf HUATE A
r_CN2. mgt - HEAK 3 S — AR I BT 4 SCS A8 T I 24K -0.3~0.3 -0.123
r_SOL_Z. sol + RIS R mm -0.5~0.5 0.335
v_ALPHA_ BF. gw i o HF d 0~1 0.350
v_CH_N2. Rte FIE ST R 0~0.4 0. 090
v_CH_K2. Rte FITE P FRYE RS 5 R mm/h 0~150 57.750
v_IRR_SQ. mgt TEWE /K 3 R AR L 0.1~0.8 0.710
r_FRT_SURFACE. mgt 7% FA7E +3ER)Z 10 mm PYALRHTT it it A A 55 42t 14 L 451) -0.2~0.2 -0.190
r_NPERCO. bsn HBBR -0.2~0.2 0. 060
r_USLE_K(. ). sol TR AT -0.2~0.2 0. 170
v_PHOSKD. bsn R 10 VY m’/t 100~200 124. 500
v_PPERCO. bsn W55 R m’/t 5~20 7. 600
v_RS2. swq TURUIBE A T 7 1 ol 1) el o mg/(m? - d) 0.1~0.5 0. 140
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Fig.3 TN and TP outputs and drainage flow at

outlet of irrigation area
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Fig.4 Drainage flow at outlet under controlled irrigation
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Jok b TN o e SR WA 5 P T 8 A 4 R AR
M, KA B HE K B (ELJS 76 70 BESI AN 4 YT 22 R A
AR 73 PR BE PNR K i T IEH S O

CREEEA T B R BRI AR, T DL
FEAIR TN A1 TP (19 He B WA, b Pk ad oK
viin” LA, BV 758 7 RTS8 9 IR BrikAR A4
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100%35F5 (R 6) . Jr%E 7T BHATE YA Rk

x5 HFEX TN TP BB R
Table 5 TN and TP reduction effects of different schemes

TN HIE 3/ % TP HIWZ/ %

T Hhs = He A = He
1 27.90 34.69 72.78 0.00  0.00 0.00 42.08 52.68 60.24 53.68 0.00 0.00 9.04  54.25
2 25.32  0.00 76.75 96.26  0.00  0.00 23.01 24.82 51.50 51.75 59.40 45.78 30.59  36.74
3 85.45 0.00 38.16 0.00 0.00 0.00 3591 89.51 7.68 18.37 0.00 0.00 68.70  53.37
4 49.58 49.99 49.54 49.15 25.38  0.00 49.57 48.71 48.28 47.23 23.54 47.36 31.01  48.40
5 33.73  66.20  90.26 79.77  0.00  0.00 56.27 45.20 85.86 84.55 0.00  0.00 67.23  62.98
6 88.83  0.00 57.86 0.00 0.00 33.98 51.45 91.92 44.01 61.80 0.00 17.02 82.72  71.97
7 95.09 37.80 81.66 52.78  0.00 61.59 89.28 96.66 77.00 83.90 0.00 64.50 90.37  93.36
8 92,02 55.03 89.16 47.04  0.00 0.00 82.57 95.40 85.63 8591 0.00 0.00 82.07  90.79
9 98.07 90.01 97.28 84.44  0.00 68.85 95.89 98.90 96.74 96.54 0.00 64.59 94.05  97.84
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Fig.5 Variations of mass concentration of TN and TP at different control sections under different schemes
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Table 6 Water quality compliance rate under
different schemes

il KIRR/ % il KHRA/ %

TN FRRRIE TP BRI || R OIN BRI TP Bk
i 70.24 75.21 5 81.82 88.43

1 61.98 62.81 6 74.38 85.12

2 78. 51 83.47 7 100 100

3 71.07 75.21 8 77.69 85.95

4 81.82 81.82 9 100 100
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