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Dynamic changes of chemical oxygen demand in paddy field drainage and reduction of channel storage and
storage based on in—situ field monitoring

HUANG Xinran', HUANG Zengjian"?, LI Jiang"*, JIAO Xiyun"*, GUO Weihua"*, GU Zhe"*, LIU Kaihua"*

(1. College of Agricultural Science and Engineering, Hohai University, Nanjing 210098, China; 2. Shanghai Puhe Engineering Design Co.,
Ltd., Shanghai 200333, China; 3. National State Key Laboratory of Efficient Utilization of Agricultural Water Resources, China Agricultural
University, Beijing 100083, China; 4. State Key Laboratory of Water Disaster Prevention, Nanjing 210098, China)

Abstract: In order to explore the emission characteristics of non—point chemical oxygen demand (COD) from paddy fields in the southern
water network area, a two—year field in—situ monitoring experiment was conducted in the Taihu Lake Bay Cultivation and Reading Base,
Wujin District, Changzhou City, Jiangsu Province. Based on experimental data, this study analyzes the water depth, COD dynamic changes,
and emission characteristics of paddy ditches throughout the entire growth period, and investigates the COD removal efficiency during the

drainage and storage process of the ditches. The results showed that the greening and tillering stages of rice are key periods for non—point
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source pollution emissions. In 2023, the total drainage of paddy fields and gully connected paddy fields were 4 501.0 m*«hm™ and 6 754.5

m’-hm™, respectively. At this time, the drainage and COD emissions of paddy fields significantly increased; Fertilization is the main reason

for the increase in COD concentration in paddy fields and ditch water bodies. After applying base fertilizer in 2024, the COD concentration

reached 46.2 mg - L.”!, and the highest COD concentration reached 81.0 mg- L™ after fertilization during the jointing stage; The alternating

effects of rainfall, irrigation, and drainage result in fluctuating COD concentrations throughout the entire growth period; The average

concentration of COD in paddy water throughout the entire growth period is greater than or equal to the average concentration of COD in

channel water; The drainage from the paddy field was stored in the ditch and digested for a period of time. The COD reduction rates from

three storage experiments were 1.0, 0.8, and 2.0 kg - hm™, respectively. Research has shown that the greening and tillering stages are

critical stages for COD emissions in paddy fields, and water quality management during these periods should be given special attention;

Fertilization events can significantly increase the COD concentration in water bodies in a short period of time, and the timing and method of

fertilization should be reasonably controlled; Channel regulation and storage can effectively reduce COD load by 14.5% to 27.0%, and is an

effective means of controlling non—point source pollution in rice fields.

Keywords : non—point source pollution; chemical oxygen demand; paddy field; drainage ditch; removal rate
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A 3, DT SRR b T IR T B4 A R ) 5 A 2SR
BE R AT Lk A J o

1 MREFE

1.1 FAREXER

T DA VL IR M T 2tk X35 R B A
IR HE i 5L Hb (31°547 N, 120°007 E) , 1% Hb & K i)
TR, Sy MR B 2 RS AR B K SR 1 149
mm, [E7K 2 8 i T Z BT, AR 78 & 1 351 mm,
PR 15.6 °C, 2FTCRRIH 227 do IR XA 2 60
a BERP DT s, 3R Dy e, o DA 4ok 32 A AL
SN 2.36%, MRS BCN 1.26 g-ke!, pH 4 6.60,
RIS I R HEK V8 T8 NP AT 36 NS BTl K
AR . BT RKIANK VA8 AL TR R
o DAZE o L KRR R Z BRI K £
WELRAE . K R, K %5 A, 8 5 2 ol DA
) U KO e R R A R . e B i A 1 AR HEK
MIE 1A HEK A2 e L HE K ZEHE KA I8
B K A EE TS HE A E IS . RIS DX 35N
H AR 3L 26 500 m?, 3645 X I A g AR A L PR
A e 47 7 9K B R A 43 B, H AR 6 580
m?, H [A]HE /K 171 /5 B BE IR 70 mm. HEZK 74 T8 R
+ 5, EBK 320 m, R FHTEEL N1 m, IF

1.5 m, A4 1 112.5 m?, A 55 P ae fir e ab g g
EEPAITT 1A, T DR AT A HE AR RN
1.2 X3 ig it

W58 DX P FIORE K AT, o Bl R RE 46, T 2023,
2024 4EHEAT A 2 a ARG, R HH /K 43 B Y by i B
FEHERE R KR AR B IR ERR R RR &R R A
TR 5 565 B H AR BV A o , BRI 1 iR .

A 06 15 R 98T 2 A KRR SR A A, Hop
Tt FH R A 550 A 3008 B 7R (e P 3 4, T
KA RS A TA) B i B R i, 283U T HeHE K 1A
T AR S HEA ] TR BB 25 43 50 3 m LS m (& 1), B
IERAE SR EIANEL . HEHWT, &5 dBE
— YK G il NE S R FE R IE AT 1 d SO IE RS 1.
3.5 d A3 BURE  FEAE AR AR 5 1 24 h P9 R B 4% R
£h7: (HJ 828—2017) %} COD ¥k FF #E 4 7AL 58/ #r . 1k
S EEH BT IS TR S IR B K R 3 S0 %
BRI TE KT, Tk A HE K S DX H ) ke K A
B R =K.

2023 4 5] 38 75 A 3 R Ok K, A K BRI HE .
2024 45 56 1 ()R FEHE A T4 38 A St ) 1) X6 HE /K 70 18
HEFTHE KR ES , 7 R 2 R .

1.3 mRESEMHRS EBREITERZ
1.3.1 HEZKH D%
i HH A VA I8 COD HEk i 2k 2 AR T Ok

1 R0 H B K FE R HE K SRR

Table 1 Irrigation, drainage and fertilization system of rice during the experiment period

T Trrigation JitiHE Fertilization
R et WKW AT AR L it L
Year Growth period Irrigation upper Irrigation lower ~ Upper limit of ~ Fertilizer amount/ Fertilization Fextili :\ C ition rati
limit/mm limit/mm rainfall storage/mm (kg' hm™) date eriizer type - Lomposiion ratio
2023 R (06-17—06-30) 30 10 70 750 06-17  ZERILCGEIR) A RU%5>48%
N-P-K:30-6-12
Iy BEHI(07-01—08-06) 50 20 70
AT (08-07—08-22) 70 30 70 300 08-09  JRFE(HE)  HAEIE>46%
HhEA (08-23—09-11) 50 20 70
G (09-12—11-01)  HKRET ARTET AR T
2024 & W (06-12—06-20) 30 10 70 600 06-12  ZERALCGEIR) HRUK5>48%
N-P-K:30-6-12
AYBEW (06-21—08-03) 50 20 70
7 (08-04—08-30) 70 30 70 225 08-09  ZEREALCEAL) A RUK5>40%
N-P-K:20-7-13
T (08-31—09-10) 50 20 70
JEASI(09-11—11-01)  ARET A 2RE T A oRET

T XOR HH A0 S HEZK O 5 22 70 mm, PRI KR &R E RIS M 70 mm.,

Note: The height difference between the paddy field surface and the drainage outlet in the test area is 70 mm, so the maximum rainfall storage upper

limit is 70 mm.
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Figure 1 Distribution of location and sampling points in the study area
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Table 2 Channel drainage storage scheme

Gy WHED PR ik

Year Date Gate state
2023 KFEEAFH JFE
2024 06-13—06-17 XMl

Remark
VAT K BIHE AR
6 H 13 H A H S e A it AT 2
ATHEWE R A HEK

7H 5 HIRREH H# K & A HK
07-18—07-24 4] 7 H 18 H A H H K & AEHEK
07-25—08-01 4] 7 H 25 HFFH H K & EHEK

HAREIRL FFIE BERN SRR A i HE K SR T R

07-05—07-09 XMl

F 2530 H H T HE K A A EHE K S 8. Ha R o
2 KA AR RS R B 4% F ok
KA, PR K COD ¥ 83158 A= 75 W N A COD ik
", BARA T

Hioay=Hyaa - +P+1,=Ssaa~Dia—ET. ~Liaa, (1)
A s Hoad N ES ¢ RIOFGH K ZIRE , mm; PO S ¢ K
RK A, mms 1,24 ¢ B 20 F DK 3 mm; Seaa W5 ¢ K
i B e L, A58 th 228 SE bR A 77 i AR 2 I HUE
BEN 3 mm s Do R 5 ¢ KR HEK L, mm ET A5
RAEWIZE WO B, mm s LA 565 ¢ RAF AN &, A BF
DX P e FEL [ 32 s AT DA Z20m 0 O 0 i A =TT
SIS ET A 2P 1 d

et FH K A7 B R e e R 2 TR TR I, (LAt i)
HIEHRK, HoK 5y X

Hiao, — H, Hiao, > H,
Dsans ={ (2)
Hio. < H,

s Do, N E ¢ RIFRHEIK I, mm; H, A oK 50
W5 et HH e R i & K TR, A S AR i HH (1) 552 B
oL, BUE S 70 mmos

VEWIZE UL T2 BAVEY) R B AT, ARG

P 1%) WHARTY

v (I

ET.=K.xET, (3)
K ET M E 25 8UE B, mm - d s KO TEY) R4, A
WE5E 25 248 B VR R BORE L3R 317,

R3 EMRBEE

Table 3 Crop coefficient value
Ve T 1 Crop growth period HUEE FE Value range HUE Value

IR 0.8~1.0 0.95
L=l 1.2~1.4 135
P 1.6~1.7 1.65
i 1.9~2.0 1.95
A 0.9~1.0 0.95

IR AR K RS 2 — 30 R HEK
FIEH A YR BN RE . A R OHLBE R K
FAFIT, Y E T AR FRK R PR R — S e
HEZK o 10 8], 5 YA A R AR IR T, W3R 38 A5 7K
RIHE, ELALME 5 H DR K SE iR . 778 TE TR S ]
"] 5 P X5 e A /K A 5 3 (141X — P 0], QA T /K
A AR

D X Afera
Hdilch_t =Hditch_l—l +Pt +¥

Aditch

2 Haon 1 Haon o1 73 R 565 ¢ RFNERS -1 KAV 38
KU, mm; PR A ¢ REEK S, mm; Diaa o8 55 ¢ KAF H
HEH K mm ; Ao A7 V8 TE AR EZHEZK B A HHEVETRR, X
{EL 4 26 500 m’; A 7 16 1B S0 TH AR BUME R 1 112.5
m’; Eo oA 55 ¢ RITE K25 & i, mm; Sewn N5 ¢ R
BB L, W P ICHEK B, HAE R 0, Y838 A 2 A5 H
HEZK B AR B AR OC - 8 b, 33 A R 3 mm™,
1.3.2 TS YRG5 ik

FEAR I AP 28 U545 H e R T 45 H

_Edilch_t_Sdilch_l ( 4 )
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K 2 Foaa M Faa 53 51 0 A8 K 38 19 COD HEJiL &=
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17K COD ¥R ,mg- L',
1.3.3 COD g%

FEAWEFE H, COD 1 faf (9 31 55 75 LKA COD ¥k
JEE ST LA R R KA R B, A S A AR

Leon=C, XH,x0.01 (7)
K Leon W ¢ KK COD T4, kg-hm ™5 C 5 1 K
IRARH R , mg - L7 HOW SR ¢ ROKTE , mm

FE DT 16 38 I8 5 W 18] %5 COD 4 1l Jdi s R i, &
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- Leon s — fﬁ;’[; x 100% (8)
Py g E WA 1 COD £ %, % 5 Leon e J 3K
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K COD fafi , kg-hm™,

2 GHRESH

2.1 HAKRIEL
2.1.1 f5H
& 2 2023 ,2024 4F K Fg A= B 10 N R HH K IR sh 25
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A% 8] Transplanting time/d
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S
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KR Trrigation amount

e [ Rainfall amount

ARG, R 2 A, 2023 2024 4R K AR AR T AN
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WK 622.6 mm F1947.3 mm, % 1 4F P e K H B R
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(A S B FHL TR K TR 38 52 U8 sl 28 Ak, AN ) A 7 39T 1 L 7K
TRARAE 25 5 0 2, 52 B S B HE O g B 0 PR, FH
T 5t R KR AEFEAE 70 mm £ 45 . HeAh, 20232024
AR BRI Y FH TE DK GRS B s F B Fa %, HAE 4> BE
ARV T, 2023 4F TArBEAR LA T 18 d, 2024 47 3L
%1 6d.
2.1.2 A

1357 2023 2024 47K AR B A A 34 1 S K R
BB . NEEFIRE 20232024 474 18
ARG H S HEK /8 58 4 501.0 m* - hm 2 F1 6 754.5
m’-hm™, 2 a 97438 5200 KGR 8l 245 A28 A0 1 2 B0k B
AR FE S, HR T 8 2 5 BRI Dk Sh A B R i
FIRES R AR R SR R ., REES
BEI B B I AR A R 21, BT SR, T A il
FORE KA 2L W BRI ™= A4 HEK , Ak, KA Y
A KA — R AR R AR KR A ARk
2.2 HiAKCODREHETL

] 4a FIEL 4b 43 514 2023 . 2024 4E K F5 A & N
COD W AR Dl o /IRl 4a R 4b AT 1, 2023 ,2024
AETEIR T AR H V4K COD #e J3 1 i B BESR | T+ 30
G, FLVEAE 1 1 B0 2 B2 37 it FH AR () e i) . BE S
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[#M 77K & Rainfall and irrigation/mm
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AL ] Transplanting time/d

— FJEMZKIR Water depth measurement
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Figure 2 Dynamic change of water depth in paddy field
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Figure 4 Dynamic change of COD concentration in paddy field and ditch water
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Figure 6 Change of COD concentration and discharge amount in drainage ditch under the condition of detention
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