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Changes of nitrogen and phosphorus concentrations in surface drainage from
paddy field under different irrigation and drainage modes

SUN Yaya''*, YU Shuangen' >, CHEN Jun’, XIAO Menghua' °, WANG Ning'"*
(1. Key Laboratory of Efficient Irrigation-Drainage and Agricultural Soil-Water Environment in
Southern China, Minisiry of Education, Hohai University, Nanjing 210098 , China
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098 , China;
3. Sucheng District Water Authority, Sugian 223800, China)

Abstract; A field experiment was conducted in the Sucheng District, in Suqgian of Jiangsu Province, in order to
study the changes of the concentrations of nitrogen and phosphorus in surface drainage from a paddy field after a
rainstorm with different irrigation and drainage modes, and to reduce agricultural non-point source pollution and
improve the utilization efficiency of nitrogen fertilizer. The experimental results show that, compared with
conventional irrigation and drainage modes, the controlled irrigation and drainage mode caused an 18. 7% reduction
in total irrigation water, a 50. 6% reduction in total drainage water, and a 3. 6% reduction in rice yield. As the
controlled irrigation and drainage mode increased the storage water depth in the paddy field, it caused drainage to
decrease after the rainstorm, the drainage time to be delayed, and the total amounts of NH;-N, NO;-N, TN, and
TP losses in the surface drainage from the paddy field to decrease by 48. 15% , 49.09% , 45. 54% , and 49. 10% ,

respectively, indicating a significant effect in water conservation and drainage reduction.

Key words: paddy field; rainstorm; controlled drainage; controlled irrigation; concentrations of nitrogen and
phosphorus ; nitrogen and phosphorus losses
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MEHERAR B R OCIE  ZECRUEARE 7™ ok A4 [ A 428 1) 8 W ASE 2 AT LA e M 7K G R TSR Wl e
AN HE KO BREE A 3 100 3 5 e PR e 9842 2 o kK B A Rt L HE K it R AR HE K o Ut o i
R BE | BETTA R0 A A Bk 7

P 7 L DX KRR AR AT 4 R R 22 L 2 RIS X B, 3 o e A2 k8 by P A | R A /KR A A 0T, A
W AR | 7 5 T BRI LSRR TR 00 LA SR B RS 5 7 M 2R K v 8 U0 TORE 2% 1 9 JCIL S AT BILAS
FEAPBVR VIR 1 EEAE LIRS 11 BT T R R AR AN [ VA ke A P HE K B R
Jo e e B AR AL R RZ IR, D B 5 A T HEZK O S8 A ) T V55 e S (AR Hle

1 HREH®

1.1 EXELRER

T 2012 4F 6—10 HAEVLIRE 16 1 1 1a kX 0z ma o DX g6 S b 647, 1560 X (33°87'N,118°26'E)
J& T WA 2= KU, AR A 892, 3 mm, AR FETR R AN 120 d, ETIMI(6—9 H ) Wi (5 4FE R R 1Y
60% ~70% , HZ I ZWIERX I, % X ALK IRIZE & #2978 900 mm , P10 M 14. 1°C fem HFA
WoA27.2°C, HIEBF 5 2315 h, FH LRI N 211 d, HHZ2 L HPE L 0 ~30 cm HIEHE N
1.35¢/cm’, B LB R 45.32% ,pH A 7.5, BIEA ML & R 22, 31 ¢/kg AT LR 0. 9105 g/kg i
AR O 0. 02746 o/kg  BIE B LR 0. 31 o/kg, T HEHEABE TR LR 0. 0115 g/ke,

1.2 Rt

MK R b P oA A AR | it A o AR B Y I > 1, R A () e A 3 Wk, 6 125 H .7 1 9 HAI
8 H 10 H Bl e | 43 BEAE S ABAE , i hE & LA &5, 23510 120 kg/hm® 60 kg/hm® F1 60 kg/hm® , 1t
A, £ A FREEAE 76 50 kg/hm? BOBEAE (P,0,) FIFFAE (K,0) .

RIS /N AE 30 m, FE 20 m, 056 /N X2 ] FEIE 21 1) bR PR 50 em BRAGEERHBT B R, B 11 /INX ] i)
IKGT B o RILHE HEAR FH e B A A EERRAR A1 5 42 o A P 30 30 em, THIAS 58 30 em , 38 J2 S5 18
W o R DXHEAK YA ) AT I 42 ) T = AR KR, ] LS BRHEZK A KA R 4 il FHE K i

TRIAE T8 AT HE RN I HE 2 b2 R ah 3 3 4 © Ak P
FwE 6 /MK EI0. 6 hm?, FHIENX A B AIK 1 B,

B FLHEHEAR X e BN b KR K 2T 1548 B (e o,
), #5 4B B Bofe K ALl Habm IR 1 AR TS BKAL e [}[}[}
T BR AR %55 KA LB, W T B o e i ok R POt g

TR AT
< T

I I HEK 2= e VB KR B, HEZKI8 A dHEK AN kAT — [T[}[J..mﬂ%@

KA R =
PR X . 25 2 1 I BOR FH KA, 42 1) 95 B DL

1, A BRI T3 B K A5 T BRI 7K 258 Bk A7 B RR,

R KA R 1 A iF i R E KB, HEK = Rif i K& Bl RBINEHE

IKIRBE BB KA 5 d BU(AS ST K REC 5d) ,5d Fig. 1 Layout of experimental plot

JERE e P 7K 2 R B B 2 3 r KA B BR, Rk K A
A Al AT IR KRR
&1 KEEEFHKMIEHER

Table 1 Water level control indices for different growth periods of rice mm
o B R HER i E HE A

TG EKA R ISR TR TV EIKIREE & KA R TE KA R R SOV EKEREE
Sy BES] (HTH) 30 0 50 30 -200 80
STEE (S 0 0. 66 0 30 -200 80
PAT PRI 30 0 70 30 -200 150
HhRETF LR 30 0 70 30 -200 150
LA 30 0 60 30 -200 100

T 0 A AR R A L SRARRR N 5K 5 e TEARLA T TR /K DR BE , SR Dy T /K (32 B T B
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1.3 SmBESH*

2012 AFoK A A K] 24 h FERU IR B FE WA (>50 mm) IR ECA 4 W, 0 BL#E 7 A 24 H
(102.6mm) 8 H 15 H(169. 1mm) 9 H 3 H(74.2mm)#19 H 17 H(59.5mm) ,

a. A8 H 15 H BTN A5 AT A [ HER 2R HH HEZK 9 200l o i 1k B AR Ak | BRUK T8 B A 25 W s 7K I F
W1 RHE2RHEIRF4RES K, KU TIRORIKFE N, 76 24 h W70, BORERUR 45
Hek g 1,

b. KBSHT . AKEEM TN NHZ-N NO3-N TP 3t 4 TiFgAR , 4 BEC AR A Wil 4341 51 ) 43l >R R P
TR A 28 A G R BB UTVE N [ Rk BRAM O RV | B R 8 M s R A 7l g,
FEANAR A UV2800 & HEER M B,

2 ZRHM
2.1 AREHEXEREKERTE
2012 AEAN[AIFEHRRL R KA A B IR K B M= i L3 2, liER 2 mT i, 45 il HERE =0 A B 1

FHK R CK I8 50. 6% A& T RERAA, iz m i XBEHZ T80 ab e+ R K AB B, A8 T
AR A R HEK 42 i R TR TR

EHEHE AT K EL24ET F2 AEEHEXTKELEEHEHRKERTE
Y #E 7K B 507. 6 mm , 7o N Table 2 Irrigation and drainage water volume and rice
6416. 83 kg/hm2 I CK 3 sk yield over whole growth period of rice with
18.7% . HHFIREHhRIEIR 2k different irrigation and drainage modes

. o = ==}

L e o S5 Mk £2 Al vt N LEFH 3R (435 SEBR
IR, S EUKCBRZE I S22 R st Y g kA
77 3.6% o P HER G B £ mm_ S /mm % (kg hm?)

5k A N 7 0 LA T CK 624. 50 508. 90 205. 90 59. 54 6656. 41
TRk, %ﬁE‘Tﬂ( i%HE/JfI v EHMEHER 507.60 508. 90 101.70 78.05  6416.83
B, ST I RDKBEIRAY i ORI ) o
AR B0 B oy e RERARSE

. . ro o able anges of surface water depth in paddy fie mm
2.2 AEEHENXTEHBEKR
HH TH 7K P
b1 S HE AR
1“'/' Ll 08-15 08-16 08-17 08-18 08-19 08-20

8 H 15 H 2 Ja A [F] i HEAL CK 169. 1 70 55 40 25 10

R H AR RAS A W32 3, FRRg  __BEIMEHRES 169, 150 135 120 105 30

JE55 1R, H UK RS [FIVEHER X A A WK Sr 45 il b, A B K 7 4 5 A ip e R B 7K IR BE  HEK 2 i i
KEKGRE, BEWEL2 ~4 X, EEAHTHZRHK , HEK M 9 HEK & 2R A B K, B2
5 K, FEEHIMEAR RO 2 R R AKHR S R 338 BoK AL BB, CK JoHERHRK
2.3 AREAEABHIAKTPERERESTH

T 5 A RV RS I HEK P p (NHE-N) p(NO3-N) p(TN) ZEAL A A (% 4) : (a) NH;-N NO;-N TN
FEAEPTERERE S 1 RIPVIHK G 3 YCRFERY BT R B2 I 52 NTAICHE K, 352802 H 2 19 W iR o Dk
{RRE )2 RS T FOK h B r G 2, S ECRRERE M RHEK RS . (b) FhlEHR S AP & KRR,
BTEYIR A AR, AR HT R AR K b p (NH-N) o (NO3-N) o (TN) T T CK, (o) FERIGES 2 ~4 K,
p(NH;-N) 2 TS FERH TH 2 ~4 RAPKIE 7K 22 A A K, b BB RS, 5 VE LA
Ko A SR BRI p (NHE-N) T 1% 5 23l EHERL CHE K o (NHG-N) FAR T CK, 2P I AR e K T
W R EA FH LS rh A 25 5] i NHE-N [a] NOS-N F A Byt EIE I ;0 (NOS-N) o (TN) JR2 T B s (B
TEHEB A BEHEK H p (NOS-N) o (TN) i i F CK, 35 B2 PR S 42 il HEASE 2 FH T K208, s e g o
(d) FERE S 5 KA HRIEHASE R KEER) p (NHE-N) p(NO;-N) p(TN) F§ 5T CK, 3= 5 5 RS2 4 thl e HE A
LA oK BRI K p(NHI-N) p(NO3-N) p(TN) HeHEK KA

Ph_E 43 B Al AT 25 RN 4 o A =R HEZK -2 p (NH-N) \p (NOS-N) \p (TN) /T CK, 156 BH 4 1l
FEHERE AT U SORARHE K HR 9 NHE-N NOS-N TN iR 3 B R 0 3 K R HE K H NHG-N O NOS-N TN 5
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TR A A i R S R HEK
2.4 AREHEXFERHKPISBRERETH

Z NG AN RIEHER R HHEK o p (TP) B Wk BE AR AL WL 4, v LA . (a) HEK Y p (TP) ZEWH G
%1 R, J5 3 YCRFER p (TN) B .2/ NTRIRHEK X 2P BEIE A 385 R/ NR o 2 8 1A i
B R BE WA A, RS 0 ol 8 W0 3 T b Ay i e e R 281 A R A o 4 R LA IR A
B Bt KR L (b) P ITEHERE R S B K IR, AR TR A VR P R AT 3 1 A AT A b e HE K o
p(TN) TR T CK, (c)FEMIEHE 2 ~4 K ,p(TN) ¥R T RER I G HE S p (TP) #8400 Befe 5 T
CK, 5t BRI MG IS HEZK 98 H A HE 7K 32 B2 A F N K 928 8 HEARE =X T /K 2 08, 2 s A O, 5 3508 40k B
p(TN) Fm T CK fH2ZESFAKR, () FIEH 5 REHHEHE KRR o (TN) 5 T CK, J5t PR 42 il 9 AR
oW Z R K HE D b FK A ERR 1T CK A R HEK

DA B S0 T 2 W i 42 i 9 R R F HEZK 24 p (TN ZINTE CK 58 B 428 1l 8 HEASE 0T DA B4R IR
HEAK () TP B v B, B RN RS FEHEZK TP o da vk B 2 v, I ol O i )5 7 RIVHEK

%4 FEEHEKS NH;-N.NO;-N.TN. TP FRERELT L

Table 4 Changes of concentrations of NH;-N, NO;-N, TN, and TP in paddy field drainage mg/L
H p(NH;-N) p(NO3-N) p(TN) p(TP)

CK PR CK il T EARE X CK il v AR X CK il P RS X
08-16 1.53 1.45 1. 04 0.96 3.81 3.62 1.61 1. 47
08-17 1.01 0.95 0.69 0.63 2. 65 2.51 1.02 0.97
08-18 0.94 0. 88 0.61 0.58 2.44 2.33 0.92 0. 89
08-19 0.85 0.82 0.52 0.55 2.16 2.25 0. 82 0.85
08-20 0.71 0.77 0.47 0.51 2.01 2.09 0.74 0.78

2.5 AREHAEXERIbkPERBEATEL

FH SPSS13. 0 A T80T Mt PR30 06 7 8 20T (LSD) ,NH;-N \NO;-N TN &% TP Y i ZE o
B354 0. 041 0. 022 0. 037 F10. 045 (<0. 05 B, 2257 R W) . AT LAE 50 HESE R CK AN R 4b 2]
NH;-N NO;-N TN J TP Jfii v B 22 S ¥ 0 2 . R [R)EHER =R FHEZK Ul e A AR TR AR

L=(2n,Cd,-Qdi) x 107 (1)

ANTRIVEE HEASE At T U8 A HE 07 0T, ke/hm? 5 €, ——AS [R)E HEASE 23 06 XK R A H HEZK AU
AN RIPEARRE ARG XK RS A H 7KK i mm g i— K REHEK H P55 n——HEK K

{rpL
JE BRI, mg/Ls Q
B, d , ARG n U5 d,

8 H 15 HZM 5 il HEAE RS I NH-N  NO;-N | TN i 2k i far 43 4 0. 84 kg/hm’ 0. 56 kg/hm* Al
2.20 kg/hm’ , 43 B CK J8i/b 48. 15% .49. 09% F145. 54% IS HERCR B (W3 5) . bl HR L NH]-N
NO;-N I TN Ji i ik B2 # R L CK AR 3 s 42 ol HE /K AR B B AR iR A e i U i, HE K AT
o b e R R B ke R P R O R A AR B A, 4 T R A o) 1 RO A S SR T A R K i 2
DT REIR B

P EHES RS I TP PR AL BN 0. 85 kg/hm?, b CK 32> 49. 10% |, JdiHERSCSR Bt s i 8 HEASS 24
1) 1 25 T W o SO v IS AR HE K R A 80 TR R 53 A, A IR AR T R KR K A g
TV U8R T RSB

x5 AREHEX THEEBHKPRBEGEETL
Table 5 NH,-N, NO;-N, TN, and TP losses in drainage from paddy field with different irrigation and drainage modes

WEHR St RIHK R/ NHj-N i 2% 671 faf / NO3-N #i 2k ff fuf/ TN ¥t i/ TP Tl Gt
mm (kg - hm™) (kg - hm™2) (kg - hm™2) (kg - hm™2)
CK 99. 10 1.62 1.10 4.04 1.67
s il HER X 79. 10 0. 84 0. 56 2.20 0.85
3% i

a5 R R X T M 3 ) e L B ol 7 £ A 7K 4R e, SRS T M K B 3 T i il T R BB AR I
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TR, B WA R R T IAAe E K ROl D i v BE AR e, 455 58 R I s R HE /KO 8 A4 3% A3 HE RO ) B B AR

b. EHIVEHRRS SRR T K RI3R 43 AR T 2B I 2 S SR B THEK , S8 T 15 7K &7 L D HE
P ) B An, P T HRA X 2 AR T M SR K S B2 5 T R RN AR 3R A RO D K R R
B L, 2 A= A L HEK k2D 50. 6% , WK R 264 5 31, 09% , 157K 18. 7% , 524300 3. 6% 5 %1l
TR TRAT IR T R v o R v IS B () HE /K, NH-N NOZ-N TN Al TP Ji 25 BB 43 5148 CK /b 48. 15% |
49.09% 45. 54% F149. 10% , JWHEFOR B2
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