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Effect of Tillage Models and Water Logging Time on Dynamics of Nitrogen and Phosphorus in Paddy Field
FENG Guo-lu,YANG Ren-bin"

(College of Resource and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: The effects of tillage models and water logging time on dynamics of nitrogen and phosphorus in the paddy field were investigated
through microcosm simulation experiments in order to provide the scientific basis for reasonable fertilization and rice high yield. The result
showed that the total nitrogen and NH; -N in the paddy water gradually decreased with immobilization of fertilizer under the deep plowing
condition, and NO; -N in soil released into the paddy water under shallow plowing and deep plowing condition. Total phosphorus and dis—
solved phosphorus(DP) in the paddy water were in the higher level from the first to fifth day under the non—farming and deep plowing condi—
tion, and in the lower level at the fifth day after tillage. The loss of total nitrogen was 59.55% ~65.68%, 70.15% ~88.20% and 65.23% ~
77.26%, respectively, at the fifth day after water logging under the tillage models such as non—farming, shallow plowing and deep plowing.
The loss of the total phosphorus in the paddy water varied with the tillage models, and 54.70% ~67.78%, 62.99% ~85.09% and 52.45% ~
87.99%, respectively, at the fifth day after water logging under the non—farming, shallow plowing and deep plowing condition. The loss forms
of phosphorus in the paddy water changed with the different tillage models, and exhibited a alterative change between total phosphorus and
DP with the water logging time. As loss of nitrogen and phosphorus in the paddy water was concerned, it suggested that shallow plowing
should be an optimal and clean tillage model, and meanwhile the drainage at the fifth day after water logging would reduce the loss of nitrogen
and phosphorus in the paddy field.
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BV RS (R R BT5 ) 48 AT K
W BHETE ST, b TS AR 2h , LA RAR FHK 3
SRS HESZ K AR (AR YA KR S 45 ) 975
e, HFZERYIRRER BEE IR AR E, B
A LUTHFIE : (1) R 2tk o AR IS AU HEIE
WEE TR BRI, S VR 22 D RN 3 CRAR 263
SR MBS E VIR . (2)BENLIE . HRIEHR
IKSCAGFR 1 R R M A ST L, T REFR A BEBLME , e
T HTEERIBENLIE o (3)H)5 1 AR 2 ML HEAE7E A It
RIS R e TS HIE i e R K S, (472

HEROE Y A R e

REMFKSEY S, mIREY SRR E, ¥
1A 50% VA FRE S 30% L RGBSR B TR0\ RS
Yo ok, R R A E AR E RN 77%, 8% &
33.4%, Xt E 25 MBS TR, KRS R T —
BISNED T & BRI, o 92% ) B0 1T 0
B EFRRIEFE(0.02 mg L), BALAE K 20K
25| AK BB SR AR R IEAE b 3 A&
R SRR R B P SR o o, 3 R f P RS 7= A T R
B EEREE, RS CAEE A E M 20 i
42 80 AU H Y 400 kg -hm™ § 14 3] 90 4£AUAKR Y
800 kg-hm? ¥, JL BT —%, MENEKFIARAA
25%~35%" , B HE f R FH 2R AR 10%~20%"; 24 Z& i
FAREIEAE 20%~25%F BERE T2 TS T HEA 2%
7K, 509%~60% F) B HE 4 + HE UKL BT [ 58 , A BB
R T HE AT IR AR/ INAT T
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B R . R, AR R A B
BB RRR, RERNNE TS, B2
B RE R AR H S SMEE R W HEATLEIKIE,
BUEFRER R BRI BEOR, KRR IR, 2Rl HEAK
R AR R R EEA WSS — R
FHEZK B0, — R HEK o BB, AR
FHEZK HR RV BE 19 T B AR Al LA R A A
S ARALAE AR TTIE s FEFERIHRK AT , 3
KA, R, A RS GR ,
AT i S A A R
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FEhaFethl K i (6] i SE 5 o B 3 M ERTE
I [ 7K B ) X A FH 7K U ) B 2SR AE Je
SR BBEALR B REHEAT 20, B FH E R
A5 2 T I A T LA D e P RO R AR )
AT o MUA BB AR SR A BRI 7K I () AL
IR AR A FH T RS e 05 T B AR B X
(R, 5 AT AT B A 38 7= SR (R 2 30

1 #RE5FE

1.1 &5

TR H 5 7R B AR R 2 “Fe " B B A I
e, WIREARML KA TR T ER X ARG, 2845 K
R4 111°52', b4 27°91 , AESE S 16.8~17.2 C,
ARS8 KK & 1 422.4 mm,, (R HOR IR RAL K
2 SalE HUEF AR I EE b A 2T B RS H £, A b
PR B IR 11.8 g-kg™, 2R (N)1.12 g-kg™', 2%
(P)1.38 g-kg™, 2% 27.6 g-kg ™, /KFRAE(N)96.6 g-kg ™,
HBE(P)70.8 g kg™, A (K )142.6 g+ kg, pH5.5,
TR FH /K B R 2 M R K B K s E 1
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BRI HHEK o IS 50 it 523 HEK Y — M A PVC
#2(0.6 mx0.25 m)Z5H4 , A _I % AR [ i HEK AL , i
BB i HE K FLBUKAR o SEIRRS H R “REBEE 9967 2%
KRB EHEK 2 d ABIIARE H o JRIE N E SR
BB, B RS B mE L, KNP K & &
He A543 51K 219% 8% . 11%
1.3 K&t

2009 4F 8 A 6 H—13 H7ERAEUCEIE R IR
H AT T A RBHEER AR HRRE IR AR A
B 5 T 20RAS , Se it 78 g T HE K Ab L, A 05
TG , X BEADRS R AT St R BRI SE 3 B
YEALFE (433 FRR A t-m t—q A1 t-sh), H#F(t-m)2
FETEAR$E 3 A H K B DL T FEAT M AR S 1 F:
I % Vi O 5 A B3 3 5 YR (1) AR S HRUTE Bk
JFE RS P 0 T 4R 5 A 40355 30 5 TRk (t—sh ) 248
R R EALE, 7EA H A R A6 S A035 30
PLE 3 MR E TR R A, MEEE R 750
kg hm?, Jr-& B MRS H/NX 1.35 kg, 525040 TR
WIRER,
14 KEMTHERESDH

HESLRTFLAE 1h A% 1.2.3.5.7 d -5 B
6% FE R SR KA A AR [ S0 28 57 B A2 5 I HE A
7 B o AR RS TR AR I E 2 T < MA(TN) - B R
BEA - EE  ER (NHE-N) : 49 FRRRE
¥ (GB 7479—1987 ) ; i A (NOs-N) : By B E
: (GB 7480—1987) ; &% (TP) F1 7] ¥ % (DP) : 4
BAHLAYEIEEE R (GB 11893—1989) . +-REFEARINE Jr
PR AR (NO-N ) FIAE 38E (AP ) 545 A ELAAAS I
55 WA R AL ST,
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2.1 AEBHEEXTEBBEEAKPREHTEE
1AL, A RIBFVE AR B K TN 9k
AR AR R ES . B t-q T t-m L HF
HRETH-VEE-FERYSE B t-q B t-m BRI H B
Weff . t-sh (9 HTEZK 5 TN YR BRI M , 2 ) bl
I [ HERS L2 2218 TS . HIRK A TN A9k ELE

FaHEFHEAL B 1 h B, t-sh BE8 81.39 mg- L, t—q
WZH 37.06 mg- L™, t-m FfKH 5.00 mg- L7, RIH
t=sh>t—q t-m, XA BB SHHEE ISR EA K.
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Figure 1 Dynamics curves of TN concentration in the paddy water

after the different summer tillage systems
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Figure 2 Dynamics curves of NH;—N concentration in the paddy
water after the different tillage systems
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FIEEVER, Saikad 3% T 7K H NH B EE A
FEXTESS o MIRBFHTEIZK H TN A9k B0 (E (] 1)
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AR 2 d AR EEARTE M.
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T, NHEPHESAN SR (E 4)mH, Tk
() FHTHEIZK H NO;-N ¥R BE S A b 2 B DM T AR
B, 2 KIS BE g W TE KR R AR
NO;-N & BEHX A RBFFESE Y H K
NO;-N ¥k 2 Ft- (- [E-F B E, F 5~7Td Ja i
PR TR BRI R RE -5 H TEG K B TR ARrE A
AR DL B 3P R AR S R NOs-N &8
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Figure 3 Dynamics curves of NO;—N concentration in the paddy

water after the different tillage systems
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Figure 4 Dynamics curves of NO;-N content in the paddy soil after

the summer fertilization cultivation

2.2 ARAHHMEEX T A BEEKPBEENISIFIE

REHHER A% H H 7K = TP Fil DP B 3h25
AL 5 FIE 6 Fras : WBFFIGEHERY H K § TP
1 DP #yHk ARG, ZERHEAL BES 1 h B, 353
47 0.29~1.17 mg- L™ 1 0.13~0.27 mg-L*, 45 2 d 575,
4351 4.16~5.92 mg- L™ 1 2.48~3.02 mg-L, k-
T8 R
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Figure 5 Dynamics curves of TP concentration in the paddy water
after the different tillage systems
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Figure 6 Dynamics curves of DP concentration in the paddy water

after the different tillage systems
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Figure 7 Dynamics curves of AP content in the paddy soil after the

summer fertilization cultivation

2.3 BEKDEERHFETSREES T
%Bﬂ‘ﬁcﬁ%ﬁAQFA xCxX;
A LIRS AR, C; & SRR a] A B Mk,
X AEKEECREREKEER 3 em),
1B RE TE A SR B [ S B AR H H T K P s B
M HET, HEHEEALRS H H K S AR %)
WMREWNR 1 BIR : R Z BB AR, 7E8F
fEJG 2 d WHTEIZKH TN B4a%T 5% &80 (HAESH
2d BIEHH A(q—0)>A(m—0)>A(sh—0), HE
3d HA XA RR K, H 25.19 kg-hm?, BFEK
AL R TERE BV BET & , 7EAL3EE 1 h B, FLH
T K H TN B 4% i R BRI HK A (sh—0)>A (q—

® 1 FEMEEXHEAR TN B3 R K E R (kg hm™)
Table 1 Dynamics of the absolute losses of TN in the paddy water
after the different tillage systems(kg+hm™?)
HeZK I 18]
1h 1d 2d 3d 5d 7d
A(m—0) 1.50 431 16.84 2519 10.19 8.64
A(q—0) 11.12  30.00 18.08 17.46 8.95 3.54
A(sh—0) 2442 2318 1591 14.21 8.49 5.55

* A (0—0) FR B AL TR S 7 R i [E) HE T FH TR Bf TN B9 248 %o
WK ; A (q0) RN AL BUF ZEA R A A HE T F K B TN B4
SRR ; A (sh—0)FRRBFAL BLUE FE AR R B A1 HET TR B TN 39
xR E. TR

* HOKGRBE

0)>A (m—0), % 1d HAEXMARRK, 4 30.00
kg-hm?, ZJ5HMKH TN F4% 5k &R N
A(q—0)>A(sh—0), FEHMF , LHEKF TN
RILEXTIR R BTERHESS 1 h &K, R 2442 kg-hm™, Z
JG BB, FHES dFEHEEKS TN 4
XoF it 2R B AL FEAR A TR AR

28R ABAHEE3dEHKSESE 3 d
it HEZK AH B, AT 82 B K AR TN 25 59.55% ~
65.68%, XTEFFME 76 1 d JFHOK 55 1 d Bk
KA, A/ HE AT TN fisk 39.74%~88.20%;
HTES5~T d HEK , AT vgi H mE K HER TN 70.15%~
88.20% ., XIRHFMF ,7E 1 h JEHE/K , HuskHERCR
17,78 5~7 d HiK, SHAE 1 h BtHEKAR H, AT HE
Jik 7K H TN 65.23%~77.26% ., F I T] I, B ZHHE
J& AN F R BV EAR RN AR 1 S B 15 L B A48 A HEZK
I, ASE R H T 7K A8 B AU HER BE o

2 tAXHEKE AR EEAKH TN BHEREE(%)
Table 2 Emission performance of TN in the paddy water at relative

to the drainage time after the different tillage systems(% )

ARG HEK B 1
BHEB 1h 1d 2d 3d 5d 74d
t-m(3 d JgHEK) 0.00 59.55 65.68
t-q(1 d JeHEK) 0.00 3974 41.80 70.15 88.20

t—sh(1 h j5HEK) 0.00 507 34.83 4180 6523 77.26

23 B 5B L, Bk RR B S 7SR 2~
5 d HeAK, FLHTE K A TN B AH XTI R g K,
A VEBES B K 5.51%~16.69% F1 5.18%~18.60% .
XA, AR H K S TN B3k B REAE
XN,

£ 4 B ARBHEEXT HEAKS [NHI-NY/
[TN] HefE, DA t-m AEK,t—-q IRZ ,t-sh B/ T

R 3 ZMMEMEN TR EEAS TN FEE-E(%)
Figure 3 Loss potential compared with shallow tillage of TN in the
paddy water from deep plowing and shallow plowing(% )

HEAK B )
1h 1d 2d 3d 5d 7d
*m/sh  -1527.84 —437.28 551 4359 1669 3578
*glsh  -119.61 2273 1198 1860 518  -56.77
T *m/sh=([t-m]-{t-sh] )/[t-m|x100. B AIEN S, WIRon Gt
U ELAB AR X I 2 P RE /DN, D TE AR U 2 S-S TR A EL R
RIS IR HEREBOA o *q/sh=([t-q]-{t-sh])/[t-q]x100: FFEERIE N
18, MR B85 YR AR HLB A A X U SR T RE /DN , 0 IE (B W /R
BHSUBEAH LB XTI AR . TR

e
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R 4 HHEALIE R HEZKH[NH -N)[TNIB SN
Table 4 Dynamic ratios of [NH;—N}/[TN] in the paddy water after
the different tillage systems

i SRAERTA]
1h 1d 2d 3d 5d 7d
t-m 0.10 0.40 0.15 0.06 0.11 0.07
t—q 0.06 0.02 0.05 0.05 0.09 0.14
t-sh 0.02 0.02 0.04 0.05 0.08 0.06

[NH;-NV[TNH{E/NF 0.5, FHIEK HRIM LL TN S E
AFER TRARTE S S TEEE
2.4 HEKAEBERHEPESREES T
5 B AEBHEAEE 1 d R, K TP 48
MR BRIN At-q> At-sh>At-m; 7P 1d )5
WRHHK At-m> At—sh>At-q, BHR, SabhibIE H
K H TP B9 4535 Kk Bl ok, L Bl 7E 0.57~1.78 kg
h s TRBF AL B T K A TP B4 0 iR Bk, i
7E 0.15~0.21 kg-hm™; &AL F K A TP 455037
KERD,JEREITE 0.59~1.25 kg-hm?, K, Agi/>H
TH 7K TP B4R iR B &, B EAA R o et
IR
%5 HHELTEBE K TP EXIAKBHE ke-h?)
Table 5 Dynamics of TP concentration in the paddy water after the
different tillage systems(kg+hm™2)
SRAEERTE]
1h 1d 2d 3d 5d 7d
A (m—0) 0.09 1.67 1.78 1.61 0.80 0.57

A(q—0) 0.80 0.54 0.21 0.30 0.12 0.15
A(sh—0) 0.35 0.38 1.25 1.12 0.59 0.15

I * A (m—0)FRIR AL BUR HET F K i TP B 40 i 2
;A (q0) FOREPHAEEE HET H K i TP BY4EXT % & 5
A (sh—0)FRTBHAL B HET HEK i TP B4R &

6 Bon B IRAESE 5 d JRHK, 5HEE 2d
HEKBF AR EE, AT DA /D H T 7K A TP 2k 54.70%~
67.78%, YEBHLENE £ 1dFHK, 5HAE1h
He/K BT A L, FTE K 5 TP B HERCR B, &5

3 6 HHXTHEK AT EIH FE K TP R BE (%)
Table 6 Emission performance of TP in the paddy water at the

* HEK 3R

relative to the drainage time(% )

2~7d HEZK, AT /D H K H HEC TP 62.99% ~
85.09%. X BT F , 7EAL IS 2 d BiHEK, HIHE
JKH TP (e BEBOR, 7E 2 d JEHEK , Hs R R 8
I, AR 5~T d HiK, 5HAESS 2 d HKE AL, 7T
W HER FHE K A TP 52.45%~87.99%

278/~ SERPELL, RBAEHLRES 2d
JEHEK, HTE K TP BT R T AR K, Hi 2k
TERESY IR 73.80%~88.18%F1 0.00%~83.18%, X,
FH AR PR IOUAE i ZK P TP A AR R Ok T
RER/IN,

R 7 EHMRHEX T EHRBEEAR TP HFRKLEE(%)
Table 7 Loss potential compared with shallow tillage of TP in the
paddy water after deep plowing and shallow plowing(%)

HEAK B 1A

1h 1d 2d 3d 5d 7d
*m/q  -829.27 6769 8818 8150 8509  73.80
*shlq  -129.91 -4400 83.18 7345 7979 0.0
T - *m/q=([t-m]-[t-q])[t-m]x100: TR RER GfE, MR
B LB A XSS T RN, Dy TEAR I 2 Stk 5 oA EL R
RN KRB R o *sh/gq=([t-sh]-{t—q])/[t-sh]x100: 155 BYFE A £
18, R R85 B AR HLB A A X I 2k HERE /DN , A TE (I 2 T

B HBEAR LLBL R A XTI SR B RE B R

3ABHEAL ) DP/TP {E A28k (3R 8) BN
AEFHER R A F 5 H K F R AR AT S
RAE—ENERM. MAPtEm s, EXRER
2d N, B FDPYTPIRTF 0.5, tB BER MR LA LU
DP &, 45 3 d 5, [DPY[TPI/NTF 0.5, B FH 7K i
BERRIEAEARLL TP FE, WFEREE, %
%53 d JIDPY[TPYINT 0.5 &b, Hoft RALRs 18] H misK #
[DPY[TPIKF 0,5, BB ik ik Ak 33 FH T K B R i 2R
TEATE AR FERI R DP R EMRETEA . BT
PR E , T B E7K H A[DPY[TP], 7€ 1 h~2 d BB
} 0.11~0.22, 7 2~3 d By 0.60~0.54, 7 5~7 d it
Bt Ry 0.27~0.40, Bt LA, TRBFAL 3 H T K B TR
TEASTERTHAIRSIALL TP S 3, 7E-F AN 2L DP %,

g

8 HHEAE R HE K [DPYTPHERFIEZL
Table 8 Dynamic ratios of [DP)/ [TP] in the paddy water after the
different tillage systems

- HEK S IA] - SRAERT 8]
1h 1d 2d 3d 5d 7d 1h 1d 2d 3d 5d 7d
t-m(2dJ5) 0.00 938 5470 67.78 t-m 0.93 0.51 0.51 0.47 0.27 0.13
t-q(1hJ5) 000 3291 7391 6299 8509 8136 t—-q 0.94 0.92 0.93 0.38 0.50 0.71
t-sh(2 dJ5) 0.00 10.15 5245 87.99 t-sh 0.11 0.22 0.60 0.54 0.27 0.40
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AN FIBHE B LA K o U A S S AR AE 4B
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(D)TEBEA R T 4 3 B REAE A 5 & 4%, B T K A
TN I NHi-N V& 2587 T RS RBFAGHE 1
PR TR RN, N5 8 0 f
NO;-N 75 LAHEE ] H 7K OB, S AR Ak 3
() HTE 7K H TP 1 DP ¥R EETESS 1~5 d Nk, 3
AFEEALER A HEK B TP 1 DP ZE#FEALE 5 d J5
BIAbFHARA U FE K-

) AFRBHERZIK 5 d J5 TN 450K &
B FEARR IR o Gk TRoBh BHERK 5d
J& AT 43 Bk 2 H T 7K 5 TN 3528 59.55%~65.68% |
70.15%~88.20%F1 65.23%~77.26% . LEHEAbFR AL
FE H K TN A BRI BB AT /N e R RIFHER
AL BEAHST R TE S S HERELL TN A%,

(3) fetabEHEE K TP 4% R B R,
BHACHE H K TP 483 ik B/l bt &8,
GHHERTK 5 d J5 FHEK BT 20008/ E T K 5 TP 3
4 54.70% ~67.78% . 62.99% ~85.09% F 52.45% ~
87.99%, FAFAL AR H H 7K 5 TP YA Hi sk
TERERL/IN o A RIBHVEAR Ak 2 H THT 7K APl 2 A AT I
REAERIH—EMZTE, HEKPBHRRAES
BERH A2 AL 2 P TP 5 DP S8 b B4

PRI, IS/ FEK AR X B K
BERMAFNBAAEEIHEER; FIRZERKS5d
JEFHHEK A S8/ H K P RABR I F R B R
FH HE7K X T W55 G2 A5
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