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Dynamic changes in nitrogen and phosphorus concentrations and emission-

reduction potentials in paddy field water under different tillage models

FENG Guolu, YANG Renbin "
Key Laboratory of Eco-tourism , Jishou University , Hunan , Zhangjiajie 427000 , China

Abstract; Traditional agricultural production in frequently cropped soils can lead to soil structural damage, a decrease in
soil quality, increased erosion, and aggravation of nitrogen ( N), phosphorus (P) and pesticide losses into rivers and
lakes. Aiming at reducing these problems, many countries have introduced the practice of no-till. In southern China, rice
farming activities involves deep plowing in spring, but in summer, cultivation involves no-till or shallow plowing. No-till
means that the land is not used as intensively and direct sowing or planting crops is the preferred method of production.
China from the end of 1970s began to use the no-till approach in paddy field research; in southern China in the 1980s the
natural no-till method became popular to improve the environment as a whole and, as well as promoting the sustainable
development of paddy field ecosystems. Summer precipitation and paddy field surface water with high N and P
concentrations can be the source of the loss of a large quantity of nutrients from runoff from the rice fields, which has the
potential to be a source of pollution and can affect the water quality of the local river and lakes.

In summer a different farming mode involving changing the paddy field surface water is used, which can reduce N and
P losses. The dynamic changes in N and P concentrations and their loss potentials and reduction effectiveness in paddy field
surface water, under different stagnating times in three tillage models such as no cultivation, shallow plowing and deep
plowing were investigated. This was done using a paddy simulation microzone experiment. Results showed that: (1) Deep
plowing was favorable for the fixation of fertilizer, by the soil but total N and NH}-N in the water showed a gradual decrease

with time. The microbial environment in the soil of non-cultivated and shallow plowing scenarios was favorable for
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nitrification, to which NO;-N was released rapidly into the water as it was poorly adsorbed by the soil. The total P ( TP)
and dissolved P (DP) concentrations in the water of the non-cultivated and deep plowing systems were relatively high within
1—5 d, and the TP and DP concentration ( when the discharge of the water from the three tillage regimes was delayed) was
relatively low after 5 days. (2) The absolute TN losses from the water of the different tillage models were low after the water
was left for 5 days. Non-cultivation, shallow plowing and deep plowing reduced the TN loses by 59. 6% —65. 7% ,
70.2% —88.2% and 65.2% —77.3% , respectively. Total-N potential losses into the water of the deep plowing regime
were relatively minor but were the main form of N lost in the water of all three farming scenarios. (3) The absolute losses of
TP in the water of the non-cultivated regime were the highest while they were was lowest in the water of the shallow plowing
system. After holding the water for 5 days, the TP lost ( as calculated by the three tillage models) was reduced in the range
of 54.7% —67.8% , 63.0% —85.1% and 52.5% —88.0% , respectively. The relative potential losses of TP in water of
the shallow plowing regime were lower than others. Likewise, the relative form of N and P lost was different in three tillage
models and showed variations over time. Thus, when discharged after 5 days’ delay, the amount of N and P in the water lost
from the paddies can be decreased effectively, which will significantly reduce the effect of paddy water discharge as an

agricultural non-point source of pollution.

Key Words: tillage systems ;nitrogen , phosphorus ; emission-reduction potentials ; paddy field
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1 #RE5AHZE
1.1

TR b IR A T R A R 2 < Fa bl e B SR S, R AL R A TR VDT SR X AR, AR 111°
52", b£h 27°91", AR 16.8—17.2 °C, AP 1 BB /K& 1422, 4 mm,, Bl 3 4R £l K5 <4z
bel " 2 RHIHA LS B ) AR A AR R AL 11. 8g/kg, 2A(N)1.12 g/kg, 25 (P)1.38 g/
kg, 481 27.6g/kg, KMFA(N)96. 6 mg/kg, ML (P)70.8 mg/kg, AR (K)142.6 mg/kg, pH{H 5.5,
VTR FH /K R0 35 BT S K 22 B K 1 SRS T K, IR S — BN SR, BRI R
FE, R FA IR JE A AR MR U, 7R R VDb IX # A — 2 etk
1.2 BRI
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1.3 Lt
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Fig.2 Dynamics curves of NO3-N and NH}-N concentration in the paddy field surface water after the different tillage systems

55 TN Rl NH-N A E, BT 7K 5 NOS-N 78 BV AR AN TR Ak BE K, HE K P A R E 2k A T H
7K A AR R A B R B R A NOS-N S, B PoasS U0 s AR 08 3 T, Sy H K o
NO;-N ¥ 3 S A 1 SR TR RBE, J2& B b e K I B - 3 TR A DK 9 JEL AR NOS-N & AR /0 B
., WAAFAITRPEE FT Kt NOS-N MR BE S - - -, T 5—7 d Ja i BLRG E A B, X AT
5 WK R T RS E AR DL AR NOS , D 88 b SR A5 & 19 NOS =N, & IR MBHESL sh s iE A
H KA G,

2.2 N[BT RS H K s 2 G S SRR 0.090

R F AR I K R TP f DP iSh A 8 Jol jEj;
FEFS 4 P : BRUEAIAHE 0 T K of TP 1 DP A7k < 0080
FEARALIE DL, FEFFAEALBEJS 1/24 d Fefl&, 7 0.29—  § ooaof
117 mg/L fl 0. 13—0. 27 mg/L, &2 Kfps, K = 000
4.16—5.92 mg/L 1 2. 48—3. 02 mg/L, 5 fIK-Fh-1 {H- goﬁ’l . | | . .
Berykas, keSS W MR R, HH vaa1 ngémw5 !
HEiK TP F DP 9 AR fE AR, 7EALBR)S 1/24 d
B, #9268 mg/L 12,52 mg/L, ZJ5REHT e B3 EEEEHEELRRLSRRSTL
ﬁ%m .3 /l\*}T‘ ,ﬁg ﬂ‘fi EI/‘J M E 7k ,:F. TP ﬂgu DP E *ﬁ ’ﬁf ﬂ‘ 3 Fig.3 Dynamics curves of NO3-N content in the paddy field soil
54 }ﬁ 1[35] ﬂ‘ ﬂ:fﬁf ﬂi E/‘J {ZE Eﬂ( _TF_ ] after the summer fertilization cultivation
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TP concentration/(mg/L)
DP concentration/(mg/L)
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TP DP

B4 AEHEERTHEBBETEKRSBNTEERREDNTT
Fig.4 Dynamics curves of TP and DP in the paddy field surface water after the different systems

MIpER, BB MR S B T MK b, 25 80

54 2 S L T K P 807 4 DR 45 S 050 B 1T ii;g:

WK TP A DP BT RIS, AT S ool M
PR S EH TSR W AP [ BT § of

5). BURIA R HOP S AR, Fo T LR < ) =t

PO; ty— S KRB RIS, BRI, o)

T2 24T A 9 v s 22 B B L TR K v 1 M 1 2 3 5 7

VI E AR5 3 5 00 Pl FR T K PP 2 R 4 Samping timefd
TUUEE, XAl e B TR K Fh TP Al DP Ak J2 5 5 BEEESHEE LEENHABDAT
iz{iﬁ‘l:‘lg%ﬁ(])ﬁﬁﬁﬁo Fig. 5 Dynamics curves of AP content in the paddy field soil

2.3 Z: IE] %# 1"}5 *ﬁﬁ? M Eﬂ( EF‘ E/ﬁ E’J/)ﬁﬁlfﬁ%%@ ;& ﬁ% after the summer fertilization cultivation
Gaily

RGBS R A Q, =AxC,xX, , 2 A ARG AL, C, A RFERIE] (d) FRWIE, X, IHKE
BE CE KB 3 em) |, (B8 FE A SRAE s To] s A UL T D T 7K e Ao o sk 4 HE T, b A 400 1
HH i K P B R e i A e LR 1

F 1 R AP | A R HERIRSE, EHHES 2 d WHTEZK TN B4 xt ik B IS 2 RS
HFEIHH A(m—0)>A (qg—0)>A (sh—0), HE 3 RIWLEXTFKERK, H25.19 kg/hm®, BABERW L
YHRICERE . WEHEN S, FEABLE 1/24 d B, HEHEZKH TN B4R R =R A A (sh—0) >A (¢—0) >

£1 FEHEEXBEEKD TN BT REEZHT/ (kg/hm?)

Table 1 Dynamics of the absolute losses of TN in the paddy water after the different tillage systems

Hek s HEZK B[] Sampling time/d

Drainage strength 1/24 1 2 3 5 7
A(m—0) 1.50+0. 082 4.31+0.317%  16.84=1.065%  25.19+0.841"  10.91+0. 152* 8.64+0.211%
A(q—0) 11.12+ 0.237%  30.00+0.618*  18.08+0.870"  17.46+0.738""  8.95+0.074"" 3.54£0.215%
A (sh—0) 24.42+0.245"  23.18+0.823""  15.91£1.068"*  14.21+0.483" 8.49+0. 058" 5.55+0.318%

# A (m—0) F7R Sk B FEAS R [E)HE H TR KB TN B4 56 328 &5 A (q—0) R Bk AL 23S ZEAS 8] B 1) HE T T /K i TN B9 2468 %o
TR HE; A (sh—0) FR UL H S A6 R B ) HE T FH K B TN 240 06 26

[RIFIBRA AR KRS Fb8 4 3 n 21 18] 22 AR .35 (P<0. 01) s A AIR/NE FBE 35 FOR 4110 25 57 .35 (P<0.05) s A Rl /NS 2035 ROR 21
[B] 25 5 AN .3 (P>0.05)
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A(m—0), 551 R4 R SR A, H30.00 kg/hm®, ZJ5 HEK S TN B4k BRI A A (q—0) >
A (sh—0) . BB T, HHEEK S TN B4k S ER 1/24 d 5k, 8 24.42 kg/hm®, ZJF 2%
W RS TH 5 KRS HRIZK A TN 26 X5 2 b T8/ MR R K SF

BB GRS 3 RIGHEK, S7E58 3 RETHEKA L, /b H K H TN ik 59.55% —65. 68% , X&#F
M, A5 1 REHDK, 545 1 REFHEAKHE L, w0 B RZK A TN 2K 39. 74% —88. 20% 5 A5 655 5—7
KHEK, A B K HEC TN 70. 15% —88.20% , XEAEHHNF, 76 1/24 d J5HEK, HIsHESCR B4, 78
5—7 d Hik, H5HAE 124 d WHEKA I, b HES E T K TN 65.23% —77.26% (£2) o ML, &
FHHERS , AFBPEB AR SEPRIE AL, SR 1E nyHE KBS a], DLSEE T K 0 e Al HE AR RE .

F2 AREHHMEERX THEXTHEK R EREEK SR TN BHEREE %
Table 2 Emission performance of TN in the paddy water at relative to the drainage time after the different tillage systems
FAXTHEK I} [E] Relative drainage time/d

BHEALZL Cultivation mode

1/24 1 2 3 5 7
t-m(3 d J5HEZK 3 d later drainage) 0.00 59.55 65.68
t-q(1 d J5HE/K 1 d later drainage) 0.00 39.74 41.80 70. 15 88.20
t-sh(1 h J5HE/K 1 h later drainage) 0.00 5.07 34.83 41.80 65.23 77.26

SHBHAHLE, RHFAERBHE7E5E 2—5 KHDK, KT TN AR RERR, Hi i ae i
5.51%—16.69% H15. 18% —18.60% (£ 3) . XKW, HEHFHRHIAT I H K TN B3R I REA R B/

x3 SRHELERERMHIEHEEKS TN FKE6E %
Table 3 Loss potential compared with shallow tillage of TN in the paddy water from deep plowing and shallow plowing

R4 HEZK 5} 8] drainage time/d

Index 1/24 1 2 3 5 7

* m/sh -1527.84 -437.28 5.51 43.59 16.69 35.78
# q/sh -119.61 22.73 11.98 18.60 5.18 -56.77

#m/sh=([t-m]=[t-sh]) /[ t-m]x100; HEMERFE, WFR G b5 VRBIAR Lo i A XTI 2 T REE /N, R IE I Fe7m S bk S5 VR B AH 1L
AR AR R, = q/sh=([t-q] =[t-sh])/[ t-q] x100 : T BE R 58, W ZRoR ERAE-5 TRFFAH HL BRI A XTI S v e/, S IE (B ) 3%
TRV AR L AR U 2R TR e

AFIBHERE T Ik o [ NH-N]/[ TN ] HOAH, 045,

P t-m B K, t-q IRZ, t-sh N/, t T [ NH;- Eg:jg:
NJ/[TNJME/NF0.5(E 6), Kk, HifKHRA AL ?ggg
TN A ER AR R IES 5 HE. Z 020}
2.4 K A A BRRHERE 5 R S BT 2 o|

EUFAL I L d T, KR TP B2 sk e = 0%

K At-q>At-sh> At-m; FEALH 1 d JFEHH At-m> Va1 2 Sampmgiimdd 5 !
At-sh>At-q, BIK, GHFALHEH K TP 48 X it
9%%]%7(, JLHITE 0.57—1.78 kg/hm2 ; VA D PR T Ee6 EFHEHMEEEEKZRERESZARELEDSET
7J(':F' TP E@é@xﬁ{ﬁ%iiﬁtz, TE?EH’:E 0.15—0. 21 kg/ Fig. 6 Dynamics curves of ratio for [ NH;-N]/[ TN] in the
hm? , /f%jfl: b3 T ﬁﬂ( "Jlj TP 2@ % ‘T {}Ith 5,% % % s> ’ 7@ lﬁ 7{ paddy field surface water after the diferent tillage systems
0.59—1.25 kg/hm*(F 4) . K, Mg/ B K S TP (460 i g &, B 22 2 i E s s a1k
i

TP BRAESE 5 KIGHK, 5 HEE 2 RHKIARLE, AT LA FTEDK TP ik 54.70% —67.78% o Xt
AP =, 761 d J5HEK, SHAE L h #KEAH L, FRKH TP B3 HRSCR IR, B 7E5 2—7 RHAPK,
Al K FPHERL TP 62.99% —85.09% (£ 5) o XTHPFALEL, fEALHLS 2 d FirEK, HHEKH TP Bk
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R4 HHEREFEHEKP TP AR EEIHS/ (kg/hm?)

Table 4 Dynamics of TP concentration in the paddy water after the different tillage systems

HEK R HEK B[] drainage time/d

Drainage strength 1/24 1 2 3 5 7
A(m—0) 0.0920.002"  1.67£0.057*  1.78+0.031™  1.61x0.022"  0.800.019* 0.57+0.010*
A(q—0) 0.80+0.0255%  0.54£0.054%  0.2120.032%®  0.30+0.017%  0.12+0.018% 0.15+0.018"
A (sh—0) 0.350.014%  0.38+0.009"™ 1.25+0. 024 1.12£0.010%  0.59+0.032° 0.15+0.014"

# A (m—0) o A EEHET H A TP a3 % 5 A (q—0) R ERHFALBEE HET F K I TP A28 47 it A (sh—0) FR TR
HEAb 3 HET F K B TP A 4E R R R

[FIFIBRAT AN TR K S R 32 7R 20 18] 25 S 38 (P<0. 01 ) s A AN RI/ING R FR 4110 25 5 35 (P<0. 05) s b Rl /NG 24938 R 41
i) 22 5 AR 8 3 (P>0.05)

x5 HEXTHERES EIEEK S TP B HEREE %

Table 5 Emission performance of TP in the paddy water at the relative to the drainage time

Byt HEZK B [H] Drainage time/d

Cultivation mode 1/24 1 2 3 5 7
t-m(2 d J5HEK 2 d later drainage) 0.00 9.38 54.70 67.78
t-q(1 h JSHEK 1 h later drainage) 0.00 32.91 73.91 62.99 85.09 81.36
t-sh(2 d J5HEK 2 d later drainage) 0.00 10.15 52.45 87.99

BECOR, 182 d PR, HHRECR B, A 7E 5—T7d

HEk, 5 HCAE8 2 KHEAK AL, AT/ HERE K o Ei& i

TP 52.45% —87.99% (£ 5) , E o
RFBHER B 1K B 2 A 800

BEIM—EW LR T), G, EnE 2 Y

12 d v, F[DPI/[TPIRT 0.5, B Ewar & 0%

AUUDP AE 3 KA, [DP]/[TP]/NVF0.5, Bt O . s : :

H T K B R I R IE SR AL DL TP R F, X #k ik Samping time/d

B, BREE 3 REG[DP]/[TPI/NT 0.5 5h, HAMRFEM @y semmmmmmmka s S 8o
EH K[ DP]/[TP] KT 0.5, HILEPIACEIHE 2

7]( q:@;%{ﬁgiﬁ/ﬁﬁﬁ)a M:J:%})lﬂj\j [,j\ DP ﬂg 3‘5 E(] (ﬁﬁi Fig.7 Dynamics ratio of [ DP]/[ TP] in the paddy field surface
WA, WEHE TS b T HE AR DP]/[TP], water after after the different systems

1E1/24—2 d WFEE N 0. 11—0. 22, f£2—3 d BBt R

0. 60—0.54 75 5—7 d B Bl 0.27—0.40, Frlh, GRBHAEBEAY HH TE 7K o 22 it R S TERT I AU DL TP 2
F, FETRHINLLDP A&, WA SEI TP 5 DP 2B AL ME .

S, BRI BEES 2 KEHEK, MK R TP A X S B RE A R, HOm SR TR BE A ik
73.80% —88. 18% F173.45% —83.18% (£ 6) ., XKW, VM AL IAIAS H T K o TP AYAHXT I 2K T hE
BN,

4 ZEig

R TRIBVERR AL 7K U (14 S SRR AE AT BB R L B 2 T R 5 i BE AT 7T 2 1

(1) BHEA )T - ACAE R ARG & 3%, BT K P TN FINHG -N YRR 500 T MR st depbFgss 1
H i IR R TR AR RN, AN 5 Bl S B NOS-N 75 LG iy FH e 2K R B, S Bk A Bk A B A P T 7K
HTP R DP W EETESR 1—5 RS S, 3 BHEALBEAHEHE/K T TP A DP ZERFEALEE 5 d J5 340 THAK
(AR 7K
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F6 SERHALLRMEHMRMBEARS TP MK ERR %
Table 6 Loss potential compared with shallow tillage of TP in the paddy water after deep plowing and shallow plowing

e HEZK B [H] Drainage time/d

Index 1/24 1 2 3 5 7
*m/q -829.27 67.69 88. 18 81.50 85.09 73.80
# sh/q -129.91 -44.00 83.18 73.45 79.79 0.00

#m/q=([t-m]=[t=q]) /[ t-m]x100: FFEAIFEN G, WIS RS EAEAT LB AT IR TR A/, O IE AR R e S5 v R AT L
BN R IERER ;. # sh/q= ([ t-sh]-[t-q]) /[ t-sh]x100: THEFRIE A FE, TSRS TS EAEA LSRRG SR i BB/, SR IE(E
FORTEBE S AR LA AR i R W BB

(2) NRIBHERII K 5 d J5 TN AZEXT i b TRARM AR AT, Sk dE WHHERTK S d 5
AL 430 H I ZK A TN 2 59.55% —65. 68% (70. 15% —88.20% F1 65.23% —77.26% . TRHFALFH AL
Fef FH FH T 7K A TN B3 28 W BB AR B8/ o A [ ERE AL FEAR KR R IE S S RELL TN &,

(3) S B T 7K T TP (4 X 2 B e K, Ve MFAL 3 B K o TP 48 %0 i 2k i de /b, B iRk (IR
HHEMRK 5 d J5 FEHEZK AT 23 51008 /0 B K FB TP 2k 54. 70% —67. 78% .62. 99% —85. 09% Fil 52. 45% —
87.99% , AL FIALIAE B H /K o TP AR A I BB R/ o N [R]BHVE AR A 21 T 7K Hh ol 2R B ARG i
RILERM N —Em 22 570%, HEK PR AIESHME AL 2B TP 5 DP 8% 224 .

PR, I/ F T K rh AR A e X A it i ke, BRI S B AN T B E B R B 7R K 5 d )5
FEHEZK BB A 25080 H T K U A I 2 1, 980/ DA FE HE KOG T VR T e (R 52 )
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