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and Dynamics of Nitrogen in Surface Water of Paddy Field
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Abstract: [ Objective ] In view of the fact that hydrosphere pollution caused by nitrogen losses with runoff from paddy fields in
South China is increasingly serious, an attempt was made to explore N losing effect and potential risks of straw returning coupled
with nitrogen fertilizer application and an optimum synthetic N fertilization rate in addition to full straw return. [ Method ]A field
experiment was conducted to explore effects of straw incorporation coupled with N fertilizer application varying in rate on rice

yield and dynamics of nitrogen in paddy surface water, and to seek for an optimum fertilizer-N application rate in addition to full
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straw incorporation contributive to crop yield and the environment. ~ Result Results show: (1) Compared with Treatment N2
(application of synthetic N only), Treatment SN2 (Straw return plus N application at a recommended rate, N : P : K=240 : 15 :
60) was significantly or 22.5% higher in rice yield (P <0.05). Besides, compared with Treatment SNO (Straw incorporation with
no N applied), Treatment SN1 (Straw return plus N application at a reduced rate, N : P : K = 180 : 15 : 60), SN2 and SN3
(Straw return plus N application at a conventional rate, N : P - K =300 : 15:60) was significantly or 50.1%, 60.1% and 40.8%,
respectively, higher in rice yield. This study showed that straw return plus N application significantly increased rice yield, but the
effect reduced when too much N fertilizer was applied. Full straw return for 4 or more years in a row could replace part of the N
fertilizer applied in yield raising effect; (2) TN (total nitrogen) and NHX—N (ammonia nitrogen) in paddy surface water peaked in
concentration in 1~2 days after urea application, then declined rapidly to a relatively low level. So the week after urea
application was a period full of risks of nitrogen runoff loss. Moreover, compared with Treatment N2, Treatment SN2 reduced TN
concentration in paddy surface water during the period after basal and tillering fertilizer application by 2.0% (£>0.05) and 6.1%
(P<0.05), respectively. Treatment SNO reached 53.7% and was obviously higher than Treatment N2, SN1, SN2 and SN3, in
DON/DTN (dissolved organic nitrogen/dissolved total nitrogen) and dominated with DON in N release. Treatment SN2 was 12
higher than Treatment N2 in DON concentration. All in all, straw return could effectively decrease the concentration of TN in
surface water during the earlier rice-growing stage, while increasing the potential of DON loss; and (3) Compared with Treatment
SN2 and SN3, Treatment SN1could save fertilizer-N consumption by 25% and 40% and reduce TN loss by 9.6% and 20.8%,
respectively, so it’s an optimal mode that takes both yield and environmental benefits into consideration. [ Conclusion ]In a word,
for the region in the downstreams of the Yangtze River, especially the flood and runoff prone areas, returning straw fully coupled
with 180~225 kg-hm™ —N fertilization in paddy fields is recommended as a long-term farming practice. All the findings in this
paper may provide a certain scientific basis for future researches on hydrological N losses as affected by straw return.

Key words: Straw return; Nitrogen application rate; Surface water nitrogen; Rice yield
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Fig. 1 Variation of rainfall and temperature during the rice development stages
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P, NO; I 2R A AN 66 B g s

*x1

KA I, 257N DX 32 BRI 7=, 42 B 14%
S K EAREST R = . A AbHh, X — 4
SRR 5 TR K R bR , IR BEALIE$E 25 PRt
Fr% R, XKRE = i SA SR

FREIAEREHI A E

Table 1 Fertilizer application rate relative to treatments / (kg-hm™)

b ¥ ik FEAT (£F)
N P K
Treatment Description Wheat straw
N2 HE#EANE Recommended N fertilization 240 15 60 0
SNO FEFFAH Straw returning ( SR) 0 15 60 5500
Tl FFAA H -+ 2 Ut A
SN1 180 15 60 5500
SR plus reduced N fertilization
REFF -+ 2
SN2 240 15 60 5500
SR plus recommended N fertilization
R FFIA -+ HL AU
SN3 300 15 60 5500

SR plus conventional N fertilization

1.4 FELIE
ARESRAZHE AT .

TN = PN +STN

DTN = DON + IN
IN = NH} —-N+NO; -N

x i, PN PR A%, DIN NE@IES %, DON
JE A PR, IN A TEHLA .

FHER A 7= 11( Partial factor productivity, PFPy,
kgkg ') =P T BLVE Y 7 /oA T R RN it
( Igim A5 MR Origin 8 fil SPSS18.0,
Excel 2016 #K{FHE1T22 BB s>, AbBE2Z (8] Y

5+ % F Duncan {817 2 8 LA

2 4 R

21 AELEKE=E

AT 3 KR - SR AR 2 FR, 2015 4F
PUHG A P2 AR b a3 2 . SN3 . SN2>SN1>N2>NO,
M 2016 FFEF- R (FEFFIAHES 5 4F ) SN2 5 SN1 4k

M REH LE 2R, 2017 4E5 SN2 5 SN 4bB
PRI 225, (B SN3 AR R R L R,
PRI R SN2> SN 1> SN3>N2> SNO ., 5 FF i H 4b
PR, AR b KRS 7t B it 20 3 i kg i, {5
F] 2017 4= SN3 AbPEEE SN2 B N, VLIRS FFif
T it 2 T RE R AR AR A R R %, RO AN I
KA A . 2017 AFEFREFFA H AL (SNT,
SN2, SN3) ATt & ALEE (SNO ) ¥4 8 1K Fs
7o P <0.05 ), 3751 ik 5] 50.1%.60.1% .40.8%.
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Table 2 Grain yield and its components of rice relative to treatments
2017 4F Year 2017
2015 4Fp=ik 2016 £F/7 0
pisiil e/ TR TR e ANCA A= T3
Yield of year Yield of year
Treatment Yield Number of panicles/  Weight per Rate of infertile PFPN/
2015/ (kg-hm?) 2016/ (kg-hm?)
(kg-hm?) (10*hm™?) 1 000 grains/g grain/% (kg'kg")
N2 8 061b 8010b 7 959¢ 270 26.7 4.24 33.2¢
SNO 6 555¢ 6010c 6 094d 203 24.1 2.26 —
SN1 8 842b 8 832ab 9 145ab 281 24.6 — 50.8a
SN2 10 090a 9 582a 9757a 304 26.3 2.63 40.7b
SN3 10 089a 8 896ab 8 580bc 304 25.8 3.40 28.6d

T« (6] — %1 JE AR [ A BR Q2 A B I 25 57 1 5835 ( P <0.05 )0 N IR] . “—7 F/n Bt i 2k s A BE T4, Note : Values followed by different

“

letters within the same column are significantly different at the 5% level. The same blow.

35

represents the missing or incalculable data.
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21

TN TN concentration/(mg-L )
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e 1 1
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Fig.2 Concentrations of TN ( A ), NH,-N (B), NOs-N (C) in surface water relative to treatments during the rice growing period in 2017
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W R, % 3 R EIR, 1E i EUK T
T, 5 N2 ZbFAHEG, SN2 AbFHATREAR KRS A BT
W (3, BEARI) MK TN S, SR EEARY
AR IR A 6.1% (P <0.05), Tt HIFSFF A H AT A7 R0
DAEBTINAR TR NG ., ok, FeEfH T
WAALALEE (SNT ) e ANCALEE (SN2 ) %

MANE AL (SN3) HTE /K TN B4 B A 20.8%
F112.4% (P <0.05 )

Jiti FIE 5 % P P T 7K NTHL,-N v B2 78 Akt (& 2B i
AR, 3 ANHEAR I NH,-N e BE 14 {5 36 31 HE A0 491 <
S A <RS0, 3 AT NN 359 7 it s A
fE 1d WikB g, ZFERE N, 5 TN A
1, NH,-NWRETESS 7~9 RIFMGTRE, Hik
JEHEE N 000.04~1.86 mg' L), Gt Hr £ (£
3), #EAFRE R (SN1. SN2, SN3), £ 4b ¥ NH,-N
A XA It SR P 8 o o S R, TR — it UK
T, FEREFF AL (SN2 ) MR WS = TN FS A AL HE
(N2) MefE, (HPIH 2T E %5 WA
(SN ) FIHEFER AR AL (SN2 ) %% B ZUAE 4b
F(SN3) MK NHi-N #e 43 MIFEAR 45.8%F
23.3% (P <0.05),

x3 KELEYHEKARESRZTHRE

Table 3 Mean concentration of nitrogen in surface water relative to form during the rice growth stages / (mg-L™")

SEHE BEALH A BAERY
Qb3
Base fertilizer stage Tiller fertilizer stage Panicle fertilizer stage The whole growth period
Treatment - - . .
TN NH,-N  NO;-N TN NH,-N  NO;-N N NH,-N  NO;-N TN  NH,-N NOs;-N
N2 8.09b 1.45¢ 1.92a 10.34b 4.69b 1.27b 7.86a 5.03ab 0.96bc 8.71b 3.98b 1.31c
SNO 7.85b 1.48¢c 1.96a 5.81d 0.23d 1.45a 3.57¢c 0.18d 0.87¢ 5.40d 0.53d 1.34bc
SN1 8.22b 2.45b 2.04a 9.41c 3.62¢ 1.46a 6.23b 2.79¢ 0.88¢c 7.76¢ 2.96¢ 1.37abc
SN2 7.93b 1.95bc  2.14a 9.75¢ 5.56b 1.48a 8.10a 4.57b 1.01ab 8.58b 4.19b 1.46ab
SN3 10.77a 3.77a 2.14a 11.02a 7.07a 1.46a 8.29a 5.32a 1.07a 9.80a 5.46a 1.47a

B 2C 5B R, HITRIZK T NOs-N Bk B i {i
T NH4-N, HUEEM S T NHi-N, B4 it
JE5 3~5 K, ZJ5 NO;-N ¥ FE Rl ] 2218 FEAIT,
FEZE 3 Vit A 30 06 {1 B Ay 66 JES 3> B A 30 > e e
W1, 439k 2.81, 1.78 Al 1.51 mg-L ', /KAG#EA2E
B (3 3), Ab 3 iE H KA 208 K
SEAHZEA K, (ER—AHEKFE T SN2 4L Y NO5-N
W N2 Ab B 11.5% ( P<0.05 ).

23 TEHHBEKEESRELLSG)

Hi 3R 4 RIAL, KRS A= B 100 P9 A i v e R0 H i
KA EWFEEIS, DIN/TN Hik 75%~91%. [
AR B, WA CHLAUIE & 51942 5, DTN/TN
MR, MRS AT AL B SNO A DTN (5 [b i K T
Pt AL B (N2, SN1, SN2, SN3 ), 7EV

A (DTN) o, &AL (N2, SN1. SN2, SN3)
B TEHLE (IN ) B b HoE i, I Pt s FF A 2
( SNO ) DON/DTN ik 53.7%, ‘i35 @& T HAb A2,

Ul B P S R T RT EA HIL L E Ry o
Ao EAR A — it B KT T A5 AR AR 3 (SN2)

ERGH AR (N2 ) 9 DON/DTN 2 %A W2, (H
HI# DON ¥ B35 # =il 12% (SN2, N2 Ab#43
BA 2.01, 1.80 mg-L'), JfHMFEFFAEH T RE#H
RN e 20 17 DON/DTN 8 5t A 45, F5FF 8
H—Z BN T DON RS . bk, HmK
TEHLAE (IN) fLL NHy-N b3, BReRs FE4h

Ay ib FH NH,-N/IN 355 68.4%~78.7%, i S jti Fs
R SNO ZRFEI L NO;-N 3, NO;-N/IN Eik
71.4%.
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Table 4 Fractionation of nitrogen in surface water during the rice growth season /%
pusiil . .
DTN/TN DON/DTN IN/DTN NH,-N/IN NO;-N/IN
Treatment
N2 83.7ab 27.3bc 72.7ab 75.2a 24.8bc
SNO 74.7c 53.7a 46.3c 28.6¢ 71.4a
SN1 83.0b 32.7b 67.3b 68.4b 31.6b
SN2 87.0ab 24.0c 76.0a 74.2a 25.8bc
SN3 91.0a 22.0c 78.0a 78.7a 21.3¢
3 i i AFTAIE, T8 2015 4F 21 SN2 KA 7= i 44 i 3%

3.1 HEFTEHEXKBEAEMNHE

FEFF I T C/N MG AT PR A7 7, P
— it AR TCHLAE —REREIR R VR B AL 78 f2 1Y)
RISy, A BC R AR A P A fe e 50,
EL A7 WF 5% 2 A R A1 FH it 2080 mT LA o + 3 Bl
AR, MR LR, B BRI AR P,
AT BE KRG 3 7= ARBFFE o, FEFF A RS B R K
e 7 e i 2 it R A BN ARG A, SN2 A Lk ) e
B, ZEHH T, X 525508 —%, X4
Jit 2R R A e — B, N R e
B R A RS FE 5 AR AT 2 R 3 9% 0 3 A5 A
Sy m ot AR R el 1
AL (360 kg-hm*) /KRS B, M 10%
(14 Uil FH A O AN 4 i 3 R EOK R = ) vt
A RO gy W . RE RN 225 kghm? A
6 000 kg-hm > Fgfs 4 H LA K2 (6 000+4 000 ) kg-hm > 75
AR (W) WH =i & 5 T 4 000 kg-hm * & f5 18
MHALEE, WiAHFFTH, Ffs4arifmH (5500 kghm )
Pic it 7% UM (240 kg-hm 2 ) fY SN2 Ab B 77 i e
b N2 Ab B B P 22.6%, PIASAL B R I8 B3
SRR BEAR : FEAR=4 : 2 4. KWL
FEH MR R AERLIZ % 6 ¢ 4( FEEEAL « FHAE ),
4033 (AR - BEAE : RHAE ) R, FEFFIAH AR
FH b 5K R 0 48 7= 3.0% 271 7.7%28 (P <0.05 ).
WK 22 IR SRR a0, e DAY
K PR DALY G . ARBFFE T, BR SN2 4bFf
Fedt R, (A S AU AR AR FE SN (180 kghm )
M= WA B2 5, R H SN ARBE AT /D 25% %
R, A&, g RS5ZR8R 4 Fa0gs R

1 SN, 1 A 2016 4T 4 WG Ab AR 150 1 25 25 5+
AL, TRl —i &K T, 2012—2015 4F SN2 4b B4
N2 AbFEE Y 12.9%~16.7%, 1 2016, 2017 435
I8 19.7%. 22.6%. X UK IFEF IR H (A5
=4 ) AMUATRHRE KR B, B EEm /> 2
A, BRI EEIBR . N —ME
M5, R AR 74 S5 H X 328 A B 7 (0 4 v 2
JOE K TG FE S i xoF 4 4 VB AR R 0 B VR Y

AHIFGY SN2 Kb BEEAE A AR 7= J1 3¢ N2 Ab P 3%
e 22.6%, W@ mil bokE, FfFdE T AL
FEBOEIN 12.6% . MIEHE T 1.6 A 53 ai, YIRS
PR3 FH 4 v 7 it SR R 38 I T KRR I A AR, 42
T KABLE I . ik 52 B POVRI 3K A5 P VA (1 F 52
—8, HER . —JrmE, FFEEERE T L5
REVL, ¥WInT HEXEY ML EERE; 5 —Tr
I, FEFFIR HOGE T R E R, N T 15
B PE R FKR, AR S) THl s K IRIER 2K
FEAR R 233, g iR i /U 3R h 25 AP kR R R 1 21
AL, KPR EE Z A Rk, R
A ROEA A B R TP A, R H T A
PPt U REAT 25 b AR A 3 FEJS AR Z80 , AA
S INRERIA, RmEBHA BB R, SRR,
3.2 T HEEEREXS H k& iR KRR E

W

RN, FEARARDELT, K
JIEL Ak R TR 7K N =N e B 45 76— U e 28 A AR vk
JEK, TN MR RE AR A U 5 30345 s A ) 4 11
Wezh, DXATRESREN . KRR B B KA P,
AVFER, X —E R LSRR T AR
R A B BB R SRR B Al s TN p g
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17 A 28 A1 /K T Ve B 140 2 Oy A EH 6038 0 2R 1 O g )
W MARHFFE oA B K (BRI ) TN e R
2.36~5.24 mg-L", 5 P50 T K TN 9 58 9% 5)
KFEAHZEARK, FIEARFFE T TN B sh A SR
LA KR IER . 5N, ABFRT TN, NHy-N
TERNMEERE - BEAE B 4:2:4 THRH
S FERE I AR, E R . SRR A £
(9, 3B AR N AT 5 20 A0 W R F 5 =22 38 FE 49
VRS AT W B B B A 0 A3 e RS AT IO R R R 2, U
AT KRG H T X 3R 4 0 o 7 g 55 5 ] A 1 R
FMAPY, BEAFAH T, ARAEZES AR
SRRt 25 1 B 22 S o K THI 3L 3 s 7 A T R 9
W, #EEZEE6:4, 4:3:3 T, FFLHEAR
i H AL B AT 20 SIRRAR RS 2 TN A2 Hm R H 9.08%~
13.16%739F1 22.63%™, St T FF A H AE K R A [H]
A B R A R D R TR AE IS A 1 E— A
J8. NO3-N ¥ JE M FEMEAL S5 3~5d H s e,
XHKZHr—H . FHE—FiHE NO;-N FE
AR 2 A% 77 NH,-N SR J5 P20 1o il £ A4 I i A2
I, 17 DR 25 7K 7 140 N -N 3 75 5 A8 45 7K A 2K Ml
Tl A= R FE A B b g AR A O 5 55— i, HEK
FAF NI VE A BAFTE RASARAE T, X 52 1E
T [ VR SO ARV E IR 3 T S BN S A A
WAL T FHA AR,

ANTE b, B AR (R 45 K7 T RS FF I8 Ak
P55 R34 FH b B TR K TN ONHL-N e BE Sk -3
SR (ERS AT AL AR KRS AR BRI (JEA
BEACI] ) HTE/K TN MREEHSAL, JoHZEEAL SN2
Ab 3 TE K TN e BE (R T N2 Ab 3, S Fs AR id
FH RE 0% R (IR W 03 MK AR I B, X 5 R e Y
RS — 3. 32 2 R R A AR AR S (6 B A 7%
PESERE N FARSFEA S ON B, AT LA
Bl A HE KA FERE W, B ES INRS AR
+ R MR Z Bk AR RS, S ECEHLAE
Z 3 LA 5 S I 2RI 38 o T K EHLAER R W
Frt ) X RFEFE S T A Y e b &
HEMEM . 1A, SR 60 4EFERTPORHSE T/
iR, SR MBERRI BRSBTS A, 454
AMFFE KRR X AL B LY, RS AR s R
it 2 AL B (SN ) ACHEFEZUE (SN2) 5 LA
JE (SN3) AHLLAT 430 FEAIR N TE 7K 9.6% 11 20.8% (1)
TN. 29.4%Fi1 45.8% NH,-N #JF (P <0.05). Hut

AW FE A SERE AT 8 R IR R W, RS FF 4 il H
Fic it 9 £ R AT A BRAE 7 S 1 [ B R 2k 20 7K
AFEBILHEATIN (RS kM) AEETRHR
PRI

NH,-N/TN A% S5 i 11 A FH F i K R0 1L 5 0%
W T A AT AR 5 RS AR A B KT
NH;-N/TN ( SN2 %5 N2 15 2.3% ), HE SRR,
IEAh, DTN J&H /K &R M EZ RS, m eyl
M H Il R, DTN/TN g (£ 4), RRREX
B . ZEA M, PTREJEHRS FEAA H A 38 4 2000 fie
HEEZ A AFE R, SEFRFFA DTN/TN 53]
AR (I T I it A B ), BR %A TEHLEUIE Y
TURREE AN, REFEIE R AR S Ak — A LA R
2R, L B RS AT — AR R n T
DON it 4 KU 1,

LG LI AR, ERFERRHANGT,
KA T e XK R 72 (8 700~9 500 kg-hm?) 5
PRES P 038 B AERE N FHEEAE 180~225 kg-hm?, &
JEL i BE AR S REAE A EL 9 R 6 0 4~7 3

4 %5

il 3 FE AT 9l 2 7K R fR T I 00T 3R 4 TR RE
515 EMARIE SRR RE, [FEHIFF
W HAALAT AR S E - i, i Rl ZEAE A
B BN AT A NC R . AR50 76 RG22 W 2
FEFF A ik HA RN, B Y bR R AL 2 &=
300 kg-hm 2 J8/0 & 180 kg-hm >, 7E A1 5. 7% B e
CFEBEZR A ) 147 10 ] i DI Sk B0 /b R03R T 2R v
i, MET e S AL RS, S H AT AR AR R
BB AR A, AR XAl 1 ] 54 & J HLAT &
TR RTRHEHEEYARETHNA R
et RS FE A B B AR Bk m) s, DA K R %%
Xof T4 7RI R 5 ) () BRUA i T ik — 20T
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