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Impact of Combined Manure and Chemical Fertilization on Nitrogen Leaching from Paddy Field in Red Earth
Hilly Area of China
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Abstract: Excessive applications of chemical fertilizers cause nitrogen (N) and phosphorus (P) leaching and thus agricultural non—point
source pollution. Here, we conducted a field experiment to study the impact of manure(M) and chemical fertilizer(F) combination on soil N
leaching at a depth of 100 cm in paddy field in red earth hilly area, Hunan Province of China. The results showed that the peak concentra—
tions of total nitrogen (TN ) and ammonium nitrogen (NH;-N) in leachates occurred 1~3 d after fertilizer addition and the maximum values
were 1.985 mg N-L™ and 1.165 mg N-L™" for TN and NH;-N, respectively. However, nitrate(NO;—-N ) concentrations in the leachates were
at a relatively low level (<0.02 mg N+L™") and varied little without any obvious peaks. Of TN in the leachates, NH;—N was the main form
(54.2% ), followed by organic nitrogen (45.1% ) and NO;—N least(0.7% ). The grain yield of late rice increased in treatments with manure
ratios of 0 to 30%, but decreased with 30% to 60% of total nitrogen addition. Leaching amounts and rates of TN and NH;-N showed similar
trends during growth of late rice. Taking into consideration of rice yield and leaching risk of soil N, an application ratio of 7:3 chemical to
manure fertilizer is recommended in the studied area.

Keywords: subtropics; paddy soil; manure—fertilizer combined application; nitrogen leaching; non—point source pollution
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1.1 AAREXER

H [ g i e A T 4 R B & B vh
BB VAR PR UL 538 (28°3370"E, 113°19”
50"N), 5% RAESE-2RE K 8 1200~1400 mm , 45714
AL 17.2 °C, JoFR A 274 d,4F H BRI 4 1663 h, J& T
TR ) 7 B Y 2 XU & Yt KA AR R
FE 120~140 em, HiTH =28 78.5 m, BFFEIX RS RlLL
B B bR, - BRI R R KRR .
R 0~20 em )2 T HEREA LM R . pH 6.1,
fib ki (>0.05 mm )41.6% , # ki (<0.002 mm)10.0% , Jit
MR e, EEEEMLT 19.1 g-kg™, TSR
0.84 g-kg™ 4 0.51 g-ke™ HlfE % 61.4 mg-ke™
B 16.8 mg kg™,
1.2 5t

K A H AN GRS, /N X T FR 45 m?(5 mx9 m),
JINDX ] R 3 350 = 30 em, AR RG22 LB 11
INKJEIFE A S , /N X A1 BE /K38 , B~ /INX B
KA e DA IE f A v e B AR B, 45 A Bt N
AR AR OREE A R AL, e A HLIE (M) i
25 B TR G2 A SR i s a, = Rk
Fr i b EE R 4:4:2, BEE 5 AN ERE AL MO(100%
F),M15(15%M+85%F ) ,M30(30% M +70%F) , M45
(45%M+55%F ) ,M60(60%M+40%F ), H b3 3 ¥k
A 15 A/NX, e R A HES . AF N jit
FHk 180.0 kg N-hm, i it 77 =00 « &30 A HLAEAE
FEA A, o 5 AN AR BRS A N ARG LB AR N
0% .15% .30% 45%7F1 60%, AbFEFPHELAE N FHEA 2
3091, FHIR 2 A0 A2 5 43 BEIAIE jifi IR R {25 AL B N
Ik 70% ; HA A ALAE I o £ Ab FRIER}
L 1, HERKAE S AP UL BT ——ARAl 12 5, R
FHEHLH B & B 5 ,2012 4F 7 A 21 Hifife, 2012
410 J1 26 HYSCH], MRS A= B N BRHEZK K H (8
J 120 H )RS 1 A A4V T LIS, B & )
£ 3~5 em IKJZ
1.3 HRmRESHH

AHFSE FEFSEAZH 100 em VREE THE N 9k
FRAE, AABRETAE R/ ] 43 5 T B % PVC &
T ACRAERE DU BR BB IR KRE . T HAE 5 em, B K
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Table 1 Experimental treatments and application rates of fertilizers (kg *hm)

e FEAL SIHENE R 4N
AL FRE A5 AL (JRF) & AL
AbFR 1(MO, 100%F ) 0 117.5 750 95.3 156.5 117.5 95.3 180.0
AbFE 2(M15,15%M+85%F ) 2 851.1 58.7 0 59.6 156.5 117.5 95.3 180.0
AbFH 3(M30,30%M+70%F ) 57023 0 0 239 156.5 1175 95.3 180.0
AbFHE 4(M45,45%M+55%F ) 85533 0 0 0 91.7 1175 83.3 180.0
AbFE 5(M60,60%M+40%F ) 11 404.4 0 0 0 39.0 117.5 474 180.0

- OA HLIEHLAL R FC L 2222808 N F I, B4 A 3] 220 A 55 5 @OF A1 M43 S 3mARIE R HLAE s QARALAHI 3553 & 1 A HUIE N

0.95% .P 1.47% K 0.66%, JR % N 46% , 245 P 5.24%(P,05 12%)

BE 1.5 m, o R HE 1.3 m, MR TR 0.2 m, 7645
F o T 110~115 em WREEAS R J7 16145 5 0 75
B A% 3 mm B HEKAL 24 A (6 HE, BHE4 D) BT
Ui 2B, B U K AT i pE K FLONIB UEAE T, R
TG E WIR B /K o BUCRFERT— KA F /5B
I T, BRI P BB A ISR 1 93 T K, BRI
SRFEILE 2~3 h INTEL o SRAE A B] ] e AN [ B B
A AR, FEARRR BN KRS 5 BE (FRew) 20 d) % 5 d B 1
W, ZIE A 10 d B 1 R AR A B N SRR 11
UAE . KRR AR e FHCE vk B (R A SR AR Y 8] 525628
£ 4000 r-min™ B0 L 2B U0 4 WURL A ) 0, B
THRVR URIE L, 28 J5 A P EA T , T AR < AL
(TN ) SR FH P 3k it e 860 90 Ao — 3% 282 3 301 0 B A
(AA3) ;s NHi =N HI NO;-N $45% FH 1% 22 37 3h 40 1%
P E , Hod NOs-N & B A0 35 WA AS & (FE 52
TR P INBRR EA 50 ) o Ak, FE KRR % /)N
X SLBRFEAS P o
1.4 HiELESSIT

ASCRT RS 3 AN A, T 2 iR
SPSS 18.0 S M Ak A T, 1 96X) 5 AMbBRAAE
FRAy BIEAT 07 22000, LLHCES A IERHBC FE X N 3k
JRFFAE RN, 225 SR B G B 257K F (P<0.05 ) i3 1]
i T 2 E . SCARIEISR A Origin 8.6 23141
MR A2

N R T REA I, kR R A

A I(2),
LA=10°xCxAxt (1)
LR=100xLA/FA (2)

AP LA DK RRAE I N IR S kg N+hm™; €
JKFEEE N B N PR E , mg N-L7; A
HHIEAB R mmed, R FDOUIAER SN 5 Y £
B AR AN 4.5 mm-d™ 50 FoKAEA T HINHEKR

B,d, L 92 d 35 LR A N Bk 3, %05 FA /KRR T
WG N LR, kg N-hm™,

2 HR5itie

2.1 BiRKPRENRE R FFE

X AR F B 100 em B TR K 165 A [RTE
A N YR EE (o0 Bl e IR S AN b BRAEAS 201 7 LU
7, BT AL TN ONHE =N 5 NO;-N By B A il 25
Ak L4 5 R 0.270~2.599 ,0.127~1.493 ,0~0.122 mg
N-L*, ALK, TN 5 NHi-N 48 5 R %0 CV 43
WK 42.5%F1 43.7% , AL BRIR)JC . 2% 22 5+ (P>0.05) . 5
A4 NH G -N ()7 3% B 53 51 R 0.457.0.478
0.581.0.665.0.508 mg N-L™, HA 43 M30. . M45 Fl
M60 [ -2 B 3508 T I 5K T /K V 28K BAnifE
(NH:-N>0.5 mg N-L™) , V5 4L 8 8, AN ER ,
PRy HIAF] 48.5% 57.6%F1 51.5% , WK% A L
HE L3, AEHT NHI-N A0 52k 5 B AT B K 4
B, HXTR 2 KK TR —E s, (HJ2 Ak
P NO:-N AR E, BR FRgmAx N, 7
0.2 mg N-L™ LAT (& 1), RN H T 7K BAs s, 5
[ N AN — BRI IR 45 18 AR — 20,

BIRK RS N B T AR 43 NHG-N
NO;-N(f & D M A A A ) LA A LA (ON) =
25, M 2 AI0L:5 b E R T M30 [ ON g+
NH;-N DISbh, Har 4 ASAb 3L NHI-N JIF & 1) H Al
B k%] 54.7% .56.2% 49.6% .60.4%F150.2% ;
HYK 2 ON, R 44.3% .42.7% .50.1% .39.0% Fil
49.4% , F B R AEAE R PI RS LRI 2K DL NHG-N Al
ONhE, X5 HIERE ORGSR ENE R %D
KF o RIGFTH N ERREMEBEBE AV, Hrh N
A FLEUA YR, MAEE KT, i 1 g
EE AR VR A HLEUR A K g4k, A Al Y
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Figure 1 Box—plots of concentrations of different nitrogen forms in

leachates from paddy field
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Figure 2 Distribution of different nitrogen forms in five treatments
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MR E TN, S5 AN B K B NHI-N Al
TN Ve JE 1) sh BB H LA — (& 3), H NHi-N
FTN 20 8 21 A5 (r=0.863, P<0.01, £ 2), i
KIS, BIRAKH NH-N A9 B AR SR 00O IR Jm A 2>
A BA S A, AECAS ] Acb RO H B B )N S8 4 —
0, Horh MOCARAE AR 2 ) (A i A H B AR, T M0 (A
HUAE EL B 7 , o5 60% )BT 7K H NHi-N 723K Fe
AT I AECERIR 22, SO AR ] 0 A DA fF
Yo Wit A MLAE 250k 2% N ik o X S En AR F
FELE IR — 0 e e O A ot 3B R
Blw/KH NHi-N & & 22 e i 52, [R]a i e
Xif HHTR] K AR A R R

B K H NOs =N (%9 B2 ] — B4 T AR i1 7K
L B 0.2 mg N-L7 SEI4L ik R TN e 2 ()
0.7%. TEBIR/KEMA TN b, ON 3 5 45.1%, 7]
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Table 2 Correlationship between nitrogen concentrations of

different forms in leachates from paddy field

r

A
NH:-N NO;-N ON TN
NH;-N -0.016 0.486%** 0.863**
NO;-N -0.016 -0.019
ON 0.804#*
HHUE A= 0.395 -0.275 0.537* 0.506

T A YU A 525 B T A HT n=15, %0 T AL E 7340
n=165;* F1 ** 4} BIFIRTEE[FHEH 0.05 A1 0.01 B AHMEA R B2

FLA — s AIE Ea3, E L2 E A IE AR G R &R
(r=0.537,P<0.05), KMIGHUNEHEHSTE—ERE E
B4 ON By . AWFFE R, TIERFRIS ON HAT
—%E’J%ﬁﬁ%j} {HR A ON Tiﬁé%ﬁiﬁ%ﬂﬂ’]‘%ﬁ
ZBEB AT R 2= LT, W R SRR
155 ﬁi‘ﬂj"f&ﬁ ok R RS — e R 3 S5 AR AL 1
EBAK,
23 HMHEHARNMEESHEE
XEARFIE S N R B A TN I 3 Al 25
(3% 3)K W], NHI-N 55 TN b Bl A HLAL G T L
191 B4 3 o 5 S0 S DR S I AR AR A B TN R R

_,._,.
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Table 3 Grain yields and leaching amounts and rates of nitrogen

during rice growth period

kPRI it/ Wt /kg N-hm W5 %1%
b
kg+-hm NH;-N  NO;-N ON TN TN
MO 6 133.4ab 1.94 0.037 1.57 3.55 1.97
M15 6 355.5b 2.00 0.037 1.51 3.55 1.97

M30 7 033.4c¢ 2.18 0.017 2.20 4.40 2.44
M45 6 100.1ab 2.89 0.029 1.87 4.79 2.66
M60  5944.5a 2.09 0.021 2.05 4.16 2.31
Y « [ BB 5 AR R AR [ 7 5 6 i , 9277 b B3 2 57
BFIGE R E KO (P>0.05).
F AL A AR IEA AR L . BT, Bl A LA it
LU 38 fin TN RS S I K e 3, i — 20 3R B g
AU At AN B e, 2 3 N kR,
TS LT 7K SR B o JHL: 322 J5 R AT B AE T Bl
NEMA LA G R, HEOEREORZE L T,
XEA RN, AR TRRE AR SRR N A
WORH  AHA 3 I T N Atk e JRUSS: , Xl 38 %5 ON
1 NO;—N [ BHVE T2 155 o i it FHABIE 2%
P, BT AR A AL T IR AR AR A T
O3S, IREKMRIE R NHi-N AR 755 1 4 39 0 b
[T, NIRRT LR XU o i DA i WA I35 53
BN I 2 3B S MR BT CRAP 0 £ B2, S 0% LA Bl
NE 5 A Y e B A B
2 3 ] UL, S ARG e FH RS AR 0 TN bRk i
7 3.55~4.79 kg N-hm™, k2 K 1.97%~2.66% . \ N
PIE AT & NHi-N itk 522 ATl 1.94~2.89
kg N-hm=,0N 5 A 1.51~2.20 kg N+-hm>,NO;-N
7 0.017~0.037 kg N-hm™, NH;-N Fl ON )bk 2 &t
KT NO;-N, A ULAFSE X e As AR DI R A Ntk
L NHI-N F1 ON Jy 3, i NO;-N [tk R mt k7
Ko RE s SF VLG AR AR I HE1 T A X 350 o,
R, KB L 0~1 m L EAFERE B IEAKFS NHi-N
) i B S T NOs-N, Bt fb I TN 2k 4 5.39
kg N-hm™; 20 HEMESE IR AR LR BT, U S K
ZMET AR NHI-N (AR KA, & TN
139.7% , TN k1N 1.97~6.83 kg N-hm2, /5 it B =
) 1.509%~2.28% ; Liang %5854 A5 FH A JCAILAE B it 9
WRRBFFEE R RN R 3H 3.9%~4.5%, (AL
HHF5E R, REH NO;-N ik g i K F NHi-N,
W EAPEEPR R NOs-N sk 54 37.7 kg N-hm?;
FHEAEEMIAS NOS-N itk i hy 8.4~12.9 kg N -
hm™, 4024 F[A ) NHZ-N kR 19 8~14 £%, &t it

ST 5.6%~8.6% ; % [ [EISE IR B A 5 e RS 1
REF EZLINO;-N R F(3 a HHFH°8 54 kg
N-hm™, 5 B 5 1 28.9% ) ,NH; -N 1R/ #8 43
(11.3 kg N-hm™, i R 6.0% ) FoAEn] WL, AHF
FEH TN Ak % 5 Rk 2k 38 15 5 g8 5 R 40 W S5 A
AR —2, 5 EAFERERE S RES
JeIr R H AR Z MR A L EARAR 2, X Fh 2z R SR
AR R U HR K 445 807 20 80 g Ak
PR A BV RR M ARE RS - T
FRAFARA A IS AN W A ) F B, DRt - 398 7y <
PRI LT B 25 R HA Y K Oy 2 1 WU e DX LA, I
AR b A B AR E, nZ AT X NOs-N
(4 B R — T 0 0SS, B 5 7™ AR R AR M bk 2k
SR K TR WK 5 T T R IR0 e 1R
55, HHEPRZRMIEALL ON A1 NHi-N b3, HIA
- 1% W B A P b O i B S R I N o VTR
SR XA NP SRR AR A SR S5 R 3R 1
TR K B TN RS FH -8 NP A IR 2 24 B S 4
o, W — AP EIIE T A SRS

A FRTA] = ) H A SRR I B A HTLAE EL )
(R 1R IR S N S 5 I AR Tk 3, A 3R]
2 Sk #1582 K F (P<0.05), 5 TN NH;-N fik
It BRI R R I A — B A ka3, (H G s
A IE (3 3) 0 MO iR S X AT REAE TR AL Ak 2
TR R 2 i B R A S I R it
JEAS R, T MO0 j S AR U AT B KA A HLAE A A 22 4
TR T e AR T PTG LR o e R Y
W EEG 25 REIERI Ot () 184 7 38O S A ), B IX
AR SAHUERITL L L 7:3 8 Al . eAh, S TAHL
JE it FF T 7K 8% i S5 A S (R B A TS, (R 5
2R BRI Lo A BE RIS I8 21 7= 4 L o DA K
WA B et BAn i it — 2 iR e

3 it

(DFEMFEAE RN, BIRK RS TEA N HEET)
AR —5, Hr TN F NH; -N % 5K
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