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Abstract: Two-year field plot experiments were conducted to estimate the effects of substituting fertilizer by pig ma-
nure on agronomic effect, safety effect and economic benefit of rice, aiming to provide a reference for the application of sub-

stituting fertilizer by pig manure in rice production. Results showed that compared with conventional nitrogen fertilizer appli-

cation ( CF100), the treatment of 50% conventional

WA B 49 :2021-05-24 nitrogen fertilizer with 50% pig manure ( CF50+PMS50)
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BIFUEE . R H % |, (E-mail ) 504572972@ qq.com and phosphorus in the runoff, and rice yield did not de-

had no significant effect on the mass concentration of nitro-
gen and phosphorus in the runoff, the quantity of nitrogen

and phosphorus in the runoff, and the loss rate of nitrogen
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crease significantly. The treatment of 100% pig manure (PM100) had no significant effect on the mass concentration of ni-

trogen in the runoff, the quantity of nitrogen in the runoff, and the loss rate of nitrogen in the runoff, but the mass concen-

tration of phosphorus in the runoff, the quantity of phosphorus in the runoff, and the loss rate of phosphorus in the runoff

were significantly increased. In addition, the grain yield of rice under PM100 treatment decreased on average by 4.23% in

two years. Compared with CF100 treatment, CF50+PM50 and PM100 treatments increased the chlorophyll content of flag

leaves at early and late filling stages, but had no significant effect on the net photosynthetic rate of flag leaves at early and

late filling stages. The CF50+PM50 and PM100 treatments for consecutive two years increased the health risk index of cop-

per and zinc, but the cumulative health risk index of copper and zinc was lower than one, indicating that they were not

harmful to human health. Compared with CF100 treatment, the CF50+PM50 and PM100 treatments significantly increased

fertilizer input cost and labor cost, resulting in an increase in the total input cost and a significant decrease in the net in-

come. Overall, CF50+PM50 treatment can reduce chemical nitrogen input, stabilize rice production, decrease the lass of

nutrients in runoff due to excessive organic fertilizer, and enhance copper and zinc contents of grains, but it does not in-

crease net economic benefits.
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Table 1 The date of transplanting, harvest and fertilization

HERERIAC 7 an R . pH 6,21, A MUK 16.62 g/ke, A
0.87 g/kg, 4B 0. 24 o/ ke, LA 35. 16 mg/ kg, HALHE
11. 84 mg/kg, HALHN 89.23 mg/kg, 5 A Ay g B
9108, &A1 THEA 30 em , BREE A 13 em, &E702~3 #,iK
BRI KRS AR WSO S A ] DL 1

IKFERAFMAR B (H-1)
GO

NS HI(A-H)

Rk HUEIR el SrEENE fEFER PRAEAL
2013 06-20 10-16 06-19 06-28 07-23 07-30
2014 06-16 10-15 06-15 06-24 07-24 08-02
2015 06-19 10-15 06-18 07-01 07-27 08-05

1.2 Rt

PLH AL 2 B AL B (CF100) o % I8 %5 2
MAHUEEAAL I A HUIEE R 50% 1k 27 FE A
(CF50+PMS50) 5 £ HLAE % 4= 35 22 4% 1k 24 AU &
(PM100) , &AL ¥4 3 IRE A, 3 9 N/NX, B4
/NXTEFH 30 m* (Kx5E=7.5 mx4.0 m) , X4/
X 5427 i % 1 LSRR 2 vk . CF100 Ab#
AN (N) BEIE(P,05) FIIE(K,0) it i 430 -
270 kg/hm*,67.5 kg/hm’* fl 135 kg/hm*, & JE it FH
FERBEND - FEAL =6 : 4, WRICSAEINT, SR ALt 4%
FENE  ARAENE =5 5, FEHIRE (HAE 46%) ,
BREHE G (AR, S, =50 h
15% 15% . 15%) , # AL FH &AL 81 (&% 31 & 60%) 5
CF50+PMS50 4ZbBEA AL e AE AR, U8 (A HLIE N+
PRE N) jils AR SLBENE « TR =6 : 4,PM100 Zb A
PUIBHFLAE « ZpBEME - BEAE=2:1: 1 4 3 Kl
FH o NTw] Ak 25 A% NE AL it FH & L% 2, JE A HLIE
(FKHEEH 23.8%) LA KRB BN G 3
PRt A 77 F 0y Bl (T3 400l o, ALK
1.34% BN 1.21% BB R 1.96%, &5 N
235. 00 mg/kg &4k 722. 00 mg/ke
1.3 Wikistr5HE
1.3.1 KAg = EAEImE = e AN TR
IR, D E /X SR ™, AR R AR 7 1 B e FHE
it 2R TSR U i 2 7 (RIS A A 7 ) = K A
/R
1.3.2 ke FRetZoEME TR
WA (RS 15 d) FRESR S 30 (hhis)s 35 d) i ]
LI-6400XT Y64 F 24 H B4 9 B 11 Bl 52 /K

RS EA B BRI E 20 4 5Kk A, [RI,
AR AR B K R, 45 AR R 42 10 7 LALE,
Vo IRAT S0 2 s PR PIA I E 4 X i,
SRR i BT S O 5 ik,

Fx2 AELEERERS

Table 2 The amount of fertilizer application under different treatments

Jifi i (kg/hm?)
b
APUE EZAE KRR SALE
CF100 0 450.0 4402 1125
CF50+PM50 10 074.6 0 2935 0
PM100 20 149.3 0 0 0

CF100; # ML U ; CF50+PM50 . A5 HLIB E AL 50% 1623 R AL
PM100: A HLIE A 2FE R FNE A
1.3.3 4K P4A(Cu) 5 (Zn) 52 Bk R % 3F
H RS BE SOBYIR, JF ] HNO,-H, O, T fife
FHHLBHE A 45 B IR BT (Y (iCAP-Q, Thermo Sci-
entific, M) MEBER T Cu M Zn Fi,
ft 55 KU DA S 6 R S PP 45 2 T A Ak fie
JRERFZ I PO A SR FH At BRE KU DT 15 9T A
FEKH 4 J8 W JC & Cu, Zn £ FE KU,
HIFM A F
C,XIRXEFXED
T BWxAT
ED=FEA-AA
ADI,

R/D,

HI,= S HQ;

S ADI g M R 4 R R TE
HAHEBUR me/ (ke - d) ;C, WBEK B & R EZ i

HQ,=
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S i me/ kg s IR 0 H BIFRAKEEA G  kg/d; EF
HEEAIR d/as ED R4 AAERR; EA S 4F R
OB CASE B 25 A o, 91 LA 6 2 i)
AA VA R AR S s BW N E R i kg
AT B BRI, d; RD oA H Y i AR TR
ZHFHE Ml US EPA 2010 REEHRME, Cu  Zn 2351
490.04 mg/ (kg - d).0.30 mg/ (kg - d)"™ . HQ. &
£3 (ERERRITEHSHERE

Table 3 Parameters values in health risk assessment

I E%Eﬁ%%%ﬁﬁ,f]hjﬂ a BYIEEIREGED o
BYh o MESE TR & EEZ N, A4 3 A4
G, AHL <1, BUZEY T E SR &R A
AR A BAT 225 B s 45 1<HI, < 10, BEHT L B 4
HH PR 48 R S N A R 7 AR — S Y o 4 R
s 45 Hla> 10, Ui B B9 v B 4 ) RE 6% %) 47
FEABPEREEAE 2 HABAR SO LR 3,

2859 P51 IR (kg/d) EF (d/a) EA (a) AA (a) BW (kg) AT (d)
JUAE 5 2.5x107" 365 81.2 46.2 72.0 12 775
«© 1.9x107! 350 85.6 48.4 58.7 13 578
)L % 1.2x107! 300 6.0 3.6 20.7 876
&L 8.5x1072 300 6.0 3.6 19.5 876

IR . HIREKABN & EF ARASTR A WA B 5 AA A X G2 09 - 2945 0% s BW SR B8 AT BNl IR EF Fl AA 2 I8 8 H5
DO FURPIA F Y BOBE . EA BRI 50T TR BEZR B 4x 2019 4F KA A9 2018 4F B 5T PSR B (30 T IR IR T ) $UdE . BW %71

AT R R AT (2017 FFTLIRA B R AR BT S

134 R BZAMEMNT BEHIWHEPH Ik
SRAEFNST BT ARG AR KRS , BART L AN | B A
IO SR A R A FORS FH HE K, DR EERESL . 43 3
FRAERE S HTIC SR AR T K TR B, DAEAS 42 K
S RIEPE AR AR T TP AR K A B Yy
A, & A2 W PR 4 300 ml AR K, SR T 22
SKALAR 28 7] 42 72 ) San™ U 3l 43 B A0 %2 7K #:
A U R T | B MR B R T A R
BWA B R, A R AR ORI
IR R AXT .

(1) RFFRA B AR A AR .

Q=3CxV,x107

2, Q AN [A) Ak B 4% 1F T A HE M 3R 48 I Rk
Wi B (kg/hm?) 5 €5 @ AR o B2 TR AR
K B T v B (me/L) 5V, WA ¢ R AR et A o
FWAAER (m’/hm?)

)R B RTR R R, 1A H IR
WL IR R A5 rf AR ARG A
T, AT AT | ) 4 TR P KRR A Y R
A BRI R (P) HEARWT .

P.= < x100%

n

o, POl A R 3RS R A B R A b R AR TR TR
PR, Q A AL PR I A BEFR A M RAR T U K i
(kg/hm?) , Q, o £ Ab #AE H b L W 5% o0 4% A &t

¥

(kg/hm?)
(3) A IR T it 2 A A
p.=%x1 000
Y

K, P, Ry a5 Ak AR H b &L B 57 O A5 A
KA (mg/kg) ;Q AL FRAE H A BSR4 R AR
T R B (kg/hm? )5 Y Ok 45 4b B K RS =
(kg/hm?) .
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Fig.1 Effects of substituting fertilizer by pig manure on rice grain yield and partial productivity of nitrogen fertilizer
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Fig.2 Effects of substituting fertilizer by pig manure on photosynthetic rate of flag leaf in rice at grain filling stage
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Fig.3 Effects of substituting fertilizer by pig manure on chlorophyll content of flag leaf in rice at grain filling stage
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Fig.4 Effects of substituting fertilizer by pig manure on runoff losses of nitrogen and phosphorus
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Fig.5 Effects of substituting fertilizer by pig manure on health risk assessment of copper and zinc
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Table 4 Economic analysis under treatments of substituting fertilizer by pig manure for rice production
Mk AT 3 A N 7 A A Hl s s e
ik (JE.1 hm?) (58,1 hm?) (58,1 hm?) Al (%) (JE.1 hm?) Hil i/ B
CF100 2296 4 800 12 331 19 9967 0.81
CF50+PM50 7 204 6 000 18 439 39 3910 0.21
PM100 13 238 7 200 25 673 52 -5 464 -0.21
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® ) e P oL sl e .
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