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FEE [ H W J0F5T R E MR ER o A AR 32K e 7™ B S o 4 I 5 B (W s ), Sk O s X A HILIE & B
Jiti FH R XU 1 PEAR S (R 4 A 00 [ D T RA b s R 17 R4 T025 ﬁ% W ZER AR, SR R H e
By, WA NPK ALAE (F) B S A HLIE 3 000 kg/hm?(M,F) .3 750 kg/hm?®(M,F) F14 500 kg/hm?>(M,F) 5 4k I8 B it
AR FE R SR FH AR AR B SR L ST A HLAE AR A A A o K e 7= B 38 RE K R 7 P
S 0E SRR [ 45 5 12 4F 4 P37 5 i i BUIRAR O AR BE F ML F OMLF AT MLF, (HF M F AR B2 S5OR 8 3
HIHG B35 T MJF AL B 907 M 6.56%~8.97% , M,F M, F Ab B[R] 22 55 B 3% . 4 rh &4 8 AS.Pb.Cd.Cr.CuFl
Zn F i A BE T A HUIC S5 0 2 B0 4 19 R A, i He & oAl . B AR hE AR S 2 LT
T REK, REOK RIS ST P E 48 Cd L Cr Cu Zn 75 5 ARG 78 7 Ph 5 1ab 27 B 75 A ATLAE P b A0 188 00 22 444 o A4 84
P Hg As Tt R AG B K T Ph B iR At F 389 R o A M P IO e T M A T e XU A A o
(GB 15618—2018) FIEr i 26 4 [E AR ME (GB 2762—2017) [ 4545 ]2 4F 4 Z & ik e 22 1, T‘ﬁnuﬁHLﬂEﬁ%U*’%
L FE 16.4% 1 15.0% B4k B (FI 24 T4 250t 0 3 000 ke/hm® BT S A HLIE) | REAERE KRS & 4F = 5 Btk
NESEAFET SR KRR =17, AR AR T 29k 2= R0 15.7% , I 47.3% , 4 IE 34.3% .
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Wufengyou T025 were used as the experimental materials, field experiments were conducted in double cropping
rice field to study the effects of commercial organic fertilizer partially replacing chemical fertilizer on rice yield
and heavy metal contents in soil , rice and rice husk.Four experiment treatments were set, including single appli-
cation of NPK chemical fertilizer (F) , commercial organic fertilizer application with 3 000(M,F),3 750(M,F),
4 500 kg/hm* (M,F) respectively under the conditions of equal amounts of nitrogen, phosphorus and potassium
nutrients. | Result ] The average yield of four seasons in two years was in the order of F>M ,F>M,F>M,F.The rice
yield of F and M,F treatments showed no significant difference, but significantly higher than that of M,F, which
increased by 6.56%—8.97%, the yield difference between treatment M,F and treatment M;F was significant.Soil
heavy metal contents of As,Pb,Cd, Cr, Cu and Zn increased with the increasing of commercial organic fertilizer
application, while Hg was not detected.The contents of heavy metals in early and late rice husks were almost all
higher than that in rice.The contents of heavy metals Cd, Cr, Cu and Zn in rice, rice husks and the content of Ph
in rice husks increased with the increasing of commercial organic fertilizer application.Hg and As were not de-
tected in rice and rice husk, and Pb was not detected in rice, either.The contents of all heavy metals were all up
to the soil environment quality risk control standard for soil contamination of agriculture land (GB 15618—
2018) and the national standards for food safety GB 2762—2017).[ Conclusion | The 2~year and 4-season lo-
cation tests showed that commercial organic fertilizer replacement of 16.4% and 15.0% of chemical nitrogen fer-
tilizer in early and late rice respectively, corresponding an application of 3 000 kg/hm* of commercial organic
fertilizer per season, can maintain the annual yield of rice basically equal to that from single application of fertil-
izer, and ensure stable rice production and increase yield, and it also saves 15.7% of chemical nitrogen fertiliz-
er,47.3% of phosphate fertilizer and 34.3% of potash fertilizer every year.

Keywords : chemical fertilizer reduction ; commercial organic fertilizer;rice ; yield ;heavy metal
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P EA B0 B B RS E . (AT AW ST F 8 ) & & 20 —Fh L BT i A HLBE IR, A& A
AR, HE S A EY AR ST K E A R B, B TR R AR B
Cu.Zn AsSFHEJEICE MR EETESE & RES, U CuZn &t &, 4506 25 H 8 I ok
TETE AR, , XA 7™ i RN AR AN TG 2 ™= A P P, R GE 4 SR B I A 3% A R A
FZ 18 Cu Zn Cr As SFE &8 it SO 2w ma #2508 28 F A O (Bl F s e
NG A E Cu sk Cd 5 4 3 o] DLk /D + 3 Cu . CA IR RE 1, FRAK Cu . CA M AE A %M. A
T E R B SR AR R K HAR LR, & & 35 0 A ab B R AL R C goliok iz 2 B, iFoT R
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oAt A M 192 700 RO A 0 e 1 ) 2 R X Ak B L G, R VPSR AR AR R A BR > w4 it O 522
A AN B0 )k AT ML 56.19%, N1.18% , P,0, 1.78%, K,0 2.58% , /K43 23.6% , pH6.4 , As 2.8 mg/kg, Pb
21.4 mg/kg, Cd 0.9 mg/kg, Cr 26.1 mg/kg, Cu 370.2 mg/kg, Zn 781.9 me/kg, He & HEAK Y. A B HRALAD
SRR (N 46.4% ) FHEEFRIE (PO, 12.4% ) FIEALAR (K,0 60.0% ) . a5 135 A il vbife 50 Aif
AL S 25.12 o/kg, pHIE N 5.6, &AM 1.321 g/kg, Hlif# A N 102.4 mg/kg, A %W~ 12.38 mg/kg,
PR A 88.3 mg/kg. , i AE R LR ARG , ol il 2 A A -G — 44 IR
1.2 iK@igit

2016—2017 FF-AE VL VG4 BT B PR B BT R T 2 € 7= e A0 A S b A 74 R A T 1 A3 3K
5o W 4L i NPK AR AE (F) 5 5 & A HLIE 55 2% 3 000 keg/hm®+NPK AL IE (M, F) 5 7 & A HLAE 55 2=
3 750 kg/hm™+NPK ALAE (M,F) 5 B 5 A ML 452 4 500 kg/hm™+NPK ALHE (MJF) o 7 b A AILIE FH F AR 3
NI, BRI 16.4%~24.6% M AL2E N R AR 15.0%~22.6% A BT, 245 AL 3R W B %
Syt AR A 7 S A LI AR EBE R R A 2 3 AR IE#b 72 (3R 1) ,N:P,05: K20 jiti FH L5l Ry 2:1:2,
R AN S BENE SRR e 50 2: 3t H o MR AR AU IENE 43 BENE SRR B b 4: 24 7t H .
B MR AR 4 BENE S AR B L 72 3 o RS ALIE B IE — R PRSI b . AL 3 Yk
S BEPLHES , /N IXTE AR 20 o /N DX JE] - 35 T S IR A 2, B el . N DR . R IR AR AR B
3914 13.3 emx23.3 em F1 13.3 ¢m*26.6 em. FHoAl3% 5 ML E = iR 5 2ok 317 .
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Tab.l Experimental treatment and nutrient input kg/hm®
N P,0, K,0

23] e ﬁrﬁ:ﬁﬂﬂﬂ e ﬁ:‘ir’%ﬁH.L.HE e ﬁ:’il%ﬁH.L.HE we
S - Commercial Chomical 7 i Commercial Chomical 7 i Commercial Chomical 7 i
organic Total organic Total ~ organic Total

fertilizer fertilizer fertilizer fertilizer fertilizer fertilizer

A F 0 1650  165.0 0 825 825 0 1650  165.0
Early rice M.F 27.0 138.0 165.0 40.8 41.7 82.5 59.1 105.9 165.0
M,F 33.8 131.2 165.0 51.0 31.5 82.5 73.9 91.1 165.0
M,F 40.6 124.4 165.0 61.2 21.3 82.5 88.7 76.3 165.0
I e F 0 180.0 180.0 0 90.0 90.0 0 180.0 180.0
Late rice M,F 27.0 153.0  180.0 40.8 492 90.0 59.1 1209  180.0
M,F 33.8 146.2 180.0 51.0 39.0 90.0 73.9 106.1 180.0
M,F 40.6 139.4 180.0 61.2 28.8 90.0 88.7 91.3 180.0

F: 20 NPK ALIE s M, F: B & A MUIE4EZE 3 000 kg/hm?+NPK ALHE s M B &6 A HUIE 42 3 750 kg/hm’+NPK AL AL ; MLF
T A HLUIE 422 4 500 ke/hm*+NPK ALY . F [

F: Apply NPK fertilizer; M,F : Commercial organic fertilizer 3 000 kg/hm* per season+NPK fertilizer; M,F : Commercial organ-
ic fertilizer 3 750 kg/hm® per season+NPK fertilizer; Commercial organic fertilizer 4 500 kg/hm* per season+NPK fertilizer. the

same as below

1.3 MEmMBS5HiE

1.3.1 Fa5n = B AREIET 1 d, 80X R 60 578 80k, 157 Y8 SO AR R AT A S5 g
AT H s B/ INX SR 200 9, BORLIS WG T FREE ™. [l 453300 ¢ T4 b 4w & il e

132 EERE 2017 FBRAT A, AR/ N X3S IR R ERHVEIZ (0~18 em) R 3ETR A FE A, At 14
48 As Hg . Pb .Cd.Cr.,Cu Fl Zn & & E

133 Ee&k&EMEs & T KA ESE SRRl FHRH AR AR E .. HiEe
T Pb.Cd.Cr.Cu Ml Zn By & A543 I ARHE NY/T 1613—2008>" D5 WG . 4H: As Hg#% GB/T 22105.1—
200821 GB/T 22105.2—2008 75 &1l %€ o AFK FE5EH Cu Zn Hg A1 As 75 5% GB/T 5009—200377 1
KU 5 Ph 5% 4% GB 5009.12—2010% 5 {45 ; Cd . Cr % 4% GB 5009—20147 A A6
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1.4 HEAE
WIS R H Excel 2010 A1 DPS 7.05 B A4 478811534, A Duncan 37 &2 % 25 7% (LSR)#EA 7 1w 3 1
K5, e E PEK 5 E 0 @=0.05

2 HBRE5H

2.1 HEREREEREVENKEFEREHKEZNZMN

322 T LA Y, 7E 25 U B0 35 20 0t T S5 1F T L 2016 48, 54 I e i Bt 7 it o MILAE P e 0 185 2y
SRS AR M FABES FOMF RE B2 5508 2, 20 00 25 5 T ML F A3 B4R 9.24% ; B AR
PR F AL M F Ab P 25 S5O 2, BB 3 T MUF OMGF AL B SR R 7.66%~7.79% , 111 M F &b 3577 i 2y
T MF M.F A3, 3858 6.40%~6.53% , (B A PR 25 S R 3 o 2017 AR RARE ™ f AR (ka4 5 2016 4F A
— 3 MRS P F M F ML F AR R] 2% SR 5 3, 2038 s T MLF Ab 3, 38 1E 4 6.63%~10.83%., 24F 47
S A pR S BMRARK YO AL BEF M F OMLF AT MLF {0 F M F AR B 22 S OR 3%, 2000 3% 8 T MUF AR B 134
1 6.56%~8.97% , M,F \M;F 4B [R] 25 55 i 2 . D WA AE A5 5 AU B0 72 29 it FHKSE L 822 H 3 000 kg/hm? /Y
T A LI A8 A T 8 A /K R SR AF ™ f 5 Bt A S S AR R i HL R A58 1 294k 2% AU 15.7%
WAL 47.3% , #IAE 34.3%

F2 WA EEEEREVIEX RSB~

Tab.2 Effect of combined applications of commercial organic fertilizer and

chemical fertilizer reduction on yield of double cropping rice t/hm’
e 2016 2017 (i
Treatment R A R A Average
Early rice Late rice Early rice Late rice
F 7.08a 8.58a 8.71a 8.19a 8.14a
M,F 7.09a 8.48ab 8.40ab 7.88a 7.96ab
M,F 6.86ab 7.97b 8.22hc 8.03a 7.77b
M,F 6.49h 7.96b 8.02¢ 7.39b 7.47¢

() SRR I AN ) 7 B 37 28 53K 1) 5% 19 12 25 KK, R[]
Different letters in the same column followed by different letters mean significantly different at the 5% level,the same as below
M A IR 3R (3R 3) R, Toie 72 A I & W e , B T AR RSCRE S0 I A LTS s o 2
TR B R A AR AL B M F b B REF A) I E T MF L MGF 2R B B R O 8.51%~
®3 WREEREESREVEN R GEEEEME NI
Tab.3 Effect of combined applications of commercial organic fertilizer and
chemical fertilizer reduction on yield components of early and later rice

&=l bisE BRAE/(10hm™) EHYE YR AW G552 % TR /g
Season  Treatment  Effective panicle  No. of grains per panicle  Filled grain percentage 1 000~Grain weight
A F 334.0a 119.7a 84.9b 26.2a
Early rice M,F 323.4a 120.2a 87.7a 26.3a
M,F 307.8b 119.2a 87.6a 26.4a
M,F 298.8b 119.5a 86.1ab 26.4a
WA F 323.4a 140.8a 81.3a 25.1a
Late rice M,F 318.7a 133.9b 82.0a 25.0a
M,F 310.8ab 134.0b 84.1a 25.3a
M,F 300.9b 132.5b 85.4a 25.1a
HAi o 2 4R HE

Values are the average of two years
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11.78% , M, F Ab 3 i 2 25 T M,F M, F Zb 3, B4 4 5.07%~8.23%, i M,F ML F b3 9% S b 2 1 Fe 47 24
FEACF AL FE 5 M, F M,F b P25 30K 35 F M F b P & 28 5 F MLF AR B, B4 8 5.92%~7.48% , 1fif MLF
M, FAb B 22 5 b 2 B AORT B RS A B R) 25 5 AN I 35 B R ML F OMLF  MLF b B 25 SR I 2 (H ) I8 251X
T F AL, FE0E K 4.83%~5.89%., FARLSSCHE M F M,F M,F 203 2% 5 R 18 3 (H M,F M, F 4b B g 25
T FALBE, B0 R 3.18%~3.30% ; M FE AL R[] 22 5 AN W 2 . T i Ab PR IRI G B & 22 5% . X 5 G HRGE
FEAR
22 HIEBEREESEVENTESESESEMNZM

F 4 FEH A 1 S A MUIE S R, + 38 P E 48 AS \Pb.Cd . Cr,Cu Fl Zn & 34 R BN S 1)
T He B AR K o X T BB S MUAE i 3 4 T8 & B R A B A G, (R R o - A8 o i e
Hby - 55 e U A AR 1 (GB 15618-2018) . -5 As &t MJF R MF A B 22 S R i 2, 2 2 v T
M, F H1F AE 3808 53590 K 6.22% F121.31% , 1 M, F F1 M, F Zb 3 25 SR 25 01 247 T F AL BR, 5940
A 14.21% F117.87%. Pb it M,F 5 M,F Ab B2 HOR 8 35, 2045 i 3 % M, F A F AR B 1 M, F A F &b
P25 5 03 s Cd B AL R 25 S 2k i 35 K SF , MR AE FHAS MUF OMLF AT F AL BRI 1R 55 7.84%~48.65% , M,F
AL PR M F AT F b BRI I A 13.33%~37.84% , M F Ab BRLAS F AL BRI I K 21.62% ., Cr 75 i Ab P E] 22 R 350K
W3, CuZn i MF M,F M,F &b B[] 22 55 2408 I 3, 2034 38 i 1 F AR B, 3540 23551 4 7.81%~11.73%
H15.89%~8.86% . it B il FH A 2 U5 i b A WLAE 2 5 | - 398 o 4 Ja AR 3R, 38 o 1 39805 e XUBS: , 3X 5 S AT
GE AT,

F4 WEREREFSENEN TEESLESBHHMN(20174F)

Tab.4 Effect of combined applications of commercial organic fertilizer and

chemical fertilizer reduction on soil heavy metals contents in 2017 mg/kg
AL B Treatment As Hg Pb Cd Cr Cu Zn

F 0.901¢ 0 37.291b 0.037d 47.291a 28.210b 79.351b
MF 1.029b 0 37.305b 0.045¢ 47.443a 30.412a 84.026a
M,F 1.062ab 0 37.310a 0.051b 47.479 30.966a 85.199a
M,F 1.093a 0 37.313a 0.055a 47.520a 31.518a 86.387a

23 HEREREFMEVEMEXNERPESESENTN
5 MR TR RN AE IR 000 AR R A 25 PF R R M RS RS K FIAS 7 G JE Cd  Cr \Cu Zn &%

HFURG 7 Ph 2 i BB A R A ALIE R A A G = g R B He  As B EIRE L RER P Ph
AR . A FOKFERE T b E S JE & L TR . FESeh Ph i LR MOF IR R S T
M,F M, F FlI F b3, 34 W5 4 18.929%~25.0% , M,F 4b 3 I 3 /& T M,F Fl F AL 38, 34 084 5.11% , 1 M,F I F
Qb3 2 S AN 3 T M A MLEF L MLE R ML F AR B ) 22 SR 3 A0 2 T R AR 3 IR 11.05%~
18.23% . - (B FERG KR FIAE 52 b Cd 75 i35 LA M A By d5 i, M F A 38 Sy /)N LR g oK Ak 4 ) 22
SR E RS MGF AR B S T e 3 A RO 47.96%~61.11% , MLF 4b 38 B 25 & F M F .\ F &b
B, B 0E N 6.52%~8.89% ; M ARG R K Hh Cd 7 2 MLF M, F AN E 22 S AN B 3% 3 35 T MOF  F AL 3R A
FEPMF AL S MF b 22 R B E B R ES T ME FAARE, B M RERER AT Cr. Cu & 5748
Tl A — S, LU MGF A B f &, F AR B fe/h o AR AR OK P Zn B MGF AR BB SE S T MLF
M,F FlF AL 3, 8905 4 5.98%~29.29% , i MLF (M, F b 3 22 53 8 8 3%, 44 35 2 1 F A 3L, 484 05 43 531
21.99% F118.42% ; T4 5¢ T Zn & it MJF MF 20 B 22 S AN 35 B 3w T F AL B, B 20 501l O 7.78% Al
537% ,M,F A0 BR B E v T MF AL B, i MF FAL B 22 RN B . MR R K b Zn SR AL PR A] 22 7
2 FFE T MF L MF 5 M F A 2% BOR B3 {H ML MLF A0 3334 B 3 5 T F b 38, 34 43 ) R 6.79%
F15.26% . vt B it FH A% 380505 S A MUIE 5 S R R 4 v i & Jd & s 3 o, JLR iR AR S A DL
5o (HA% il JIE Ak B B AR A K RIS 72 T 42 )8 As \Hg \Pb . Cd ., Cr Cu Al Zn £ 35 4 £ i 48 42
FE Z AR 1E(GB 2762—2017) .
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®5 REBELREFRAVNEMERNETHIESRESENTM(20175F)
Tab.5 Effect of combined applications of commercial organic fertilizer and chemical fertilizer
reduction on heavy metals contents in rice and rice hull in 2017 mg/kg

Pb Cd Cr Cu 7n
==l Qb ~ . ~ — ~ - - - - .

Season Treatment

Rice  Rice hull Rice Rice hull Rice Rice hull Rice Rice hull Rice Rice hull

X F 0 176c  0075¢ 0092 01564 0460c 732  8.84c  33.0lc  39.84c
Bally 0 176c  0.058d  0.090c 0.169c 0.542b 7.59b  9.31b  39.09h  40.10be
rice MF 0 1.85b  0.101b  0.098b 0213b  0.553b 875b  9.72b  4027b  41.98ab

MF 0 2200 0.017a 0.145a 02352  0.609a 9.63a 12.55a 42.68a  42.94a
W F 0 1.81b  0.103b  0.106c  0.093d 0219 573  652d 2931d  42.56h
Late M,F 0 20la  009%c 0.105c 0413c 0.574b 7.l4c  10.96c 32.26c  43.36ab
rice MF 0 208 039 0.I51b  0520b 0.592b 834h 12.08b 39.55b  44.80a

MF 0  214a  0.144a  0.177a 0577a  0.66la  8.89a 132la 433la  45.45a

3 i

31 WIEREREEAEVEXNKESEN

i ALAE AR5 Ak T B A it P 2 T T A VR i AT o 1) 2B 5 1) o RS0 N B 5 Rt AR AT AR
E, A HLIE 5 Ak B B AS A3 T LA SE BLAVE P A= 3 7=, it ELA v DL/ b I FH o RIS se 3R, 78
S BN IR A E R R R T R A ML A P A B T R R R g, A B T A R SR A
1 BRI A FOMLE OMLE R MGF, FOMF AR B 22 S OR 28, 3 B 3 = MLF AR B, 34 05N 6.56%~
8.97% , JLJF PR ] fi8 2 B it £ I ) A 38 AT AP SRD 78 4 9 26 K BT TR 3% 43 L 1A AILIE AE 38 b B R o
(1) S R A Ry %, X L B IS JE A 0 X 3% 0 R 0 3R, DT S B8R o A AL AE R 30 £ RS 1% A B A e
IE T it A I AR B 3 5 R A ST A SR AR — B0, P i Rl R R T T, A ST R M M
AU R TE A5 it FH BE A% I8 35 358 in K RG A AORF R BOR SR B0 (H A BF AR 3 1, S5 AR AR AH L, 7
A UL EB 2 L I 8 Ak 330X 7 £ A B DR 28 (A 80 RE S  RER ORI TR o ) AR R B 0 3 s ™, AR
ARG A R AR R SRR 11 A AR AR B A ML P A B S T AR A AR G R R
T A A B A A Ak AN BH I TR A RO B50OR b B A R /0N X T e 5 A Y 5 KR R ORI R
i A HLAE A1 AN TR
32 HEREREEmEVEXN TE EAINEEREEES=NEN

B S AENE A VLT IR A A AL RO rTREL & R S A E B . AR, B B b 1
SEPETE T ARRTT JR FRIE 2 1 K s 1) S, v A AR 0 7 SR e A P e S IR kA PRI,
B 22 A 53 s O 1 SR 29 A0 3708 2505 7 1 FH O X B DG PR I T e AU, . A g 4 i < 0t P 4
B ER ST 11 Cu Zn Cr As T, Jite FH R S A HLAE v 34 in £33 7 Cr .Cu . Zn .Cd . Pb Fl As 55 8 42 J@ 1Y)
R IS EA 7 MrhE A 8 & T E s g R B — 5 R T e s i A HLE T AR & &
A 55— T B T4 25 R A MLIE — oM A A 80 il P AR BR o 2 4 2 ik g g S i
FET S AT ALIE i F 424 3 000~4 500 kg/hm?, + 38 85 42 J& AS \Pb.Cd ., Cr.Cu F1 Zn & 5t ¥ B 7 A7 HLAL
FH B2 I 5N 230k 3 14 R 32 I H 7 s R A ) (R334 & - PR o A FH b 39805 e IXUB 45
#E(GB 15618—2018) ,3X A 685 i fi A7 AILIE v B 4 7 B R A AT G, 3K 5 B /NI S BIB9S LA
— 3 B AR K ARG S T 48 Cd Cr.Cu Zn & = ARG ST b Ph & i Y Bl 1 A HUIE = i 38 m
SN A A T He As S HEARK RO P &R Fe P AR &L & TR, X
BRI 25 R AR — 3 R A B L 2 E ZARE(GB 2762—2017) o (R i jits FH LARE 3 %2
ORI TR R S A MU R 5 5 i -4 RpK s rh s @ s e it — 00t os . BRI FEAl A= 7 2
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T A B 820 022 e ol P DAYl ) Bt 42 ) e ot A AILHE B i sl 6 RS e f i 2™
LA R o H A SRR A E AR Tk T LA SE R A & RN Ty =X, e R 4 SR S R 4
S B BEA O > A P A B R B AR R PR B SRR 4 4
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