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for field crops in China
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Abstract: Returning organic fertilizer to the field is the final link of the fertilizer utilization of agricultural waste, and the
lack of suitable organic fertilizer spreader not only hinders the development of the fertilizer utilization of waste, but also
restricts the overall development of agriculture to a certain extent. Based on the extensive cultivated land area, landform
and barren soil of field crops in China, this paper analyzes the necessity of returning organic fertilizer to the field. This
paper fully introduces the existing relevant models at home and abroad and makes a comparative analysis from the aspects
of working principle, advantages and disadvantages and scope of application. Combined with the differences between North
and South plots in China, the author puts forward the selection and research direction of corresponding models under
different conditions and prospects, the future crop fertilizer applicator from the distribution uniformity, self-feeding
technology, intelligent control and other aspects. It provides a reference basis for the further development of field crop
organic fertilizer application equipment in China.
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0 3= I T R 22 A i DR N R A i £, S Bl T
a R B Al AR 1Y R AR [ 2O R R
Fo [ ERM R BRI A /N KRG EARSEEA] UK E B, B TR E AR 7 Mk Rt

Wk BB 2021 42 10 H 28 H B A 2022 45 1 H 13 H

* BB TA o E AR B AR 55 2 (Y20191L.M02—03) 5 VL3R 4 BAR AL GBSO 7 B AR 7R 3R (JATS[20211512) 5 VLIR 4 4 GOl B £k R i
b5 4 ke ) 30 B (SSY20220036)

B AEH VPR T, 1990 ARAE R BUE AN WL B BRARF 5 5L 5 ST O 1) S AR SE W IE BHE R . E-mail: 702076554@qq. com

WIRMEH R B, 5. 1973 44 WAL KL, BIBFSE 515 BF 55 05 1l b A0l B F 0 IE RHME AT . E-mail: 454666341@qq. com



%12

VPR A5 FRIE K AR WA HLAE S80IE 2 4 IF 50 IR Bk e 5 21

R I E R BUOR R F7 3R T K H AR 8 FiAs E 90 4
AL LA R . BB B, TR A Ok AR
Py B R A AE A UK B4 7 1 H Ry L AR
— AR {0 R A A b A A IS B S B AR T BN T
HERYLEAL IR FE T 1 R R B A L) o (R T AR
A HL A5 AN ) B i M kb 7S S B M i A
ity 2R AT R B R . A HLAC AR O R E AT £
B R e — A BB AR H A PLIE R A TE N 5 i
RBCRAR U T2 A i 45 TR) A, 1 0 A 6] JE AR 69
AHUIE 5 A [ 19 O BT AR 30 85, 75 28 0 45 A0 B /Y9 K
HI AT BILAC HOHE 3 4 0 R T 3R 1 Y 6 AR [ 4 L A 3
S G B T 3 BUAT Y R T AR WA L AE SO 2 A
M BIF 72 BUR 5 4 R e B

1 KEEDFEAXRIARK

T FE A b o AR HE T RS = AOR TS [ S ER B, H
F AR SRR P T AR AR SR AR 4E FEAE 165 000 khm® /42
Ao PEBEF 2540 A L L B AR AEY) O VR YD) 35 Fi
T FUVEAE BL AR A B 7E 115 000 khm® Z2 450 L o 2 i 45 i
T FRZY 7096, e i B K BN B v LA 4 A 357
11, DL EZRAEY AR, BT HEA S BT =i, ™ v
7 A REHUMALVE Y, L 35 43 1715 MU AR B A1

HorpFE e RE 2R, B i P S B 2 A AE , [
AR AR 7 e 8 S AR T L AR O R R A
Lo A0 AT Tl FH AN £ 24 ) 55 380 AR £ 18 ™ T 0 R L Bk
SEAth M 7 A L B R R R LR PR P RN SR M
O AL 55 AR 77 208 T B AR 5 SR R o P 25
FEBLUN i - =N [up X B I ) N ok SO U
it B H E b AEAS {8 0 Al A 7R A R B R
Wk Bk A 25 . R AL . &M ERSHEH
HEA AR ) I A 7 B T A 0 K R BT
AL . HH T 2 A A AL R
A AR R S AR R K AT sh,
AR 5 Ty 2 TR S R ) EE R i R AR Y AR
B YT R CHE Y B S T R R A K
PR R AR AES T A A T EENE X,
F L ER B E T — R AR EOR B LA AL
NEARER AL AEAT 8l o Jir LLAJF 52 [T A4 1L AE fei 208 B 3
8K v i BT R X

2 KHEEWHENFRIR

ARSI ML 45 4 732, 32 240 47 e A SUHIUIE L
R FCAROIEAIL | [58 BEAIE ML =SR2 G v e e el 35 2
5 UM A o 5 R A A S AR AR T A LR AR A
ANBCA B XA 5 [ 48 5 A B 0 B - 0UIR B A

X = REHAEHLI A A AL LA 5] W R 3h )
9K 5

K HEAHUEHIEHL B 573 i W 53 b H6 4 bl
|, LA HE A BRSO ARER LA, £ A
FEA A o I FR A R FR A e WO A A TR
J 3R A AL B T R PR T} B S I A
A B 36 ARk o 38 2ok R S 8 2 2 A7 RS ARk 9 1 e 5 TR, o
J T A AN S R A
2.1 E5hK HE LR BE LK

T A HLIE O VR M 55 ) 5 K, B8 2 1 4, K
45 K ik G A A HLIE it FH WL AR 7 T A 5 R D A R
T 52 AN AL AL 0 30, 90T 1 1 2 19 3 i =X e
A HL, 2 20 Had 30 4FAR, it AL ALK A4 A A i i 5k
B AL, 70 FREGWEETT —E S
T UL 5 AL IE A A7 2B ) L3 B B T[] 436 4 b i) 4%
FEHLE  FEAR ST B T A MLAE it AR 4> ad R LA AL . A K
9 KR A UL — iy 8, Foit FH O =X — i oy i
it LR FE A G T A0 AL AR O 25 55 B4 = i B AR K
- I R AR R R TR AR 0 I8 & T LUK ] 29 m?
PL b BOE S8 E nT IR E) 24 m DL b, HES A R AR
o R B Ak g MOk E AL ., Hop
Bl ) BB LR Yy SR AL Ry 3 a0 e T R R
1 B8 e 2% R AR ) A 2% L VR A 58 A YRR R A AR R
JIES B B S AN 4O
2.1.1  SrH=CHENL

S AR O AL — A X7 R S5 S PR
Fomt By A 7 B R Ay 0 82 i =X e R HOIE B 4
F T 57 BRI IT (W) 25 5 3y, AT RS IE R 2 AT 5 W
it FH 2R A 3k I, AR A B IE i R O AR T
GM, B A R A — o AR AR A 7 R R T B A
B RR B K B AT K MO AR, — 1 T 40t
bR AE | DB HE 55

IS ALY 2 A AT A R OIS AL B0 W 5 A
KL IEA T R A A B3 $8 Al 00 280 23 5 L i
PR A0SR A 5 U 34 50 M AN 0% L R 2 T 3 K T 2 4 v AL
B R b gLk A S | A R AR
HLIEHURE 22 (M20) % R AL 12 AL, jE ok
FAAREL 8~24 m®, e 1K it AT 1 55 6 m, e K T 4E iR 5%
20 m, #f 53 AY 5 TE A W A5 A 000 S A AR 3 g i R
AR T A AR R LR R O I O, R S R AR Y
T 8 55 B DL VR A I kR A B A R S R A
A 2 ke B A (B A 43 DA G HEOER BTA BLAE R
WK 8 FEE MR S K S e, 78 [ A #
{18 #: 2E) =2C i AT i S L G B A AL A SR R VT 4 i AL
¥ TG 5 MR ARCEE 4% L Bk 20 T 32 2l B AR IR OE AR LR



22 h E AR HLAL 2 R

2022 4

LA
2.1.2  RMEHEHL

Fib i U ML 8 A 25 4 5 57 SR =S HOIE BL 2R 0L,
LI AR AR BB A 2, P R A R A % I R AR
Tt b, P JE 2 75 SR I B 5 AR s A — o R
£ 09 SRR L A . T AR A AR A A B o R
R ORURR S 3 4R, Forh 3 RN A 2R ML AR
AT B LR AR v B AR T IR R A K S
5eg il HEE L TGI8 AU AL 4 1 an ey, 55 AT HE L DA AS L A
Y SR AT B A [P N (E R e ) S R i W N
Yo B T v ) R Bt R R A 3 TAERIOR BART
445 R X e FE it AR AL, & R VO 3 =
JIES AL A4 i FES o Bl X 26 ot i SO AG) 010 ) 9 A R . A A
A TEE K, A B AR 5 T EV A ORE AR XS T A7 5
T FETh A /NS 5 MS240 HIOAE HL . SR FH B AR iy A AL
1 250 52 Z 0 HEHL A S 4 A K
2.1.3 R AHAEHL

e O AL — 8 2 R B 1% ) i =X 4 I8 L 5 46 4R
VR e AT I Rk W e TR )
YRk 2 EURE R e SE L R ORE AT 0
4 MR B U EURE RT3l A IR R S Btk
JERAE HS DR WL 45 R i 2 > R 5 K SR A v I A X
AL D ROUAD OB A . LY 32 B FE e 2 A
FE B C , Uy b S S AT A b T ML AE )R AT E IR
B, DT I 0T 0 9 Y He S AR 8K T A A G ek A
PRl R RZ A YR & KR AR 5 3Z 4 B
IABE 6] 40 JAUAE B4 52 0 DA T 5% M JEG 4R 4 50 k. i
RIHLAYA ProTwin 8150 MCHLHL , Al MR T8 7T LA
ok I VR R A P e i O R AT R — R
0.9~15 m. B AN 19 m®, fx K& &N 22 680 kg,
P EAR N 61 cm, B 5N 18 J, i 5 4 B AL 2 %
FRTF 16,5 kWH
2.2 EWXHBYLAEEAE IR
2.2.1 SrERAHEHL

RACA N K B 4 R IR T — A
JE it 8 Sz AT LA R E O 2 L DASOIE ¥ 50 B R
THOTE M 9 A a6 95 B o L R T Al 2 S OIS 15 8% A R £
JE HRE it M BE R g IR R L A5 B 0 R b e i Oy
385 r/min, HUIE 15 BT} A B 16°, B M 1R By
360 mm M, U ¥ 50 24 ) 28 S R AR 14 %0, U IR
Fi oA 8.1 m; At 5t T Al LA 50 48 4 R AR A
5 1Bl 58 52 M) SR e AT ML TS HHEtE AL A0 288 I 2k R 7 1
W ZHGHEFTIESE , LA ADS120 %A HLIE #0iE HLAE Jy R
BIL 43 50 R 5 L A 4 T 5 4 3 i 114 5 7, A AL
JIE A0 AL AE A [R5 T

(OIS 5 AR 0% B IR ¥ A e T e fr . IR R
TE A0 45 5 3 WY - AR Ml 3 R 2 52 i A0TSR0 i IS 2
RN BRI FR W A R e HOIE PE R A E R AR .
2.2.2  RMEAHOEHL

FEKHEHEL K RN 5. EE L5354
il o8 3, B AT E BRI B BT T AR L A AF S R L R
JbAR M 2 52 B T — iR FH b % 0K 3h i E ) R
FNEIBARCDL o X 1l 56 5K 2l L W 56 47 3 BEL g 4 47 e 3
Xof b 6 0K S A A 2o R e b T S R IL L 0 25 4 S 8K
[ AH B 52 e HEAT 1 05 Bt WIPESS iz 3l B B 1Y
1 ELAE B 2 2 AR AL 19 e B3k Af 2514 T, i3 Bh L )
Wi S AT A B HITT BAE BO K . ARl AR R R R T
AN AL AL B 5 BT B bR 25 AR 4 A BILIE B0 L % ML it
HAw, R AT T 53 IR T SR kR
RIS A HES 18185 1 HE 5 7 5K 19 B a5 AR 1T
28, BRE A g H AR EOR A7 R TMS10700 #Y
JIE A it FES L » G e 2 ) 7 8 600 kg AHUAT BE B Oy
4m  TAE#E N 3~7 km/h, #fi &~ 17 910 ~
99 507 kg/hm” & W #E hi HLII R Ky 59~92 kW, 3K 3
BN 540 r/min, At 5T A ML K A HE T b A Y
2F—5000 74 ) A 2 AE 12 A AL AR #5056 BIL , i Bz AL
gy 338 3= Bl g i L A% 3 4 R S A AT e AL (O e e
i) ) o P8 2l e Ol a0 o 3l I 3k 2 8% 40 81 A
SRS 5 2 LB AR A PSR AR RS L R
FE 0 R R ok Rk 11 1 R 2 AR A R AR B ) T 4
A Wb, S HLAE R R & 34 5] #UkE s 2F — 5000 ZY 7t
NEAILAEREAE 7 =K L B AR 2R 25 1 L B 1k it A 2o 72 19 4%
DA —EHHE . KRR K= ERKY 8 T
BRI A AROHL Y T AR ML, OF 28 47 4Rl 3 ik 3 56 A
8 AF B T T A B AR S FR B OIS I vE PR 1Y 52
M) =2 YR g 40 2 S HAOMILA 7 3 3 SR A I
2.2.3 A AHHOEHL

ARACAR Y 2 X o S S fi e AT R e R
AL AL AN o] SR BT O S 350 424 T 558 P A I 46 ) R, 18 3 A
BT A % 2 6] 8% Sy 5 B A 1 A ML T 0 i AL 3 ek £ 4
I IE S0, Y 15 £ 42 38 B 737, WIS Al 22 2 £
FE R A4, B 3 3 570~600 r/min, iZHAEHL AT ik 2]
55k i OIS HLAR R M 805 5 785 R Al K 2 it 4 21
SELOT DL 8 2 AROIE 2% Ry B ST 4L R R R A Ak 8
() 7 3 s W T HRIIE 1 %) 2 3 WERJHE 1 % B8 R R 1) i
T O RE R sE e S5 R I Rl 375~
400 r/min B2 R 340 mm X E R 12 mm/s §E
A O B8 R B BRI A RN
2.2.4  JHABHCHL

LUV AR A8 Al MUBRRE 27 BF 92 Be 4k 55 1523 T —Fh



512

VPR A5 FRIE K AR WA HLAE S80IE 2 4 IF 50 IR Bk e 5 23

& T S K R E 8 A HEIX A LA 0y ) e 48IE B
i 2k 22 KR KT T A8 56 o 150 0 Bl A 3 it NE LA T
BRRE AR R R e R ER Al DA ) R S AR R
HOIE R 58 A 3 6 A . 2 R N7 T A3 AT 45 R R
XT3 5) A S 22 BORAEOIE I 58 P 59 48 A, 52 i 1A
B U S A R PO R AT R RIS
B A ML 305 r/min ATEEE 4 km/h, JH
FAEE 20°, W R AR R 2 2R 30 38 3 X it AT ML S
TR MR AR 2% A Tl AL AR RO Tl AL B R 4
AT T A5 Rt 78§ R &7 09 it BE ML AS L 43 500 % e AR
SRRANUE AT T 2 B &R Il H 1E 52 e 5% i 5
i 2k (8] 05 TE AS e e i 3 O T A B AR A 1 T 45 R S
NE 34 5 PEAS S R B BUF LR, s TR 3 45 & LR
Xof it A 127 53 1 1 5 e A ) R HERE 11 R/ XoF HE JE
FE Y 52 M) T 308 2 Bl 2t R Oxk Il JIE P 6 19 52 W) 5 0 48

0 T 7 T HECIES P R 19 55 i R 4 A B 2 3 X FREES
PERE Y52
2.3 EWNSMXKHEBEVIEEEHRTEE

WK 36 45 1k [ G HE T 1N B A AT AE S0 256 28 LA R
I 7 4 S AL S O R IR A L PR B e kL RUR R
A% B 5%, TR G e i i X5 188 it el [X it e 1y AR
AN AN BRI AR . FREAE B B R A R, 2K
N2 S N 13 LR NSRS § s % N
MEREMEHEAR T DENFMERE. &5
PP 0 b A ) A L L 0 % T 343 AR G LR L L4 i
Feange 1 fros . FRE A =00 R A EOIEHLS N T AE AR
L it B 5 R N T A ) 30~80 £ 5ES%AN T A
BLAE $H0 it VB b 7 =X A B 7B b i A BT B IR 448 ~
597 Jo/hm” s TR E A % 45 5 E AL AL A AR L, F 3
AR S50% LA,

®1 TEHEHI L

Tab. 1 Comparison of different fertilizer spreader

M WA I W Bk A/ 75 7
AT 95 SR TN 5 RN S T R 58 B0 R I S %
S OR DU 07 96 BE K OB 1. 0 . .
s SRR B o g ek 0T B R R AL TR
eI AL L2k 1R 2L P VR LG RS U B
e i 2R
P 2 A O 2 T O 9K % 75 w1
g MOEEEEOC SSRGS R RS TR R
e KRG RS HEA 30 R B AR YR BEIE ¥ B O F 0 & AR

B HOIE R s O, 32 B e R AT

JIE #R R R 45 29

R A R B A T e S R R A X S

bt ES

IR ) AR  JE 18 N AR AT, B AT HE
HOCHL

BT A S0 Al RO

FEMT R EAE, & H T 80k B0R AR B
S HOR BN R 5 2 O =R E S A R
Ji AR %56

212

3 HFHEEA

D) A HUAE RS HURE 2 75 [ A2 A0 4 ) 6 (H 2
TR o 7 vh A7 — S ) R 24 1 R e S5 . il
W I A — A BB R A b L A H AT BT Y
BILAR AN I R 1] 0 2 2 1 00 999 49 2 M — ML, w5 ok ]
Z2 O B A DA 3 8 2 0 SR T AR ALK R [T 1558
X AT TR

2) (ERUIE 2R, A HLAC HROAC BT 71 #E A9 B ] 43 o
1500 , T 3 HE 15 32 AT Y B 1] J0) 5 8506, 5 2 E 45 b AL
B N T AR R T A A, — R
JE EREAR T TARRCE.

3) BA PLES T B IR UMY #R A, B R4
1l 75 T B4 8 42 BE A ARl 3% A0 K e R IR IR 20
A i e B A O AR B B

4) BRI S A A A R (R A A R 10 3
A AR R 7R T A0 P05 52 BR A 1) A, 3R [ 3 D) 5 2

A 327 AR L e ] A A7 A ML, Sy 3 LR
AW S b R R AT BTRIK

4 REWBH

TG BT LA AR B TR 7 LA
SRS TAR S B AT A e f L e & S B R A
BLAE A 249 23 4800t 5 7T 205 5 A SO HN A £ b 37 45 5 15 5K
R Sk B AT AL AR L ARSI OIE i8] S B bR Bk
HA B B b e — A B OIS PL . e B AR R Y
SR A 7 5 ko g P e R A G o R AR RE R A
(e s P i 4 S S 3R 4T, HE— AP SE A ML AR

Fok L EDRARO R F L B4R R F YR 2
FOrpARRME R 3 & 95 4R 7 AT 3k 40 AC M2 A L RS AT 5
10 A2, H A AR AR A, I 3 2 A7 AR — 2k
TR it ) AIUREAR OB bR AT HILAE T T B2 A Ml A H Al 85
A B A HUIE A T2 e e 1 i 52 3 L 45 5 BT
- B IL B ) B A B, 0] R 280 HE AT A HLIE A



24 h E AR HLAL 2 R

2022 4

BN 8 V) R e R, A HLIE e T H i 2 2L
FLNE T o F 507 1, R AR YA HUIE ib B A 5
OGRS R T TR R SR 45 5 8T A
S B AL R AT L 0T K TR S 1 JE A P45 P 2

AR T [ 019 M B0 85 2% 1, AL 7 b B B o0 A 4
AR R AR A T T M DX T N b R | B b A
JE SRR AE [ S BOIE FL LA L RE 6 2 3 [ AL 7
RGBSR R L BT AR E R E A R E TR
P A A A A S B . BN R T i XL 3R T B
AT B A VR BRI 8 3k R A R AR M A A DR L 77 7 FE
T A M B TG AR B S [ [R] I 3 T it A S 2
FIG O TR E LR AL L 7 2
il — AR BRI A7 E RS A B A B A S
FEAIL » = B2 A 8 FT 0] Sk M MR 9 JBE L 5 B4 368 I8 75 i
DX AT B BIL #s B SR Al b 1E— 2B 9 KA AR5 5 1
23 [ A6 J7 B A BRI 55 TR A A — 2 WY R AL L 7R 5
TN A8 5 ) [] R 75 2 X 4 A A28 T X AR R 1) R DR
S R A B L 4 50 R

Fe [ 52 P M 21 2 LM B 22 4 L R AF — AR A
W A PLIE Y o R TR SR AR OC B 5 B AR LA
14 S B BT L LR A X RS A ER Y L BT L A 2
XA HILAE H0G e o B9 AF 52 0 B 5 B A S W e Ak B
S BETTAF L 50 55 I0U, AR AR L O R B ORI AL 2%
P 5 UL P BEEOR SCHE . 53 80 O IR T IR A
BLAE U A H80Ut £ A B2 26 46 W 52 » LAALARCHONE 1088 A
A R AR 57 3 A L 3R v it A R 42 E AT PILAE B
AR HE BSR4 S 5 188 5 28 ) A0 AT HILAE 8O AL A9 75 9
SR B AR AT I HLAL ) 248 L 37 R A BILAE 5 5 T
Gy o o [ AT HUAE AR 7 A Ml W] 47 25 e R o Al [ 1 )3 5
Py HE R P P (2 2 S04

5 H%5iE

Wt Al B PR TR L Al P SR B T
B AR AN R I AT RO AT Ak PR ORE X B B i A RS
Qe FRATT T AL I L M T AT AL B R ST P A
F o AAE W 9 0 B oA A R AR 24 A IE A RSk 4 1 ™
HAEIR T A5 i i TR e AR AL B 2R
Mok U PR B JRE AR B AR AR O T B B IR AT R SR
b, Ry 7 I PR A g L R s A LAE B
MAEE . BT FE G T R 8 OC UK R 1k
A B LB AL Al 2 580 19 B JRAK 33X A (SR Al L
PRAE A RO BILIE e 2 A B 5 2 5 B 4L A AT
T8 FAY Se Bk 9 K THAE M OB HLR A 2

& £ x B

(1] 3k F5F. 2Rk A HLIE SOt L I 2 i w5 L. b

RAHL, 2014(2); 34— 35.

(2] &7, 2F50 AAUICHOEHL I LB [D]. dbat. o E&
BB AL RL 2 WF 5 B . 2016.

Wu Ning. Research and design of 2F50 manure spreader [ D].
Beijing: Chinese Academy of Agricultural Mechanization
Sciences, 2016.

(3] ZE3c¥, PRI, #3E, 5. RENIRALI M 58 5 B 5

IR, ALK K224, 2017, 48(12): 57—67.
Li Wenzhe, Wang Qingqing, Cui Liang, et al. Performance
analysis and experiment of farm manure spreader [J].
Journal of Northeast Agricultural University, 2017, 48
(12): 57—67.

(4] EPRPR. R ZNC A R M 0 b7 S KB A5 (D], g
IR ZRAEARAE R 22, 2017,

Wang Qingqing. Throwing characteristics analysis and
experimental research of farm manure spreader [ D ].
Harbin: Northeast Agricultural University, 2017.

(5] BZEgHR. PESEHHEEIM. bt RES R, 2020.

[6] Flk . Rl #8022 JT 56 T B0 & CCH) 2020 47 AR JIE A6 &
THE R AT B Oy F20 e BE I S 07 22D 1 M [EB/OL L
http://www. moa. gov. cn/govpublic/ZZYGLS/201505/
t20150525_4614695. htm, 2015—05—25.

(7] #ak, REf, #Hi¥ Ik, % F&E2MH KA IUCHIC LR
SRR ] P ERIZEMR . 2021, 42(2): 58—65.
Chu Bin, Wu Aibing, Han Menglong, et al. Design and
experiment of the organic fertilizer spreader for livestock
and poultry manure composting [ J]. Journal of Chinese
Agricultural Mechanization, 2021, 42(2). 58—65.

(8] 5. RFMLMBAHL BT 55 [D]. R EE: Rt
KK 2017,

Cui Liang. Design and experiment of farmyard manure
scatters machine [ D]. Harbin: Northeast Agricultural
University, 2017.

(9] Bhbr, fF35 3, W E, . A LI HOE R K% % o
FElJ]. s EARPEER, 2019, 40(8): 1—6.

Ma Biao., Fu Jingjing, Xu Binxing, et al. Research on
manure spreader technology and equipment [ J]. Journal of
Chinese Agricultural Mechanization, 2019, 40(8): 1—6.

[10] & R, B KA HLAC 0 45 45 /9 &5 4 B2 F & o 2= kg o
D], MR/R¥E . MR /RIE TR R A%, 2018,

Wu Hao. Structure design and mechanical performance
analysis of solid manure spreader [D]. Harbin: Harbin
Engineering University, 2018.

[11] Stephen J L., Periyasamy B. Innovative developments in
biofuels production from organic waste materials: A
review [J]. Fuel, 2018, 214: 623—633.

[12] Tejada M, Benitez C. Flazasulfuron behavior in a soil
amended with different organic wastes [J]. Applied Soil
Ecology, 2017, 117—118. 81—87.

[13] Chin A, Schmidt S. Buckley S, et al. Sorbents can tailor
nitrogen release from organic wastes to match the uptake

capacity of crops [J]. Science of the Total Environment,



512

VPR A5 FRIE K AR WA HLAE S80IE 2 4 IF 50 IR Bk e 5 25

2018, 645: 1474—1483.

[14] Aydin S, Yesil H, Tugtas A E. Recovery of mixed
volatile fatty acids from anaerobically fermented organic
wastes by vapor permeation membrane contactors [J].
Bioresource Technology. 2018, 250: 548—555.

[15] 23k, RUI5E, MLy, %&. AYUICHCHL AT AR S
KRR T]. WAL AR, 2018, 39(1): 97— 100.

[16] Bk, IhEIL. A, 55, 3L HUIE B HE UL 3¢ &
Bt HiET]. ok THERR . 2020, 36(24): 19—28.
Lii Jinqing, Sun Yukai, Li Jicheng, et al. Design and test
of vertical spiral organic fertilizer spreading device [ ]J].
Transactions of the Chinese Society of Agricultural
Engineering, 2020, 36(24). 19—28.

(177 skHazr, 5, ZEM, 5. 2F—5000 BUHEH &) b 2 KK
HA BRI BT, R, 2011(21): 74—76.

(18] XU, £, 9L, 4. RN & 8 800 90 XA HLIE
WREHLB I KOG AR AR5 [T ], AR AL ARl K% 2 4,
2018, 49(8): 83—90.

Liu Hongxin, Wang Jiaxing, Su Hang, et al. Design on

side type discharge organic fertilizer spreader with inclined
opposite discs and research on its key components [ J].
Journal of Northeast Agricultural University, 2018, 49
(8): 83—90.

(19] iEdk2r, @oE® . Wi, 5. & ZNE MOt HLIE e 0 HUE
AP AT e e B A [, W AR KA 2R, 2006
(1): 111—113.
Shi Jihong, Meng Xianzhang, Pan Shigiang, et al.
Scattering performance research of scattering apparatus in
farm manure applicator [J]. Journal of Jilin Agricultural
University, 2006(1): 111—113.

[20] Z=3. AHLLHENLE B 5B pr s (D). Kb #im
olk Kg, 2014,
Li Jie. Design and experimental research of organic fertilizer [D].
Changsha: Hunan Agricultural University, 2014.

[21] M¥aHE, B, #2T, 5. BT KL B IR K & R E
#OI]. RHLE A S 4. 202009) . 8—10.

(227 Z=atpr. T E LG AE LI S AR R AR A AT ] RALAE
FI5 4 . 2018(9) : 86.

(B4 19 1)

[29] E WA=, 2B, feor . ZKORE BRI 2 55 kL T 14 3
BERARBIELT]. Al TR 4, 2007, 23(8): 16—19.
Wang Xianren, Li Yaoming, Xu Lizhang. Relationship
between thresher velocities and rice grain broken rate [J].
Transactions of the Chinese Society of Agricultural
Engineering, 2007, 23(8): 16—19.

(3070 axuiille, MEHE, #PLL B, 55, UKL & 85 1 X KAl

Wi 2 R B LR Y (7], RO AR A= 4Rk, 2021, 37
(4): 49—58.
Jin Chenggian, Kang Yan, Guo Hongxing, et al.
Experimental research on the influence of threshing roller
structures on the quality of mechanically-harvested
soybeans [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2021, 37(4). 49—58.

(310 s, 64 Mo BB R 2 & 43 01 B ARt (D], V% .
PUZH TR, 2021,

Da Qiang. Analysis and optimization design of threshing
device for combine harvester [D]. Xi’an: Xi’an University
of Technology, 2021.

[32] TR, #¥E, KRN, . FRBG BRSO 25 kLT
Pt SRR T]. R AR . 2021, 52(9): 115—123,
Wang Zhendong. Cui Tao, Zhang Dongxing, et al. Design
and experiment of rasp bar threshing element of corn

combine harvester [ J]. Transactions of the Chinese

Society for Agricultural Machinery, 2021, 52 (9):.
115—123.

[33] ZMEMH, FAM, fhorss, S5, IS WCHRLIBERL I & 118

I B o i 5K LT ], R LA R, 2018, 49
(8): 68—75.
Li Yaoming, Wang Jianpeng. Xu Lizhang, et al. Design
and experiment on adjusting mechanism of concave
clearance of combine harvester cylinder [J]. Transactions
of the Chinese Society for Agricultural Machinery, 2018,
49(8): 68—75.

[34] E %, REE, B&E, . SWHS BRI /> 80
BUR S K ST ], AU R . 2021, 52(6): 1—17.
Wang Lijun. Song Lianglai, Feng Xin, et al. Research
status and development analysis of screening devices of
grain combine harvester [ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2021, 52(6): 1—17.

[35] Bk, TTRT, ZREE, . hSRB A Bk LR 5 B

Wik RGOS IRE ] Rl TR, 2015, 31(14) .
24—31.
Liao Qingxi, Wan Xingyu. Li Haitong, et al. Design and
experiment on cyclone separating cleaning system for rape
combine harvester [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2015, 31(14) . 24—31.

[36] BRIsf, B, RESH, 5. —fEHEHRE S YL
EALMLP]. P E LA . CN211831926U, 2020 —04—28.



