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Design and experiment of gather straws rotary tillage fertilizer planter in 2BFGK—12

for wheat after rice seeder

Zhang Jin'" %, Xue Yaguang', Liu Xujie', Shan Haiyong', Wu Chongyou’ . Liu Jian'
(1. Jiangsu Yanjiang Institute of Agricultural Sciences/Nantong Key Laboratory of Circular Agriculture, Nantong ,
226012, China; 2. Nanjing Institute of Agricultural Mechanization , Ministry of Agriculture and Rural Affairs,
Nanjing , 210014, China)

Abstract: In response to the problems of poor supporting agricultural machinery, heavy sticky soil and difficulty in
returning straw to the field during wheat sowing in rice-wheat rotation area of the middle and lower reaches of the Yangtze
River, the technical model of “inter-row straw mulching and returning to the field in wide and narrow rows” was
developed, which has the technical features of inter-row straw collection, strip rototilling, concentrated fertilizer
application, clean area sowing and counter-row suppression, etc. By establishing the mechanical model of interrow
straw covering movement, designing the key components such as auger type straw row covering device, ditching rotary
tillage integrated device, centralized fertilization device, floating soil cover plate and row roller, a kind of rotary tillage
fertilization seeder in wheat cleaning area after rice stubble was developed. The results of the field trial showed that
the combination of straw inter-row mulching and wide and narrow row planting effectively solved the problems of poor

quality of the rice stubble wheat seed bed. The cleanliness of the area was 87. 69%, the average row spacing was

ek H 9 .2022 4 10 F 16 H BmH . 2023 48 11 A 16 H

* BT H LA AR LR

(YJ(2022)006)
B—EH RS L5 ,1995 AR IR B IR 5T AR B SE 52 2T 51 R SR O ) AR LRk T #2 . E-mail: zhangjin@jaas. ac. cn
FIRAEE R, T, 1965 4FE A VLR B A AL BT 55 58 O 1) R AR AR B 2= Sk E %% . E-mail: ntliuj@sina. com

W 4 SRR JEHES I H (NJ2020—04) 5 V1. 95 4 FHE 35 B (BE2020388) 5 VT 75 1 71 4 X 4 b Bl 27 BF 5% B 75 45 B 4 5k 4



%3

KA 4F . 2BFGK — 12 BUFE # 22 4 74 HE B it AL #% b L i 5186 15

148 mm in the narrow rows of wheat and 304 mm in the wide rows, with a coefficient of variation of 5. 36 %, the

average sowing depth was 33 mm. the sowing depth pass rate was 95. 76% ., the seed drying rate was 0. 98% and the

broken soil rate was 86. 01%. Fertiliser application was concentrated before ploughing, with an average depth of 65 mm and a

pass rate of 94.63% , all of them met the national standards. The average depth of the furrow was 175 mm and the width of the

furrow surface was 198 mm, which met the drainage requirements. The actual yield of the trial field was 8 059. 2 kg/hm®, more

than 20% higher than the average yield, 31. 24% reduction in fuel consumption compared to full width seeders. The study

provides agricultural machinery support for the green and low-carbon conservation tillage technology model of rice stubble

wheat, and promotes the efficient and rapid integration of agricultural machinery and agronomy.

Keywords: wheat after rice; clean area planter; rice straw returning; combination of farm machinery with agronomy

0 3l

INEERBEAHRORZ —, SRR YT
90 %M o KV R Ui b IX i B Ik A A2 X R TR R
it /N E B X R 2 S A 2 1 b X 2 A
HIRE . ATAEA KRG MR | 9 A B LA R 3 2T B
PRALEE P 22 5 ) i 2 o YL BAT B L AL e
75 BV RT 1 30 17 B SR A = WL A AE 55, i e
75 O LS B K £ R A o T St 8 28 ) 3 U N 2
FhAEFRS L T = E RS A BCE AL i [
JE T A A% i 252 1 A0 22 3 4 I T L R 22 P A AR R
A AR AU AN = BN PR Rl s 2 B

hy il TR RS A 2 4 A7 A 48 20T B AR R LI B
2+ HERE T DL RORS R e LIS S5 ] A AR 5T N BB il
R B AL E B T IF R T K TAE. R R /D
7 LA A Rl AR X Hb L R K R R AT 0 b B 22 0K e
k0 48 1 3 T O R 2 KR R R R T A K
T EE WOHAL LA FF 4 OS2 50 45 DR 3% 0 il 24, 0 5
FH 2% 3 )0 K 114 = S I s L B o i 1 i TR T FE L R A
FOBBEARR AR aA T Hir, PR AN, H&id
FH 5 0 L5 T 3 R A s v A 7 o, st 1 2
e BB I B S A AT A AR AR R
i 25 8 22 0 A X — 4 79 228 %) B A 1) 2 ) ) 1 52 T ol
R PE RV E R ARBE e DL A7 1) B A L 4
TREAE AR PR AE L3 DX % Pl X A7 R B AR ERAE I AR
PLYEAT (300 mm) FEFFAE A L2 47 (150 mm) i X Fh
B0 3 G R AE I /INZ SEZR AT R AR L S

A BIHLE K Z 5 X B A 1 iR AR 2, SR BCHE i 34
TR AR e L Tl AT L7 205 SR 20, SR FH U e Bk 1)
S DA KRS R 23 0 S Y 5 55 2 R e e A
PRS0 22 1 o) R (L I RE AR 38 ., <35 X A
MEA BBt Ay M DR A 22 v O e RO R AR AL TR
AR SCHE T FEAAT AR 2, B IF ] — RS 42 22 05 X
Bt AT 5 AL o W5 J /N 22 56 25 47 R AR VRl A8 20 i R 208
SR X Fi i R 22 b R 5 BT B 4R v R /N R
PR ERGE /N 22 B B, DR B IR B2 4 s Rl

i1

sk EMBAA B BAEEE L.
1 BUEHRE TERE

FEREZZ DiA T 28 HARG PR W] A R B 2 4
FEAFAEAE GRAE LR AK = 2 2Z 18] (%) 77 & , e 28 AH L AR b BL
R TSI BB 8 0 PR A E AR AR /N A BE
AEFTRIRIRE 2 A A 2R L 454 BLA B ST R L 1R
WR BT (D REIEAT (300 mm) FEFFAT IR 427 48
F1 (150 mm) 75 X 48 ) B #& Fh o 28, s B/ N2 47 i
300 mm 5 150 mm 3¢ B R AR , A7 50040 35 4 2 A b v AR
TR B /N 22 AR 3 BE M 22 A ) L, s A ) A
Ko ad A T BT AR AR R T (2) 3 P AR ARG FEAT D
BRGS0 3 T 0 1 R AT Wk 2D i #E A ) 7
FEXT7IN 22 43 T = A 1) 67 1D R0 5 v b DR T 2% 0T 4
(3) HEFRHE R AT HEAT HEBE 4 £ L 4 Pt AR AL, BRI A
YE)Z AR B DR D FE s (OIS B T R Z AR 2
LR HERFRE A [R] B X6 A Bkl 2E 47 TF 38 VB b, BT s 20 Bl
LR YR B 8] B 7 A B i 4T T 98 VBl vT SR E HE K 78
(18 7 BE 8 5 L AT P 100 R /K 38 225 3000 HE K 78 33 358 B
FEM KU 5 (5) 2R FHORUT FiAE 9V 7 58, e Bk D AR )5 &
EEPYAR 7 1k BP9 S R 1 U A AN
BIS RN R R B, 36 05 HE AT X AT BHE , DAOR I Fl 7R
P REE . AR A B 1 B,

B X [#E17)
(BERRERIGALX)

RS X [9EAT]

(FEFFATIREERIX) A

E1 EETHETEERELEXZRE
Fig. 1

between wide and narrow row planting

Effect diagram of straw collection mode
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Fig. 2 Structure schematics of wheat planter for rotary
tillage and fertilization in clean area of rice stubble field
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Tab. 1 Technical parameters of machines
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Fig. 4 Schematic diagram of rice straw stress
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Tab. 2 Main design parameters of auger device
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Fig. 8 Structure of seed metering device
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Tab. 3 Main technical parameters of WD904 tractor
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Tab. 4 Table of test factor levels
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Tab. 6 ANOVA of cleanliness of clean areas
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Model  689. 34 9 76.59  32.67  <C0.000 1
A 0.6328 1 0.6328 0.2699 0.6129
B 56. 07 1 56.07  23.91 0. 000 4
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A’ 13.83 1 13.83 5. 90 0.131 8
B* 194. 07 1 194.07  82.76  <C0.000 1
(o 150. 72 1 150.72  64.28  <C0.000 1
5 2% 28.14 12 2. 34
R 20.98 3 6. 99 8. 80 0.004 8
2 7.15 9 0.794 9
BEE T17.47 21

W SRR R (P<<0.01), " FRZEWHEE (P<<0.05),

TR,

WA 7 08 4 R0 22 0 B 45 R AT, — R R

KT TE B R b 3 Qe ik
/(r* min ') /(me+s ") /(r e min ")
1 180 0.5 20
2 230 0.75 25
3 280 1 30
3.2.2 I EER M

I LE AR 5 FroR, a5 Rkt 2208, R
P % 6 I DX T R Oy 22 AT A T, — IR & B
WEME ) IR R CRIRFHO B p<<0. 01, %,
B ) — R I B® L C7 X X3 i B A R e A
L ZHEAER BC s X 3 6B 1 52 2L R A (g
BEAE ) o 37 X35k v B R R S
£5 RRBHTARRER

Tab. 5 Test design scheme and results

A B C W R
/(remin"") /(mes ) /(remin"") /% /%

1 180 0.75 20 77.14 70.12
2 280 0.5 25 84.12  89.43
3 180 0.75 30 82.72 70. 32
4 230 0.75 25 8§7.12  77.55
5 230 0.75 25 86.55  78.48
6 230 0.75 25 86. 27 78.23
7 180 0.5 25 82.23  74.82
8 280 1 25 73.09 88. 89
9 230 0.75 25 88.9 77.55
10 280 0.75 20 76. 38 90. 67
11 230 0.5 20 69.98  83.23
12 230 0.75 25 8§7.12  77.55
13 230 1 30 75.42 72.89
14 230 0.5 30 82.23 81. 85
15 180 1 25 76.42  65.43
16 230 1 20 72.45 75.98

AGERHE HO 5 E B (ML) 1) p<<0. 01, i)
FHLVBT Y ORI AY S HAER AB X R - FR Y
e A G 3 PR 3R C (R B ) %o i - 652 e At 3,

PG 11 Ca) A 20 ARV 3 0. 75 m/s . & e i 1k
25 r/min B 3 X ¥ B BRI K(H 86.55%,
K 11Ch) T, ek B 280 r/min, MRV E 0. 75 5
0. 5 XF B A 2R 1) 52 M 558 /0N, XoF T 1 B 1) 5 i 45K, TR ik
mIAE N A,B,C, , BEHEHF & E 280 r/min, /E\V #E
BE0.75 m/s, B 25 r/min, X HIFTE IR
15T DIE B 86,9700, B H %8 87,590, T AR
W SR 2K,

KT BEIRAFESH
Tab. 7 ANOVA of of soil breakage rate

KU CFIOrM HBE BMm F{H WEKFEP

Model ~ 899. 86 9 99.98  82.90  <C0.000 1
A 757. 38 1 757.38 627.97 <C0.000 1
B 85. 41 1 85.41  70.82  <C0.000 1
C 3. 64 1 3. 64 3.02 0.107 7
AB 19.58 1 19.58  16.23 0.001 7
AC 0.442 2 1 0.442 2 0.366 7 0.556 1
BC 0.7310 1 0.7310 0.6061 0.4513
A’ 19. 80 1 19.80  16.42 0.001 6
B* 0.666 2 1 0.666 2 0.5524 0.4717
(o 3.78 1 3.78 3.13 0.102 0
2% 14.47 12 1. 21

AT 6. 86 3 2.29 2.70 0.108 3
R 7.62 9 0. 846 2

BEZE 914.33 21
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Fig. 11 Response surface of the interaction of

various factors to power consumption

3.3 HEBIERE

Shy K 6 4 A T X E B e I 4 R ML T AR AR D
XF AR OC I TT 2 B — Ak, #i B GB/T 5668—2017
CHERFPLFRME . GB/ T 5262—2008¢ 4\ ML 32t 36 45 1
U7 7 0 — e 22 ) DA B AR SC A Al 2 5K, 4 HR F33K
A5 B R R Fe L dl & LABERE B 280 r/min, VE Mk 3
B 0.75 m/s, B FEH 25 v/ min 347 H [EHRE,

() B, Sy 36 1 A A 25 B SR B 1 08 B AL 4 9ol A6 X
bl 38 F P V) 9 0 X B, 3K 0 2 5 R b i L 3 B R
JIEARL R BE RS FE 2 25 4 5 FEARA . PTG R R LIS H
IRTEBJY, WD904 i MLAR LBl J) 5 55 — &5 XF BRA% Rl AL
RISk 2BX — 12, HEVE IR 95 2 600 mm, 4> i i #F 47% Fh
P —UAE L PT 58 BV G R A Z PR, X L 2
SRR ST S IE AR T T 16, 25 L/hm?
(35.8 L/hm®), FEAR T 31. 24 %, JLIEEE AT LLIA 45 0 - 4
P A B R A SCB I 1 1 b HL S AT R AT AT 18] 4R BT A
2B T R R FEAE A 1 R b B AR T 1R g
Ab ASEFHLAE 4 B S D9 Bk Hb T AR 7 50 %0, BRI T
AT £ (0 ThAE w0 T Bk B Bh v A 9D T8
Bl I FE AT B A T 57 T AR A SRR #E

FH [ 3 50 45 SR a0 3% 8 T /s o A 22 T IXE it e
TR HLAE b 5 3 X0 B 87. 69 %, /INE A AT ¥ AT
BEh 148 mm, FEATATHE 3R 304 mm AT HEAR 7 &
BN 5.36%, FHIEIEN 33 mm, THBIHESHEENH
95. 76 %0 , BEUFF 3R 0. 98 %, fF £ 3K 86. 01%, KL 7

3ty 74 PG, S 6 BV FE 65 mm, B A IR

BEArHER o 04, 6350 BT L IR SARE L R T IR

Bk 175 mm, ¥ 18 55 B N 198 mm, i 2 HEK R
%8 MELKRER

Tab. 8 Field test results %
o WX TR " Ei RN
RBEA e BURR O mebx T
T G EE E i BRI
1 88.59 4.76 0. 85 85. 28 93. 25
2 88. 06 5.58 0. 87 83. 28 96. 94
3 86. 23 4.91 0. 95 89. 16 93.57
4 87.73 6.43 1. 05 83.2 95. 26
5 87.82 5.12 1. 16 89. 14 94. 14
H{E 87.69 5. 36 0.98 86.01 94. 63

3.4 INEERABKBRFEXLL

FH 1] 7R Y0 7 AN AR S 0 o0 K e AR 37 BEAT L A 1T K
FERG AT 4 bRy R0 1S, SR R 2 10 4 s 2 1 37 IX
THE B B it S 9 o B3 43 22 RS S A DX AT S
F1(30 em=+15 co) #Fh, [7] 20 AT M IE L BERE L TF8) , &
o 3% P G A 13, 67 hm® L /N2 S R gk 22 88 4k A
o 180 kg/hm” , FEARHI S 2. 769X 10° #k/hm” , & 15
Wi 1.064 710" ¥k/hm”, & M EEEH 5. 094 X
10° Bk/hm® , F R ECH 37. 16, TRLE Jy 40. 9g, i
e oA 7 742.1 kg/hm® , SEFR =84 8 059. 2 kg/hm”,
i R AR 27 5 20 60D 1

4 i

1) AR SCLA R 32 22 A5 e B A AR A7 0] 4R 21 98 %8 47
KRG H AR Bt B AR T BHAT (R AT [ R R L 2R
TR A Th it A 7 X (2R A7) 5 P 45 B R R AIE 9 R E 2
17 DX e N 5 ol AL o G A% 00 J2 7 11 28 /) 22 75 FF B8
J& oA P O 00 4 T 2 M 3 IXE AR A8 it A £
FRHL” 35 43 2 B AF 2 30 em B 47 18], 2R J5 47 96 2 47
(30 em+15 em) 3G, [F) 20 AT L HERE FFIE . i%d
ARBEAE 4 R /N 22 R P o B i, A 808 i L REFB AR
RE SRS AR A0 FHRN/INZZ2 B A 250 A DL BE 6 35 T 1%, A=
72 IAS KR REAR o S B/ 22 5 7 BEA G R0 E s

2) 38T B S Hr AR B T HLE OGO S
B ARG OC B T T W OC B R HEAT TR A AR
b i 2ok AR i e T B AEVE M S 8 A i
3 km/h, & 5 # 30 r/min, FEFFIFIHFEH 280 r/min.

3) M E) S 45 R o | A A A2 3 X e A it AT % A
BLYE M AR T 4 MR & Pl HLIm AEFR AR T 31, 24 %, 3 IX
WL 87. 6900, /NE AT ATHE N 148 mm, FE4T
FTEEF- 3428 304 mm ATHEAE S R AR 5. 36 %0, 7 K4k
WA 33 mm, FEIRA MR 95. 76 %, BTk 2 0. 9870,



22 h E AR HLAL 2 R

2024 4

23 86. 01 % . it A J7 =X Bk i 4R bt L o734
Tt NE TR BE A 65 mm, i E VR FE & 4% 3 Ry 94. 63 %6, B
AR ZEhR e, BT E R 175 mm, I8 10 58 B N
198 mm, i B HE K EK .

4) XA /N ZE A AR A I AT R A, AR 56
INZE RN R A A 88 FE R i Oy 180 kg/hm® , A Oy
2. 769X 10" #k/hm’, B~ 1. 064 7X 10" ¥k /hm”,
T ZRUREE N 5. 094 X 10° Bk /hm® , 4 Bk %0k 37. 16,
TR E N 40.9 g, HIE =R 7 742. 1 kg/hm’ , LR =
itk 8 059. 2 kg/hm” , & K HIAE- 3 7= 5 20 %6 LA I

& £ X #
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