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Table 1 Construction of search formula and search results
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Fig.1 Research roadmap

RBHIT AR 7 0 BAE RR I SO B 2% B SOk %
BRI [ SCHR B A AR, SRR BOR K R B BOR
AR AN 2 EEE T [ SO0 2 ARSI TR -

BTSN BRI . BTSN3 e 7y, &
A SCHR A 33 S e i R, LR SRR B A STk P
W, EERSCERE . BREIIIR. WHESIK.
SUBIRE TR, VA A AR R KL N E .

FBHIE AR J1 AR 518 30 1R ORISR L4
G185 . e 518 SO FE B b 3 R AR KT A
VPO ARAE, RO S M ST AN ) ANLE 2 RS IR A
VERIRAL s B8 TTIR SCRE AR e e 30 A ™ AR AR K RE I )
W3, R LR SRR BT FUN 5 4 1 ORTE 1
oty SCHRIEA SR SRS B AR 0 A B LA e {1

LR R R IIE DL
2 RS0

2.1 BEFDSH
2.1.1 LR E RACAE ST

W SR R AL — 5 P2 P ] R LA U ) R
FrEcfEA . 200041 H 1 H—20224£ 12 H 1 H WoS
(SCI-E) Al CNKI (EI&CSCD) i 5= T HER A
RFEW RS EME 2 fr. BEAHTIRCHE 2 T
Ja /MR FE T By, 2008 4EFTAL T 2218 K el B, 2008 —
2016 4 FE R EW, 2016 EEAS LTSI,
EAMAT R SO R BAR 2 BT, (BRI RE N
1%, Ui B Aok ] P 6 AR L AT AL 1 3 A0 R B A RF
FEROR, BHIFN G HEF AR I G % .

90
80
70
60
50

—0— WoS
—A— CNKI

Number of literatures

52
[}

s
S

30

o O

2004
2006
2008

010
2012

R H A Publication years

B2 2000—2022 SFHeAr A X ks
Fig.2 Literature number related to seed metering technology
during 2000-2022

2.1.2 AT VoS 94 H R Xk & A i B 547

AN B 5 R 3% B SCHR B A8 Ab ] 7 H HL o AR A
FUR B ARR S, [ 5 18] S 0 14 ol T e e SRR A o
B RAEZAIR AL B . XF SCT $ds kAT %
KA SCHRECR AR SR T 22 1) 45 ] 52 TR) S Ik e iR [l it
Wik 3 s

mE 3 A, TEHRR R SUISUR SCRET 4 FIE X S
BRETE. EEE. EE. REI, FER R RS
BRI E R, Rl R EWE . 25 E xR
ARG FAS R, JUPFRELE IR, HAAd



24 1

R FEMHUER SR S H S e 3

Mim, T ZBEARBARK O E, PEEEE. B
FE. G EVERORT AR, 2010 AETFALE E BRI T
FRFAHKILL, 2GR ETHES, 2020 F£E245
FERRSCBE R E RN 2 %5, HRNERR, BT
A7 s Bt

50 = thi[H China
L 45t ENJ% India
El %[ USA
g L HH Turkey
=37 = )4 Brazil
B 301 = i Tran
5 25k = Jjj%= K Canada
g 20t = R Australia
ﬁ 4EH 2 Philippines
= 15 = BT Pakistan
T
& sl

0

S OO OO O OO

[=3 oo
[o BN o B o BN o B e BN e B o BN o B o B o BN o BN o}

/2 244 Publication years
a. & EF KR CIRECE

a. The literatures number of each country

LI Turkey E74 Brazil H0 P Centrality
EFUSA: 0.59
'@ H¥lran: 0.53
"1 [E China: 0.41
FKIE USA % WiRussia

—0 —
IR Australia

b. [ 5K ) R 15 i P
b. Associated knowledge graph between countries

VEe FR P 3T ORI SCRE U, 5 R B AR [ K (A 47
TEWE R, LM Al Pl R, E L I SR U, IR R
BAX AL

Note: The size of the nodes in the knowledge graph represents the number and
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Table 2 The top 10 journals with total citations in WoS database
and their impact
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Table 3 The top 10 journals with total citations in CNKI database
and their impact
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Journal of articles Proportion/% impac?factor
(2022)
VAR 317 46.69 3.031
b TFE AR 250 36.82 2.704
e E RO R 2 AR 27 3.98 1.778
R A R 2R 22 3.24 1.546
Herh ol K222 3R 21 3.09 1.451
ALl K2R 13 1.91 0.919
T 54 X AL 7 8 1.18 1.351
RO R AE 2R CL2ERRD 7 1.03 1.137
opE O R R 7 1.03 1.488
FAALARMBHE R 5224 7 1.03 1.232
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Table 4 Main researchers in the field of seeding technology based

on WoS database
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Total number of literatures Total number of citations Average citations
N 1 vk 1 v
Number of Number of Number of
Author . Author L Author L
literatures citations citations
Wang ZM 11 Liao Q X 74 Wiesehoff M 39.0
Liao Q X 10 LiaoY T 66 Muller J 39.0
Zang Y 9 Wang ZM 55 SinghR C 255
LiaoY T 8 Singh R C 51 Singh G 25.5
Luo XW 8 Singh G 51 SaraswatDC ~ 25.5
Lei XL 7 Saraswat D C 51 Ozmerzi A 21.5
Cui T 7 ZangY 48 Maleki M R 19.0
Xing H 7 Luo X W 46 Jafari J F 19.0
Yang L 7 Yazgi A 46 Panning ] W 19.0
Yazgi A 6 Karayel D 46 KachmanSD  19.0
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Table 5 WoS authors' co-citation Top10 (sorted by co-citation
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=2 Cowcitation dntt G2 TEEE Fh
Author Centrality (Sort) Cluster Years
frequency
Karayel D 61 0.09 #0 2004
Yazgi A 58 0.07 #0 2010
Singh R C 49 0.10 (3) #0 2010
Kachman S D 41 0.18 (2) #4 2000
Yang L 32 0.02 #3 2017
Lei XL 28 0.03 #3 2018
Zhao Z 24 0.05 #0 2017
Onal I 22 0.05 #2 2014
Anantachar M 21 0.20 (1) #0 2011
Kocher M F 19 0.06 #2 2000
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Note: #0-#11 refers to the cluster number, the smaller the serial number, the more keywords are included in the cluster; the position of the node represents the first
citation time of the document, and the size of the node circle represents the citation frequency. The larger the node, the higher the total citation frequency of the author.
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The size of the node circle represents the co-citation frequency of the literature,
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Fig.7 Co-citation network graph of WoS seed metering
technology literature (Time zone view)



6 My TFESHR (http://www.tcsae.org)

2022 4

WRHEYIN % EE R TR, Mife. SRZE. g, h
Fy KRG TEA P AR AR VEY) s 3 iR i
HLERIRI =, TR B AR, Fio X I A
LHF A, A BHME AR RO, WEKMRE. £k
KE SN HHRCS, L5187 10 STk 1k
Wik FP 25 R A ARHERR R EE, 18 B S ) CHER R B2
IR IR — 71, EN S 2 MBI HE
FRIGEE NTFIH, [J 2 2 2R FHREE R T VAR
TFHEFHEARBE T FHRSEVCELH L5y T,

2.3.2 AT CONKI &9 45| kA= 0T Ldk

f8r FH 5 st e A A e R ] SOk o w91 AR
N = 0.749\nmax {1 3CHR N RG] SCRREY, Horb pmax
BB AR Bk 2022 55 12 A 1 H oSOk sl
SUERICN 222, RIS 28 STk 51 Ak =12 WHER
ARAE =4 518 3, e 488 K, S#E1RECH 19 672 X,
T E] 40.31 IR. mE 5IHE SCHITIRIE S, AU
i bl 43.24% (211 5D, RO TRESAR G HE 41.39% (202
R, mE BRSO R LA R, s BRI S & B 19.88%,
Rl RS d EE 13.73%

Ui S AKHT 10 SCHk (R 6) , Hp 7 R E
B & DEM M 518 =100 52k (3L 29 &
i P R TR TRE 4R (58.62%) , FH:4: KA
NEF ARBIEIES (31.03%) , HU AT E ALK
(34.48%) , WFFRNANTKENTE (24.14%) .

=6 WEISURAET 10 BISCRER
Table 6 Highly cited top 10 literature

&< EIEIN

; Sk s W .
Pu_bhsh Literatures Author Journals Cited
time frequency
JET EDEM MR Lot g o KB
2013 HERRPERERCRLRE, R 222
JET EDEM 5l i0UE A2 o L
2015 FLRHFES AR S Eg e 199
10 R
«ulJ:E
Lt I Ee
2008 LR B o 191
BT ERCE AR TR AL TR
W16 S i T g 190
B BRI T, . Al T
2005 ek UL SR R | T g 188
T EDEM KRB AL K vpae  AHLIE
B e D 177
BT BERROERATE . AL TR
08 mpRg S T sy 157
N L ER
2007 i B o 157
BT BRI o RV TR
B e LA 154
2016 FRMFEHHATIEE s Kiﬁm 153

T TSCHR IR SOR R S5 FL A P AR AR KRG, 451
BUREERT, $8F 2021 SR SMRICHR, #e51RBum = 1
N 2021 SRR T AWMU “ BHBOUTEER
W TREHHFCH RN BRI R R, #5150K 64 I,
e HUTIEEIRAOI R S B LR R I &S0 o #

T AAENIA T B R A A SR Bh A, R B BT ikAE
WORLIZ 37 FAE U7 T B oA BB, el i & R A
B AHUE A Bl A R OREAA L IR BN I R A 7
SEE A oI AT SCER T &N, EDEM EHEF R R S8 1)
I MEAE R Az sh R IR R 7 Bl . it
SRS HIA I, AR BT RURL AT B2 A A 0 H
AL .

ik, BHUTEAE SRS E R RIS R R
B MYUMAT AR S H . SERF AT 2
FPIRE M ALE . PR B I E SIS T 28
X HER I BE R R 55 5 T E 42 % , Ik CFD-DEM A%
EINE R IR, AR DL I HER e B AR TS
PO LRI ATIE B, 38 0] DL SR Rl 1iE 8.
2.4 WMEASIELEDIH

SR 2 0 SR D v AR MR, I SGBRER]
B Bh T BIS AT TC O A R ik 2% < TR Z U AT 7T
PUR, it host, BEM PN AR K @S, RN
ST ) AN 3 R (it T AR
2.4.1 JKF WoS A= CNKT & k435 L JUAF 50 4 2 AT

IPHT 2000 4 F A SCHE A H BV Ay e ]
H, A8 SCHATFI K Seed-metering device Optimization Flow
Precision seeding. Performance. Accuracy Al Numerical
simulation & H SCITIRRS: . Wit A BHEOTEM
DA ISR A A I EL % e A O (>0.1) Al HE
BRI, AR FE £ o ARSI Ah 5 23 A B S
TR AHER AER VE RO B AT LB, OO T oK K
FEs M. ADEMBRRLIT 30 Ik, HEMEY. itk
Bt Iy T LRI A S

ST 2020 A4S BRI R, HEFmE S 2 mE
AREN, FHEER, B, B e 2R 7%k

7738 T R AR 5] NHFFRHEOR SO T, i e A AR
i DESEN T, i, TRIZ B . 2022 R4
TIRRZ WA RXBER RGN BIFSEIULE . &l
B SHhRESETT P CE, WU TR
mMi&m.

7351555 WoS A1 CNKI s 2 AH 5% SCHR I 5 B 1] 3247
TR, TERTER AR LLR A sl AR 2 564l _E b
AR, R RFAREEE 8.

HR B EE TR, WoS #¥ifE+, DEM-CFD #%
GWFF (#2 dem-cfd coupling approach) & JEHM, [N
T HOC R S B R HES GERRN T AE S H R
bria s R SIS, R B R R A R R
A&, i DEM-CFD #& 7 iER 7t K BURLAE SC
HAPEVE PR R B0 R EOIRAS TR A A 1
FOFEFORE B 1 1 H RIS I 7R 802 (HO field test. # 6
forward speed) , X 4% il B2 AN o & e W 1) DS HR T
U3 Tk 5 U A HE R AR IR R B R e
ARG T SR AR AR Al 5 X A S 2% WA FE PO B2
Wi U530 R B g o) Aot 258 2 Sk R o 1 s 4 o)
RS S HERh 28 AT DR R 405



524 PSR

: AEMHLHEM BRI AS AT SRR 7

gparameter Z ﬁ
#6 HIHEH L

. #6 forward speed -

.geometry

d ‘e %%J%% @mmlﬁnon i

#5 ct;ntrol system cfd-dem poudhng approach
° . c #2,dem- “cfd coupilng approach

: ricultural machiery - #2 dem-cfdifi £
€9 AR ry be@ model F7
i accuracy malran

#4 m0n|tor|n g system . zjﬂumerlcal simulation
44 5 | e T i

¢ on ] #3 dlscrete“element method
. 8 v #0 H 5

device est 132 emergence .43 A UG
£ 'Er J ol 0 af i .g!lscrete %éﬂent method

@es@n \lf
ow
5i ionlrﬁng‘terihgf—:‘m
SRR (BB rformance
e ) IZd

T gfowtn#8 nb-till 2000 2022
%, e

a. WoS ¥t JE (0=0.6613, $=0.8692)
a. WoS database (0=0.661 3, S=0.869 2)

SBE

u "‘ ”l,ev?:’ﬁ' *éhﬂ##
Lo svnmul- o
2 mm e

o

k .mz :
o
#11 /\iﬁ‘ﬁ#

*'d:mww&ﬁ,

. h
oL RIS
. #6 B O
b, Sy

@ik
G
. ‘

0 iy

e HA R

VA A 2000 2022

| -

b. CNKI ##i % (0=0.5709, $=0.821)
b. CNKI database (0=0.570 9, §=0.821)

B 8 HeATBAAN K L K4 R K 4o iR
Fig.8 Keywords cluster knowledge graph in literatures related to
seed metering technology

CNKI $¥sfEey, MAEMIY4EE L&, Tk, DRE
HEFP AR A AL AR EC 2 (#2 ARIRER) ; LOKFPRLE
RN, K B RFFROEIE . VBV HERIORLFE S A RS 45
T R EE B TR R EEAER (4 KB L

) s TSR AN A e BT LA ST ER A R
3 M ED o IWHERhYERE4ESE B, BEEREA
PEMVRFE R HR &, e fh . WORR BRI ] i 48 A 1T -5 B0 E
W E L RUE 7 ROKSE, BFFCN 52 20 3l NS IR
A RHRCY, SR A AL & AR, Al B 78 Fh B8
SFEJT R = R AP RE

Sk L, DEM-CFD #4 . FHERS i HERT 38 A 15 5]
PERFEFEIE H AT HEFR AR U B SR, HLAS AL fo
2 B FEUG A BB R S HME AR RS, BTk T AW
SN IR T ML o
2.4.2  RBEIREEFFFRETIE AT

X S G R PR IS 18] B HEAT A, 19 21k R ik 25 I [X
B 9, nTLUEH, HERR AR TR 5 — 3 R
B2 BT R BEEE B S IR R,
F 50 6 0 2 BT i 2 B Re L Ab . HERh S FE RS HE AT
A, HEROY R BRI EEY RS FAMEE

Trs FrOAEYIRR, AR I HER BRI T .
AR SCHITIAE PIAEROWTTE 40 7 2] DEM 7E R TR0k
RSO oy SR X SR BT LY,
H TP T RS SN R G BRI AR B AL
SEHF PO A [R] B R ARG FE S, B i
J3E R R 50 58 3 R A 1) S MR R SO, RS B R A Y
FiFIB s LA Ty i . oh SCHTE AR I ST
FOEReEEml . B NEBEA DR EASE, BRI A4
WEERT S I EAFRIERE, BN IR 2010 )5
PolS, #2007 FRITIRIIKAE. DEE. KE. =Mt
PR G, (H TR S W ARG S e, 2010
AT T KA P R DIOHUGRHER N 3, BOR B ™

b, SR RS E KA, R SR 2 .
C— iz cfdfsa,
2@?648 4 zgiz).sss 9 s ﬁé% = K B o

- Simulation
&\Jﬁ 2 fd-d e
Caltural machiqsg LEF’M m coupli 9 approsch
otk

a. WoS s &
a. WoS database

| e
2000 2022
0=0.5403, S=0.8211

20002001 20022003 2004 20052006 20072008200920102011 20122013201420152016201720182019202020212022

b. CNKI i i

b. CNKI database
R ORHEA, AL E RN OGO I 8], T RURANRIR
Geit i)t BLAIR, LR R WY R ORI L B R — R SRR
Note: The node represents the keyword, the position of occurrence represents the
time when the keyword first appeared, the size of the node represents the
frequency of occurrence during the statistical period, and the connection line
represents that the keywords of the two nodes appear in the same literature.

B9 HATHOARAR K AR X495 M3 (B RALE )
Fig.9 Keywords network graph for seed-metering technology
related literature (Time zone view)

CiteSpace 4RI HE FH AR IR ) B AT BAE A 1R
RAACHITEDL, B RIS ] % s RS O, DUE
AN ORI TRV AE B e ASCG T 10 R IR
(100 B AASCTIXHED - E%ERE, 2013 4
J& 3BT A 53 9 756 L BAE R EOR AU N (image
processing) « HEFIHLEE (system. seed spacing uniformity)
S, H AT STYI TR B ST 78 TV 9 BB AT HE
Fpid ARG . P75 b ke B A A BLAE LR R
TR AR SN S8 RN B R 7 is 3%y
PEAT AU IR FE . ST R IR, JSEAE 2014
o HRRIELE 2016 SFHTRSCRIIY, HARIEATEEH T



8 My TFESHR (http://www.tcsae.org)

2022 4

2014 FEAOW AR AAT (2014 SEEFKIRUAN B SRR
B AR RGBT E) 2016 AR AT
CRTHERE SR ZE IR e R E L) s FEBCK ST,
T SR E R ARG N, 7 b S X LB AL 7 o
PR RIGIN . H AT SO AT 7T AT 2 F 7 (1
KWLM S HOE 7T, IF 45 &L a0 FOa B X 7 S 4
BEAT bR E T B S SRR

WoSTRILRHHITHI10
Top 10 keywords with strongest citation bursts (WoS)
Year Strength Begin End 2000 - 2022
2000 208 2000 2004
2000 217 2004 2014
2000 2.18 2013 2015
2000 201 2013 2016
2000 2.86 2014 2018
e 2000 211 2015 2017
2000 3.57 2016 2018
ormity 2000 2.04 2017 2018

n 2000 6.93 2020 2022

—
motion 2000 2.25 2020 2022 ——

a. WoS il CRIUI 1A y[0, 11=0.63)
a. WoS database (Burstness y[0, 1]=0.63)

CNKIRHLCHTHT10
Top 10 keywords with strongest citation bursts (CNKI)

Keywords Year Strength Begin End 2000 - 2022

HiFkes 2000 5.26 2007 2009 .

i 2000 9.1 2013 2016 —

5 2000 3.05 2014 2016 P

piit 2000 335 2004 2015 —

fEH 2000 96 2016 2018 o
Mkt 2000 7.15 2016 2010 —_—
SHE 2000 3.51 2006 2019 R
caan 2000 437 2017 2018 R
FEEIEM 2000 449 2019 2022 —
SHIRE 2000 3.45 2020 2022 P

b. CNKI ##i . (SN 1E [0, 1]=1.05)
b. CNKI database (Burstness y[0, 1]=1.05)
VE: Year $§I0H#IA S — M BLRI4ELY, Strength FEZEI A, Begin 1 End
TR RBEIRE AT VE AR AE AR IR o % B S AN [R] I 1) B B ST TS
Note: Year represents the year when the keyword first appears; Strength
represents the strength of emergence; Begin and End represents the start and end
years of the keyword as the frontier. The figure reflects the research frontiers in
different time periods.

B 10 HeArH A XS L RILK AL
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metering technology related literature
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Trend analysis and prospects of seed metering technologies

1,2

Zheng Juan!, Liao Yitao*%*, Liao Qingxi?, Sun Mai*

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in
Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Seed metering can be widely used to deliver the seeds or fertilizers from the hopper at selected rates during planting.
However, it is still lacking in the quantitative and comprehensive analysis of the current technology of seed metering devices.
In this study, a metrological analysis was systematically conducted on the existing literature on seed metering technology, in
order to visualize the research trend, in terms of scientific research productivity, influence, and development power. The
development of seeding technology was also summarized from the hot topics in recent years. The agricultural products were
introduced from the domestic and foreign advanced agricultural machinery enterprises using frontier seed arrangement
technology. Finally, the development trend was proposed from the industrialization application at present. The results showed
that the seed metering technology was developed in a high-speed steady state. Much more scientific research output and
influence in China were close to that in the United States. The high-impact journals included the Biosystems Engineering,
Computers and Electronics in Agriculture, Journal of Agricultural Machinery, and Journal of Agricultural Engineering.
High-impact scholars and institutions were focused on the seed metering technology for the typical crops in different regions.
As such, the seed metering technology was advanced to upgrade the mechanization level. The development trend of seed
metering technology was gradually changed from single-topic research on the realization of functions into the in-depth
exploration of vertical subdivision topics, such as mechanism optimization, mechanism analysis, and virtual simulation. The
current research hotspots of seed metering technology were focused mainly on high-speed simultaneous seeding, seeding
uniformity, DEM-CFD coupling simulation, control, and monitoring system. In addition, the high efficiency and performance
equipment can be expected to be further developed in the application of seed metering technology, particularly for the new
products of seed metering in the running stage. Emerging technologies, interdisciplinary integration, and innovative thinking
can be applied to develop with high speed, performance, precise, digital, and intelligent aspects. This review can provide a
strong reference to grasp the research status, development trend, and innovation of seeding machines.

Keywords: agricultural machinery; seeder; seeding technology; research focus; trends; information visualization
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