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Figure I Mechanism of carbon sequestration and emission

reduction by conservation tillage
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Table 1 Evaluation indicator system of agricultural eco-efficiency of conservation tillage

ibs FEpR A ARG HLfir
HA FIRBEA 958 PRIHEBFA L 57 3 1 Molk A 17 A
T PR AR T hm’
BB BAPPERFER A ABLAR T kW
K2 PRIPEBA 275t Jit
e AP B A Tit
T PRAPHPERHAE AR AT BRI TR T hm’
ES i PRIPHEBF A L S 4 Jit
7l W= TR PRI R ik Tit
[P Btk PRAP PR A L S [ Bk FtC
R BRI TRAP PR ERRHER R PR T AR R A B 7 A 4 3 SUACHE R LA B JitcC
JIE A2 AN S SR AL A B A AR B Bk HE R
PTG YE P PERHE T AL AREGB A R TS Jit

hitp://www.resci.net



2 b el 25 « Hp [ DR PR A AR R B s A T | DX 22 S S i stk 1161

20264F5 H

JE R PRAP PE VA AR SRR A R R . A
Al SEHRF R KT A TG gt A, fR 71k
B Al 2 — ol HAT PR5E IE S ) 7 B Al A
P07 3 BOR SRR A% B U X AT 00 1
g IR E B HET SR, BUR A GE
FOARBE 0 H A HoAR S 52805 25 S AR R
PRAPEBFE BRI R, i L o AL A
W AR M A 45 T S AR A B A B SR AR, LA
LR AR AP PR A H AR SR R i AR AL
A%%ﬁ%%ﬁwﬂ?ﬁﬁﬁﬁWﬁﬁMﬁ%%K
AR, PRI A Y 22355 2 FLARAS IS A K P i 1
tMﬁ%ﬁ@ﬁﬁkmEEﬂ%ﬁﬁﬁﬁﬂ%E
U SRR E R o RA N T BEARA G IR AR RXT
PRAPPERE B B 1252 T8 B2, i 5 A IR A R A%
ﬁﬁiﬁﬁi%mﬁ*m%&ﬂ%W@mT
T 55 TGS, FEGACE AT A S T 55
Ii%ﬂk%%ﬁﬁ#@ﬂ@k&i SRR A
AR . A A PR IESR , l AR AR A
ﬁ%ﬁﬁ%%@ﬁ@ﬁﬁfﬁﬁﬁ@ﬁ%z@k
JEIRAFAEZE ST, DTS BRI PR A Al A 255
RWAAAES R . 5, /DR BRI PEREE
9 S i A, AR AP PEBE AR SAR AL B A
etk 5 T ACHE PR FEBF A 1, JERS ARk 227 A2
SR A BRHE I , 05 DRAP PRI A (9 Al A 2530
B e H AU AR b B BB S AR L
AP KA 7K A5 e O B IXC, PR3P PR Y A 2
RBORAA B o A, Aol AR A 1 2Rl

—_——— -

Xt A AR R RO S B RF AR R E T AR KCE RS
7 AR R, RIVAR D A2 T JRE AL R T DR AP PR B A
AR ASHCR R HE R

ARG L b A7, AR SCR R AN 18] 2 7 7 1 P 3 4
PO AR SRR HLEE S5 P R

3 ARFESHIEFRIE
3.1 MRFE
3.0.1 A TAEHZ = B eg A8 A & SBM AL A

B AR B EE P S Y B AR SBM AR AL JE: Tone® 78
&4 SBM ALY (1) Sty 125 08 T AR ik B b i AR
g R R . ERIZES T AR DEA ]
AUFT SBM BAY AR5 FEAS AR I 287 A A B AL 1
[F) BF B 84 28 B 0 1 A SR Bt i AT 1
fife o BARBAINT

R ot
+ Z(x/)
Sz
S, +s2 (274_2

=1 Vv =
> z NeX, = 87, Vf5s
g=120

< Z Ny, + s, Vv, (1)
g= 120

s.t. - n
z, = 2 NeZe = 87 V1

g=1,#0

SNy s,
S1+s2 (Zy IZ; )
0,n,20,Vfgv,1

7 = min

5720,8, 20,5, 2

—_——— e —

]
I : | I
| BT | | s s |
RIgryen - 1 < b
| _ B U wwoegir P B
| HEBK S R RE S & |
i e | ek
|18 | | (kR B | | roall
|| — L AF < | REABBOUKE | | s
(6 o el
| ﬁﬂi | RIS
i |
| m 8 10 L T HUR x| |
= szl |
L =) b (s ! s [ | | |
: L | ] : FeH | kT | S|
1 I ,
— T |
| _ | Rk
, Lo (L2 B R B> TURTS , | |

_

—_— e — — o — e — — — — —

B2 RIPEFHERDESEETINNESZMEER

Figure 2 Evaluation mechanism and influencing factors of agricultural eco-efficiency of conservation tillage
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hitp://www.resci.net

“Ui 3T (2002—2010 4F ) - F-F2 (2011—20154F ) -
b TF(2016—2022 4F ) 7Y U BY AR fL a3, it (8] % 37
ST R 2010 4E 12016 4F o X 5P M BRVE R AR
HEAE AV R ZE R AR Ak DL B AR PR BRI T Bk
PECEEA . 2002—2010 4F , (- P PEBHER R 4 i
TR TR R B B E T H R TR B R &
T 52010 47 sl — 5 SO B A 2 48 4T DR
BHE” DR B E R AR IE A i) B B 52015
4 [ T 4R 92 (3] 2020 4F Ak 0/ 4 245 16 P 22 1
KATah) , X — 2454 8h T RAEY L IE Ak 25 =
()T B B PERE AL AR S RCR Hh B4 T

MY X R 2R P8 AR DX AR
B A Al A 285 555 3R it P[] 4 A 24 36 B O < S ik i
B U BIAR AR R B S TE S AR R AR S K R v
P Hop AR XA JE g 07, HOF4ME R 0.888 , I
PR PUARHBIX (0.776) , Wit P 246 R 0.697, 37
JEH = ATRAE B, X 34 XSk 4 AR PR AR VE Al
A AR T T 4 [ UK (0.645) , FBA Hp [ {4
PR AR AL ORI AR =, R
PERFVEFE & EE BN A R S a8 A 8%
i, W AF LRI M R R S B AR 8 O B2 T ARk A R K
R IR EE AR ) SRR IR B T
PRAMD T RFLE K R B bR . F5 B R A, A X
PRI RO A SRR EIE N 0.398 1K T4 F -
BIKF o RTRE SRR 2, 2R B X 28 55 K J K P ¢
o, HL = =l oy =2 R R =l DR T g Xt
ARV AT TERAR N 22 P 4574 5 Hp P



2 el el 45« Fp AP PR A AR ) sl A T | DX S S sk 1165

20264F5 H

X AEAE2E 5, BRI PERFE B AR e R T /N2
KR R P RAEX
4.1.2 7= 1A HFAE AT

5 95 BRAT STk P Al A SRR K S 1Y 55 9 R
A3 ARUESY, [E) B AR R 2002—2022 4F 4> FEAR R
Al A= B BCRAE, A SO AR R Al AR S ROR
K153 AR AR (0, 0.40]) B ALCR ((0.40, 0.60])
Hr 4% ((0.60, 0.80]) . 15 21 % ((0.80, 1)) I #E & %
([1, +o0)) 5 Rl 27 5 4R J5 Il I ArcGIS #1 4%} 2002
4F 2008 4F 2015 4F 1 2022 AE A 4P VB A A 2
ORI s Al Ak (E 4) o

HY L4 R, 4 R4 PE B VE Al AR A0 e i
PRSP i ARG b B AR B ZS Rl A A% Rl . 2002
AP AR b b DX SR VTS AR e b DX 1L A
VLV, DL R Pa i X i N Sty e HOR TR
T PRSI A5G 3 A BCR B X © 3k B HT VR TH K
o LT A RCRAE T T 0.80, J& T RIACR

>z

a. 20024F

c. 20154F

ot

& £ Xk B Fipux [ #isubx
S (LR & BRI i & S I o &

P P 187 AP 1 0 O RO E R T | A 5 N A
AR B BCRMEAS FE 0.40, J& TARRCR K. 2008 4F
Wb T HRBRLRIKT- 48 AU 2002 4547 i B %, 3X
NS R SO T AN S Al i (U Ry 3
K ARARHLIX B L A0 0 HoA 9 S48 0 I SCR(E
PIAR ML 0.40, 540 TARS AR . AH L 2008 4,
2015 4F [ B AR SOR T B, T RE Y B I AE T, R
R BV E R AR ALE S )45 2] R AR e, (HAR
RO PEBE R AR BN AR 2 30 AN 1 o [
BF ARG HHER R 24 (277 SR TR A
BRI AE B AR A S AR AN 1, DT PR
il TRCRARTE . 2022 48 4 E ARG HERRE AR AE TS
AR MR B ), A 2 R) IV - AR AR AR
SRR o AR ERHb X PR R EE RN L AR AN, HoAth 8 S48
By IR A I 0.40 40 TARBCRIRES

T EE R, R AR RO AR 2
BCRAERE S AR R R o TR R — 2 ARG b X

>z

b. 20084F

d. 20224F

0 500 km

PR IX A [ JHERIRX
Wk RCK

El4 2002.2008.201570 2022 F £ ERIPIERER W ETBRK ZE 56
Figure 4 Spatial distribution of agricultural eco-efficiency of conservation tillage in China in 2002, 2008, 2015, and 2022
L EE T A AR TSR 45 GS(2020) 1827 5 s il i &1 I FE i G & c

http://www.resci.cn



1166

25484 5 51

R MR T A g B A R AR A X
SIS AR MR E O R A 25 s AR AT
VIAT BR3P L IF et - 32 0y . — 2 B R UK
(1Y SCAF AR BT A= ML PR 4 SR I3 5 . 2020 4R AR
AP A AT EB W R ER & 1 AR AL B8 - OR3P P B EA T
it A St s T = L) H B R B TR S AR
JCEE L b R PR E T BRI Bl PR R R
PR, 2 b A PR A B A R AP B4R %) S B A
Mo a0 EARMEALIE Tl 45 ) G i H 8l Bos , AR
At b DX LR 3 P B A AR b 1 BRI R 47 1 AR HILAR K
S5 91 HH 2002 4E By 4638.38 T- hm2 il 673.46 J1 kW
HAIN 2 2022 4114 20047.22 T hm2 1 2150.86 J1 kW,
AEIAHEA R AR 7.90% F15.90% o
4.2 FRIPHEFHER WA SR X IS ZE FHHE
421 BHREF

[l 5a fi o, AF T B R) 4 E AR AP R E A A= 2
BRI AL e R B FIAE 0.195~0.251 22 JA] |, #4445
“We gl T (2002—2013 47 ) - 2l B (2014—2022
AE) Y AR AL AR e, W B B AN, SR A [ AR A Pk
PR A= B RORAFAE A5 [ AR P, Hax sz
Bif FsF 8] 52 IS RS 4 /N ARHAE , RS TR 4 EIE
Bl PRSI it PR A B el 5 223 25 el DX ) 7 25 5

0.350 — a. 4 [E X g 22 5 — &
--- /‘héﬁiﬁ{lz
""""""" FRES i X
0.300 —-—- PYFRHIX
=== ZRAtHLIX
/\
470
0.250 ) ;
! /
\
02004 | . \
Vo e /
ﬁ ) l""\ RV . ,
W& (AR SN SN
18 0.150 ‘\’ // \\ ’/’y\- X //"«-..
i 151 N AN
/A . Mooy
\\ y ,’l/ \; / \y\ N/
0.100 4 N/ N b N [
‘ oo P !
A N s, \
S i :
00504, “, “
(i i .
Vo) in \
0 \t H v
T T T T T T T T T T T
SEFTIITTseS
A

422 RBA£F

A XIORE AR P R AR A X Y R 25 S
FEAE S Bk (8] Sa) o Hirb ZR 3B b X 5L e & 2
2002 4E114 0.254 % 1% 2 2009 4E114 0.087 , i 7 X
B TH 2 2022 4519 0.248, I AF (K 0.145, 3% 3 iR
JEAE T o v DX AR A AH PR, D AR A
(0.164) AHXF R  (HAIL T2 37K (0.226) , %
P v 0 e X 4 R A o M R A Al A S 380K T
Pt I PO N U I i 1 e [ ] i
TR B R B U AR AL A A, Hod P
(0.140) K F AL H11X. (0.078) , (HET & 81 8 4
Je B AR AR R A, ¢ BH P b X 11 N 22 S K
ZRAbHLIX

MARAE FaBORF |, T AR b X 3 e R AR
FEILH LA 2010 471 2018 4F Ry 43 L&A 15 15 =By
B ARG SRy . BRI ,2002—2010 4R 5 FTHi#4
e, Hop rh > P> AR L L X 5 2010—2018 448 b
BN SRR, e BIOM PR s M X A2 B AR AR, AR
i XA 5 J 5 2018—2022 43 8 R BT IR BT
R, AEL[RIRE R 3R R 3R> PU A > AR b X, R B 4% X
AR ISk o NI (=8 i 1 P 2 A N P S
K, 2010 4F B ¥t K BT ORI PEBHE R R

0.600 b. BRI —O— RS-

—O— AP
—D— K-
= rif-ph R
0.500 —O~ At
—k— -
0.400 —
Ed
W& 0.300 —
N
b
0.200
0.100 —

R S A S SR R
S ST I I IS I
TR SR

DY

5 2002—2022 FEERPEFMER L ESBEZNERTNH

Figure 5 Changes in differences of agricultural eco-efficiency of conservation tillage in China, 2002-2022

hitp://www.resci.net



2 b el 25 « Hp [ DR PR A AR R B s A T | DX 22 S S i stk

20264F5 H

1167

SR, FH T 45 b DR T 9 B2 20 1) 1] R J 8 B A
[F] , 45 M DX A B X 5B B A 10 2 402 3 07 BE ) A e 22
St AL, X Fh 22 A S e 2 S SO g A E
TN BURIAT , LA B2 R R 252
FERIAN IR A G
4.2.3 X8 £ F

&1 5b 2 18 1 A [7] DX 3l [ 47 PEBF AR Al 24 25
ROCR2E AR g, AT LR RS HoAh 34>
DX B 2 ] 7 2 R e R0 W3 s T4 E R K
F-(0.226) , K HIHES) 4 [F N EB ORI PERHER ML A= 25
B 1) 25 () 1) 40 1 A e I A O T AR S b IX R g
PERHEALOML W & RO, VY5 ARG X 3R] 1Y
R R BOIEATE 0.056~0.214 2 1] , B A AR L 45
Fa H H 2018 4R 1 , X 1) 3k 8 R ¥t T AR 3 H.
YIRS R T P95 AR X 2 E] R4
PEBEE A M A SRR B [R] 72 2k T3 1. Ry
AR 2 DX S5l ) P A7 P R A A ol A 285 205 23 3 i M R 3
R, AR i T AN W TR A B i it S () B
ISR RV E R R SR B AA S A
PERACHE
4.2.4 27 KRR 5H

A 2SRRI 22 540 Ry DX SN | DX 3 ] R 24 ] R A
R (EI6) . M 225 BTlikoRA , XN | X 8] Fi
[i] 7 A 235 - 149 B ik (L R BT R RAK YK R 0.041
18.18%.0.150 Fl1 66.06% .0.035 Fi1 15.76% , i, [X 15§,

[F1) 22 5 2 A 8 2 T R 47 PR R A Al A 2803 2 ]
FELM P ) E R . I PP R AR, DX 4K

li1] 2 5 5T R (A 1 2002 4 /19 0.143 1 [ 2 2022 4 11
0.127, B ME 11.20% , HBTHR A T 57.65%~77.43%.
DX 35, PN 25 5 4L (R RR A28 2% 1 22 S5 0% o3 R/ 24 4 X
BN, A3 A T 0.033~0.047 F10.014~0.052 22 i), H
L HTE AR LA E |, TR T 20.00% B 5 &
Wi B ] 22 /N W g Bl b T A BT R R AR X A, B
A 16.00%.
4.3 RIPHEHERIES
4.3.1 oS A7
17 4 1 Koy AR BV E AR I AR S ROR 1Y
o W BIEE R o 4 BRI, PRI B E Al AR AR
() o G THE S /MR B0 B B 3 R S 3 ol 8
FRAE , R 2 E A PR 22 S e 48 /N, X 2T,
R AR b DX o B8 THH{E BE B[] 52 38 sh A 34 R AFEFE ol
o TERHLIX o GETHE S /INE B B T B A o

R AU o A

>k 1] Dagum F&J¢ 280K 4 [ IR 3 HERE VR AR WS, 16148 B IR GR AP PE B VE Al A AR OK P
0180 9 AA AP AV AV 7‘7‘7‘7‘?_?7‘7‘7‘7‘7‘7‘7‘7‘ - 100.00
0.160 - %z % % % 4 é - 90.00
0.140 % % %z % ? / g %é - 80.00
0.120 - g% B S

m - 6000 3%
E 0.100 E
;{]:; -50.00 =
#0.080 - 7 7 #
Y S i V2 | 40.00
0.060 4 [ S I -
e I I
0.040 L*‘é f 8 ey . 41 50 B S ;_f Sais T -"A - 20.00
NNGE Ll
0.020 %g - 10.00
0 I T T T T T T T T T T 0
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
4

— 8 — i) 2 7 R
—A— DX A 2 5 DR
—o— Zf] [l 7L 5 DK

XA P 22 5 ik %
2 1] 7L 2 E TR
IX Jaf i) 2 5 ik

6 2002—2022 FRAP IR SR E K Dagum e REUR HEIRH 7L

Figure 6 Temporal changes in Dagum Gini coefficient and its sources for agricultural eco-efficiency of conservation tillage, 2002-2022

hitp://www.resci.cn



1168 %O Rl %

B - R IX.
0600 4 KX — PHERHLX
0.500 { 3 zﬁ -
0.400
e oy
M 0.300 | o~
3
0.200
0.100 { .
0
R -
P & TS Y
IR RN

AEGy

BE7 2002—2022 F2E R 5 REPEFIER L
Figure 7 Evolution of a coefficient of agricultural eco-efficiency of

conservation tillage in China and its regions, 2002-2022

A o VG DR A SN TS AR X
o GETTE BE IS ] 245 U B AR 4L | SR BIARFELE a i
S, RV FFN AR b Hh X A8 B ] 2003 22 R R H B4 /)N
e
4.3.2 RIS

(1)Moran’s I8 %053 Ht

Xof T 28 M g S i A5 AR 28 AU 3k B, AR 4l Haus-
man K 6 e 4 [ 2 RO ARG 95 PR AP PE R E RO 2R
BRI LRSS EL . XT3 18] SIS SR
RURZERIVE RS, 1 P R 2 R 58 22 38 BU A X 42 [
PRAPPERVE A M AR SRR3R A7 23 18] AR DGPR3
R 4 45 /R 5 2 AR BUR AN I Bl 1
5% 1) 0 2 R A f g, 3R W1 HAE A 10 2 1 23 A iF
H ARG PERFIE

(2) 4%} pussisrtr

25484 5 51

22 5 A, [ AR SR IX Ak, 4 R P R AR
b Hb X I FEAE e %) pUSCSl, oAl v F R B pEI R 111,
HP T 10% 090 35 KPR 5, UL AE A% &
FE S IR R B KR B ARECR S (3 A
BRI . MBI R, 28 AR, V5 ER A
DX IS SICRE B et (0.116) , FE 2 AR b b X (0.108)
22 B VG FR AN AR At b DR B LS8 AR KR, iX
FEAR L TEEH GRS BOR, AR
At b DX 1) B A b AR 3 1 SR A RS A8 1 A
HEE R MR E B AR M RGN PRI T %8 4 S ke . T4
HPS b DX DU 55 LA v AR R R B N T X Al
X, FEaEHERG, ISGE A BT FE(0.094>
0.091,0.108>0.107) , 3 = ZLIF T 25 (0] 5 B P, 4o
DX JH] [ 2R 25 1 25 S K, AN [m] 0 R Rk TR
R R E R AR N ORI . T B B2,
LR TR A ML X 2T R R N AR W B
N SEACE AU BOE 451 T (R SE B B IR AR anit,
PR 5 B — 2D A T 25 pU SR 5 -

(3) &A% p LS b

Hi 2% 6 nT 56—  BRAREBHL XA, 4 [ 7Y
FARALHBIX ) USSR B Rt , HY5d L T 1% /Y
B EMKTR S, R P9 R AR A b X34 A7
TESRAE IS, BIRETEHIE T R AT Kk Je N
AR B A SFEHRZ G, KIRE R
Al A= A ROR U T RS KT B #a AR SR AEHE
5 NISIGH B R, 4 [ B oy X3R4 1 p U sk
JEE 5 248 %o BT SR B A i b, 2R WA AP B E A

4 2002—2022 FHREFRPEFIER L ETEER L F Moran’s [

Table 4 Moran’s 7 of agricultural eco-efficiency of conservation tillage in China, 2002-2022

Ay Moran’s [ 783 P{H A4y Moran’s [ VA WAy P{H

2002 0.346 3.034 0.002 2013 0.434 3.768 0.000
2003 0.391 3.385 0.001 2014 0.393 3.414 0.001
2004 0.476 4.062 0.000 2015 0.391 3.414 0.001
2005 0.504 4.276 0.000 2016 0.332 2.946 0.003
2006 0.270 2.419 0.016 2017 0.337 2.981 0.003
2007 0.229 2.112 0.035 2018 0.260 2.346 0.019
2008 0.321 2.822 0.005 2019 0.292 2.597 0.009
2009 0.307 2.736 0.006 2020 0.265 2.373 0.018
2010 0.280 2.523 0.012 2021 0.236 2.151 0.032
2011 0.338 2.990 0.003 2022 0.250 2.260 0.024

2012 0.390 3.404 0.001
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Table 5 Absolute f convergence of agricultural eco-efficiency of conservation tillage in China and its regions
i B AR IX rpS i X PO &R X ZRACH X
OLS SEM OLS OLS SDM OLS OLS SDM
Inm =0.311%** -0.310%%** -0.151 =0.296%%%  —0.279%*%*  —0.504%** -0.414* —0.403%**
(0.071) (0.029) (0.108) (0.068) (0.087) (0.101) (0.040) (0.149)
C —0.167%%* -0.146 —0.119%** —=0.159%%%  —0.057%**
(0.038) (0.107) (0.029) (0.031) (0.006)
P 0.104* -0.050 -0.049
(0.001) (0.101) (0.104)
LR spatial 107.158*** 25.836%** 19.054%** 59.739%** 7.329*
0.000 0.004 0.004 0.000 0.062
LR time 115.771%%%* 45.944 % 37.035%* 79.26%** 43.131%%*
0.000 0.000 0.011 0.000 0.002
LM Spatial lag 2.405 0.122 11.702%%%* 1.727 4.533%*
0.121 0.726 0.001 0.189 0.033
Robust LM Spatial lag 0.024 0.187 0.035 0.145 0.011
0.875 0.665 0.851 0.703 0913
LM Spatial error 2.765 0.076 12.231%%* 2.273 4.711%*
0.096 0.783 0.000 0.132 0.030
Robust LM Spatial error 0.385 0.141 0.565 0.691 0.190
0.535 0.707 0.452 0.406 0.663
P ] 76 5 A1 iz P e 2 2 iz 2 2
AR S 2 2 e 2 2 2 2 2
R? 0.121 0.123 0.304 0.369 0.387 0.443 0.621 0.634
WS g 0.096 0.096 0.068 0.094 0.091 0.116 0.108 0.107
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Table 6 Conditional £ convergence of agricultural eco-efficiency of conservation tillage in China and its regions
_—- K| R HIX rh i X PYHRHL X ZRAtHLIX
OLS OLS SEM OLS SDM
Inz —0.327*%* -0.070 —0.390%** —0.514%%* —0.660%**
(0.068) (0.052) (0.067) (0.113) (0.121)
InCTPI -0.022 0.030% —0.110%%% -0.041 0.045
(0.014) (0.015) (0.038) (0.026) (0.046)
InFSA4 -0.043 -0.048* 0.306%** -0.021 —1.092%**
(0.048) (0.025) (0.103) (0.091) (0.241)
InAGDP -0.048 -0.007 -0.218 -0.075 0.310
(0.031) (0.022) (0.172) (0.087) (0.237)
InINCOME 0.152 0.005 0.545% -0.015 1.051
(0.158) (0.023) (0.323) (0.323) (1.797)
InEDU 0.034 —0.475%% -0.480 0.212 3.217%
(0.207) (0.179) (0.394) (0.209) (1.878)
InPLANT 0.109* 0.291% —0.770%* 0.162 0.323
(0.056) (0.157) (0.374) (0.129) (0.405)
InSCALE 0.029 -0.031 -0.029 0.006 0.649%*
(0.041) (0.022) (0.087) (0.114) (0.261)
In4DR 0.003 0.004 0.074%%* -0.008 0.030
(0.004) (0.004) (0.021) (0.019) (0.032)
c -1.214 1.148 0.191
(1.291) (0.681) (2.762)
p —0.633*%* —0.236%*
(0.097) (0.092)
LR spatial 97.004%** 7.024 25.00 1% 58.174% % 13.915%#%
0.000 0.723 0.000 0.000 0.003
LR time 83.049% % 34.857%* 30.878* 59.402% % 53.378%#*
0.000 0.020 0.057 0.000 0.000
LM Spatial lag 2.229 0.099 14.045% %% 2.025 4,51 8%k
0.135 0.753 0.000 0.155 0.034
Robust LM Spatial lag 0.008 0.934 0.128 0.149 0.020
0.925 0.334 0.720 0.699 0.887
LM Spatial error 2330 0.312 16.688%** 1.884 5.745%%
0.127 0.576 0.000 0.170 0.017
Robust LM Spatial error 0.109 1.147 2.771% 0.008 1.246
0.740 0.284 0.096 0.927 0.264
FIs ] i1 72 2850 o7 P b= E = =
AR 7E R = g i 2= E
R 0.305 0.321 0.712 0.464 0.668
WSk i 0.101 0.044 0.109 0.121 0.133
FEA%L 600 200 120 220 60
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Dynamic evolution, regional differences, and convergence of
agricultural eco—efficiency of conservation tillage in China

LI Yuanyuan, XUE Caixia, CHAI Chaoqing, WANG Xinyi, HOU Guangjian, ZHANG Jinrong
(College of Economics and Management, Northwest A&F University, Yangling 712100, China)

Abstract: [Objective] Conservation tillage demonstrates dual economic and ecological benefits
through cost reduction, efficiency enhancement, carbon sequestration, and emission mitigation.
However, its region-specific technical characteristics lead to spatial disparities in agricultural eco-
efficiency. This study aims to uncover the dynamic evolution patterns and regional difference
characteristics of agricultural eco-efficiency of conservation tillage in China, providing evidence
for designing differentiated promotion pathways and advancing sustainable agricultural
development. [Methods] Utilizing panel data from 30 Chinese provinces from 2002 to 2022, this
study employed a super-efficiency SBM model with undesirable outputs to measure agricultural
eco-efficiency of conservation tillage from the perspective of tillage practices. The Dagum Gini
coefficient and convergence models were applied to analyze its dynamic evolution, regional
differences, and convergence characteristics. [Results] (1) The agricultural eco-efficiency of
conservation tillage nationwide and in all regions showed a trend of “first decreasing and then
increasing” over time. In terms of spatial distribution, it presented patterns of “higher in the west
and lower in the east” and “higher in the north and lower in the south”. (2) The Gini coefficient of
agricultural eco-efficiency of conservation tillage across China showed a trend of “rising first and
then declining.” Inter-regional disparities were the main source of its imbalance. (3) The
agricultural eco-efficiency of conservation tillage exhibited both a-convergence and f-convergence
nationwide. In terms of different regions, the central region demonstrated a-convergence, while the
central, western, and northeastern regions showed f-convergence. After considering socioeconomic
factors, the convergence cycle was shortened. [Conclusion] The overall level of agricultural eco-
efficiency of conservation tillage in China is relatively high, with obvious regional heterogeneity
and f-convergence characteristics. In the future, the promotion of conservation tillage should be
based on the spatial imbalance of its agricultural eco-efficiency and adapted to local conditions.
Policies for promoting conservation tillage should be optimized, and the long-term development
mechanism for conservation tillage should be improved. At the same time, interregional exchange
and cooperation in agricultural production should be strengthened to establish a linkage mechanism
for the economic-ecological benefits of conservation tillage.

Key words: conservation tillage; agricultural eco-efficiency; super-efficiency SBM model; dynamic
evolution; regional differences; convergence; China
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