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structure on agricultural output: An empirical analysis
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Abstract To clarify how the rising cost of agricultural labor and tightening land constraints impact the choice
of mechanization pathways, the survey data from 1 526 grain-producing households in the three northeastern
provinces of China on 2023 are employed to build a “agricultural machinery input structure-factor reallocation-
grain output” framework. Continuous agricultural machinery input structure index (share of outsourced machinery
services)is embedded in a translog production function, and third-order interaction terms are introduced to
empirically analyze the impact of agricultural machinery input structure on grain output and its underlying
mechanism. The results show that: 1) Agricultural machinery input structure significantly raises grain output,

mainly through land expansion and labor-substitution effects; 2)High quality outsourced machinery services and
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joint purchase models markedly enhance the yield-boosting effect of agricultural machinery input structure;

3)Heterogeneity analyses reveal that the positive effect of agricultural machinery input structure on grain output

is more pronounced for small-scale and part-time farmers. Based on the findings, the following policy

suggestions are put forward: the government should shift machinery subsidies from purchase-oriented to

application-oriented support, improve the quality of outsourced machinery services, promote joint purchase

models, and pay special attention to assisting small-scale and part-time farmers, thereby providing a practical

pathway for the coordinated advancement of service scale and land scale farming.

Keywords agricultural machinery input structure; translog production function; factor allocation; grain output
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Table 1 Descriptive statistical characteristics of variables
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3 I,_Hﬂ‘]:E. . .
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A LA R 55 9% -+ DL IH 2%
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PN T 55 5 4 A HRIFE A+ IRMIT 3 A, - i
i " . .
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T A R HE S PR 228 B T B, i, TROX KL 1.018 1.098
LAE PN Ak BB 47 2 5, kg/hm?® , B %k 8.736 1.155
;‘1“ o AR
;Ff - I.Elli . RO ALY ARBLIMI IR 55 28 H /WL AR A S L % 0.657 0.387
Core independent variable
A % 57.048 9.897
A AR AIE ZHERE P2 EMACE MR a 7.953 2.795
Individual characteristics
, 1=k % A, 2= AN e, 3=— i,
IR 4.005 1.029
A
- EWNBL L KEE60% LU EANKY/ RIER N, % 0.323 0. 347
FERE T IR T YIS LT TIC R 0.648 0. 265
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FERIA &G FEAERBA A/ FE B WA, % 0.154 0.234
B ;;%Eifﬂﬁ,22*#1&,32[54‘?1’@,4: 9 407 0. 857
A 2B R AE
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Table 2 Impact of agricultural machinery input structure on agricultural output
A8 BEE 10l 5 A G5 # 78 A A ) A8
Variable Benchmark regression  Adding structural variables  Adding control variables
RN LK 0.092" 0.092"
Agricultural machinery input structure (0.028) (0.028)
4
fﬂ&l t/\ 1 N X}f”m/\t rueture 0.078™ 0.064™
gricultural machinery input structure €0.018) €0.018)

machinery input
TN GG X HUBE A X 57 8 1A 0. 077 0. 076"
Agricultural machinery input structure X ’ ’

. . . (0.019> (0.019)
machinery input X labor input
RALBEN GG X BB A X L A 0. 043" 0. 047"
Agricultural machinery input structure X o i

. . . (0.019> (0.018>
machinery input X land input
ML A G54 X BB A XA IE % A 0. 009 0. 004
Agricultural machinery input structure X ' ’

: . e (0.017> (0.016>
machinery input X fertilizer input
LA A —0.033 0.013 —0.005
Machinery input (0.027) (0.034> (0.033>
55 8 A 0.053 0.106 0.094
Labor input (0.082) (0.087) (0.086>
T A 0.845™ 0.744™ 0.738"
Land input (0.054> (0.056) (0.055)
A —0.903™ —0.776™ —0.837"
Fertilizer input (0.229) (0. 245> (0.242)
HLAE 6 A X HLAE A 0.009™ 0. 007 0.009™
Machinery input X machinery input (0.004> (0.004> (0.004>
G5 8 A XG5S A 0.004 0.003 0.003
Labor input X labor input (0.015> (0.016> (0.015>
A X LA —0.101™ —0.055 —0.045
Land input X land input (0.035) (0.037) (0.037)
LR 5 A XA A 0.121™ 0.105™ 0.112™
Fertilizer input X fertilizer input (0.027) (0.029) (0.029)
LA AR A X 573 T A —0.009 —0.052™ —0.050™
Machinery input X labor input (0.007> (0.013> (0.013>
BLAE % A X £ # A 0.007 0.018 0.021"
Machinery input X land input (0.009> (0.012> (0.012>
HLBBEA X AL IE A —0.010 0.012 0.010
Machinery input X fertilizer input (0.009)> (0.012> (0.012>
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Variable Benchmark regression  Adding structural variables  Adding control variables

95 Eh ST BA X A A 0.127" 0.139™ 0.128™
Labor input X land input (0.015) (0.017) (0.017)
55 3 B XA —0.103™ —0.049™ —0. 040"
Labor input X fertilizer input (0.014> (0.019) (0.018)
T A X ALE B A —0.042' —0.103™ —0. 117"
Land input X fertilizer input (0.023) (0.028) (0.028)
AE 0.001
Age (0.001)>
HHE KT —0.003
Education level (0.003)
ekt JE PR 00 0.012
Health status (0.008)
ZW N L —0.052"
Proportion of elderly (0.026)
558 )i e —0.020
Proportion of labor force (0.029>
ERICA & 0.025
Proportion of non-farm income (0.032>
HE Hb T 1 0. 007
Land quality (0.009)
B 3t 40 7 R 0. 009"
Degree of land fragmentation (0.004>
Al R K —0.024
Agricultural insurance 0.017>
= A PR E K 0.116™
Whether planting corn (0.018)
T3 FlRB™A HRKE B

i 0.104
Whether there were natural disasters
. (0.017)
in the past three years
- A 5 L 0.025
Proportion of land transfer (0.029>
gie 13.126" 12.035™ 12. 302"
Constant term (1.002) (1.093) (1.076)

25+ &
Wald _E.jiﬁﬁi .y 21 324.030 21 278.710 22 563. 640
Wald chi-square statistic
5 ik
B BLIR 2 i i 22 0.143 0.152 0.148
Standard deviation of random error term
2 TG A U
ERFRGEE 0.526 0. 505 0. 492
Standard deviation of inefficiency term
%l 3% B 15
ERESHARE LE 3.674 3.334 3.318
Ratio of inefficiency to random error
. =N

AR 1526 1526 1526
Sample size

TE A5 AR IRARUEDE 5 * o5 o )RR TE 1020 .52 10 KF Bl . FERR,

Note: The values in parentheses represent standard errors. *, ** and *** represent significant statistics at the levels of 10%,5% and 1%,

respectively. The same below.
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F9<Z1. 000 g v Lb i 401 5 R B4R A 254 =1. 000 Jy =5
Feldl o 459 Wow e Ee a4 A B ) 4L RN L Bl
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A BF 5T 45 18 1 AT 5E PR 2) R % 0 B Tk ik
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Table 3 Robustness test results from model replacement and the addition of control variables

- 1 1 31 21 © L ) 41 ® 5 He 4 " 8 A o A
A5 . . . . OLS f5 7
. Low proportion Medium High proportion Add control
Variable ) OLS model }
group proportion group group variable
i
fﬂ‘&h}\ z? t b ot 0.466™ 0.253 1.719™ 0.121™ 0.088™
gricultural machinery inpu
structure (0.139) (0.147) (0.138) (0.032) (0.028)
. !
RBLEL S - BLIEL A 1,182 4019 3.622° 0.081° 0. 060"
gricultural machinery inpu
structure X machinery input (0.020) (0.847) (1.227 (0.020) (0.018)
PR A G5 X HLAK %
2\ . ”it‘j]jlj &);. ot 0.367 —0.976 —2.934" —0.070™ —0.071""
gricultural machinery inpu
structure X machinery inputX (0.696) (1.025) (1.188) (0.020) (0.018)
labor input
R A G54 X B F%
2\>< j:]tﬂﬁ%%/\ b ot 3.192™ 7.116™ 9.991™ 0.046™ 0.039”
gricultural machinery inpu
structure X machinery inputX (1.100) (1.725) (2.410) (0.022) (0.018)
land input
PRALBEN G54 X LA AL
é\gxc%tﬁefnjl\ach'ne out 2.566"" 5.332" 8.193™ 0. 004 0.005
ricultur inery inpu
structure X machinery input X (0. 868) (1.740) (2.071) (0.020) (0.016)
fertilizer input
HAb$EA 0.096"
Other inputs (0.015)
o3 2| AR B
il 2 £ H £ H £ F £ $ £ $

Control variables
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3 (8)
i 25 © i| 25 @ = i| 20 @ hiodl g I =
5 1 % EE A1) Et EPNl[:l:fJ H H'mhl:[:{ﬂ Ht. OLS H 7 E}\ZﬂdE%thlg
LOW n m roportion n
Variable oW proportio e. . 18f1 proportio OLS model C_O e

group proportion group group variable
Ll A BE
T‘l e . 0.918
Goodness of fit
Wald R A

ald R JPERIbRE 22 873. 600

Wald chi-square statistic
Bifi BIL 1% 25 701 b o 22
Standard deviation of random 0.148
error term
T A4 2 AR o 22
Standard deviation of 0.483
inefficiency term
TR S HEHL R 2 A
Ratio of inefficiency to 3.261
random error
e
RER . 363 15 638 1526 1526
Sample size

TE: 0. 300=RHLEL A L5 <<0. 800; D 0. 800K AHLBLALEHI<T1. 000; QR HLEL A LEHI=1. 000,
Note: D 0. 300<tagricultural machinery input structure<<0.800; @ 0. 800<tagricultural machinery input structure < 1.000; 3 agricultural

machinery input structure=1. 000.

3.3 #—Fom
3.3.1 REA=E

FEAMY AR 7= i IR 55 o A O Aol MU AR IR 55
14 T AL RAR 23, XAl A B T A AR R Y
e HAT RIS o RS R IR 55 5 AN A BE 4
R AR, 38 RE AL A BT IR IC A | R ik 2R ™ i 7
HA A AN B R L DT A Sl Al B AR R R 9 B T . AR
I 5% R 55 Jo e 4 IR 55 25 B 6 8 5 R i 55 OR R
P, R 2R s i R AT I o I 55 25 R R LA
AP e 55 A B IR 55 A T AT g, oy o AR R
A A R ARE LTS ARG MR IR (E R
1.2.3.4.575 ; I 55 RORFAN I DL 55 R LA LI 55
B AH BG4 5 22 A S A R AT 4 B, 0 W
B TR B BT TR B TS A ARG, X
MR 1.2.3.4.550 45 R W& 4. IRk 55 B i1 42
ey B A Il 55 2 Rl O IR 55 ROR P B9 2 ek
e, PR ACHLB A G5 XAl ™ R B I 3 3R T
YRR o BRI B 1Y I 55 o o fE 6% 412 T AR ML fi
PR WD A o A v DR R S Y s B B AL
o a7 SF A9 AN T80 2 P, AT 30 9 90 0 e T A A
PERCRB B o R, 4R TR 55 S A i R

— PR ROCR A 2, R R R LA S R
gt 1 S8, S0 R A BF S (B 2.
3.3.2 BR&MK

Ty B R v, Al 2R 7 7 30 B0 e 748
AHLSMEL IR 55 (9 T 0 MR B B A 3R T BT TR
SCo R, B T HORA LY By 20 LLAE R P 2Z [ &
PR A 0 AR A 7 RO 7 AR RIS . i
55 WK G Wy S A A Sy — i B8 19 5 1 07 30, RERE A
PG RRE 5 MR RN, BE— 25 3 T Al Az 7 30 %
FIREL 77 6 o AW 5 2R I a2 75 A0 M R AT 28 ) A
U W S IR A5 A R TR R PRI A I SR AR L
SMLIR 55, SR TR 55 2 AR 7 () I Ay 4855 A1 40
B v — L 41 {4t A 55 Al A 55 4R 43 A R A R It
BRPIMIIR S o 3 578 W T 5 0 LR 2y
B A o DA Rl 55 32 (165 LA Hh ke 3 e T
K5 S5 AE AR WL A G5 4 5 AR 8™ 2 1) B B A
Mo BAARKE R oo L a3 gt PLAM
Iz 55 B FE A v, AR AL A3 A 245 A R R £ 7 ek AR 4
PR3, U IR A W SR LA A T 270 HH B AS 4
THIR 55 Jo0 & I 9 R WLAE RN, BE % e 35 R AR ML %
AZERE B 7= AR, e A I T (B 3
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Table 4 Estimation results of service quality

it 55 25 85 il T i 55 555 SR AEAR
5 Service attitude satisfaction Service effectiveness evaluation
L
Variable INTF R KFHIME /NTY{E KF¥ME
Below the mean Above the mean Below the mean Above the mean

o
fﬂﬁhj\"}m . —0.036 0.297" 0.049 0.351"
ericuiural machimery (0.056) (0. 044) (0.033) (0.064)
nput structure
Zages| IS =3
R £ sl £ il £ il Bl
Control variables

RN A
Wald _E.jjjﬁﬁ_i . 7 669. 780 16 899. 610 17 164. 670 8 325.710
Wald chi-square statistic
B AL 15 22 T A o 22
Standard deviation of 0.109 0.151 0.119 0.155
random error term
TCR AR I 2
Standard deviation of 0.519 0.467 0.519 0.439
inefficiency term
TERCR S REMLGE 2 A
Ratio of mefficiency to 4.774 3.089 4.358 2.835
random error
Y =N
Pt . 353 1173 995 531
Sample size

3.4 REMSH
3.4.1 #HH@mARF AR

2 6 7 1 5K E B b T FR A3 ALY S BT A BT 4
Heo MR S E R M T AR CS) Y DY A7 K A R Jl 4y
g 44N S<<1. 200 hm?, 1. 200<<S<C2. 267 hm®,
2.267<<S<C6. 400 hm* LA J¢ S=6. 400 hm*, %5 §: 3%
B, 24k 5 5% i Bk b T A S<<2. 267 hm?if, 4R HL 4%
A G5 Rl 7 i B R IR R R 3 2 B
TR b T AR NI A P RO AR A B AR A B
A 7= 5 TR EAT BRI A AR AR X T A b
T RS R B A P T o, A WL A &5 4 X el 7 5
M AN G o LR W] R AE T, KRR AR P 7 S B rh
B2 1] F W AR B, 3 B 7 X L AR G 25, DR O X
HML IR 55 10 A A R B AR R e T DL R ML A
SEAAE/INFASEA P A e (Y 3G 7 O T R 1 2

3.4.2 Rk

B & A 2 Tr e i Z2 ool AR HL 2 /Y
B A A PR T AN B AR [ R 6 Rl
A 05 A T IR Y R o I, AR WS — 2
PRUT AR Al B S5 PRS2 e, S5 2R LR 7. X T
A HAERFE A& 7 (i b 52.03%) , R LI A 4514
XA H AR REAE DI A B2 0 L2 R 3T
AR AR Chi L 47.97%) , RFLE A 451
AR RO B 0 . X — 28 S AT R R T AR R
A e AR A T RSN R 28 5F DR, 18 L RE 8 S AR
PO R 55 79 % T, DA T 52 B 5 e 8 4 110 1 O 2
mAO R BE— A R AR H R T
FRIAE A T, A BILBE A5 4 o8 Al 7 Hh 4 3R B A 1)
P RN, R WA AR WA AE — 5 R JE Lol 1T AHL
B GG X R AR 7 B B AR A T
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Table 5 Estimation results of joint purchase

- 1565 ) SE AR MLAMEL IR 55 AL A LML R 55
s Joint purchase of agricultural machinery services Provide joint agricultural machinery services
Variable
75 No J&= Yes 7 No J& Yes
s ) 44
fWﬁlf\’”{m . 0.056° 0. 403" 0.073" 0.178"
ri ral machiner
Jricuitural machnery (0.03D) (0.083) (0.033) (0.074)
Iput structure
23 | A B
R £ g B g SR £ e
Control variables
Wald R4l &
Wald chi-square 16 514. 740 7 465. 760 14 227. 240 9877.910
statistic
Fifi ML 15 25 30 s 1 25
Standard deviation of 0.147 0.128 0.154 0.114
random error term
A %
Standard deviation of 0.497 0.464 0.493 0.483
inefficiency term
TROR G HENL R 22
H:Ei o 3.374 3.618 3.190 4.235
Ratio of inefficiency to
random error
Rkt 1110 416 1014 512

Sample size

F6 REMMER(S)SANFRESN

Table 6 Heterogeneity analysis by household cultivated land area (S)

i =%
X.E S<1.200 hm* 1.200<S<C2.267 hm*  2.267< S<(6.400 hm* S>=6.400 hm*
Variable
ot
fmj&h}\ z;l fach'ne 0.448™ 0.158™ —0.078 —0.151
pgnicuitur ey (0.076) (0.053) (0.068) (0.100)
mput structure
zagas|PAINE =]
R AL £ £ 4 B i £
Control variables
Wald = 77 4 it i
Wald chi-square 1 703. 940 330. 160 408. 870 950. 760
statistic
Fifi AL 5% 22 I A o 2
Standard deviation of 0.151 0.136 0.168 0.122
random error term
TC R AR 1 2%
Standard deviation of 0.472 0.500 0.507 0.486
inefficiency term
ToR 5 ML R 22
ke {.E e 3.138 3.662 3.025 3.980
Ratio of inefficiency to
random error
PR 380 382 381 383

Sample size
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Table 7 Heterogeneity analysis of non-agricultural employment

. R P INT
ST Whether engaged in non-farm employment Proportion of non-farm income
Variable
7 No &= Yes % Low = High
44
fﬁjﬁh)\z*ﬁach.ne 0.041 0.112" 0.063" 0.107"
enenr e (0.039) (0.038) (0.035) (0.042)
mput structure
Zags|PAINEE=S
FEE R e 4l e il EEELT EEELT]
Control variables
Wald K gtit&
‘ L.ﬁ Gt & L 11 405. 390 14 219. 940 15 660. 040 9 515. 790
Wald chi-square statistic
Bifi AL 1% 2 T A 1 22
Standard deviation of 0.153 0.108 0.152 0. 084
random error term
TR IR E 2
Standard deviation of 0.502 0.481 0.496 0.496
inefficiency term
TR B 25
Ratio of inefficiency to 3.278 4.446 3.256 5.911
random error
i . 794 732 1045 481
Sample size
AHHEZAEMN

4 ZFiLHEI

AW HEE T 2023 4F KR E AL =8 1526 P HRE
T P 0 9 A MR L SR FH R O B A 7 R RO R
F G5y BT AR WAL A 45 0 5% 4l 7= 1) 5% i B o %
HCS RN, A5 DL B IS

DR A G B 5 m i i, Ly 5k
55595 2 7 % AR R 4 i Ak 0 N . R HILAM AR 55
AL E P T A 7785 R AL T b R 55 B
JTERECE Y MU R 3 77 #E A%

2) IR 55 T 1 oA A 9 IR 55 S R A R IR
55 BB VT, b 3 1 5 A HILEE A 5 R X Al 7= Y
TF [ 5% 1] 5 B 5 g S A A I RIS A A2 o 5 5
B i — 25 BT AR BB A 25 1 7= i R

3) 5V A BT 2R A, AR LB A G5 KA 1 3G 7= R0
TE 5 JE AR i 18 FR<<2. 267 hm? K A 4wt Il 72 JE 45 v
CRP R 2 i A 2 5 AR AR S B AE R WA (& & T3
ED R A P RER R R 5 il . R IR LM R 55 7
7 figk /N A P TR 24 SRR I 3 S oA P B s T B

BT UL BS5IE  AROE AR LU T 2

1D 37 4FE 2l A AL AR WU A T b W fia) 57 ] I 0
B VIR A LB A G54 o 4 AT A AL I B AR I B
SARAALE Ko, FOR BE 78 0 B AP AL IR 55 T
J1 o IEBCBUN PRE 5 ARl 5 1 5 0 B2 R I AL
X S A A 55 1 A P R A T A5 B AR A T —
SE e Y 2% R iE , B R IRCER AR P 22 5 A, SRE
BB AR LR 55 3, SC B o MU 28 5
b RS 22 38 1) DI [ 4 0

2) P THARHLIML IR 55 T B, 58 38 e 55 W B
T AL o e o A 55 R AR BIL A A i 55 e 4 1 7 2
IO PR S B o BT RN AR A M HL AR AR -5 o o AL AL
M Bl Al 2B 77 el Al B 2 Ak s o i 4 IR 55 o A
B AL ) E B MR g5 b e o 3R B S 4 i 55
YL T BOR RN, % IR 55 BBOE 5 504 ™ Il ™ 19
M 5 AT LAAR T, LRI T 7 B

3OS MK A g S AR A AT SR /N LR R
AP o B XF /N P 20 R T R BT B AR 1R
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