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Mechanisms of the influence of land fragmentation on
fertilizer application reduction: Based on the moderating
effect of outsourcing agricultural production

CHAI Zhenzhen, LV Jie, XUE Ying’
(College of Economics and Management, Shenyang Agricultural University, Shenyang 110866, China)

Abstract In order to promote the sustainable development of agriculture and solve the problem of high
application of fertilizers in China, according to the current situation of land fragmentation and focusing on
the goal of reducing the application of fertilizers, this study explore the regulation mechanism of land
fragmentation and outsourcing agricultural production on fertilizer application reduction based on the theory
of farmers’ behavior. A theoretical framework of “land fragmentation-outsourcing agricultural production-
fertilizer application reduction” is constructed, and the 875 corn farmers’ research data in the three
northeastern provinces are used to test the theoretical framework. The results show that: Land
fragmentation inhibits farmers’ fertilizer application reduction; outsourcing agricultural production promotes
farmers’ fertilizer application reduction. It plays a moderating role in the process of land fragmentation

affecting fertilizer application and able to weaken the impact of land fragmentation. Fertilizer outsourcing

Wi BH: 2024-05-21

HE4TWH: BEXRAAMNFESTIA(72103143,72373101); B R BB AT B (228.2D083); T FEH LMY E ST B (L22AGLOIT ; I TF A EFHESRESEA
FHEFXNFEEIRMTE (20221slqnrewtkt-51)

E—1E#& . LMEBE(ORCID:0009-0004-9579-7151) , # £ #F 5K & , E-mail: czz@stu. syau. edu. cn

WINIESE . BEE(ORCID:0009-0007-2390-7173) , # Il , F BN ER I & F EIEH 5K, E-mail: xueying@syau. edu. cn



312 0 LN ES I Y NS S 4

2024 4F 55 29 %

and non-fertilizer outsourcing have this effect; The moderating effect of non-fertilizer outsourcing on

different farmers is robust, and the moderating effect of fertilizer outsourcing is more significant for farmers

with a higher degree of part-time employment and with transferred land. Based on this, this study puts

forward the following recommendations: Improving the land transfer system, encouraging farmers to

integrate land and continuous production to improve the degree of land fragmentation; encouraging

technological innovation, improving the service level of the service main body, and standardizing the

standard of fertilizer application; encouraging farmers to adopt advanced science and technology and

improving the efficiency of the production of agricultural inputs.
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fertilization outsourcing; the three provinces of Northeast China
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Fig. 1 Influence mechanism of land fragmentation and production process outsourcing on the reduction of fertilizer

application by farmers
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Fig. 2 Sample distribution diagram in the three provinces of Northeast China in 2023
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Table 1 Variable definition, measurement and descriptive statistical analysis
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Table 2 Basic information of sample farmers in the three provinces of Northeast China in 2018 and 2023 %
& L Proportion
QIS 25 w7 AR IR SR
Variable Category Liaoning Jilin Heilongjiang Total

20184F  20234F  20184F  20234F  20184F  20234F  20184F  20234F

¥ Ul 90. 38 95. 27 93. 37 95.16 98.91 95.77 95.01 95. 31
Sex g8 9.62 4.73 6.63 4.84 1.09 4.23 4.99 4.69
[18,35)  2.88 1.42 2.76 0.97 5.45 2.11 3.78 1.37

A I [35,50) 31.73 20. 33 19. 34 16.13 35. 64 16.90 27.13 18.29
Age [50,65)  40.38 48.94 54.70 59.03 47.64 61.27 50. 07 54.51
[65,88)  25.00 29. 31 23. 20 23.87 11.27 19.72 19.03 25.83

[0,6] 41.35 30. 02 48.90  45.48 50. 18 37.32 48.31 36. 69

T AR [7,9] 51.92 54. 37 41.44 39. 35 44.36 58. 45 43.99 49.71
Education [10,12] 4.81 11.11 9.12 11.29 5.45 4.23 7.15 10. 06
[13,16] 1.92 4.26 0.55 3.87 0.00 0.00 0. 54 3.43

e[ 0.96 2.13 1.10 3.87 0.73 2.11 0.94 2.74

#= 6.73 9.69 9.39 12.26 7.64 7.04 8.37 10. 17

Health — 12. 50 16.78 12.15 12. 26 9.82 17.61 11. 34 15.31
s 45.19 34.28 53.31 29. 35 60. 36 42.25 54.79 33.83

JEHAF 34.62 37.12 24.03 42.26 21.45 30. 99 24. 56 37. 94

0 72.12 60. 28 73.76 65. 48 69. 45 59. 86 71.93 62.06

1 1.92 4.26 3.59 3.87 2.91 2.82 3.10 3.89

KU fRi e 2 2. 88 3.55 1.10 5.16 3.27 3.52 2.16 4.11
Risk appetite 3 4.81 4.96 0.55 1.61 2.18 3.52 1.75 3.54
4 0. 00 2.13 1.38 1.94 2.55 2.82 1.62 2.17

5 18. 27 24. 82 19.61 21.94 19. 64 27.46 19.43 24.23

el e A B JE: 24.04 26. 95 9.94 31.29 14.91 28. 87 13.77 28. 80
Participation in training 7 75.96 73.05 90. 06 68.71 85. 09 71.13 86.23 71. 20
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R b P B ] R B B, 2 5 A 7 B Y A L A
2 557 AU 5 95 14 LG 510 A0 = 5 3R it S 2R T A AL L
191 A7 e AR 5 SR VA P B RS 2 4R 29 7E 3 hm* LA
b P B EE A P AR 22, OF 3 B T AR M B
BORX &L, 2 5 4 77 3819 AN it IS 3615 3R i AL
PR A L B o AT 30, 2 5 A 2R S Y
AP L5 e B
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Table 3 Degree of land fragmentation and participation in outsourcing agricultural production in the three provinces of Northeast
China in 2018 and 2023

) L i R BT JEREN
. . .
IH Bk AL Liaoning Jilin Heilongjiang Total
Ttem Variable Unit
20184F 20234F 20184F 20234F 20184F 20234F 20184F 20234F
JREEFI hm?* 1.77 4.23  1.83 4.16 5.48 5.59 3.18 4.43
B AN PRAEFR L Py b B g He 3.91 7.15  4.38  8.46 8.41 8.46 5.81 7.83

Degree of land

{ragmentation

- £ B A T AR M ,
. Ye/bm®  2.76  3.39 2,745 4.095 1.92  2.63  2.45  3.53
S
T 02y
% 77.88 89.36 91.44 63.55  86.55 90.85 87.72  80.46

BRSNS s
i)
Participation in )
4 TENEFR T2 550 % 59. 62
outsourcing

agricultural

FEHEEHT 2

L

production % 74 04

68.09 25.97 24.84 17.09  42.25 27.4 48.57

75.41 78.18  40.32 48 55.63  66.4 59.77

TE 7 M 2018 AR RE A P i AT 34 P G P R AT W Y AR A R AR BBHY 8. 59005 2023 AR REAR A PP AT 79 P RE R RRAEAT i b
A BEY 18.940% . WIS 5 RFEE AT & LTI, Xb A P2 58 4 B4 AR 7 A L A R R R R
Note: In 2018, 34 of the sample farmers in Jilin Province chose full custody, accounting for 8. 59% of the total sample. In 2023, 79 households of

the sample farmers in Jilin Province choose full custody, accounting for 18.94% of the total sample. Therefore, the increase in the

proportion of full custody may have an impact on the proportion of farmers participating in outsourcing agricultural production.

2.3.3 fules A S

F 4R 2018 4 FN 2023 4F- A At = FEA AR P11
A T AR T e FH R 0, I SR FH BRI R Bl B
R Bkl 40 A A AR AR 6 B 2 1 KT A
FE AR B THD FR b B B A B 53 R R BN 5 AR A R
FUE—A AW R ES 550 BRI RS
5 A it I R R A 2 5 ML AT 4 2N L AR
Jite FH B B ASTR] o AT D« A SR B T AR A T it
A TS T, AR A0 R R B A A i R R A
i, (H AR SR 55 B b A B Al R R A/ Y A A it P
ZEWEA P/ o Horp s 30 7 A R AT AT i FH 34 1
FLAE W /D 2 76 kg/hm?® , Ak Hi 20 7 10 AR 13 A Kk ) Ak A
Jite FH 2 L B b 200 B4 T 5 /0N A o i A /L, 2023 4F
Z: 5 it I B85 A4 i A P AR IE it i L R 2 5k
J/B T 43,5 kg/hm®, K 2 5 3F it JE 2845 M R P

it JE i 2 5 10 £ 24 55. 35 kg/hm?; 75 bk 45 B 57 T
FRA A it 2t 2 45 50808 722 A 35 /0N, B i 200 1 A 2
AR A P AR A it FH 2t /1N 38 in 3 28. 2 kg/hm?, i
B b 2 A b R R /N ) A P AT it ] 9/ B 20
kg/hm?*, 7€ 2018 4E K Z 5t IE M5 SMIL Y R 7 1L S
5 e P4k IR it FH 5 22 0T 47 kg/hm?®, 2023 4F 2 5 jifi
IR AL AR P RN AR 2 5 4k P AR IR it i 2
T 45 kg/hm?*, 2023 4F & 2 5 9E Jitg B 26 15 40 19 4
FAENE i & L 2 54 P 208 28 kg/hm* 247, 4
B 2018 4F 22 BE A P /b 5 BE e VLA A P AR I it
2 A BUEE M 2 K, 2023 4F HE 2018 4E £ T
300 kg/hm”, BB p T4 FOR AL 2 0 A Bk AL FP AR 7
T AT AR IR il ) 2t 76 2 AF SR 1, 2017 AR TS E K A%
TR LA PR T YR U g, B 23 e Ak IE it
.
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Table 4 The average amount of fertilizer application per unit area in the three provinces of Northeast China in 2018 and 2023

kg/hm’
o RN MRIT Bk
Ak el Liaoning Jilin Heilongjiang Total
Variable Category
20184F  20234F  20184F  20234F  20184F  20234F  20184F  20234F
BFEAR "
54K 910.65  833.70 1024.95 1021.50 710.25 1014.75 892.20  929.70
Total sample
B b 20 1 A Bk 911.25 839.10 1025.85 1054.05 760.50 1090.80 950.55  957.45
Degree of land
fragmentation LN 910.35  830.10 1024.35 1003.80 681.90  977.10 849.90  912.15
_ Sy
(5 ,i’i,ﬂﬁélﬁw 7 945.00  931.65 1099.35 1035.90 669.45  895.50 885.60  997.80
Participation in any
outsourcing agricultural
. 2 900.90  822.15 1018.05 1013.25 716.55 1026.75 893.10  913.05
production
HiAE #8152 5 5 7 899.25  863.40 1037.40 1010.40 697.95  930.75 882.75  951.75
Participation in fertilizer
outsourcing B 918.45  819.90  989.70 1055.10 770.10 1129.50 917.10  906.30
AL F 2 550 7 949.50  875.55 1057.20 1032.75 688.20  918.90 833.55  966.00
Participation in
non-fertilizer outsourcing 2 897.15  820.20 1016.10 1004.85 734.10 1091.25 921.90  905.25

2.4 HEEHE
2.4.1 AR

Ry TR AIE 18] 5 250 %) A R 43 7 e EUXT
A GIZ N R = L AN el N v D o
FH A AR LR .

J
InFer,= a, + a,n; + z aControls, ¢, (1)
k=1

J
InFer,= a, + ay;service, + 2 a,,Controls, + ¢, (2)
k 1

K (D InFer, 265 ¢ A 1 T oK S AL T AR AR IE
it HE 0 X5, S A i BE A A R R
Controls, Jy 45 i 48 1 5 a0 W B0, oy, o N FEAR
FE e I BEHLIL B 5
K (2)H :service, RFL P A ATIMLS H5IE 0L,
AR PR — 7R REES 55M it
W EARS 5 AEIEH T 2R S 5L H
RS LR CDARIE .
2.4.2 M@ iFLH KB

650 w] 45 43 VG E ¥ 7E 2 R S92 HIOR gtk B
TE i 5% 0] A, R AT A 7 0 9 A 5 A0 IE U 3 it
HRJE TR B QST N, A e S S BB AL A
TE A (], A T 45 5 7 A O 25

InFer,= f (Controls,) + dservice, + ¢, (3)
ATT = E(lnFerl,-|service, = 1) —
E(lnFero,-|serVice,- = 1) = E(lnFerl,- —
InFery|service; = 1) (4)
7 (3) 7 . Controls, 35 #fill 28 & £E s service, 7 X [l 2
(M, Ry Z oA &, R P2 547 1S E R
1, AL FEAL A0 A P dl 4 R o LI 2 5
A2 TR YT AR R Y Ak IS YRR i T N s e, S AR
B,
O H ATT Ry T340 BRAL , H &b 25 20 45 il 4
Ak I8 e 22 S A8 s H A i 5 (D & X
AT o
2.4.3 T EAEFk
FEUE R H AR i T AR s R =, A IR
AN AT REAETE N AR TRl R, A 30 35 i R R A
K, SHEUG A RA — B, 78 %k BCE] — 17 4 H A
B X PR 2 54— 477 BT A (8 i AT RS
AL A AR B S A T AN A AR O T AR i
2 A = T i R T R S s 7 N S DN i
175 DL R AR, AT BE 23 PR by [R]RE 00 R o Ak P
114 7= BT A (S 2 B 4 R i Ak I i )
ASBIF 5 SR WG i B die /N e ik L B 1 B B A 7 B
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AN XS T AR e KA i A e ]S A5 E AR 22 U
{EL, 50 2 B BORE A P A L it T 2 5 20 7= 2R3 A 4
1l 722 e B — A [l S A5 2 A4 5k 22 S5 fE AT [T A
2.4.4 AV A BAER

TGl 6 I AR R Y Sh A ] L i A b
240 e A T A S ek e T B9 R o AT 3R Y R0
Mr o TE BT ) A ] A TR LAty b 0 ACAE 5 R
HIMaL AN B 3t 0 4 1 4 52 B I, SR S W A 0 B Y A
F 3 4 1 = R AP AE

InFer,= a, + a;service; + a,n; + asservice, X

J
n,+ EaMConlrols, + ¢, (5)
=1

T2, Ry Rl A R AL AR BE 5 service, & IR (2D A
[F] 5 service, X n, A= 77 BR 47 A F0 A Hb 20 7% A6 19 52
I HA AR B LS CDME . ey 2 W
FIT 3] 15 2800 A TE o

3 KIEERESH

AL T A 4 B T B A O 5 A U AT
SCUERE B o ST, EAT SEAE RS 55 IE B Hl Al i A
AR 7= 14T A% 1 JE U it FH ) 5 ) 2 A B 2
FEk AR [l 25 5%, #E — 20 43 B H b 9 52 me BIL TR
HEAT R A VA B8 L PN 2B R AR B L R RN A B | S
PER 5 .

3.1 EERAER

2 5 0 B b 4 R AL 2R 7 3R T A 5 AR IR it
S0 A [ A SR A 2 8RN T R RS AR R
R4 2 C #EAT #F b 48 7 Ak 55 4k Ak T Tt & 1%
HEWNE, B ZE R 0L 5 a5 4L 1. 7T LU 4 Hh 4
PEARTE 1% By 7K P b 5 35 R 1, 10 W] A M 4 1 A
R v, A P A7 T AR R AR R 1K
RVANE 1 R R R 1 P S S 5 = I
B b A L PR N R RRAE B T A 7 A
g Y3k B FUR MRS A A 23 18 PE AR D i it .
HR A 2 C2) HEAT A2 7= 2045 A 5 A P AR IE it FH 4 7
FEAENE, HAR PN Z5 L 0L 5 rh g R 2~4, o,
R 2WRERPREGSHE-ETRIML Sk
A0 8 it o A SE M T U 25 251 2 5 48 77 IR AN A
1% By 7K b 2 Sk i, o] LR I A TS i FH 6 5 25
3TE B Jite A A T AL A 3 A B 5 I e I B Y
AL TR MU DL F R H R FLYE AT DG 3 A Ak e
it FH 5 245 SR 4 o A it IR R Y A TR AR 2 R

B IR MR T T T A, A P S AR oY
G I A M P AR AR it A & RO 2 aT AR
IS AL AT DU E A P Ak 8 gt it FH

[, 6 5 g B 1~4 ] UE B, 75 45 1 A8 & p
FEARA P AR IS B ORI 2 BB B R A
BT 7 L B S e AR AR BOR T Z HE R
JE P 0 3 Ry AR, AR AR K g BRR I BT 2
B ORE R MR, oA T R AR R i RN R P S
TE B AN U St e FH o ARl e AT o LG B S O OE
AP WA BT R AR PR T OK R
e, AN R Ty SRR AL D i 1
3.2 RRfEMRw
3.2.1 HBEMELE

Sk T R 5 o ] A AR R 2 S A A T SR R R
A T ARG IE il T 2 >k A A B AS vi ARAR T i ) 5,
A7 R e P A 30, LA R 2 BUAG TF 3 BORN s HE 1R R
F 6 A EE R 5~8. TR B X B PR AL it FH 32 R
TE 75 B IR A5, R 55 32 14 2% (] Bf B2 5 495 Fofr R vt JES I
% A P Z A0 X — it N B AL A B IR ER Y AR 2D
A o AEAR L R R JRC A Bt A AR KRR B 2
TRE 77 5, RIS 2202 A ity 2L 38 N8, JiS I8 it ] &= W) A
2 FI B b 40 R AL A PR IR M R, kKD
e B A7 T AR AR IE it A 4 Ay B T AR I it P
LA EIR 6 AR S, AT LUE B A0 AR AR R X
BA A7 1T FRURE AT it FH 0% 52 e [ R S 3 R OE 5 AR
K2 K EHRFHHZRSN SRS 5F -4
PRI AN it AT ER Y A4 it AT BR Y A4 AT
FEER 15 5] R 6 h 4 L 6~8, 0] WAL — = = 1y
A it JE BT A0 A AR i A 2R 5T A6 B A T R
U JE it 1 3t 1 A T [ A S 3 Sy B DRt v [m]
i 5 o AN e 7 N T D O (S Y
VR it FH %) 5% W) 7 25 SR R A 1
3.2.2 HBESEE

VT AF R, A M B A | - b i e 5 07 5K LY KO
47 b, e THT FRR e K b e T AR A O =X R AERB Hl 4
R EEY S IR R B A A ALK R FH AT AR D B K
b BT B R B BCTE UL S 2 R S R E O
2 (1) A 2R e K b B T AR 46 PR 057 1D FH M B B
i, HARSSIE R S8 R A S Ae R DL 3R 6 1Y
G5 9, AT UL A oK Hb e v FR I 2E SR, 150 B b R i AR
Gy N R VAT A (o 3 E I N o T S 7o e
PR BE /N, AT it P o 8 /0 A B 5 D5 40, R T AR
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Table 5 Results of benchmark regression model of land fragmentation, outsourcing agricultural production and fertilizer application

A iR 1 iR 2 2R3 iR 4

Variable Result 1 Result 2 Result 3 Result 4
B b 41 5 Al 0.243™
Land fragmentation (0.063)
H— L7 BT S —0.1027"
Any outsourcing agricultural production (0.030>
Jit JIE B4 5 b 4 —0.057"
Fertilization outsourcing (0.025)
it 1 #1541k —0.072"
Non-fertilization outsourcing (0.025)
1 531 —0.034 —0.045 —0.044 —0.041
Sex (0.053) (0.053) (0.053) (0.053)
AE Ik —0.002° —0.002" —0.002" —0.002"
Age (0.00D) (0.001)> (0.001) (0.001)>
1t B IR B —0.020 —0.026™ —0.026" —0.028"
Health (0.01D) (0.011) (0.011) (0.011>
ZHERE —0.012™ —0.012™ —0.012™ —0.011™
Education (0.004) (0.004) (0.004) (0. 004>
KU i 4 0.001 0. 000 —0.001 0. 000
Risk appetite (0.005) (0.005> (0.005) (0.005)
Z 5 R HOR Bl Bl 0.051° 0.043 0. 044" 0.042
Participation in training (0.026) (0.026) (0.026) (0.026>
PN S PNIRE 0.008 0.005 0.007 0. 006
Number of people working in agriculture (0.013) (0.013) (0.013) (0.013>
Al AT L ) 0.127™ 0. 089" 0.079 0.076
Share of agriculture income (0.046) (0.045) (0.045) (0.045)
AT 8 E B b 2 —0.002 —0.011" —0.010 —0.011"
Type of fixed assets owned (0.006) (0.007) (0.007) (0.007)
I M 85 ¢ o L B —0.000 —0.001 —0.002 —0.003
Furthest distance from home for land (0.006) (0.006) (0.006) (0.006)
AR R AR E 0. 040 0.044 0.040 0. 043
Occurrence of natural disasters in the last three years (0.030) (0.030) (0.030) (0.030>
S A e s o A T R —0.013 —0.011 —0.013 —0.014
Availability of high-standard (0.029) (0.029) (0.029) (0.029)
W R 4.219™ 4.425™ 4.378™ 4,387
Constant (0.129) (0.126) (0.125) (0.125)
IR R 0.048 0.045 0.037 0. 040

Adjusted R*

TE SR 1~4 g Bt AR AL A 7 2155 065 A MU i P 4k 90 6 e [l D R SR 45 2R o L R B TE T A% AR AN T - B R 1~ 4 i A0 8
et 53 5 B L AN AL AT — 2R IR A BEAE R S R B PR S o R P B 32 Oy B o [l 0T 2 SR Y S A T AR S R
ffo o0 ok #4p RRTE P<<0. 01, P<C0. 05.P<C0. 10 2 5+ .35 . 55 P MRt bR izt . R o

Note: Results 1 to 4 are the empirical results of the benchmark regression model of land fragmentation, outsourcing agricultural production and

fertilizer application. The main difference lies in the core variables. The core variables of results 1 to 4 are fragmentation, any
outsourcing agricultural production, the fertilization outsourcing and non-fertilization outsourcing, respectively. The values in this table
are mainly the parameter estimation coefficient and standard error of the benchmark regression results. Significant levels are: ***P<C

0.01,**P<C0. 05 and *P<C0. 10. Robust standard errors are in parentheses. The same below.
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Table 6 Robustness test results of the benchmark regression model

75 i 25 4R 6 457 458 259 45 10

Variable Result 5 Result 6 Result 7 Result 8 Result 9 Result 10
B Hb 40 7 Ak 0.299"
Land fragmentation (0.071>
T — A 315 S —0.157"
Any outsourcing agricultural production (0.033>
Jit JIE 3A 55 S —0. 053’
Fertilization outsourcing (0.028)
3k it JIE 2415 A A —0.078™"
Non-fertilization outsourcing (0.028)
Hie R b B i AR —0.043"™
Maximum plot size (0.015)
Z 5 ML IR —0.016’
Number of outsourced participations (0.008)
&4l 45 £ Control variable SECE SR o il o il e 4 il RECE
W B T 4.576™ 4.850™" 4.766™ 4.780" 5.073™ 5.067"
Constant (0. 144> (0. 140> (0. 140> (0. 140> (40.90) (40.48)
ol 0.041 0.046 0.025 0.029 0.041 0.035

Adjusted R*

T 55 2R 5~8 S Wl fifp e 2 4k R 48 Dy B T BPURE ML G Pk 0 R o [T DT 2 3R o 55 2R S~ A AR ik 43 5 < B L 0 R AL AT — A BT A
T NS B 5 A1 0 A S 2045 AL o 45 2R 9~10 43 5] A i A b Bhe 1T AR 00 M 1 a6 S5 3 [l 053 245 23 00 2 5 A0 B35 505 AR Nt 1 4 4

HE I 75 &5

Note: Results 5-8 are the benchmark regression results after the explanatory variables are replaced by the amount of base fertilizer per unit area.

The specific core variables of results 5-8 are land fragmentation, any outsourcing agricultural production, fertilization outsourcing and

non-fertilization outsourcing. Results 9 ~ 10 are the regression results after replacing the core variables. Result 9 is the benchmark

regression result of the maximum plot area and the fertilizer application. Result 10 is the benchmark regression result of the number of

outsourcing agricultural production and fertilizer application.

P12 55N ROR R AR S 5 RS
18 00, MR 4k X C2) A7 6 of [ 9 A S B ik R S
PR DL 3 6 R 45 10, 2 5 /MU 3R T BU7E 10%
7K b & S B R T 2 AU R T M
A7 1T AR A RE it ] A o PR AT — AR S
T 7] A 455 70 238 SRAS e, Bk b A Ak mT LA A AR P Ak
JIE 9 e P, 7 AR A A RT DL A A I D
it
3.3 AFURTHNEHREESHT
3.3.1 M@fFy KA LR

75 52 b 98 BF o A, R AR A P AR AT RE AR A
R AR J7 T A7 AE 22 53, U0 R B 45 6 IR AR AR 2R AT A
oA R 2 Z B AN R T, 8
R 25 o AR (OO AT KIE RIS R

JUVE e FlA% VT C , 2 A A T 45 28 R i A6 55 25
W TMES,

M2 7 0] W AT — A 7R IR A0 4 0 3 it AR 3
AN VG L A5 SR Yy R 8, T >1.96, 7
95% MBS KFERE ATTHMZE AN K, 45 R fa
filt 5 it B 28 5 A4 K 3 4B UG e 45 S T{H 0 1. 95,
£ 90 % 1Y B A5 K I i 2

2 8 1] UL« 45 A% DU e 5 A - Al 25 R AT —
A IR T AN i BE B T A R I it IR BR TS A
VL J& P ¥ >>0. 05, YA & Z (B AN A7 76 1 3% 25
S RTFHEZEOIMUT, LRSI & T HE 20 L
LR 25 P B 2E RS 1 UL LB
fH<<25% . DA, VT AL JS FE A B 0 158 B S B AIG,
Xof W8 2 5 5 i) 4 0 AR 0L, S A 5 3
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Table 7 Treatment effect of outsourcing agricultural production on fertilizer application under different matching methods

AL BEZE N Treatment effect

SE| VE e 75 =
4 o R 4 L
Item Matching method i3 AR ATT{H bRt T
Treatment group  Control ~ ATT value S.E. T value
QIR JUNTRES 4.747 4.878 —0.132 0.043 —3.06
AT AME
i . _ o CERITELE 4.746 4.869 —0.123 0.036 —3.40
Any outsourcing agricultural production
H VG I v 4.746 4.864 —0.117 0.035 —3.34
K 4B IT AL ik 4.738 4.796 —0.058 0. 030 —1.95
Jiti NE 1 45 P A
. . 22 1% D i 4.738 4.799 —0.061 0.027 —2.23
Fertilization outsourcing
% IE e i 4.738 4.800 —0.062 0.028 —2.26
QIR JUNTRES 4.740 4.820 —0.082 0.033 —2.46
AP it A 34 75 S
o ) S Y UNITEIS 4.740 4.815 —0.076 0. 030 —2.58
Non-fertilization outsourcing
H VG I v 4.740 4.817 —0.078 0.030 —2.61
®8 ARLRBEAFAXTEEBFNEEERBER
Table 8 Balance test results of the overall variables under different matching methods
AN T DB e 55X . Hh A2 55
AR _ _ thR* LRI Pl ER (R ITE= BAd
. Different matching ) . )
Variable Ps R* LR chi® P-value  Mean bias ) B-value
methods Med bias
7 VG i 0.098 84.98 0. 000 24.2 17.9 80. 0%
FE— P R @R JUNTR7S 0.007 12.56 0.051 5.9 6.3 19.1
Any outsourcing
NS N [
agricultural production R Y INITR7S 0.003 5.22 0.516 3.4 2.0 12.3
1% VT e 12 0.003 5.41 0.493 4.0 3.1 12.5
7 VG i 0.187 226.62 0. 000 35.1 18.1 104. 3%
i BB R 45 A4, G UM TR7S 0. 006 7.38 0.832 4.5 4.0 18.4
Fertilization outsourcing > 42 pr i 2 0.002 2.10 0.999 2.2 2.0 9.9
1% VT e 12 0.002 1.77 1. 000 2.0 1.9 9.1
7 VG i 0. 160 188. 28 0. 000 23.8 21.2 98. 2%
ER N e K 3T 4P DT TE 22 0. 004 5.13 0.883 3.3 3.4 14.1
Non-fertilization outsourcing 42 Jt fig gk 0.004 5.43 0.861 3.1 2.5 14.4
1% VG e ¥ 0. 004 5.60 0.848 3.5 2.9 14.6

3.3.2 TEAZEHBER

7 Mg 35 R — i A Al B XA A P 2 S AL —
Az 7B A H AR it I B A4 A L A i T B
TOMLIEAE O TR AR &, 30 50 AT — 28 7= 3645 4
A it N B S A L AR it I B Y AL 3 A4S A i AT G

Bro BARGER N A 1B B3 THAS BRI B ¥
F4 IE [0 52 00 5 75585 2 By B, A — A2 77 3895 S i AT
PR S AR E B S B i B FE i P
ARFROEEE ., FEIFREYAE 100 F, THAZ
R T T HAR R . NI, e T B AR A O O
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T R E A T IR A £ G i B b 4 6 Ak R
A A RE v i T 8 4 o 4 L AR 4 () it R A3
SEAAE — A 72 5 A i I8 B 55 A A L it AT 2R
AL 5 B A0 R AR 0 28 HL IR AT R 5T 00 A

5o RIOPER 1I~13 0 5N A TH—4 7= 315 4b
£ it AR AR Y b4 3R i AR FR T A0 60 5 B b 40 R Ak
1Y A2 FLI0 S B AG T 2R B bR R, T O s A8 L
3 N B R RO AE AR, L3 B ER B Bk M 4
A 1) 22 B8RRIz, A 7 T YT A4 BT L 2 Sk B b 4 e
Al SFe B 30 5 A E 3 ST . A PR ER Y A4 LA
R i 2, — o R U T A b A0 R Ak T
A AR RE 45 2% A i T A P A A s dat it FH o

R EFATIHNEEMMARAUSLEEREZLWM PR THEMGITER

Table 9 Moderating effect regression results of outsourcing agricultural production in the impact of land fragmentation on

fertilizer application

=N
A5

Variable

R 11
Result 11

g 12
Result 12

2513
Result 13

E — A2 77 BR 1S A1 <F 3 4 1 A

Any outsourcing agricultural production X Land fragmentation

Jit B B 15 A0 2 < Bk b A0 1 AL

Fertilization outsourcing X Land fragmentation

A it AE B 55 A1 6 < B 3t 41 1% Ak

Non-fertilization outsourcing X Land fragmentation

—0.330™
(0.124>
—0.321"
(0.128)
—0.406™
(0.118)

E: 2% 5, 450 11~13 R 50 51 AL — B 773095 A G AL B 15 S0 AR SENE 2195 S0 o, 58 4 15, 55 B 4 20 5% AL 1 22 6 A Y 1ol 01 A 4

CUESTE N

Note: Referring to equation (5), results 11-13 show the regression results of introducing the interaction terms between any outsourcing

agricultural production, fertilization outsourcing, non-fertilization outsourcing and land fragmentation, respectively

3.5 RERERRE

A 7RI AN T 0 R R S WA 0 Al 95 B
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Table 10 Heterogeneity analysis regression results based on the degree of part-time employment and land transfer

Tl R A
Degree of part-time employment Land transfer

At ) e 3 A 5 45 51 ) 1 3 A 45 51

Variable ww BIE B BIE A REEA BEA REEA

ZE 14 ZEH 15 ZEH 16 ZE 17 ZEH18 4519 ZE 20 ZEH 21

it NE A 55 A0 < A 3t 4 15 Ak

Fertilization outsourcing X Land

—0.474" —0.287 —0.512° —0.168

fragmentation (0.188)  (0.178) (0.262)  (0.163)
A it M 0T A0 X B b 4 i Ak —0.433" —0. 447 —0.621"  —0.449"™
Non-fertilization outsourcing X

Land fragmentation (0.182)  (€0.159 €0.267)  (0.149)
FEA & Number 390 485 390 485 379 496 379 496

TE 25 R 14 (15,18 .19 43 59 Jhy B 3ol A o A0 02 75 e A = b, X i JES R 74 &1 A6 1 0811 80 1 G 3 45 2L 5 45 2R 16,1720, 21 Sy it AT 35
A B I 0N A 6 2 R
Note: Based on the degree of part-time employment and whether the land was transferred to the land, results 14, 15, 18 and 19 are the test

results of the moderating effect of fertilization outsourcing, while results 16, 17, 20 and 21 are the test results of the moderating effect of

non-fertilization outsourcing.
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