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How does cooperative embeddedness promote farmers’
income?: The “masking effect” of direct benefits and
technological diffusion
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(1. School of Economics and Management, Hebei Agricultural University, Baoding 071001, China;

2. Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract To reveal the institutional income-enhancing effects of cooperatives in advancing the inclusive diffusion
of agricultural intelligent technologies, this study uses data from CRRS2022 and employs multiple regression
and Bootstrap-based mediation models. Grounded on a theoretical mechanism framework of “institutions—
information—technology—income” it systematically identifies the direct effects of cooperative embeddedness on

farm household income, its chain-mediated effects, and heterogeneous impacts across different farmer groups.
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The results show that: 1) Cooperative embeddedness exerts a significant positive impact on farm households’
income, but with a nonlinear effect. Only deep embedding can unlock organizational dividends, while medium
embedding may instead lead to reduce income. 2) The chain transmisson of "cooperative embeddedness —
information acquisition — intelligent technology penetration intensity — planting income” shows a negative effect,
reflecting a “masking effect” caused by high initial technology costs, insufficient supporting services, mismatches
between information supply and farmers’ needs, and farmers’ capability constraints during the early stage of
agricultural intelligent technology promotion. 3) The chain mechanism through which cooperatives raise farmers’
income exhibits marked heterogeneity across crop types and operating scales. The information-acquisition
mediation path is significant for grain-crop farmers; while the chain pathway is significantly negative for mixed
grain-cash crop farmers and non-scale farmers. All mediation paths are insignificant for cash-crop farmers and
scale farmers. To optimize cooperative empowerment and enhance the adoption and applicaiton of intelligent
agricultural technologies, policy efforts should focus on rebuilding a tiered embeddedness mechanism, shifting
support from equipment subsidies to service sharing, implementing targeted empowerment strategies for different
crop-type farmers, and strengthening market orientation and organizational coordination.

Keywords cooperative embeddedness; farmer income; information acquisition; smart technology penetration
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Fig. 1 Theoretical analysis framework
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Table 2 Results of correlation analysis

5 b 22 B A R (EARTPN; 3 15 B3R B RELH AR S B
\/X' bl Planting operation Cooperative Information Intelligent technology
ariable
income embeddedness acquisition penetration intensity
424 i
ﬁ‘*ﬁ.&ml{ﬁl/\‘ . 1000
Planting operation income
AN xl_ B NAYES
LA TR 0. 15155 1.000
Cooperative embeddedness
FIEER
fi 4 3R L 0. 1325 0. 521k 1.000
Information acquisition
B REL B AR B B
Intelligent technology 0.017 0.010 0. 070%x*x* 1. 000

penetration intensity

T o ol 3 S R IORTE 1026 .5 %6 Al 126 KT I 3%, 3¢ 3~4 .6~8[al,

Note: *, *%, and *** indicate significances at the 10%, 5%, and 1% levels, respectively. The same applies to Table 3-4, 6-8.
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Table 3 Results of baseline regression and selected robustness tests

FEAL (1)« K 9f [l )

Model(1) : Baseline regression

B S B

FEH (2D« o 1 A 6
Model(2) : Robustness test

Model variable -
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Ptk A Moderate embeddedness —0. 462%x* 0.091

Rk A High embeddedness 0. 390 0.077
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B uR Ak AR 5 G AR R 0 R B A ;b v A
B LA AR St ARl AR 97 5 2
5497 A P ATTH 55— 10 FE AR ] R ik
ISR AT 90E B SN R 3 R AR AR & T R

MBER S SR ST . DMK F 3T EK
B O G — M8, 5 AR P AN RAT SR B AR
A 25 TG B R B

B RmE4, DDWHERLE 1% KT L8
HARLE T R0 R AR A A Y BRAR K, R W S A
FENAER . 28 1B R ER, TETRSA
VEAL i A TR B SR 3 A G, J2 5 S B b R 3 A
5OREA S — A0 B A B 1 S b v AR H
ARIH NG H S H B AR Wald F 48
T H 13,959, 0t i T 10 (9 2 56 B, A SCHE IR 55
T H R LM 488 4 18. 901, ik 25 41 46 B R ]
PUIMB 5 o 3D 2 B Be A1 U 45 5 7, 42 o1 P 26 Al
Z 5 AR R A TR BE X A P R 28 78 A B B T
YEFRATSAE 5% K7 F 25 H oy 1a) 5 B o [l 5 — 3%,
Ui R fEZE e fafd . O Hansen J4iit = b 2. 331, %
N PAE R 0. 332, A 46 T 5745 2 8k Ah A 7 TR R
WL Tk THAA RS E L LA A,

x4 IEZTERRHER

Table 4 Results of instrumental variable tests

i 36 By Bt EiE 7 B34 T 7 1R 1 A F{H

Testing stage Indicator Coefficient SE Control variable F value
T PR A —0. 716%** 0. 230 & 4 il 53.030

5510 B = AR — LR —0. 136+ 0. 060 E f il 52.570

First stage g 265 550 i 85 bt o ¢ 11 2 15 350 —0.054 0. 040 REeE 52. 220
A A A TR BE DWH K 56 —0. 793 0.217 E 4% i 173.750
VR AR AR 0. 842%* 0. 352 & % il 126. 900
Kleibergen - Paap rk LM 18. 901 **x

sy 2 o\ FIL

RIWE Kleibergen - Paap rk Wald F 13.959

Second stage
Uncentered R 0.975
Hansen J statistic 2.331

3.4 REHWRRE

SRy e B B A [l I A5E AR 238 SR B R AR, ASAE 5 R
FH B 40 0% i B A i B ARG 56 2 8 ik AT IR
TIE « 1) 4 B A B A8 Bk o N B A RS R R &
WA B He o G ST R 4 R T 3R 3 AR A
(20, B AR AL AR BE X A P AR 288 0 A 52 e /Y
] ) R B 83 O E IR T S IR R A DR
AS N I FEfdPE . 2) Monte Carlo 22 &8 FI A6 3 . 7F
TR B TR AT 4 AR R A b R A O R R

“HAEA A TR EE 7 BE HLE i 500 ¥k, 4 #H#E 500 41
PLALBEAE 43 BIAR 1 1A 3R 50 bR o R 2R 0 T AR
B KRS R N3 5, 7F 500 WCE e, 499
AP F IR T AR A S AR R A TR BE Y 52 BR
[l Z £ 0. 066) , X 1 T 512 P4 0. 998, 3ZE P
{E R 0. 004, & B 52 bR Al 1T 45 F 78 & 4 o A h i 3
T4 K 2R RE LA B R . RS A SRR T
F B AL R 2 B A ot T AR T 5 ) 00 S B A G
HE— 25 B UE T o ] AR ) R fg v 5 T (R
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Table 5 Results of Monte Carlo placebo tests
B AR i i1 2 4 A B THREPH W P
Indicator Estimated coefficient ~ Sample size ~ One-tailed P-value Two-tailed P-value
A :I: Il VR RE
" 2 %A%E 0.066 500 0.998 0. 004
Cooperative embeddedness
br#fEiR SE 0.026 500 1. 000 0. 000

3.5 HHKIE

B ARSI R 6, R A R
R B X A 28 78 I I 2 ) R i 0 P AR
(2 S, BN A 2 . A IR H oG
T B AE R AR BE XA Pt A K B 3 OE 1)
S B A% OB, B B — 2R T AR A

i

RSB BEE S 57 B W as ™ e A 9 N A
BLD, B 1A Al e 3 Wi i) 32 240 i 1 R 4fE Bl Ak
JUAT O FRE 7 AR AL AR B Rk SE PR R . AR
PR 5 2 BEAS BE G v B 4 A 25 BE AR T AR B2
H—— B REER &S A A 2 YR RN, JCRE M
AR BEUR AR B

% 6 Bootstrap FE X /M MM #4610 45 R

Table 6 Results of bootstrap chain mediation effect tests

LA 950 E {7 X [a]
1 B 7 S SH/%  BRiEi 95% Confidence interval
Effect path Effect value  Proportion of SE TR IR
effect value Lower limit Upper limit
BV A AERL IR AR BE >R 2 A
Direct effect: Cooperative embeddedness —planting 0.039 59.091 0.030 —0.020 0.098
operation income
F) 42RO - B AR AL AR A — 15 BRI >R 22 E A
Indirect effect: Cooperative embeddedness —> 0.028%* 42.424 0.015 —0.001 0.056
information acquisition = planting operation income
[F) S5O0 < 5 AR AL A TR B~ AL B R B 1B 5
Tk 22 B A
Indirect effect: Cooperative embeddedness —>intelligent 0. 006 9.091 0.004 —0.002 0.014
technology penetration intensity —planting operation
income
(]3RS AR A TR — 15 BRI~ AR L HoR
BB R P2 E WA
Indirect effect: Cooperative embeddedness — —0. 006%** —9.091 0.002 —0.010 —0.002
information acquisition —>intelligent technology
penetration intensity —>planting operation income
SRRV Total indirect effect 0. 027* 40.909 0.015 —0.001 0. 056

MIBHER N, AR B AR BUS AR AE 1026 K F i
FONIE HEAR X 85 0, R BIE BRI A AR AR
Gt LA Ho A BB IE . X B E & R AL I At
M5 BA B A 2 DL B AL A O A, o 5 Al A
RUNR PR O a A RREHEEN . D8 Mk
TARBEHIEARZE RN RS ARSE N AL
D e A QNE A & R X[ R TIE DY e W

“E AR A TR 5 B >R AL R B B i
JE A 22 B A TR 100 KR B35 Ot HE AR
DX LR B85 % H A BB I . X 3 W 25 1/ & 1A Ak
B A B B AR A AR A RN o AT RE Y S 7
THROR A BB RS AR 5 BT W R A I A
RPVRE S A . AT AO A RE AL B AR HE T 4 Ak Y
S, A W B A IR S 5 A 4 A A
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T A BT Ty WA S5 | R S A AN 2
T VI A {2, 3 BOHT B AR T A i X LA i 40
[0 N N A G 1 I (P U R S AR ey
AR S PR A 7 2R A A TR A AR RE ) A
BR L HF B B 3 SR 4 7 B AR BRSO COR T
DR RS TR0 % o 40 8 1) F A% W A 1020 KPR
AR D) B 2, R W] 5 A e AR 3 Wi e A2 2
7 1) B 1 1) B N bR, B ECR AR TR E . Bk
SERAR N A VR AL IR BE ) 5C B A 75 T 1] R A BT R e
¥ 545 BAL 1, T AE T 45 22 32 T 7 9 05 2 3R U
5 HORTE BCAE J7, DR T 2H ARk AT R Y B OE
23 FAW L[S

3.6 REMESH

N — A 4 7R A5 AR AR AL Y 22 S AR
FEAR AR ST AR ST | b b 228 MR oy 4, R
Bootstrap ¥ 16 %6 & 15 #L i A TR fie A< 38 I i g% 42
HLH 5 A7 7 5
3.6.1 fkHpEA

YE#) 25 21 Bootstrap §i 2 b /i 2800 S o 1 A6 56
SRR T, B AR A TR EE e A 3 O BL ) AE A [
ERE R E R B B 225 DX AR R Ry Al
PV EAESON AN R RN AE 100 KPR
NIE, BBtk o5 g 85% 0 Mo, fF BRIk A2
RO AELAE 5060 KPR BN IE B R R B &

KT EMEE Bootstrap RPN UM R RERBER

Table 7 Results of bootstrap chain mediation effect heterogeneity tests by crop type

AL 95% 15 X [H]
l(R/E=S 1EH %1% 55 R {8 f /% pRdER 952 Confidence interval
Crop type Effect path Effect value Proportion of SE TR IR

effect value Lower limit Upper limit
BN - A VEAL I AR E R 2 B A 0.008 14.815 0.035 —0.061 0.077
[N - A MR AL AT {5 B3R —~
o 0. 042%x* 77.778 0.017 0.008 0.076
P h 22 7 A
WEEY WSO A EAL IR AR E > bR B
o 0.007 12.963 0.005 —0.002 0.016
Food crops 3 i —Fi ki 2 it A 7
TR - A VR AT (5 B3R —~
L o —0.003 —5.556 0.002 —0.007 0.001
R AL HE AR5 B BRI R 28 B A oY
S [ 2 BN 0. 046%*x* 85.185 0.017 0.012 0. 080
BN AR I AR >R 2 B A 0.082 126. 154 0.056 —0.027 0.191
N 2 A NE AR RS B AE—
gﬁﬁ%{i”m)\%g fRERR —0.006 —9.231 0.029  —0.061 0. 050
e A
Grain- IRz S ARA (R AR R L= X s N
—0.003 —4.615 0. 007 —0.017 0.012
economic Bis - B IA
mixed CTOPS s vt e At i g g e e ey SR
g%”ﬁm'?@i%}\%g {”,:F&ﬂx —0.009%*  —13.846 0.004 —0.017  —0.001
BB B AR B B TR R L E A
S TR 422 5k —0.017 —26.154 0.029 —0.017  —0.001
BRSO A VA I A TR R & B A 0.181 136. 090 0. 207 —0.224 0.587
[ $E RN - A AL A TR 15 B3R —~
" —0.143 —107.519 0.098 —0.335 0. 049
R 2 A
ZHEY X
i [ RN < A VR i A TR > BE AL H R B
E » 0.108 81.203 0.072 —0.034 0. 250
Crf)‘;‘lom‘c 35 3 PR 2 A v
() 3R T+ A MR AR — 15 R AR L —
o " i —0.013 —9.774 0.024 —0.060 0.035
BHEAL H AR B B R E R L E A
PSSl k= A —0.048 —36.090 0.106 —0.256 0.161
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bR AR R AR JEE R L A 2 SR N A A2 IR A A
HLSCAR 3 /I, PR 2% 2 A 7 i SR Sty ™, B
AEAFARERERMHERESMKEL.
2)0F TARGIARAE P, RO 5 TR 2 50 P A
& e ARV AE 520 KR B E R, X R
MR R A A VR AR £ B USRS L3
FoARMELUVEREHRE I W Z H M5 1k . N AE Ti%
FeA P BEIR LI 25 VRE T K AR (2B MU XE L
SRR AR BB AR B A ORI AL, S B A
AR BBEA S R BEIL AL BRSOl 51 A% Je R P
BRAUER Al BEAE AR AN R BE 5 TR O S 2 X
B o 3058 T+ 2 U5 R W A R P B BT AR R B AR 2 R
B3 HIERAE T IZIAL T B Al 5% 1 A
FELEWR TR A A A RE 1, & A
A FE R B T PR A R A R
3.6.2 EzTHAE

BTREARB R TT LT X, B RO A
VEM R AR , AN [R) DX ISR AR 1 26 2 ) A 28 85 A vfiE 77

TE—E 22 5 o R AR BBCR B 2 S 3 A0 DL &
ANTRE ) X R R, R A 2000 hm* 4 b i
A AL 5 A AL 228 R o0 bR o 1 b 28 8 AR
Bootstrap # 20 1 ™ %00 ¢ BT K 56 45 R Wk 8, &
A A TR BE X A P e A B A AL i 76 AS [6] - b
ZE AR bR AE R I 3 22 S DX T IR R AL
P, BB AE 100 KFT i 35 2 1EAH B AR X [A]
50, 7Ege it BT . SRR BTk 2 26. 0%,
Forp A EE K BRARAE 120 KF F 3 m i, X RWFE
PO AL AR 7 TE AR 2 WS AR I XU 7 32 7 T
Y AE e W) i Jy PR, 76 B =A% 5 A2 v v] B8 KL R AL
FEAEAY A5 B 5 HORME LS N AR A 1 & B
AAHVERC , HA AL B AR RN W R AL T 54
B 5 1 5 A A Ok i 9 A A A X DA I
HEWH o 20X TR AL A, BT AT 52 B AR 2O
o XRUMALL T AR C RSB TH
Gk He B WG WCRE T, B VR AT A RS Wi i 3 B &%
LA B i A S S Z AT RE 2 R 25 T A R B U A TED
HIl 55 2 5 A i 2B L

R8 THZEME BootstrapEX PN BN BRI LR

Table 8 Results of bootstrap chain mediation effect heterogeneity tests by land operation scale

T

95% 15 X[

A . o AL AEL o 95% Confidence interval
Land 5 Bs A% RO A dilt/ % rif 5
. Effect path Effect value Proportion of SE
operation TR BR
effect value o o
scale Lower limit Upper limit
BB - A AR AR BE > P28 H A 0. 057+ 74.026 0.032 —0.006 0.120
L2007« 2 A 0 A TR BE > 15 L3I R _ ]
25 1A 0.022 28.571 0.015 —0.007 0. 052
MBI S AR IR AR E B R AR B
0. 004 5.195 0. 005 —0.006 0.014
Non-scale 3 Jif—FiHi 28 # T A ’
(] 22 30 < A AR A i AR B 15 BRI
" o - —0. 007 —9.091 0.002 —0.012 —0.002
Re b R B i v >R 2 A
S TA] 2 R 0.020 25.974 0.015 —0.010 0. 050
FLARRON AR AR > AR 208 A —0. 042 123.529 0. 086 —0.211 0.127
(1] H2 N < A AR AT i A TR — 15 12 AR i — il
0. 004 —11.765 0.043 —0.080 0.088
T ON 0
™ AR A 1 O ek BN YRR 0 Ak > %
P AL [HJT%»&M. & 1@%&%/\%& B AR B 0. 005 14 706 0,015 0,023 0. 034
Scale 75 iR Pl 2 B A
) FE 3« A VE A B AR B — (= 3 B2
EE)&E?: ﬁﬁﬂ BRARE ln BRA—~H —0.001 2.941 0.005 —0.010 0.008
REAL AR B i o B~ R 28 B WA
IS IRV gA 0.008 —23.529 0.047 —0.084 0.101
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B 17 55 4 SOOR: 5 28 TR AR AR P R A A
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F— Al — B =7 BR S BL i i 2 3 ik 55
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