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Abstract To enhance the behavior responses of service providers in manure returning and address the “last
mile problem” in establishing green planting-breeding cycle agriculture, this study utilizes micro-level survey
data from the green planting-breeding cycle agriculture pilot program. Multiple machine learning methods,
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including penalized regression, ensemble learning, and deep learning were used to systematically identify the
factors influencing the behavior responses of service providers in manure returning. The research showed that:
1) Compared with traditional multiple linear regression, machine learning methods can significantly improve the
trustworthiness and interpretability of model results. Economic incentives, fixed assets, operating income,
economic benefit cognition, and service radius are the key factors affecting the behavior response of service
providers in manure returning, all of which exert significant positive impacts. 2) Through Accumulated Local
Effects (ALE) plots and SHapley Additive exPlanations (SHAP) value polynomial fitting dependence plots, it
was found that there are obvious non-linear relationships between three factors: fixed assets, economic
incentives, and service radius, and the behavior response of service providers in manure returning. Among them,
the fitting curves of fixed assets and service radius present an inverted U-shaped pattern, while that of economic
incentives shows a U-shaped pattern. 3) The interaction effect between fixed assets and economic incentives
can significantly enhance the behavior response of service providers in manure returning. When the stock of fixed
assets exceeds 2. 5 million yuan, the positive effect of economic incentives on service providers is significantly
strengthened, with SHAP values increasing from below 0. 3 to 0. 5-1. 0. 4) The interaction effect between service
radius and operating income also significantly promotes the behavior response of service providers in manure
returning. When the service radius covers 10 to 30 villages, service providers with high operating income can
more efficiently convert the expanded coverage into economies of scale benefits, thereby improving their
willingness to supply services. Based on these findings, this study puts forward the following policy
recommendations: Implementing tiered economic incentive policies based on asset scale and service radius,

promoting the layout of integrated regional crop-livestock farming, optimizing the manure transportation network,

2026 4F 55 31 %

and strengthening the capacity building of service providers.
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Fig. 1 Framework structure of factors influencing the behavior response of service providers in manure returning
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Table 1 Overview of the survey area
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Table 2 Variable assignment and descriptive statistics

el AR bR 75 4 TR A K 15 K by e 22
Variable category Variable name Variable assignment and explanation Mean SD

i A% g vy i
Igjels:onse variable %A??fj EiE%I S H EB, ho' 23878 250.49
% B W FE L 3 TH AN %05, 0T /hm® 4065.74 2 284.66
B3 U is*zﬂtiﬂa FAR R, 6.09 4.23
Policy incentives Lo G BN B RIS A —=1, =0 0.57 0.50
(EREEEESS B 2 AT AR =1, 5 =0 0.53 0. 50

ESiUBYN EﬂﬁﬂtTu%@zﬁjﬂﬁﬁﬁﬁ N

e AR 25 A Wi WARE=1, BARZE=2, — =3, 3.29 1.23
Hzﬁal—]i‘—ﬁl Ak =5
FN0 A R B ERT A LAk g

R &R | MAME=1, AR E=2, — =3, lLEF 3.17 1.19

i iA S B=4, A E=5
Value cognition 36 055 11l 65 7 RCHE TH A & B HEK T < R
LHEIAE ME=l BARE=2, =3, KRR E= 337 117

4,4k % M & =5
N0 IR H RE 0 A AL o F & 5 Y IF 48 T Ak

EE Y €N B ARARBE=1, BAHEE=2, =3, 3.54 1.19
bR =4, Ew R E=5
4 R H AN B=1,%Z=0 0. 66 0.47
A iy Yoo AR 49.69 9.65
THE R R HZHEF W, A 8.63 3.20
. P E B R R 2 =1, =2, —
ft JE AR 20 e e o 3.65 1.08
A VR B AE Fﬁ*&ﬁﬁiﬁk—? 4&'@5@—5‘
Individual characteristics A 51y iffﬁu”%% 3RS B T =1L B 0.55 0.50
el 1% B RRERBAIERE 2=1,%=0 0.50 0.50
% & M ﬂ”ﬁ’]ﬁﬁﬁ T AV FE
SRR it 4 J_le\ﬂﬁg—l,ﬂ@q:'ig—&ﬂ@ﬁ% 2.28 0.71
& =3
PN PNLE K95 3y NE, A 7.86 4.43
HE 25 2 ZEAEIR AL EFR AR 10. 19 4.28
Production and operation  [& % %% 7= [5 8 e M, ot 260. 11 235.84
characteristics 2 A W RER A, T 74.12 85. 50
7 Y 1H B R AR =1, /=0 0.59 0.49
MR 55 3= M 5 35l B A Rl 3R A LB 2 32
1 W 2% MAE ALRH =1, R DL =2, — =3, 3. 40 1.05
B 855 45 IR 2 =4, & % L =5
0 B 955
e W55 F 1% PR PRI 0.71  0.46
xternal environmental
characteristics b PR IR B FR=1,4EF R =0 11. 86 7.92
o2 Sg A pE , JE e N 52 38 — N\
W 25 117 455 MEMRSERTEGERE  EWATE=L A 3 40 116

TH=2, =3, ILEEHE=4, MEHE=5

ASRRAS e SR D8 ke NN e AN el S (e AV W s DS R (L A

Note: Decision makers include the chairman, directors, supervisors, or other members familiar with the operation of the cooperative.
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Table 3 Multiple linear regression results of influencing factors of behavior response of service providers in manure returning
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2% ES i 25 R i
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Variable Coefficient Variable Coefficient
error error
ZQr PN \
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N F
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Technical guidance By-business
2R VAPAY XL 6
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o o s
1':' FH.L{% 11.925” 5.994 Mok A B 2 —6.201" 3.074
Credit guarantee Number of people employed
SN 2%
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A3 344 42 7
sl 17. 282 4.302 s 1.298" 0.134
Social benefit cognition Operating income
-5 Ry
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e 5 it 2= K £
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B¢ PR 45
i 0.102 0. 284 IR . —5.460 5.717
Age Geographical environment
=2 2= FH FE N3
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Health condition

Maturity of service market
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Note: *#%, ** and * indicate passing significance tests at the 1%, 5%, and 10% levels, respectively.
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Table 4 Model prediction effects under different methods

BEANY AU

pm N PR W2 BOPRIRZE THLORRE 4ot b
EXIN;3 EXINES . .
Model 2 2 EVSoos RMSE s MAEos MedAEqos
R_]S R 00S
[ H1L 7% Ak Random forest 0.979 7 0.996 3 0.996 4 15.768 9 8.025 1 2.3858
e i A BE 42 T+ XGBoost 0.977 8 0.995 2 0.995 2 17.866 1 10.011 1 3.863 4
o i 2 T 0l 3 GBRT 0.979 3 0.994 0 0.994 0 20.018 1 9.8107 4. 280 6
T 1k fi 25 ) 4
Hir 51 o 22 10 %5 0.927 0 0.960 2 0.961 0 51.597 8 36.115 3 19.274 3
Feedforward neural network
Lasso [Fl 15 Lasso regression 0.9330 0.9510 0.952 0 57.218 4 40.717 0 32.404 8
1% ] 15 Ridge regression 0.9327 0.950 7 0.9517 57.376 3 40.713 0 30. 309 8
oy |

Z LA AE [ A 0.932 0 0.950 3 0.951 3 57.651 0 41.614 7 32.0117

Multiple linear regression
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Table 5 Relative importance of influencing factors on the behavior response of service providers of manure

returning under different methods

SR IFSREN e i Ao JE 4 T h JE 4 T (] U 4
HE4 Random forest XGBoost GBRT
Ranking 75 44 R G 75 1 44 B GRS 75 24 R &
Variable name Importance Variable name Importance Variable name Importance
1 EEwue 0.5772  REE¥EE 0.4241 [ 0.693 3
2 ZE A 0.286 1 2R 0.2405 2 0.147 7
3 e 0.116 6 ZH A 0.2326 2T 0.1470
4 A ETRIN 0.009 6 ZEF AL AR A 0.045 2 IR 552 42 0.003 4
5 JIR 552 42 0.002 8 FES RS A 0.018 9 Z VR A 0.001 6
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(a) The horizontal axis of the ALE plot represents the range of feature values, and the vertical lines below indicate the distribution of these
values. The vertical axis represents the contribution or impact of the feature on the model’ s predictions across its different value ranges. (b) In the
SHAP dependence plot, orange scatter points represent SHAP values corresponding to sample values, the green curve is a polynomial fitting curve,
and the green shaded area reflects the confidence interval. The same below.

4 BEEHFSHEREERSEMEITHWMESHE ALE B (a) 0 SHAP E KB E (b)
Fig. 4 Accumulated local effects (ALE) plot (a) and SHAP value dependence plot (b) for the behavior response analysis of

service providers in manure returning and fixed assets
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Fig. 5 Accumulated local effects C(ALE) plot (a) and SHAP value dependence plot (b) for the behavior response analysis of

service providers in manure returning and operating income
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Fig. 6 Accumulated local effects CALE) plot (a) and SHAP value dependence plot (b) for the behavior response analysis of

service providers in manure returning and economic incentives

19)i& s S VNP S S RS E o LB
F AR 35 32 R A oA o o7 22 T8 B 23 A 18 ol P 7 Cad T

AL, 240 552 AR AE T O~ 10 AN 1 38 L sk, 790 900 4
AR AS I AT M M 5 24 R 55 2 AR 38 m 3] 10~20 4>



216 0 LN ES I Y NS S 4

2026 4F 55 31 %

b HE 9 R, 00 (L H R 3 & 4 0 3 A Ak, HLAE 20
AN R I R B T 5 B 3 AR 55 AR AN W oK T
2T FEaAIFZHE TRE. - 7haH,

187 (a)

16
14
B 12
X E
=
;,—; < 6
B
4
2
0 0 20 30 40 50
fiR5s A2 R B A

Number of villages within the service radius

bt 5 IR 45 AR 09 IR 55 222 N O FF IR B T 9 K, REAR
B SHAP {8t 76 3 K, 5 24 IR 55 2 42 >30 A
B, A N 3L A SR B i AR 2

20007 ®
@.5 1750
%% 1500
ééglzso
2€3
iTH-%EmOO
e 750 .
82 vk i
o 500 19 AN D
) R
A1
0 10 20 30 40 50

554 AR A

Number of villages within the service radius

B7 BREFESLELTEERSEERITANESHE ALE B (a)f1 SHAP E R E (b)
Fig. 7 Accumulated local effects (ALE) plot (a) and SHAP value dependence plot (b) for the behavior response analysis of

service providers in manure returning and service radius
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Fig. 8 Feature interaction dependency diagram of fixed assets and economic incentive
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Fig. 9 Feature interaction dependency diagram of service radius and operating income
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