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Abstract: Livestock manure serves as a vital source of organic fertiliser, with efficient utilisation being crucial for
sustainable agricultural development. However, with the development of specialised high-input agriculture, livestock
manure recycling (LMR) is currently inefficient and leading to the imbalance between surplus manure and croplands.
This study theoretically and empirically investigates whether LMR among acquaintance networks influence the crop-
livestock integration (CLI) production. Based on survey data of swine farmers in rural China, the estimates indicate
that LMR among acquaintance networks enhances the degree of CLI but may result in over-application of manure.
Conversely, LMR with outside villagers or organisations is more likely to reduce the degree of CLI, possibly leading
to under-application of manure. The motivation behind farmers' LMR plays a crucial role. Furthermore, the study
indicates that formal institution can break the constraints of acquaintance networks on LMR and restructure the crop-
livestock relationship beyond the household level. Our findings emphasise that LMR within rural China's acquaintance
networks are in a transition phase, exhibiting both relational and market orientation characteristics. It is currently es-
sential to maintain the balance between crop and livestock production, advance the development of LMR social services
when designing LMR policies, and to leverage the complementary roles of informal and formal institutions.
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China is the world's largest market for animal prod-
ucts and the leading consumer of compound fertilis-

age (He et al. 2016). According to the 'Second Nation-
al Pollution Source Census Bulletin (2017)', chemical

ers, accounting for about one-third of global nitrogen
fertiliser consumption. Traditionally, livestock manure
was the primary source of additional nutrients, crucial
for maintaining soil fertility and crop yield in Chinese
farming systems. However, its recycling has decreased,
leading to resource wastage and environmental dam-

oxygen demand, nitrogen, and phosphorus emissions
from agricultural sources account for 69, 55, and 80%
of the total emissions in China, respectively. Livestock
manure, 3.8 billion tons annually, generates 32 million
tons of pure nutrients, approximately 50% of the total
nutrient input from chemical fertilisers in China (Feng
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et al. 2023). However, the average ratio of livestock ma-
nure recycling (LMR) is lower than 40% in China, indi-
cating that over half of manure nutrients are lost to the
environment (Ma et al. 2022). Reducing these nutrient
losses has become a significant challenge for China
in the context of achieving the Sustainable Development
Goals. Studies show that the proportion of rural house-
holds practicing crop-livestock integration (CLI) has
declined sharply from 71% in 1986 to only 12% in 2017
(Jin et al. 2021). Compared to households engaged only
crop planting, the CLI households apply less compound
fertiliser and more manure per cropland area. However,
in one-third of CLI households, manure production has
exceeded the nutrient requirement of their croplands
(Han et al. 2023). The decoupling of livestock and crop
production decreases soil organic matter and nutrient
cycling rates, resulting in the return rates of nitrogen and
phosphorus elements in livestock manure to croplands
being only 30% and 48%, respectively (Bai et al. 2016).
These facts indicate that CLI at the household level is in-
efficient, and rebuilding the links between livestock and
croplands at a regional scale offers vital opportunities for
the sustainable intensification of agriculture in China.
The natural characteristics of livestock manure
makes large-scale transport impractical, necessitating
the use of local croplands for manure self-elimination
and nearby recycling to achieve its external economy
(Asai et al. 2018). Thus, it is important to consider
the acquaintance network in rural China, especially
the constraint effects and behavioural differentiation
induced by different circles within the acquaintance
network (Qiu et al. 2020). In China's collectivist state,
the collectivist tradition results in the 'difference order
pattern' (cha xu ge ju) of trust. This difference order
pattern of trust results in the allocation of resources
within acquaintance networks, which is one of the
most common approaches to accumulating social
capital to buffer natural or social risks. For this reason,
as an intra-village resource, livestock manure is ac-
companied by high levels of interpersonal trust due

Inner circle

Household level Regional scale

Recycling radius
of raw manure

Outer circle

Market trading
of processed manure

to the long-term interchange of relational assets (Qiu
et al. 2021). The nature and high transport cost of ma-
nure also prevent large-scale movement, making local
arable land usage for manure self-degradation and fer-
tilisation of nearby croplands an inevitable choice for
farmers (Zhang et al. 2019). This creates the inner cir-
cle of the manure return network. In contrast, market
trading in the form of commercial organic fertilisers
has become another possible option. Although it ex-
pands beyond the LMR scope, it remains peripheral
to the acquaintance networks of LMR due to the high
production threshold of commercial organic fertilis-
ers. As shown in Figure 1, the LMR networks deter-
mined by the geographic relationship and the recycling
radius contains two types of utilisation: inner circle
among acquaintances and outer circle involving mar-
ket transactions. The former is supported by the recip-
rocal mechanism of acquaintance networks and aims
to minimise manure treatment costs, while the latter
arises from market competition for scarce resources
and aims to maximise agricultural profitability, ex-
plaining the decoupling of crop and livestock produc-
tion under the LMR networks constraints.

Extant literature shows that, farmers' behaviour
is typically analysed from the perspective of expected
costs and benefits, focusing on the comparison of mar-
ginal costs and marginal benefits (He et al. 2020).
However, in China's collectivist state, farmers’ LMR
practices reflect inherent natural laws and deeper so-
ciological causes. Few studies have analysed the im-
pact of LMR among acquaintance networks on the
crop-livestock relationship in rural China. In this pa-
per, we investigate the impact and mechanism of LMR
networks on the degree of CLI. Additionally, we seek
to alleviate the constraints of acquaintance networks
on CLI through formal institution and to rebuild the
crop-livestock relationship beyond the household lev-
el. Referring to extant studies, the contribution of this
paper mainly reflected in two aspects: first, we expand
the practice of LMR from the household level to re-

Figure 1. Inner and outer circle of LMR
networks

LMR - livestock manure recycling
Source: Authors' own processing
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gional scale through acquaintance networks in ru-
ral China, enriching the spatial range of CLI within
the LMR radius. Second, we discuss three scenarios
of CLI based on the nutrient-balanced agriculture:
'insufficient manure', 'appropriate manure', and 'sur-
plus manure'. This framework clarifies the reasons for
the decoupling of crop and livestock production, and
outlines the pathways for rebuilding CLI beyond the
household level.

Theoretical analysis and hypothesis

Impact of LMR on CLI. China's No. 1 central docu-
ment of 2024 advocated for farmer to adopt circular
agriculture and implement CLI. Similar environmen-
tal regulations have also applied to some other coun-
tries. The U.S. Comprehensive Nutrient Management
Plan (CNMP), which was enacted in 1999, is a flexible
approach that combines self-monitoring and gov-
ernment regulation to restrain the pollution control
behaviour of farms by guiding them to choose the ap-
propriate manure management methods according
to local conditions (Savage and Ribaudo 2013). How-
ever, the surge in specialised and large-scale farming
has rendered CLI inefficient and unsuitable, given the
current dynamics between livestock and crops (Pan
et al. 2021). This situation has exacerbated the imbal-
ance between surplus manure and croplands, which
requires ascertaining whether the LMR demand
of breeders and the cropland supply of neighbouring
growers can be effectively matched. Given this, this
section presents the theoretical framework for inves-
tigating the relationship between livestock farmer's
LMR networks and the degree of CLI. As discussed
in the introduction, leveraging the inner and outer
circles of the LMR networks connects farmers with
different LMR forms, identifies farmer's LMR deci-
sions under different target constraints, and explores
the degree of CLI induced by different LMR networks.

First, LMR in the inner circle among acquaintance
is typically mediated by geographical or kinship rela-
tionships, resulting in lower transaction costs. Live-
stock manure is an important source of organic fertiliser
for crop production. Transporting manure for free
to neighbours or other crop farmers with geographi-
cal ties can ensure the soil quality and fertility, increase
crop yield and income, and help livestock farmers ac-
cumulate social capital and reputation to cope with
natural or social risks. Evidently, LMR among ac-
quaintance networks inherently includes an 'implicit
contract' of resource exchange and benefit sharing. Ad-
ditionally, LMR among acquaintance networks based
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on geographical ties has a low degree of marketisation
with most transactions occurring through informal
verbal agreements. Due to the small manure output
of these small-scale livestock farmers and their limited
production endowments, such as agricultural labour
and capital, manure is primarily used to maintain per-
sonal relationships and rural social networks, leading
to a high degree of local integration of crop and live-
stock farming. However, plots fertility, soil conditions,
and crop types within a village can vary significantly,
resulting in different manure absorption capacities
per unit cropland. Without scientifically calculating
the carrying capacity of the cropland and managing
manure nutrients plans, long-term manure applica-
tion to the same plot could lead to surplus manure and

damage to crop production (Basnet et al. 2002).

Second, LMR in the outer circle mainly relies
on market transaction. Large-scale livestock farmers
with substantial manure output and strong produc-
tion endowments tend to commercialise livestock
manure and seek sales channels in the form of organ-
ic fertiliser. This mainly includes selling to crop farm-
ers from other villages, organic fertiliser production
enterprises, and other organisations. Most transac-
tions occur through formal contracts. Once market
price signals come into play, a clear supply and de-
mand structure between buyers and sellers is estab-
lished (Qiu et al. 2022). The primary purpose of LMR
in the outer circle is to generate profit. Market
transactions need enhanced the contractual norms,
including detailed contracts specifying the usage pe-
riod, application frequency, application amount, and
transaction price of the manure. Due to the scarcity
of livestock manure and high transaction costs, the
degree of CLI remains relatively low. In recent years,
increasing environmental constraints and stricter
livestock farming regulations in rural China have
given large-scale farming entities with high manure
production and strong waste treatment capabilities

a comparative advantage in the market transaction

of livestock manure, leading to decouple of crop and

livestock production.

H;: LMR within the inner circle among acquaintance
enhance the degree of CLI, while LMR in the outer
circle with market transaction decrease the degree
of CLI

Mechanism analysis: the role of farmers' LMR
motivation. The LMR forms reflects the manure re-
cycling motivations of livestock farmers. Maximisa-
tion of agricultural profit is taken as the primary goal
when they choose LMR in the outer circle with market
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transaction, while minimisation of manure treatment
costs is taken as the primary goal when they choose
LMR in the inner circle among acquaintance. There-
fore, farmers' LMR motivation mediate the influence
of LMR networks on the degree of CLI.

As shown in Figure 2, the closer the geographical
relationship, the more likely livestock manure is used
to maintain interpersonal relationships and strength-
en rural acquaintance networks. Small-scale livestock
farmers, motivated by minimising manure treatment
costs, gradually show a trend of CLI as they increasing-
ly rely on organic manure to replace chemical fertiliser.
In contrast, large-scale livestock farmers who choose
LMR in the outer circle with market transaction are
more likely to rely on market mechanisms as the re-
lationship between the trading parties becomes more
distant, aligning with the principle of market efficien-
cy. When higher market prices and lower transaction
costs make the net income from manure commerciali-
sation exceeds that from crop production, livestock
farmers will have higher income expectations from
LMR. Therefore, LMR in the outer circle is determined
by market mechanisms and transaction price, with the
motivation to maximise agricultural profits potentially
leading to the decoupling of crop and livestock pro-
duction. Conversely, LMR in the inner circle among
acquaintance is determined by the goal of minimising
manure treat costs, which may lead to surplus manure
return to croplands. Studies indicate that more than
one-third of livestock farmers currently recycle surplus
manure to croplands in quantities exceeding the envi-
ronmental carrying capacity.

H,: Farmers' LMR motivation, as reflected by LMR
forms, mediate the influence of LMR networks

MATERIAL AND METHODS

Survey data

The data comes from the 'Modern Agriculture
(Swine) Industrial Technology System Industry Eco-
nomic Survey' conducted by the research team in Ji-
angsu Province, rural China, between July and August
2022. Pigs are one of the most widely raised livestock
in China, and pig manure, as an important source of or-
ganic fertiliser, has fertiliser characteristics that are
well-suited for various crops and soils (Bai et al. 2019).
Jiangsu Province is a typical agricultural region with
a well-developed livestock industry, particularly in pig
farming, providing a rich sample for this study and of-
fering valuable insights for other regions to promote
LMR. The research adopted a combination of stratified
hierarchical sampling and random sampling methods.
In the first stage, considering the distribution of pig
farming in Jiangsu Province (mainly concentrated
in Central and Northern Jiangsu), farm size structure
(favouring medium-sized farms), and business models
(including a few large-scale farms run by enterprises),
8 counties in Northern Jiangsu, 7 counties in Central
Jiangsu, and 3 counties in Southern Jiangsu were se-
lected as samples. In the second stage, 3—4 experimen-
tal townships were randomly selected from each of the
18 sample counties. In the third stage, with the assis-
tance of local livestock and veterinary departments,
4-5 pig farms were randomly selected from each sam-
ple township as survey subjects, and face-to-face inter-
views were conducted with the farm owners. Finally,
346 valid samples of pig breeders were obtained with
an effective response rate of 88.06%. Among pig breed-
er samples, 43 pig farms (12.43% of total samples) from

on the degree of CLL Southern Jiangsu, 65 pig farms (18.79% of total sam-
Agricultural endowment Networks of LMR LMR motivation LMR forms and goals
Degree of CLI

Close network, weak g Maintaining e

— endowment, and low | 'Inner. Indlv1dqal, L »| acquaintance | 3! Nearby freAe 'dlSAtl‘lb‘thlOn‘ ! Surplus
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manure output networks
Appropriate

Loose network, strong Outer: Farmers and . L . / .

L endowment, and high N organisations from N Seeking market for Selling in the market: R Insufficient

manure output other villages

livestock manure Profit maximisation

Figure 2. Theoretical framework of LMR networks affecting the degree of CLI

CLI — crop-livestock integration; LMR — livestock manure recycling

Source: Authors' own processing
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ples) from Central Jiangsu, and 238 pig farms (68.78%
of total samples) from Northern Jiangsu (Table 1).

Variables selection

Dependent variable. The dependent variable is the
degree of CLI, which is measured by the amount of pig
manure recycled to cropland per ha. Following Wang
et al. (2024), the degree of CLI was estimated by Emis-
sion Coefficient Method (ECM) [Equation (1)].

In Equation (1), the fattening pig stock (heads) includes
both the current stock and the number of pigs marketed
in 2021. The average rearing period is measured by the
average fattening days recorded in the questionnaire.
The LMR area of cropland includes both the cropland
leased by the pig farmer and the nearby cropland. The
daily manure production coefficient per fattening pig
(m3) refers to the '"Technical Guide for the Construction
of Manure Treatment Facilities for Livestock and Poultry
Farms (Households)' issued by the Ministry of Agricul-
ture and Rural Affairs (Document No. 19, 2022). Addi-
tionally, farmers may adopt different manure treatment
methods, each corresponding to a different LMR ratio.
The LMR ratio is obtained through a questionnaire that
asks the proportion of all manure treatment methods
that ultimately flow to the cropland. Additionally, based
on the recommended soil carrying capacity values for
different crops provided in the "Technical Guide for Cal-
culating the Carrying Capacity of Livestock and Poul-

Degree of CLI =

amount of pigsxaveragerearing period x daily manure production coefficient per fattening pigxrecycling ratio

https://doi.org/10.17221/219/2024-AGRICECON

try Manure on Land' by the Ministry of Agriculture and
Rural Affairs (Document No. 19, 2022), three CLI sce-
narios were discussed: insufficient manure', 'appropriate
manure’, and 'surplus manure'.

Independent variables. The dummy variable for
LMR acquaintance networks is the main independ-
ent variable in our analysis. Whether LMR networks
are defined as acquaintance (inner circle of networks)
depends on judgment of the farm household. Neigh-
bours and the crop farmers within the same village, due
to their closer geographical relationship, are classified
as the inner circle of LMR networks. Conversely, crop
farmers from other villages and external organisations
are classified as the outer circle of LMR networks. The
dummy variable for LMR forms is the main intermedi-
ate variable in our analysis. Whether livestock manure
is given to neighbouring crop farmers or sold to the
market reflects the livestock farmer's LMR motivation
to either minimise manure handling costs or maximise
operational profits.

Control variables. Personal, family, production,
and county characteristics are also controlled for (see
Table 2). Personal characteristics include the farmer's
years of formal education, and awareness of the envi-
ronmental impact of livestock manure. These variables
reflect the individual environmental awareness of the
farmers. Existing studies have shown that farmers' en-
vironmentally friendly production behaviours increase

LMR area of croplands

(1)

CLI — crop-livestock integration, LMR — livestock manure recycling

Table 1. Statistics of sample size by regions

Region City County Samples Proportion (%)
Nanjing Lishui 19 5.49
Southern Changzhou Wujin 14 4.05
Suzhou Wujiang, Changshu 10 2.89
Nantong Haimen 20 5.78
Central Yangzhou Gaoyou 22 6.36
Taizhou Taixing 23 6.65
Huai'an Huaiyin, Jinhu, Xuyi 53 15.32
Yancheng Fu'ning, Binghai, Xiangshui, Sheyang, Jianhu 87 25.14
Northern
Sugian Shuyang, Sihong, Suyu 11 3.18
Lianyungang Guanyun, Donghai 87 25.14
Total 346 —

Source: Authors' estimates from survey data, 2022
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Table 2. Variables definition and descriptive statistics (n = 346)
Variables Definitions Mean SD
the natural logarithm of the amount
Degree of CLI of LMR to farmland (m?/ha) 3.5716 2.1920
Networks of LMR individual or neighbours = 1, farmers 0.8410  0.3662
and organisations from other villages = 0
Farmer's LMR motivation LMR forms: nearby free distribution = 1, 0.0896  0.2860
selling in the market = 0
Education years of formal education 10.3382 3.2788
Family members serving no =0, yes = 1 02254 04180
as village officials
Awarenesslof the environmental no = .1, s.mall =2, moderate = 3, 3.9017 0.9779
impact of livestock manure significant = 4, huge = 5
Agricultural labours numl?er of famlly members fengaged 2.7312 1.1559
in agricultural production
Household assets number of cars owned by family members 3.0323 1.5245
. . the natural logarithm of expenditure
Social capital on weddings and funerals in 2021 (USD) 8.7349 1.0779
Clan capital clan ancestral halls in the village (no = 0, yes = 1) 0.1619 0.3688
. free-range = 1, small-scale = 2,
Breeding scale middle-scale - 3, big-scale 4 2.2824 0.8524
Organisational form family farming = 0; corporate farming = 1 0.4393 0.4964

Farmer's experience
Training

Pilot county for green
circular agriculture

years engaged in pig farming

times participated in manure
management training per year

13.6936 9.3430

2.3121 1.9834

no=0,yes=1 0.4364 0.4961

CLI - crop-livestock integration; LMR — livestock manure recycling

Source: Authors' estimates from survey data, 2022

with the improvement of their personal awareness
(Obubuafo et al. 2008). Family characteristics include
whether family members serve as village officials, agri-
cultural labours, and household assets reflected by the
number of cars owned by family members. These vari-
ables reflect the fiscal situation of the farmer's family.
Additionally, family characteristics also include social
capital, reflected by expenditures on participating
in weddings and funerals, and clan capital, reflected
by the presence of clan ancestral halls in the village
(Greif and Tabellini 2010). Production characteristics
include scale, organisational form, farmer's experience
reflected by years engaged in pig farming and the num-
ber of times participated in manure management train-
ing per year (Pan et al. 2016). County characteristics
are reflected by whether the county is selected as a pi-
lot for green circular agriculture by government.

Table 3 presents the results of the descriptive anal-
ysis of LMR amount under different LMR networks

and LMR forms. The LMR networks of livestock
farmers mainly consist of their own or neighbouring
crop farmers, focusing on an inner circle of networks.
The LMR forms are typically nearby free distribution,
aiming to minimise the cost of LMR. These farmers
exhibit higher LMR rates and amounts compared
to those who engage in LMR through the outer circle
with market transaction, indicating a consistency be-
tween the LMR networks and the degree of CLI.

Estimation strategy
First, the estimation model for the impact of LMR
networks on the degree of CLI is as follows:

Y; =By + P15 +BoZ; + (2)

where: Y, — the degree of CLI computed by Equation (1);
P, — the LMR networks, which takes a value of 1 if farm-
ers LMR among acquaintance networks and 0 otherwise;
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Table 3. LMR amount under different LMR networks and LMR forms

Items Groups LMR rate (%) LMR amount (m3/ha) Proportion (%)
individual or neighbours 90.18 281.70 84.10
LMR networks
farmers and organisations from other villages 59.46 249.75 15.90
nearby free distribution 85.55 282.77 91.00
LMR forms
selling in the market 52.74 214.14 9.00

LMR - livestock manure recycling
Source: Authors' estimates from survey data, 2022

Z, — a vector of the control variables (personal, family,
production and county characteristics); B, — a constant
term; B, and P, — the estimated parameters; ¢, — a resid-
ual term, which is assumed to be normally distributed.

Second, the estimation model for the mechanism
test of farmers’ LMR motivation is as follows:

M; =%o + X1 b+ Zx,y +E
Y =vo+viM; +Zy, + (3)
Y, =xy +1P + K, M; + Z x5 +¢;

where: M; — the farmer's LMR motivation reflected
by LMR forms, which takes a value of 1 if farmers use
nearby free distribution and 0 otherwise; x,, v,, k, — con-
stant terms; x;, v;, K;, Ky, and x,, 7,, K3 — the estimated
parameters; g; — a residual term, which is assumed
to be normally distributed.

It is possible that endogeneity exists in the estimation
of Equations (2 and 3). Therefore, we use theinstrumen-
tal variable (IV) method for our estimates, following
previous studies. Two indicators, LMR networks and
farmer's LMR forms of other livestock farmers at the
village level, serve as the IVs for LMR networks and
farmer's LMR motivation. First, LMR at the village lev-
el exhibits clustering effects, which may assimilate the
individual farmer's LMR and is not influenced by in-
dividual farmer. Second, the degree of CLI is a result
of individual farmer's LMR and is not directly affected
by LMR at the village level. In other words, LMR at the
village-level impacts the degree of CLI only through in-
fluencing their individual LMR.

Because the dependent variables in Equations (2 and 3)
are ordinal indicators, an extended regression model
(eregress) is used to estimate the parameters without
accounting for the endogeneity problem. To test for
endogeneity, we use the IV method. Specifically, the
extended ordered probit regression model (eoprobit)
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is used in Equation (3), following Botezat and Pfeiffer
(2014). Eoprobit fits an ordered probit regression model
that accommodates any combination of endogenous
covariates, non-random treatment assignment, and
endogenous sample selection. Continuous, binary, and
ordinal endogenous covariates are allowed. Treatment
assignment may be endogenous or exogenous.

RESULTS

Impact of LMR networks on the degree of CLI

Table 4 presents the estimation results for Equa-
tion (2), i.e. the impact of acquaintance networks
of LMR on degree of CLI. The results of a Durbin—Wu-—
Hausman (DWH) test indicate no endogeneity prob-
lem in our analysis; the results of the Kleibergen-Paap
rk LM test and weak IV test show that the IVs were cho-
sen appropriately. The results in column (2) show that
pig farmers engaged in LMR within their acquaintance
networks have a higher degree of CLI than those who
utilise LMR through market transaction. Specifically,
LMR within acquaintance networks positively affects
the degree of CLI at the 5% significance level. It is wide-
ly recognised that LMR within acquaintance networks
is often accompanied by non-market characteristics
such as zero transaction costs and verbal agreements.
As suppliers of livestock manure, pig farmers lack mar-
ket-driven incentives to profit from providing small
amounts of manure free to nearby crop farmers. Their
primary purpose for LMR is to seek neighbours' help
in manure disposing and avoid government-imposed
environmental penalties. Crop farmers, as demanders
of livestock manure, show a high enthusiasm due to its
benefits in improving soil quality and crop yield, lead-
ing to a situation where the small amount of manure
produced by free-range or smaller-scale pig farmers
often falls short of demand.

Among the control variables, longer education pe-
riods and higher awareness of the environmental im-
pact of livestock manure are associated with a greater
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Table 4. Impact of acquaintance networks of LMR on degree of CLI

Variables

Degree of CLI

OLS (1)

eregress (2)

LMR among acquaintance networks
Education

Family members serving as village officials
Awareness of the environmental impact of livestock manure
Agricultural labours

Household assets

Social capital

Clan capital

Breeding scale

Organisational form

Farmer's experience

Training

Pilot county for green circular agriculture
Constant

R?

Wald test

Log pseudolikelihood

DWH test

Kleibergen-Paap rk LM test

Weak IV test

0.386 (0.367)
0.101** (0.042)
0.392 (0.294)
0.208* (0.126)
0.234** (0.094)
~0.007 (0.052)
~0.393*** (0.131)
0.095 (0.363)
1.061*** (0.212)
~0.631** (0.314)
~0.002 (0.064)
0.039*** (0.014)
~0.323 (0.231)
7.977** (1.460)

5.982*(2.791)
0.106™** (0.040)
0.414 (0.284)
0.202* (0.122)
0.247*** (0.092)
~0.008 (0.053)
~0.395*** (0.128)
0.077 (0.351)
1.104*** (0.205)
~0.699** (0.294)
~0.001 (0.063)
0.040*** (0.013)
~0.375 (0.228)
8.629*** (1.453)

0.209 -
- 76.020%**
- -701.569
0.149
11.331%**
11.647

*

**, ** and *significance at the 1%, 5%, and 10% level, respectively; CLI — crop-livestock integration; DWH — Durbin—

Wu-Hausman; eregress — extended regression model; IV — instrumental variable; LMR - livestock manure recycling;

OLS - ordinary least squares
Source: Authors' own results obtained using Statal6

degree of CLI, indicating that farmers' CLI increases
with improved personal awareness. Additionally, there
is a positive relationship between family agricultural la-
bour and the degree of CLI. Engaging in both farming
and breeding requires more labour, which may affect
the degree of CLI. However, there is a negative rela-
tionship between family social capital and the degree
of CLI A possible reason is that families with richer so-
cial capital face fewer constraints when choosing LMR
networks, increasing their likelihood of earning profits
through market transactions. Additionally, the larger
the farming scale are associated with more frequent
participation in manure management training and the
higher degree of CLI. However, corporate farming neg-
atively impacts CLI. Due to environmental regulations
and the expansion of leading enterprises in recent years,
many free-range and small-scale farmers have gradually
exited the industry, while the number of farmers coop-
erating with enterprises has significantly increased (Ji-
ang et al. 2023). Some enterprises centrally process and
transport the livestock manure of cooperating farmers,
preventing it from being recycled to nearby croplands,
thereby reducing the degree of CLIL

Mechanism test: the role of farmers' LMR motivation

Table 5 presents the estimates for Equation (3),
i.e. the mechanism of farmers' LMR motivation. The
results in column (1) show that pig farmers with LMR
in the inner circle among acquaintance have higher
motivation for nearby free distribution to minimise
manure treat cost. The results in column (2) shows that
nearby free distribution of manure by pig farmers posi-
tively affects the degree of CLI at the 5% significance
level. This indicates that farmer's LMR motivation
also have an important impact on the degree of CLI.
Furthermore, the results in columns (3) and (4) show
that the impact of LMR networks on the degree of CLI
is no longer significant after introducing both two
variables of LMR networks and LMR motivation. This
indicates that LMR motivation of pig farmers has be-
come an important mechanism through which LMR
networks influence the degree of CLI.

Robustness tests I: Recalculating the degree of CLI

To further test the robustness of our analysis,
we constructed a new dependent variable. In Ta-
ble 4 and 5, the dependent variable for calculating
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Table 5. Impact of acquaintance networks and LMR motivation on degree of CLI

Farme.r s LMR Degree of CLI
Variables motivation
eprobit (1) eregress (2) OLS (3) eregress (4)

2.635%** (0.150)
Farmer's LMR motivation -

LMR among acquaintance networks

Control variables yes

Constant —3.565%** (0.928)
R? -

Wald test or F-test 369.320***

Log pseudolikelihood -218.812

DWH test 0.701
Kleibergen-Paap rk LM test 10.565%**

Weak IV test 10.451

- 0.226 (0.350)
10.524** (3.971)  0.902** (0.385)

0.235 (0.350)
5.998** (2.672)

yes yes yes
8.384*** (1.388) 7.801*** (1.500) 7.637*** (1.410)
- 0.223 -
65.360*** 5.260%* 65.930%**
~672.943 - —672.717
0.014 - 0.015
7.093% - 6.308%**
8.962 - 8.122

*** and **significance at the 1% and 5% levels, respectively; CLI — crop-livestock integration production; DWH — Durbin—
Wu-Hausman; eoprobit — extended ordered probit regression model; eregress — extended regression model; IV — instru-
mental variable; LMR — livestock manure recycling; OLS — ordinary least squares

Source: Authors' own results obtained using Statal6

the number of pigs raised includes the year-end stock
of 2021, which is used to estimate the daily manure
production. However, the fattening period of pigs
in the year-end stock might not have reached the av-
erage number of days required, leading to an overes-
timation of daily manure production. We reprocessed
the dependent variable as follows: we excluded the
year-end stock of pigs that did not reach the average
number of fattening days required for market readi-
ness, recalculated the number of pigs raised, and the
daily manure production and the degree of CLI. The
estimation results using the new dependent variable
in Table 6 are similar to the results in Table 4. Overall,
using the new dependent variables confirms the ro-
bustness of our analyses.

Robustness tests II: Propensity score matching
(PSM) estimation

To further check the robustness of our analysis and
test endogeneity, we estimate Equations (2 and 3)
using the PSM. However, PSM does not account for
the fact that the propensity score is estimated, lead-
ing to biased standard errors estimation. Therefore,
we follow the approach of Abadie and Imbens (2016)
and use ‘A-I' robust SE estimation. The PSM results
in Table 7 are similar to the results in Table 4 and Ta-
ble 5. In general, the PSM results also confirm the ro-
bustness of our analyses.

Further analysis I: Decoupling of CLI under the
LMR networks

The CLI not only requires improving the efficiency
of LMR but also demands implementing appropri-
ately scaled livestock farming and suitable manure
recycling based on the carrying capacity of the crop-
lands and regional conditions (Martin et al. 2016).
Regarding the carrying capacity of farmland,
is it better for livestock farmers to return as much
manure to the fields per acre as possible? The sur-
veyed areas are primarily double-cropping regions,
where crop farmers mainly produce rice and wheat
in two seasons. Therefore, the manure absorption
potential of the farmland is twice that of single-crop
production. We refer to the recommended values
of cropland carrying capacity for different crops pro-
vided in the Ministry of Agriculture and Rural Af-
fairs' 'Technical Guidelines for Calculating the Land
Carrying Capacity of Livestock and Poultry Ma-
nure' (using the average cropland carrying capacity
for paddy and wheat). Based on croplands carrying
capacity for manure absorption (converted to pig
equivalent as the unit of measurement), we discuss
the following three scenarios: 'insufficient manure'
(actual pig equivalent per acre < 1), 'appropriate ma-
nure' (actual pig equivalent per acre between 1 and
2), and 'surplus manure' (actual pig equivalent per
acre > 2). Specifically:

(amount of pigsx LMR ratio)

Average carrying capacity per acre cropland =
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Table 6. Robustness check I: Recalculating the degree of CLI

Variables Degree of new CLI

LMR among acquaintance networks 4.051** (2.001) — 0.560 (0.346)

Farmers' LMR motivation —

Control variables yes
Constant 7.467** (1.309)
Wald test 32.460%**

Log pseudolikelihood —819.318

DWH test 0.035
Kleibergen-Paap rk LM test 10.350%**

Weak IV test 10.231

5. 081* (3.076) 4.685* (3.002)

yes yes
7.362*** (1.288) 7.243*** (1.293)
26.380** 28.690**
~753.887 ~752.471
0.014 0.101
7.188%* 6.475%*
7.036 7.303

ek g%
’

and *significance at the 1%, 5% and 10% levels, respectively; CLI — crop-livestock integration production; DWH —

Durbin—Wu-Hausman; IV — instrumental variable; LMR — livestock manure recycling

Source: Authors' own results obtained using Statal6

Table 7. Robustness check II: PSM estimation

Variables

Farmers' LMR motivation

Degree of CLI Degree of CLI

LMR among acquaintance networks

Farmers' motivation -

0.159*** (0.051)

0.952*** (0.331) -
- 0.665*** (0.088)

***significance at the 1% level; A-I (Abadie—Imens) robust SEs are shown in parentheses; CLI — crop-livestock integration
production; LMR — livestock manure recycling; PSM — propensity score matching

Source: Authors' own results obtained using Statal6

In the model estimation, the values of -1, 0, and
1 are assigned to 'insufficient manure', 'appropri-
ate manure', and 'surplus manure', respectively, and
an extended ordered probit model (eoprobit) is em-
ployed. The estimation result in Table 8 column (1)
shows that pig farmers with LMR within their in-
ner circle among acquaintance leads to surplus ma-
nure. The result in column (2) shows that, compared
to selling manure in the market, nearby free distri-
bution also results in surplus manure. Additionally,
column (3) indicates that, LMR within acquaintance
networks may cause surplus manure due to the near-
by free distribution form of LMR. In contrast, LMR
in the outer networks can lead to insufficient ma-
nure due to market-based selling. Both insufficient
manure and surplus manure recycling to croplands
can be detrimental to production and environment.
Therefore, while the government works to curb
the decoupling of crop and livestock production,
it should also be wary of the secondary pollution
caused by surplus manure overloading croplands
(Ma et al. 2022).

Further analysis II: Rebuilding CLI under the for-
mal institutions

As discussed above, the constraints of LMR net-
works may lead to 'insufficient manure' or 'surplus
manure' recycle to croplands, making the rebuilding
of CLI an inevitable policy choice. The current LMR
acquaintance networks will inevitably transform with
the intervention of formal institutions. The 'Green
Circular Agriculture Pilot Work' [Nong Ban Nong
(2021) No. 10] issued by the Ministry of Agriculture
and Rural Affairs primarily supports specialised ser-
vice organisations and market entities providing LMR
services. The policy aims to encourage social capi-
tal to connect large-scale livestock farmers needing
manure treatment with professional large-scale crop
farmers in need of manure fertiliser. Through contrac-
tual agreements, these entities provide services such
as collection, storage, fertiliser processing, transpor-
tation, distribution, and field application of livestock
manure. The policy aims to cultivate an LMR services
market and promote the restructuring of CLI through
multi-party collaboration.
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Table 8. Impact of farmer's acquaintance networks and
farmer's motivation on degree of CLI
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Table 9. Grouped estimation based on pilot county

Degree of CLI

] Carrying capacity of farmland Variables non-pilot coun-  pilot county

Variables .
(1) 2) (3) ties (n =210) (1) (n=136) (2)
LMR among acquaint- 1.926** 1.228 LMR within acquaint- 6.755% 3.567
ance networks (0.609) (1.320) ance networks (3.712) (3.745)
Farmers' LMR 1.391* 0.812#**  Control variables yes yes
motivation B (0867) (0223) 0,33%#* 8.965%**
Constant ’ ’

Control variables yes yes yes (1.600) (2.450)
Wald test 42.110%**  47.840***  61.060** Wald test 66.63*** 56.22%**
Log pseudolikelihood -418.829 -305.912 -297.352 Log pseudolikelihood —-367.955 —320.032

*** ** and *significance at the 1%, 5%, and 10% levels,
respectively; CLI — crop-livestock integration production;
LMR - livestock manure recycling

Source: Authors' own results obtained using Statal6

Based on the list of green circular agriculture pilot
counties in Jiangsu Province, the research sample is di-
vided into pilot counties and non-pilot counties. The
grouped estimation results, reflecting the heterogene-
ous impact of LMR networks on the degree of CLI, are
shown in Table 9. The impact of LMR is significantly
positive in non-pilot counties but not significant in pi-
lot counties, indicating that acquaintance networks
still play a significant role in CLI in non-pilot coun-
ties. However, this impact becomes insignificant with
the implementation of the pilot policy. The pilot policy
has played a crucial role in establishing market mecha-
nisms for manure transactions in villages, fostering
market entities, and regulating resource allocation. The
constraints of LMR networks on CLI were disrupted
under the formal institutions, consequently promot-
ing the shift from personalised LMR to marketisation
LMR. This reflects the weakening of informal institu-
tional constraints manifested in LMR networks by for-
mal institutions, thereby aiding the transformation and
reshaping of CLI beyond the household level in a mar-
ket-oriented and contractual manner (Becker 1974).

DISCUSSION

Fertilising croplands with livestock manure are
currently the primary and most effective resource
utilisation methods (Han et al. 2023). However, the
proportion of China's farmers engaged in integrated
crop-livestock farming has sharply declined from 71%
in 1986 to 12% in 2017, and the utilisation rate of live-
stock manure was only 76% in 2021 (Feng et al. 2023).
This decline not only generates contradictions between
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*** and *significance at the 1% and 10% levels, respectively;
CLI - crop-livestock integration production; LMR - live-
stock manure recycling

Source: Authors' own results obtained using Statal6

surplus manure and croplands but also brings environ-
mental consequences. On one hand, due to the limited
cropland area available for manure disposal, the crop-
land nutrient system will be in a surplus state. The larg-
er the manure surplus, the greater the environmental
pollution risk, leading to an overload on the surround-
ing croplands (Pan et al. 2023). On the other hand,
most greenhouse gas emissions reportedly arise from
livestock manure management systems, yet emissions
are significantly lower when these manures are recy-
cled onto croplands (Pratt et al. 2015). In view of this,
policy makers still face several challenges in facilitating
an appropriate CLI from three perspectives:

i) Maintaining an appropriate livestock farm scale
and balance between crop and livestock production.
The current development of livestock farming overly
emphasises scale and economic efficiency, which has
intensified the decoupling of crop and livestock pro-
duction, resulting in multiple negative effects. The gov-
ernment should regulate these practices and promote
LMR efficiency. On the one hand, scientific calculations
should determine the carrying capacity of croplands,
appropriate farming scales should be allocated, and the
number and scale of farms in restricted farming areas
should be strictly controlled to develop moderate-scale
farming. On the other hand, standards for the timing
and amount of manure returned to the fields should
be established, and nutrient management of manure
and field nutrient management plans should be imple-
mented to promote CLI. This will help fully utilise the
nutrients in manure and prevent secondary pollution
caused by repeated surplus manure application on the
same cropland.
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ii) Cultivating LMR social service entities and mar-
kets. Formal institutions are promoting the transfor-
mation of China's rural society from the perspective
of resource allocation. They are gradually dismantling
the LMR network under informal institutions while
reshaping CLI through contractual and market-based
approaches. However, the lack of LMR social service
entities and markets has made it difficult to match the
supply and demand of livestock manure, hindering the
development of manure trading market beyond the
household level. The government should strengthen
the industry chains and social service organisations
as intermediaries to organically connect crop and
livestock production. Through the collaboration and
matching of specialised production entities, a multi-
party interest linkage mechanism can be established
to rebuild CLI beyond the household level.

iii) Leveraging the complementary roles of informal
and formal institutions. In the early stages of promot-
ing LMR, informal institutions can capitalise on their
local advantages' in guiding and regulating farm-
ers' behaviour. However, it is crucial to recognise the
phased nature and limitations of informal institutions,
including social trust. For instance, LMR acquaintance
networks may lead to under-application or over-appli-
cation of manure in farmland. As rural factor markets
continue to develop and the division of labour deepens,
the personalised nature of resource allocation will inev-
itably lose its dominant role. In later stages of promot-
ing LMR, formal institutions should take the leading
role by fostering markets for village resources, such
as livestock manure, and cultivating corresponding
socialised service providers. This approach strength-
ens the incentives and constraints imposed by formal
institutions on resource allocation and environmental
governance in villages, thereby addressing the deficien-
cies of informal institutions in providing effective in-
centives and constraints.

Of course, this study also has its limitations. First, the
extant studies on CLI use 0—1 binary variables to indi-
cate whether farmers adopt CLI or not (Bao et al. 2024),
but there are obvious limitations. However, the innova-
tively use of the Emission Coefficient Method (ECM)
to estimate the degree of CLI also might exist self-
reported bias. It has been shown that there are many
factors affecting emission coefficient of livestock ma-
nure during production, such as livestock and poultry
breeds, growth cycle, feed composition and environ-
mental factors. We have selected the reference value
recommended by the Chinese agricultural department
to minimise self-reported data bias. Second, the re-

gional specificity that might limit generalisability of the
study. Our survey came from rural areas in South-east-
ern China, and the sample selected hog farmers and
did not include other livestock and poultry farmers.
This may limit the generalisability of the conclusions
due to the large differences between the northern and
southern regions as well as feeding conditions. These
limitations provide implications for future research,
which might pay more attention to exploring the shock
of the regional and livestock breed differences on the
LMR, especially the adjustment of CLI strategies for
livestock farmers.

CONCLUSION

The emergence of informal institutions is based
on social identity and shared cognition, which regu-
late human society. Informal institutions still play
an irreplaceable role in regulating human behaviour
today because implementing formal institutions
is costly. However, the enforcement of formal insti-
tutions is still indispensable for the standardisation
and marketisation of human behaviour. This paper
investigates the interaction between the informal in-
stitutions reflected by LMR networks and formal insti-
tutions reflected by pilot policy in rural China. It aims
to elucidate the decoupling of crop and livestock pro-
duction under the constraints of LMR networks while
proposing a pathway for restructuring CLI. We found
that LMR networks significantly impact the degree
of CLI through farmers' LMR motivation. LMR with-
in the inner circle of networks enhance the degree
of CLI, while LMR in the outer circle of networks with
market transaction decrease the degree of CLI. Fur-
ther analysis indicates that the long-term LMR in the
outer circle of networks with market transaction can
lead to insufficient manure recycle to the croplands,
resulting in decoupling of CLIL In contrast, frequent
LMR in the inner circle among acquaintance can ex-
ceed the land's carrying capacity, leading to surplus
manure recycling. Both scenarios ultimately hinder
agricultural production and the environment. Het-
erogeneity analysis reveals that the informal institu-
tions represented by acquaintance networks are being
replaced by formal institutions embodied in govern-
ment pilot policies. This transition helps overcome
constraints and rebuild CLI beyond the household
level. The conclusions emphasise that, LMR within
rural China's acquaintance networks are in a transi-
tion phase, exhibiting both relational and market ori-
entation characteristics. While strengthening the role
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of the formal institutions in the resource allocation
and environmental governance in villages, attention
should also be paid to guiding the market-oriented
transformation of the rural resource allocation.

Acknowledgement: The authors are very grateful
to the editor and anonymous reviewers for their valu-
able suggestions.

REFERENCES

Abadie A., Imbens G.W. (2016): Matching on the estimated
propensity score. Econometrica 84: 781-807.

Asai M., Moraine M., Ryschawy J., de Wit J., Hoshide A.K.,
Martin G. (2018): Critical factors for crop-livestock inte-
gration beyond the farm level: A cross-analysis of world-
wide case studies. Land Use Policy, 73: 184—194.

BaiZ.,MalL,]JinS., Ma W, Velthof G.L., Oenema O., Liu L.,
Chadwick D., Zhang F. (2016): Nitrogen, phosphorus,
and potassium flows through the manure management
chain in China. Environmental Science & Technology,
50: 13409-13418.

BaiZ,Jin S, Wu Y., zu Ermgassen E., Oenema O., Chadwick D.,
Lassaletta L., Velthof G., Zhao J., Ma L. (2019): China's pig
relocation in balance. Nature Sustainability, 2: 888.

Bao W., Wu Y., Bao H. (2024): Transaction costs, crop-live-
stock integration participation, and income effects in Chi-
na. Frontiers in Sustainable Food Systems, 7: 1247770.

Basnet B.B., Apan A.A,, Raine S.R. (2002): Geographic in-
formation system based manure application plan. Journal
of Environmental Management, 64: 99-113.

Becker G.S. (1974): A theory of social interactions. Journal
of Political Economy, 82: 1063—-1093.

Botezat A., Pfeiffer F. (2014): The impact of parents migration
on the well-being of children left behind — Initial evidence
from Romania. ZEW-Centre for European Economic Re-
search Discussion Paper No. 14-029.

Feng D., Mao K., Yang Y., Hu Y. (2023): Crop-livestock inte-
gration for sustainable agriculture in China: The history
of state policy goals, reform opportunities and institutional
constraints. Frontiers of Agricultural Science and Engi-
neering, 10: 518-529.

Greif A, Tabellini G. (2010): Cultural and institutional bifur-
cation: China and Europe compared. American Economic
Review, 100: 135-140.

Han Z., Han C., Shi Z., Li]., Luo E. (2023): Rebuilding the
crop-livestock integration system in China — Based on the
perspective of circular economy. Journal of Cleaner Pro-
duction, 393: 136347.

He K., Zhang J., Zeng Y., Zhang L. (2016): Households'
willingness to accept compensation for agricultural waste

524

https://doi.org/10.17221/219/2024-AGRICECON

recycling: taking biogas production from livestock ma-
nure waste in Hubei, P.R. China as an example. Journal
of Cleaner Production, 131: 410-420.

He K., Zhang J., Zeng Y. (2020): Households' willingness
to pay for energy utilization of crop straw in rural China:
Based on an improved UTAUT model. Energy Policy,
140: 111373.

Jiang G., Hu H., Wang Y. (2023): How do livestock envi-
ronmental regulations promote the vertical integration
of the livestock industry chain? Evidence from Chinese-
listed livestock enterprises. Journal of Cleaner Production,
413: 137508.

Jin S., Zhang B., Wu B., Han D., Hu Y., Ren C., Zhang C.,
Wai X., Wu Y., Mol A.PJ., Reis S., Gu B., Chen J. (2021):
Decoupling livestock and crop production at the household
level in China. Nature Sustainability, 4: 48—55.

MaY., HouY., DongP, Velthof G.L., Long W.,MaL.,MaW.,
Jiang R., Oenema O. (2022): Cooperation between special-
ized livestock and crop farms can reduce environmental
footprints and increase net profits in livestock production.
Journal of Environmental Management, 302: 113960.

Martin G., Moraine M., Ryschawy J., Magne M.A., Asai M.,
Sarthou J.P,, Duru M., Therond O. (2016): Crop-livestock
integration beyond the farm level: A review. Agronomy for
Sustainable Development, 36: 53.

Ministry of Agriculture and Rural Affairs of the People's Re-
public of China (2018): Technical Guidelines for Calculat-
ing the Land Carrying Capacity of Livestock and Poultry
Manure. Available at https://www.moa.gov.cn/gk/tzgg 1/
tfw/201801/t20180122_6135486.htm (accessed Jan 22, 2018)

Ministry of Agriculture and Rural Affairs of the People's
Republic of China (2021): The Green Circular Agriculture
Pilot Work' [Nong Ban Nong (2021) No. 10]'. Available at
https://zzys.moa.gov.cn/tzgg/202105/t20210526_6368443.
htm (accessed May 26, 2021).

Ministry of Agriculture and Rural Affairs of the People's
Republic of China (2022): Technical Guide for the Con-
struction of Manure Treatment Facilities for Livestock and
Poultry Farms (Households). Available at https://www.moa.
gov.cn/nybgb/2022/202209/202210/t20221010_6412911.
htm (accessed Oct 10, 2022).

Ministry of Agriculture and Rural Affairs of the People's
Republic of China (2024): China's Ni.1 central document
of 2024. Available at https://www.moa.gov.cn/govpublic/
SCYJJXXS/202405/t20240516_6455577.htm (accessed
May 16, 2024)

Ministry of Ecology ad Environment of the People Republic
of China (2017): Second National Pollution Source Cen-
sus Bulletin. Available at https://www.mee.gov.cn/home/
ztbd/rdzl/wrypc/z1xz/202006/t20200616_784745.html
(accessed June 10, 2020).



Agricultural Economics — Czech, 71, 2025 (9): 512-525

Original Paper

https://doi.org/10.17221/219/2024-AGRICECON

Obubuafo J., Gillespie J., Paudel K., Kim S.A. (2008): Aware-
ness of and application to the environmental quality
incentives program by cow—calf producers. Journal of Ag-
ricultural and Applied Economics, 40: 357-368.

Pan D., Zhou G., Zhang N., Zhang L. (2016): Farmers' pref-
erences for livestock pollution control policy in China:
A choice experiment method. Journal of Cleaner Produc-
tion, 131: 572-582.

Pan D., Tang J., Zhang L., He M., Kung C.C. (2021): The
impact of farm scale and technology characteristics on the
adoption of sustainable manure management technologies:
Evidence from hog production in China. Journal of Cleaner
Production, 280: 124340.

Pan D., Chen H., Zhang N., Kong F. (2023): Do livestock en-
vironmental regulations reduce water pollution in China?
Ecological Economics, 204: 107637.

Pratt C., Redding M., Hill J., Jensen P.D. (2015): Does ma-
nure management affect the latent greenhouse gas emit-
ting potential of livestock manures? Waste Management,
46: 568—576.

Qiu T., Luo B., Choy S.T.B., Ma X., He Q. (2020): The demon-
stration effect of transactions between strangers on those
between acquaintances: evidence from land rentals in rural
China. Applied Economics, 52: 4780-4793.

Qiu T., Zhang D., Choy S.B., Luo B. (2021): The interaction
between informal and formal institutions: A case study
of private land property rights in rural China. Economic
Analysis and Policy, 72: 578-591.

Qiu T., Luo B., Tang L., He Q. (2022): Does land tenure se-
curity increase the marketization of land rentals between
acquaintances? Applied Economics Letters, 29: 790-793.

Savage J.A., Ribaudo M.O. (2013): Impact of environmental
policies on the adoption of manure management practices
in the Chesapeake Bay watershed. Journal of Environmen-
tal Management, 129: 143-148.

Wang Y., Yan J., Zhang Y. (2024): Research on eco-com-
pensation preference for recycling of beef cattle breeding
waste: An empirical analysis from the perspective of farm-
ers. Journal of Agrotechnical Economics, 43: 96-109.
(in Chinese)

Zhang C., Liu S., Wu S,, Jin S., Reis S., Liu H., Gu B. (2019):
Rebuilding the linkage between livestock and cropland
to mitigate agricultural pollution in China. Resources,
Conservation and Recycling, 144: 65-73

Received: June 19, 2024

Accepted: June 5, 2025
Published online: September 19, 2025

525



	_Hlk187269332
	_Hlk187152555
	_Hlk187152525
	_Hlk187181585
	_Hlk187154431
	_Hlk121432789
	_Hlk187154325
	_Hlk118754923
	_Hlk166854868
	_Hlk144724260
	_Hlk187268570
	_Hlk187267874
	_Hlk187267814
	_Hlk187267835
	_Hlk187185304

