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Abstract

Farm-scale expansion is widely viewed as a means of improving agricultural efficiency and
linking smallholders to modern agriculture. Yet whether it improves the conditions under
which smallholders participate in grain production remains unclear. Using panel data
from the China Rural Revitalization Survey (CRRS) for 2020 and 2022, this study examines
how village-level farm-scale expansion affects smallholder grain production. The results
show that a 0.1 increase in village-level farm-scale expansion intensity is associated with a
0.81-percentage-point higher grain-sown share, but without corresponding improvements
in production conditions. Farm-scale expansion is also associated with lower mechaniza-
tion, a lower share of spending on purchased agricultural services, greater reliance on
household-owned machinery, and higher family labor input. We describe this pattern as
constrained grain-oriented adjustment: an increase in grain-sown share without corre-
sponding improvements in mechanization or external service support, leaving production
more dependent on household-based resources. Cooperative membership is associated
with less severe mechanization and cost pressures. Overall, a higher grain-sown share un-
der farm-scale expansion does not necessarily imply improved conditions for smallholder
grain production. To promote inclusive agricultural modernization, policy efforts should
focus not only on farm-scale operations, but also on strengthening smallholders’ access to
mechanized, service-based, and organizational support.

Keywords: farm-scale expansion; smallholders; grain production; constrained grain-oriented
adjustment; China

1. Introduction
Farm-scale operation is widely regarded as an important pathway of agricultural

transformation in developing countries [1]. It is often expected to introduce advanced
machinery [2], improve resource allocation [3], and strengthen grain production capacity [4].
However, in agricultural systems where smallholders remain widespread, agricultural
modernization depends on more than the development of farm-scale operation. It also
requires that smallholders be able to continue farming under improved production condi-
tions. Globally, there are roughly 500 million farms under 2 hectares, accounting for 84%
of all farms. These smallholders produce about 35% of the world’s food on only 12% of
global agricultural land [5]. Therefore, examining how smallholders participate in grain
production under farm-scale expansion is relevant not only to household livelihoods, but
also to food security and social sustainability in agricultural modernization.
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China provides an ideal setting for examining this issue [2]. Over the past decade, the
Chinese government has promoted farm-scale operation through institutional reform and
policy support. A key institutional step was the 2016 policy on the separation of rural land
ownership, contract rights, and management rights. While maintaining collective land owner-
ship and stabilizing farmers’ contract rights, this policy liberalized land management rights
and allowed them to be legally transferred to other agricultural operators. This reform pro-
vided the property-rights basis for the development of moderate-scale farming in China [2,3].
Since then, scale operators such as family farms and farmer cooperatives have grown rapidly.
By the end of October 2023, nearly 4 million family farms had been officially registered, and
2.216 million farmer cooperatives had been legally established. Together, their operated farm-
land accounted for around 30% of China’s total cultivated land (Source: Press Office of the
Ministry of Agriculture and Rural Affairs, (New Agricultural Operators Maintain a Sound De-
velopment Momentum), https://www.gov.cn/lianbo/bumen/202312/content_6921803.htm
(accessed on 2 May 2026)). In this process, land transfer has been the key channel through
which agricultural production has shifted from smallholder farming toward farm-scale opera-
tion. In 2022, the transferred area of household-contracted farmland reached approximately
39.4 million hectares, of which about 21.1 million hectares were transferred to family farms,
cooperatives, and other scale operators (Source: Ministry of Agriculture and Rural Affairs,
(Statistical Annual Report on China’s Rural Policies and Reform (2022))).

Despite ongoing land transfers and farm-scale expansion, smallholders in China have
not rapidly exited agriculture [4]. By the end of 2023, around 210 million households oper-
ated less than 0.67 hectares of farmland, accounting for 98% of all agricultural households
(Source: Statistical Communiqué of the People’s Republic of China on the 2023 National
Economic and Social Development). This means that China’s agricultural production
system remains based on the widespread presence of smallholders, even as farm-scale
operation continues to expand. The persistence of smallholders is not simply a transitional
outcome of incomplete scale expansion. It is closely related to stable land contract rights
and household livelihood structures that combine farming with off-farm employment [5].
Under the “Three Rights Separation” system, the transfer of land management rights fol-
lows the principles of legality, voluntariness, and compensation. Whether and how much
land is transferred remains largely determined by households themselves. At the same time,
expanding off-farm employment has led many smallholders to rely mainly on wage income
while retaining farming as a supplementary livelihood activity (Source: No. 1 Central
Document of 2025, (Further Deepening Rural Reform and Solidly Advancing All-Round
Rural Revitalization)). Yet the instability and limited protection of off-farm work mean that
land still plays an important buffering role in household livelihoods [6]. Farm-scale expan-
sion in China is therefore not a simple process of smallholder replacement. Rather, it is an
agricultural transformation unfolding alongside the continued presence of smallholders.
This raises a critical question: how do smallholders who continue farming participate in
grain production under farm-scale expansion, and have their grain production conditions
genuinely improved?

Existing studies generally agree that farm-scale expansion can reshape smallholders’
agricultural production. However, they differ in how they understand the direction and
consequences of this change. The more optimistic view suggests that farm-scale expan-
sion can generate modernization benefits [7]. Larger operators are more likely to adopt
advanced machinery and organize agricultural socialized services [8]. They may also help
surrounding smallholders connect with modern agriculture through service provision and
technology diffusion [1]. From this perspective, farm-scale expansion can provide modern
production support for smallholders and enable them to farm more efficiently. However,
these benefits are not necessarily transmitted to smallholders automatically or evenly [7,9].

https://doi.org/10.3390/su18136874

https://www.gov.cn/lianbo/bumen/202312/content_6921803.htm
https://doi.org/10.3390/su18136874


Sustainability 2026, 18, 6874 3 of 19

Within villages, land, machinery, and agricultural services are often limited, and their allo-
cation can be selective and exclusionary [10,11]. Scale operators may gain priority access
to mechanized operations, socialized services, and other production resources because
of their organizational advantages. This can reshape the local allocation of production
factors [12]. Under such conditions, farm-scale expansion may not translate into technology
spillovers or service support for smallholders. Smallholders may still face insufficient
external production support.

Previous studies have examined farm-scale expansion from the perspectives of agri-
cultural efficiency [13,14], technology diffusion [15], and income improvement [16,17].
These studies have improved our understanding of farm-scale expansion, but two issues
remain. First, most studies focus on scale operators or overall modernization outcomes,
with limited attention to smallholders who continue farming under farm-scale expansion.
Second, existing research often examines changes in cropping structure but rarely considers
whether a stronger grain orientation is accompanied by improved production conditions.
This distinction is crucial, as it is not enough to know whether smallholders remain in
farming; more importantly, we need to assess whether they are effectively integrated into
modern production support systems and benefit from development gains. Grain produc-
tion provides an important window for examining this question. On the one hand, grain
production remains an important part of smallholders’ farming activities in a context where
part-time livelihoods are widespread. On the other hand, grain production is relatively
standardized, and modern technologies and services are concentrated in key stages such
as tillage, plant protection, and harvesting. If farm-scale expansion promotes smallholder
modernization through technology diffusion and service provision, this effect should be
visible in smallholders’ grain production process. Therefore, this study takes grain produc-
tion as its analytical entry point. It examines how farm-scale expansion affects smallholders’
grain production choices and production conditions, and further asks whether smallholders
actually share the development benefits of agricultural modernization.

Empirically, this study uses two waves of data from the China Rural Revitalization Sur-
vey (CRRS) in 2020 and 2022. It first examines whether village-level farm-scale expansion
increases smallholders’ grain-sown share. It then assesses the nature of smallholders’ grain
production by analyzing changes in production inputs. Finally, it examines the moderating
role of cooperative membership in this process. This study makes three contributions.
First, it focuses on smallholders’ grain production during agricultural modernization
and examines whether they actually receive modern production support. In doing so, it
links agricultural modernization, food security, and smallholder livelihood sustainability.
Second, it conceptualizes the observed pattern as constrained grain-oriented adjustment.
Rather than treating this pattern only as risk avoidance or livelihood adaptation, this
term emphasizes the coexistence of a higher grain-sown share and constrained production
conditions under farm-scale expansion. Third, it highlights the organizational dimension
of smallholder responses. The results suggest that cooperative membership is associated
with less severe changes in mechanization support and production costs. These findings
highlight the need for an agricultural modernization pathway that improves efficiency
while ensuring smallholders’ access to production services and meaningful inclusion.

The remainder of this paper is organized as follows. Section 2 develops the theoretical
framework and research hypotheses. Section 3 introduces the data, variable measurements,
and model specifications. Section 4 presents the empirical results. Section 5 discusses the
main findings and their implications. Section 6 presents the conclusions, policy recommen-
dations, and limitations.
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2. Theoretical Analysis and Research Hypotheses
2.1. Farm-Scale Expansion and Smallholders’ Cropping Choices

Critical agrarian political economy has long emphasized that agricultural scaling is not
a frictionless or cost-free win-win process. It often involves the redistribution of resources
and economic opportunities [18,19], and may generate differentiated forms of inclusion and
exclusion [20]. From this perspective, the effects of farm-scale expansion extend beyond the
concentration of operated farmland. They may also reshape the production environment
and operating boundaries faced by smallholders [21,22]. In China, farm-scale expansion
relies mainly on the transfer of land management rights. Smallholders transfer part or all
of their land management rights to scale operators, such as family farms, cooperatives, and
agricultural enterprises [2]. This process first changes smallholders’ available farmland and
its relationship with household livelihoods [23]. Previous studies show that land transfer
decisions affect household income sources and farming arrangements [16]. Therefore, land
transfer and changes in operating boundaries do not necessarily mean that smallholders
exit agriculture. They may also mean that smallholders need to reorganize agricultural
production within more limited or uncertain operating boundaries [5].

Against this changing production environment, smallholders’ cropping choices may
not follow a path of high-input, high-value-added, or profit-maximizing production [24].
Scott’s “safety-first” principle helps explain this pattern [25]. When market risks are high
and household livelihood capacity is limited, smallholders do not simply pursue higher
returns. They tend to avoid production risks that may threaten basic household subsistence.
This can also be understood from the perspectives of transaction costs and household
livelihood arrangements. Compared with grain crops, cash crops and high-value agricul-
ture usually require more capital, continuous labor, and stronger technical management.
They also involve more complex coordination in input procurement, service access, quality
control, and marketing [26]. By contrast, grain production is relatively standardized, with
more manageable input intensity and production risks [27]. It is also more compatible with
smallholders’ limited farmland operations and part-time livelihood arrangements [28,29].
Therefore, when farm-scale expansion reshapes smallholders’ operating boundaries and
production environment, they may be less likely to move first toward high-input or high-
value crops. Instead, they may allocate a large share of their sown area to grain crops.

2.2. Farm-Scale Expansion and Smallholders’ Production Conditions

Farm-scale expansion is often expected to generate technology spillovers and service-
driven benefits. According to this view, when scale operators enter a village, they may
improve the production conditions of surrounding smallholders through advanced machinery,
agricultural socialized services, and technology diffusion. However, such modernization
benefits do not necessarily translate into stable and accessible production conditions for
smallholders. This uncertainty stems from the organizational logic of agricultural service
provision. Agricultural socialized services are not neutral forms of supply that uniformly
cover all farmers. Services such as mechanized operations, plant protection, and harvesting
are highly seasonal, requiring providers to coordinate machinery, labor, plot locations, and
operation schedules within limited farming windows. According to the logic of economies of
scale and transaction costs [10], operators with larger farm sizes, more concentrated plots, and
more stable service demand are better able to reduce the organizational costs of field operations
and are more likely to receive responses from service providers [30]. By contrast, land
fragmentation and spatial dispersion tend to increase the costs of mechanized services [31].

As smallholder households allocate more family labor to off-farm employment, many
agricultural tasks are no longer completed entirely within the household. They are increas-
ingly carried out through service-based arrangements, such as mechanized operations, plant
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protection, harvesting, and production trusteeship. Yet when scale operators manage more
contiguous farmland and generate more stable service demand, limited mechanized oper-
ations and socialized services within villages may be more likely to be organized around
these operators [26]. Smallholders also need mechanization and socialized service support.
However, their smaller operating scale, dispersed plots, and fragmented service demand may
make it more difficult for market-based service systems to respond effectively [27,29].

Therefore, whether farm-scale expansion improves smallholders’ grain production
conditions should be assessed through the actual input structure of grain production. If
the benefits of modernization are effectively transmitted to smallholders, they should
have greater access to external mechanized operations and agricultural socialized services
during grain production. Their reliance on household-based inputs should also not increase
significantly. By contrast, if modern production conditions do not reach smallholders at the
same pace, smallholders may continue grain production by relying more on self-owned
machinery and family labor [32]. This study argues that, under the logic of economies
of scale and transaction costs in agricultural service provision, smallholders may find it
difficult to obtain stable access to external services [33].

2.3. Cooperatives and Smallholders’ Access to Production Support

In China’s agricultural modernization process, the government has consistently re-
garded smallholders as a fundamental part of the agricultural production system. Coop-
eratives are also viewed as important organizational forms for linking smallholders with
modern agriculture [34]. Cooperatives are agricultural organizations based on member
collaboration and shared services. They can organize dispersed smallholders and pro-
vide coordinated support across several production and market stages, including input
procurement, mechanized operations, technical services, and product marketing [35].

Against the backdrop of farm-scale expansion reshaping smallholders’ production
environment, cooperatives may play a buffering role. Existing studies show that cooper-
atives can reduce the transaction costs that smallholders face when entering service and
market systems individually. They can also improve smallholders’ resource accessibility,
technology adoption capacity, and market connectivity [36]. Cooperatives can aggregate
the production demands of their members [37]. In doing so, they transform fragmented
small-scale demands into relatively stable collective demands. For grain production, co-
operatives may coordinate key operations such as tillage, planting, plant protection, and
harvesting. This can reduce the time costs, organizational costs, and price pressures that
smallholders face when purchasing services individually. Therefore, under farm-scale
expansion, smallholders who join cooperatives may have more stable channels for ser-
vice access and stronger production coordination capacity than non-members. This may
improve their grain production conditions.

Based on the above theoretical analysis, this study proposes the following research
hypotheses:

H1. Farm-scale expansion is expected to encourage a grain-oriented adjustment in smallholders’
cropping structures.

H2. Farm-scale expansion is expected to be accompanied by constrained grain production conditions
among smallholders, reflected in insufficient improvement in external production support and greater
reliance on household-based inputs.

H3. Cooperative membership moderates the relationship between farm-scale expansion and small-
holders’ grain production conditions. Compared with non-members, cooperative members are
expected to face less severe changes in production conditions under farm-scale expansion.
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3. Data, Measures, and Analytical Approach
3.1. Data and Sample

This study uses panel data from the 2020 and 2022 waves of the China Rural Revital-
ization Survey (CRRS), conducted by the Institute of Rural Development at the Chinese
Academy of Social Sciences. The 2020 baseline survey covered 10 provinces and au-
tonomous regions across eastern, central, western, and northeastern China. It included
50 counties, 150 townships, and 300 villages. The survey collected more than 3700 house-
hold questionnaires and information on over 15,000 household members. In 2022, the CRRS
conducted a follow-up survey based on the baseline sample. The follow-up rate was 100%
at the village level and about 81% at the household level.

The CRRS sample covers economically developed coastal areas, major agricultural
provinces, and less-developed western regions. This coverage helps capture regional differ-
ences in development levels, resource endowments, and agricultural operating structures
during China’s agricultural transformation. The survey also provides multi-level infor-
mation on village operating structures, land transfers, household farming activities, and
intra-household labor allocation. This allows us to link village-level farm-scale expansion
with household-level changes in cropping structure and grain production.

For the empirical analysis, we first identify a core sample of 1649 smallholder house-
holds that were successfully followed in both the 2020 and 2022 survey waves and had
positive operated farmland area in both years. In the subsequent analysis, the number
of observations may vary across models because some variables contain missing values.
Observations with missing values in model-specific variables are excluded through listwise
deletion. Tracking this sample shows that between 2020 and 2022, 44.4% of these house-
holds experienced a reduction in operated farmland area. The distribution of changes in
operated farmland also shows a clear leftward shift (Figure 1). This suggests that continu-
ing smallholders should not be treated as a fully stable group. Although they remained in
farming, many faced shrinking land access, narrower crop allocation space, and less room
for production adjustment.

Figure 1. Kernel density of changes in operated farmland area among continuing smallholders.

3.2. Variable Descriptions
3.2.1. Dependent Variable

The dependent variable is the degree of grain-oriented adjustment in smallholders’
cropping structures, measured by the grain-sown share [28]. It is calculated as the ratio
of a household’s grain-sown area to its total crop-sown area. A higher value indicates a
stronger orientation toward grain crops. Compared with a binary indicator of whether a
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household grows grain, the grain-sown share captures more precisely how smallholders
allocate their limited farmland to grain production under farm-scale expansion.

3.2.2. Core Explanatory Variable

The core explanatory variable is village-level farm-scale expansion intensity. It is
measured as the share of farmland operated by scale operators in a village’s total household-
contracted farmland area [38]. We use this village-level measure rather than farmers’
individual perceptions because farm-scale expansion in China mainly occurs through the
transfer of land management rights from smallholders. This village-level share therefore
captures the extent to which farm-scale expansion reshapes the local smallholder structure
and the rural production environment.

3.2.3. Variables for Mechanism Analysis

To examine whether smallholders’ grain production is supported by modern produc-
tion conditions, we use four mechanism variables. These variables capture mechanization,
service-based support, and household inputs during grain production. First, the mech-
anization level. It is measured as the sum of mechanized-operations shares across key
stages of grain production, including tillage, sowing, pesticide spraying, fertilizing, and
harvesting/transportation. Second, the cost share of socialized services. This is calculated
as the ratio of expenditure on agricultural socialized services to total grain production costs.
Third, the share of self-owned machinery operations refers to the proportion of mechanized
tasks completed with household-owned machinery in total mechanized operations. Fourth,
family agricultural labor input is measured as the natural logarithm of the total hours of
family labor invested in crop production.

Together, these variables describe how smallholders participate in grain production.
Higher mechanization levels and a higher cost share of purchased socialized services would
be consistent with stronger external service-based support in grain production. If this occurs
without a marked increase in family labor input, it would suggest that smallholders may
share the efficiency gains from modern agricultural services and mechanization. Conversely,
if such changes are not observed, smallholders may not have benefited from the technology
and service spillovers associated with farm-scale expansion.

3.2.4. Moderating Variables

The moderating variable is cooperative membership [37,39]. It equals 1 if a smallholder
household has joined a cooperative, and 0 otherwise. This variable captures whether small-
holders are connected to agricultural production, service, and market systems through an
organizational channel. In the moderation analysis, we also examine grain production cost
per unit area as an outcome variable, in order to further assess how farm-scale expansion
affects production costs under different organizational conditions.

3.2.5. Control Variables

To control for observable factors that may affect both farm-scale expansion and small-
holders’ cropping structure and grain production participation, we include variables at
the household, village, and crop return levels. At the household level, we include family
size, village political embeddedness, internet access, and health shocks [38,40]. These
variables capture time-varying differences in production capacity, information access, local
embeddedness, and labor constraints. At the village level, per capita net income measures
local economic development [41]. We also include the provincial-level price ratio of grain
to cash crops to account for changes in relative crop returns across regions and years. The
model includes household fixed effects, which absorb time-invariant or stable household
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characteristics. Therefore, household-head variables such as education, age, and farming
experience are not included. Table 1 reports variable definitions and descriptive statistics.

Table 1. Variables and descriptive statistics.

Variable Type Variable Name Description Mean SD

Dependent variable Grain-sown share Ratio of a household’s grain-sown area to
its total crop-sown area 0.753 0.360

Core explanatory variables Farm-scale expansion intensity Share of village household-contracted
farmland operated by scale operators 0.218 0.292

Mechanism variables

Mechanization level in grain production

Sum of mechanized-operation shares
across five key grain production stages:
tillage, sowing, pesticide
spraying, fertilization, and
harvesting/transportation

1.538 1.496

Cost share of purchased socialized services
Expenditure on agricultural socialized
services as a share of total grain
production costs

0.217 0.747

Share of self-owned machinery operations

Share of self-owned machinery
operations: Ratio of summed
household-owned machinery-operation
shares to summed mechanized-operation
shares across the same five stages

0.186 0.280

Family agricultural labor input Natural logarithm of total household
labor time spent on crop production 5.253 1.054

Moderating Variables

Cooperative membership Whether the household has joined a
cooperative: 1 = yes, 0 = no 0.201 0.401

Grain production cost per unit area

Sum of per-mu costs across five grain
production stages (tillage, sowing,
pesticide spraying, fertilization,
harvesting/transportation), used in
logarithmic form in the analysis.

0.043 0.193

Control variables

Family size Number of household members 4.213 1.704

Village political embeddedness Whether the household head holds a
village office: 1 = yes, 0 = no 0.236 0.424

Internet access Whether the household owns an
internet-enabled device: 1 = yes, 0 = no 0.921 0.269

Health shock

Whether any household member is
reported to be in poor or very poor
health relative to peers of the same age:
1 = yes, 0 = no

0.277 0.448

Village income level Natural logarithm of village per capita
net income 9.408 0.574

Relative crop returns Ratio of provincial grain crop prices to
cash crop prices 1.058 0.037

Note: Except for relative crop returns, all variables are drawn from the CRRS. Relative crop returns are calculated
from the China Yearbook of Agricultural Product Price Survey.

3.3. Model Specification
3.3.1. Baseline Model

Because the dependent variable is the household grain-sown share, the analysis fo-
cuses on smallholders with positive operated farmland in both survey years. This captures
households that remained engaged in agricultural production. Using panel data, we exploit
within-household variation over time and estimate a two-way fixed effects model with house-
hold and year fixed effects. Household fixed effects control for time-invariant characteristics,
such as stable farming preferences, household endowments, and long-standing cropping
habits. Year fixed effects capture shocks common to all households in a given year. Since
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households within the same village may face common village-level shocks, standard errors
are clustered at the village level. The baseline model is specified as follows:

GrainShareivt = βScalevt + γXivt + µi + λt + εivt (1)

where GrainShareivt denotes the grain-sown share of household i in village v in year t.
Scalevt represents the village-level farm-scale expansion intensity. Xivt is a vector of control
variables. µi denotes household fixed effects, and λt denotes year fixed effects. εivt is the
error term.

The coefficient β is the key parameter of interest. It captures the association between
changes in village-level farm-scale expansion intensity and changes in the grain-sown share
of the same household, after controlling for household fixed characteristics, year shocks,
and other observable factors. A significantly positive β indicates that farm-scale expansion
is associated with a higher grain-sown share among smallholders.

3.3.2. Model for Mechanism Analysis

Building on the baseline model, we further examine whether farm-scale expansion is
associated with changes in the way smallholders participate in grain production. Drawing
on existing studies that analyze potential mechanisms through mechanism variables [42],
this section provides mechanism-related evidence rather than formal causal mediation
estimates. The analysis focuses on four dimensions: mechanization level, the cost share of
purchased socialized services, the share of household-owned machinery operations, and
family agricultural labor input. The model is specified as follows:

Mk
ivt = α + βScalevt + γXivt + µi + λt + εivt (2)

where Mk
ivt denotes the k − th production input variable for household i in village v in

year t. Scalevt represents the village-level farm-scale expansion intensity of village v. Xivt is
a vector of control variables.

3.3.3. Moderating Role of Cooperative Membership

We then examine whether the association between farm-scale expansion and small-
holders’ grain production conditions differs by cooperative membership. The analysis
proceeds in two steps. First, we test whether farm-scale expansion is associated with
cooperative membership status:

Coopivt = α + βScalevt + γXivt + µi + λt + εivt (3)

where Coopivt indicates whether household i is a cooperative member. Scalevt represents
the village-level farm-scale expansion intensity. Xivt is a vector of control variables. µi

denotes household fixed effects, and λt denotes year fixed effects.
Second, we include an interaction term between farm-scale expansion intensity and

cooperative membership. The model is specified in Equation (4):

Yivt = α + β1Scalevt + β2Coopivt + β3Scalevt × Coopivt + γXivt + µi + λt + εivt (4)

where Yivt denotes smallholders’ grain production conditions, including the mechanization
level in grain production and grain production cost per unit area. The coefficient of the
interaction term, β3, is the key parameter of interest in this model. It captures whether the
association between farm-scale expansion and grain production conditions differs between
cooperative members and non-members.
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4. Empirical Results and Analysis
4.1. Impact of Farm-Scale Expansion on Smallholders’ Grain-Oriented Cropping Adjustment
4.1.1. Baseline Results

Table 2 reports the association between village-level farm-scale expansion intensity and
smallholders’ grain-sown share. Column (1) presents the baseline result. After controlling
for household and year fixed effects, the coefficient of farm-scale expansion intensity is
positive and statistically significant. Specifically, a 0.1 increase in village-level farm-scale
expansion intensity is associated with a 0.81-percentage-point increase in smallholders’
grain-sown share. This result suggests that farm-scale expansion is related not only to who
operates farmland, but also to how continuing smallholders allocate their sown area. Under
farm-scale expansion, smallholders who remain in farming tend to allocate a higher share
of their sown area to grain crops, rather than shifting further toward non-grain crops. This
finding raises a further question: whether this grain-oriented adjustment is accompanied
by improved production conditions.

Table 2. Baseline regression results.

Variable
Dependent Variables: Grain-Sown Share

(1) (2) (3) (4) (5)

Farm-scale expansion intensity 0.081 ***
(0.023)

1.012 ***
(0.162)

0.081 ***
(0.030)

0.098 **
(0.047)

Ln(farm-scale operation area) 0.023 ***
(0.005)

Family size −0.003
(0.006)

−0.058 **
(0.024)

−0.003
(0.007)

−0.003
(0.006)

−0.003
(0.006)

Village political embeddedness 0.006
(0.022)

−0.129
(0.093)

0.006
(0.022)

0.007
(0.022)

0.006
(0.021)

Internet access 0.002
(0.028)

−0.093
(0.148)

0.002
(0.029)

0.001
(0.028)

0.001
(0.028)

Health shock 0.029 *
(0.015)

0.112
(0.084)

0.029 *
(0.015)

−0.030 **
(0.015)

0.028 *
(0.015)

Ln(Income level) −0.005
(0.010)

−0.877 ***
(0.107)

−0.005
(0.015)

−0.005
(0.010)

−0.006
(0.010)

Relative crop returns −0.104 ***
(0.040)

1.202 ***
(0.268)

−0.103 *
(0.055)

−0.096**
(0.039)

−0.105 ***
(0.041)

_Cons 1.197 ***
(0.212)

8.473 ***
(1.076)

0.889 ***
(0.155)

−0.863 ***
(0.109)

0.931 ***
(0.109)

N 3270 3277 3270 3270 3275
Adj R2 0.575 0.575 0.577

Instrumental variable 0.051 ***
(0.035)

First-stage F-statistic 386.46
Notes: Standard errors are presented in parentheses; ***, **, and * indicate statistical significance at 1%, 5%, and 10%,
respectively. Observations are model-specific household-year observations and may vary across columns because
observations with missing values in variables required by each model are excluded through listwise deletion.

4.1.2. Robustness Checks

To ensure that the finding is not driven by a particular model specification, we conduct
a series of robustness checks. First, because the dependent variable is a proportion bounded
between 0 and 1, we re-estimate the model using a panel fractional logit specification. As
reported in Column (2) of Table 2, the coefficient remains positive and statistically signif-
icant. Second, to test whether the results are sensitive to within-region error correlation,
we cluster standard errors at the prefecture level. The result in Column (3) remains similar.
Third, to check whether the results depend on how farm-scale expansion is measured,
we replace the core explanatory variable with the logarithm of village-level farm-scale
operation area. As shown in Column (4), the coefficient remains positive and significant.
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4.1.3. Endogeneity Test

To mitigate potential endogeneity concerns, this study employs an instrumental variable
(IV) approach (Table 2, Column 5). Following existing studies [41,43], the IV is constructed as
the average farm-scale expansion intensity of other villages within the same prefecture, ex-
cluding the focal village. Villages within the same prefecture share land-transfer markets and
agricultural environments, so expansion in other villages can predict that in the focal village.
The first-stage results confirm this relevance, with a strong correlation (F-statistic = 386.46).
To reduce the influence of common regional factors, the model controls for household char-
acteristics and agricultural conditions, and includes household and year fixed effects. The
second-stage results show that the coefficient of farm-scale expansion intensity remains
positive and significant, consistent with the baseline findings.

4.2. Characterizing Grain-Oriented Adjustment Through Production Inputs

A higher grain-sown share does not necessarily imply that smallholders participate
in grain production in a more efficient or sustainable manner. Rather than explaining the
entire process of crop switching, this section examines whether the observed grain-oriented
adjustment is accompanied by improved production conditions. To do so, we estimate
regressions using four production-input indicators, with the results reported in Table 3.

Table 3. Regression Results for Mechanism Analysis.

Variable (1) Cost Share of Purchased
Socialized Services

(2) Mechanization Level in
Grain Production

(3) Share of Self-Owned
Machinery Operations

(4) Family Agricultural
Labor Input

Farm-scale expansion intensity −0.065 **
(0.025)

−0.309 **
(0.128)

0.044 *
(0.026)

0.192 **
(0.092)

Control variables Yes Yes Yes Yes

_Cons −0.115
(0.644)

2.511 ***
(0.415)

−0.107
(0.148)

4.269 ***
(0.557)

N 2572 3270 2374 3114
Adj R2 0.041 0.579 0.410 0.337

Notes: ***, **, and * indicate statistical significance at 1%, 5%, and 10%, respectively. All models include the same
control variables, household fixed effects, and year fixed effects as in Table 2. Observations are model-specific
household-year observations. Differences in observations across columns mainly reflect variable-specific missing
values in the mechanism variables and listwise deletion.

We first examine changes in external service support. Column (1) shows that farm-
scale expansion is negatively associated with the cost share of purchased agricultural
socialized services in grain production. Column (2) shows a significant negative association
with mechanization level. Together, these results provide no evidence of stronger external
service support. Columns (3) and (4) turn to household-based inputs. Column (3) shows a
positive association with the share of self-owned machinery operations. Column (4) shows
a positive association with family agricultural labor input. This pattern is consistent with
greater reliance on household machinery and family labor when external support is limited.

Overall, greater participation in grain production does not necessarily mean that
smallholders benefit from the efficiency gains associated with the diffusion of modern
agricultural services. A more cautious interpretation is that the grain-oriented adjustment
observed here is accompanied by weaker external service support and greater reliance
on household-based inputs, making it closer to a constrained grain-oriented adjustment.
Rather than reflecting an efficiency-enhancing integration into modern agriculture, it
appears to be an adaptive strategy through which smallholders maintain grain production
under constrained production conditions.

4.3. Heterogeneity Analysis: Which Smallholders Become More Grain-Oriented?

Farm-scale expansion does not lead all smallholders to adjust their cropping patterns
in the same way. To examine these differences, we divide the sample by the median values
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of operated farmland area, land fragmentation, and household livelihood endowments,
using households’ 2020 baseline characteristics. We use subgroup regressions to capture
heterogeneous responses across different types of smallholders [38], providing a clearer view
of how farm-scale expansion relates to cropping pattern adjustment under different conditions.

Figure 2 plots the grouped regression results by land resource characteristics. The
estimates show that the positive association between farm-scale expansion and grain-sown
share is mainly observed among households with smaller operated farmland areas and
lower levels of land fragmentation. In contrast, the coefficients are not statistically sig-
nificant among households with larger operated areas or highly fragmented plots. One
possible explanation is that highly fragmented plots constrain production by limiting mech-
anized operations and reducing room for crop reallocation. By comparison, households
with smaller operated areas but less fragmented plots lack scale advantages but retain some
operational flexibility. This may explain why grain-oriented adjustment appears more
evident in this subgroup.

Figure 2. Subgroup estimates by operated farmland area and land fragmentation. Note: *** indicate
statistical significance at 1%, 5%, and 10%, respectively.

We further consider household life cycles and livelihood structures. By combining
age structure with off-farm employment, we classify smallholders into four groups: el-
derly full-time farmers, young full-time farmers, elderly part-time farmers, and young
part-time farmers. Figure 3 shows the grouped regression results. The positive associ-
ation between farm-scale expansion and grain-sown share is mainly observed among
young part-time farmers, while the coefficients for the other three groups are not statis-
tically significant. This pattern suggests that grain-oriented adjustment is less evident
among households fully dependent on farming or elderly households with weaker la-
bor capacity. Instead, it appears more pronounced among households that still have
labor capacity while allocating part of their labor to off-farm work. For these households,
grain production may be easier to combine with land retention, livelihood security, and
part-time employment.

The heterogeneity results further help interpret the nature of grain-oriented adjustment.
The results do not point to a general expansion among scale-advantaged households or a uni-
form response among all resource-constrained households. Rather, grain-oriented adjustment
appears more evident among smallholders who retain some room for production adjustment
but still face constraints in choosing high-input or service-dependent farming practices. This
pattern is consistent with the production input results above. Taken together, these findings
suggest that, under farm-scale expansion, a stronger orientation toward grain is more closely
related to household livelihood adjustment under constrained production conditions. It is less
likely to reflect clear efficiency gains from modern service spillovers.
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Figure 3. Subgroup estimates by age structure and non-farm employment combinations among small-
holders. Note: ** indicate statistical significance at 1%, 5%, and 10%, respectively. Following the Third
National Agricultural Census of China, individuals aged 55 and above are classified as elderly labor.

4.4. Moderating Effect of Cooperative Membership

The preceding results suggest that farm-scale expansion is associated with a pattern
consistent with constrained grain-oriented adjustment among smallholders. This section
further examines whether this pattern and smallholders’ grain production conditions differ
by cooperative membership. We first conduct separate regressions for cooperative members
and non-members. As shown in Figure 4, village-level farm-scale expansion intensity is
positively and significantly associated with grain-sown share among households that do
not belong to cooperatives. In contrast, this association is not statistically significant among
cooperative members. This suggests that cooperatives, as an organizational channel, may
help ease members’ difficulties in accessing external services and coordinating production.
Accordingly, their cropping adjustments do not exhibit the same pronounced grain-oriented
response observed among non-members.

We next estimate interaction models to further examine the moderating role of cooper-
ative membership. Column (1) of Table 4 shows that village-level farm-scale expansion in-
tensity is positively associated with the likelihood of being a cooperative member. Column
(2) shows a negative association between farm-scale expansion intensity and mechanization
in smallholders’ grain production. The interaction term between farm-scale expansion
intensity and cooperative membership is positive and statistically significant. This suggests
that the negative association between farm-scale expansion and mechanization is weaker
among cooperative members. Column (3) reports the moderating result for grain produc-
tion costs per unit area. The coefficient of village-level farm-scale expansion intensity is
significantly positive, whereas the interaction term is significantly negative. This indicates
that cooperative membership partly offsets the cost-increasing effect of farm-scale expan-
sion on grain production. Overall, cooperatives do not eliminate the changes in production
conditions associated with farm-scale expansion. However, cooperative members appear
to face less severe changes in mechanization support and production costs. This pattern
may reflect stronger organizational linkages or better access to production services among
cooperative members.
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Figure 4. Subgroup estimates by cooperative membership. Note: *** indicate statistical significance
at 1%, 5%, and 10%, respectively.

Table 4. Cooperative Membership and Its Moderating Effects on Mechanization and Grain Produc-
tion Costs.

Variable (1) Cooperative Membership (2) Mechanization Level (3) Grain Production Cost

Farm-scale
expansion intensity

0.059 *
(0.034)

−0.477 ***
(0.140)

0.044 *
(0.026)

Cooperative membership −0.174 **
(0.088)

0.027 *
(0.016)

Interaction term 0.766 ***
(0.237)

−0.167 *
(0.100)

Control variables Yes Yes Yes

_Cons 0.658 ***
(0.229)

2.574 ***
(0.410)

0.328 ***
(0.079)

N 3270 3270 2578
Adj R2 0.576 0.583 0.104

Notes: ***, **, and * indicate statistical significance at 1%, 5%, and 10%, respectively. All models include the same
control variables, household fixed effects, and year fixed effects as in Table 2. Observations are model-specific
household-year observations. Differences in observations across columns reflect missing values in the dependent
variables, interaction terms, or other model-specific variables, which are handled through listwise deletion.

5. Discussion
In the mainstream view of agricultural modernization, farm-scale expansion is often ex-

pected to improve resource allocation, promote agricultural services, and help smallholders
engage with modern agriculture. A key assumption is that better access to mechaniza-
tion and production services will gradually reach smallholders as larger farms expand.
Our findings suggest a more complex picture. Farm-scale expansion is associated with
a higher grain-sown share among smallholders, but it does not appear to improve their
grain production conditions. Mechanization levels and the use of agricultural services
do not increase accordingly. Instead, smallholders rely more on their own household re-
sources to sustain grain production. These results suggest that a stronger grain orientation
under farm-scale expansion does not necessarily reflect deeper integration into modern
agricultural production.

We interpret this pattern as constrained grain-oriented adjustment. It captures the
main finding: smallholders increase their grain-sown share, but production conditions
improve little. “Constrained” contrasts with efficiency-enhancing adjustment, indicating
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that grain production is not supported by higher mechanization or stronger external
services. Compared with explanations based on risk avoidance or livelihood security, this
term more precisely describes the coexistence of grain-oriented choices and constrained
production conditions under farm-scale expansion. A higher grain-sown share does not
imply stronger farming capacity. When operating boundaries are limited and external
support is weak, grain becomes a more manageable option. Compared with cash crops
or service-intensive farming, grain production is more standardized and involves more
controllable risks. The heterogeneity results support this interpretation. Grain-oriented
adjustment is more evident among households with greater flexibility, especially younger
part-time farmers and those with less fragmented land. For these households, farming
helps maintain land use, provide security, and supplement livelihoods, but is not the main
income source. Grain production is therefore easier to combine with off-farm work and
broader livelihood strategies.

If farm-scale expansion is associated with constrained grain-oriented adjustment,
the implications are twofold. From a national food security perspective, a higher grain-
sown share among continuing smallholders helps stabilize the grain cultivation base [44].
However, this effect is not uniform across regions and production systems [45]. In major
grain-producing areas, it typically reflects sustained land use for grain production, directly
supporting output and supply stability. In contrast, in cash-crop-oriented or peri-urban
systems, demand for cash crops is often stronger. In such contexts, this type of adjustment
is more likely to be driven by risk avoidance or livelihood considerations [46]. It may
disrupt existing production structures and has limited contribution to enhancing grain
production capacity [47]. At the household level, this adjustment means more family labor
and greater use of self-owned machinery, but it does not necessarily improve production
capacity. Existing studies show that agricultural socialized services can help smallholders
connect with modern agriculture [48]. However, our results suggest that these benefits
do not reach all smallholders under farm-scale expansion. The burden on households
depends on local conditions and service availability. Plot characteristics and service market
development affect smallholders’ access to mechanization and their production choices [49].
Therefore, a higher grain-sown share does not mean that smallholders are “planting grain
better,” nor that they are integrated into modern agriculture in a stable and efficient way.
A tension may still exist between national food security goals and the sustainability of
smallholder production and livelihoods.

This tension is not unique to China, but speaks to a broader challenge in agricultural
modernization across the Global South. International evidence shows that farm consol-
idation, commercialization, and value-chain integration do not automatically improve
smallholders’ production conditions [35,50,51]. Whether smallholders benefit depends on
their access to mechanization, services, markets, credit, and organizational support [20,52].
Our findings add to this debate by showing that smallholders may continue farming and
become more grain-oriented, but this adjustment is not necessarily efficiency-enhancing.
Instead, it may reflect an adaptive response under constrained production conditions. At
the same time, the Chinese case has its own institutional basis. Stable land contract rights
allow farmland to function not only as a production asset, but also as a source of household
security. This may help explain why smallholders continue to participate in farming even
when production conditions do not improve substantially.

If stable land rights help explain why smallholders continue farming, the next question
is how their continued participation can become less constrained. This brings organizational
channels to the foreground. The results show that cooperative membership is associated
with lower pressure in mechanization and lower grain production costs per unit area. This
suggests that cooperatives may help buffer the limited external support faced by smallhold-
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ers through organized services, resource coordination, and cost sharing. Cooperatives do
not eliminate the changes in production conditions associated with farm-scale expansion.
However, they appear to reshape how these changes affect member households. From
this perspective, farm-scale expansion should not be evaluated solely by the growth of
operational scale or a higher grain-sown share. Equally important is whether it can support
a more inclusive form of agricultural modernization and enable smallholders to participate
in agricultural production in a more efficient and sustainable way.

6. Conclusions, Policy Recommendations, and Limitations
6.1. Conclusions

Using panel data from the China Rural Revitalization Survey (CRRS) for 2020 and
2022, this study examines how village-level farm-scale expansion influences smallholders’
grain-sown share and their production conditions. The results show that greater farm-
scale expansion at the village level is associated with a higher grain-sown share among
smallholders. However, this shift toward grain production does not appear to reflect more
efficient participation in grain farming. Farm-scale expansion is linked to lower levels of
mechanization and a smaller share of spending on purchased agricultural services. At the
same time, smallholders rely more on their own machinery and devote more family labor
to agricultural production. These findings suggest that a higher grain-sown share does
not necessarily mean that smallholders benefit from the efficiency gains associated with
modern agricultural services and mechanization. We interpret this pattern as constrained
grain-oriented adjustment, which refers to a situation in which smallholders continue grain
production under limited external support and greater reliance on household resources.

The heterogeneity analysis shows that this adjustment is most evident among house-
holds with smaller farm sizes, lower land fragmentation, and younger part-time farmers.
Cooperative membership also matters. Smallholders who belong to cooperatives face less
pressure in mechanization and grain production costs per unit of land. Overall, a higher
grain-sown share under farm-scale expansion does not necessarily mean that smallholders
are producing grain under better conditions. The implications of farm-scale expansion
for sustainable agricultural transformation should therefore be assessed from a broader
perspective. Beyond changes in farm size or grain-sown share, attention should also be
paid to whether the conditions under which smallholders participate in grain production
have actually improved.

6.2. Policy Recommendations

Based on these findings, this study proposes three policy implications.
First, agricultural services for smallholders may need to better adapt to their produc-

tion conditions. For part-time households, service provision could be more flexible so that
mechanized operations and production trusteeship better match their farming schedules
and off-farm work. For smallholders with small or fragmented plots, coordinated ser-
vice arrangements may improve service coordination and timeliness, such as village-level
booking, area-based operations, and machinery scheduling.

Second, cooperatives may play a more important organizational role in smallholder
grain production. The results on cooperative membership suggest that cooperatives can
help ease production constraints by pooling service demand and coordinating mecha-
nized operations. Policy efforts could therefore focus on whether cooperative services can
consistently and effectively reach ordinary smallholders.

Third, when promoting farm-scale expansion, policy design could pay more attention to
how it connects with shared service systems for smallholders. Where possible, support for scale
operators, such as subsidies or project funding, could be tied to their provision of machinery
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services and production support for nearby smallholders. This could increase the chances that
farm-scale expansion not only leads to more concentrated land operations, but also improves
the conditions under which smallholders continue to participate in grain production.

6.3. Limitations

Despite its contributions, this study has two main limitations. First, it uses only two
waves of panel data from 2020 and 2022, so it captures short-term relationships rather
than long-term dynamics between farm-scale expansion and smallholder grain production.
Therefore, the policy implications should be understood as inferences based on short-term
observations, rather than as evidence of whether these policies can produce sustained
effects over time. Second, the characterization of constrained grain-oriented adjustment is
based on observed combinations of production processes and input structures. This concept
is better viewed as an interpretive summary, rather than a directly tested causal mechanism.
In addition, residual endogeneity may still remain despite the use of fixed effects and
robustness checks, and some self-reported input variables may contain measurement error.
The findings should also be generalized with caution beyond China’s institutional context,
especially where land tenure and agricultural service systems differ. Future research should
examine the persistence of this pattern, its mechanisms, and its variation across contexts.
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