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Abstract

In rural China, male offspring are traditionally regarded as the primary heirs of household
assets, particularly land. This study examines the impact of offspring gender composition
on long-term agricultural investment behavior, using commercial organic fertilizer application
as an example of a strategic long-term investment in farmland. Based on cross-sectional data
from 4090 rice farming households across 10 cities (counties) in Hubei province, collected
between 2021 and 2023, this analysis identifies three key findings. First, the absence of
male offspring significantly reduces long-term agricultural investments, a result that remains
robust even when addressing potential endogeneity biases using instrumental variable techni-
ques. Second, households without male heirs exhibit stronger present-oriented preferences
and diminished social capital, which further hinder long-term agricultural investments.
Third, the negative impact of not having male offspring is more pronounced when the current
agricultural decision-maker is male and when land marketization is underdeveloped. These
findings underscore the complex interplay between gender norms and agricultural behavior,
revealing significant socioeconomic implications of inheritance practices. The study provides
insights into addressing these challenges by emphasizing the importance of promoting gender
equality and advancing land marketization to enhance equitable land use and support
long-term agricultural investment.

Introduction

The impact of household human capital on agricultural production decisions has drawn con-
siderable scholarly attention. Existing research predominantly focuses on current agricultural
labor endowments, such as age, education, health, farming experience, and their effects on
long-term investment behaviors (Foster and Rosenzweig, 2010; Abdulai and Huffman, 2014;
Zhang et al., 2022; Li et al., 2024). While this perspective offers valuable insights, it overlooks
the dual dimensions of investment decisions: current resource availability and forward-looking
expectations (Huffman, 1985). For example, stable land tenure expectations drive land invest-
ments by enhancing security, collateral, and liquidity effects (Cao, Bai and Zhang, 2020; Senda
et al, 2022), underscoring the importance of long-term resource accessibility in decision-
making (Zhou, Lu and Zou, 2023). However, a comparable focus on labor remains limited.
Future labor availability, mainly reflected by offspring gender composition, holds potential
implications for long-term agricultural strategies but remains underexplored.

Throughout China’s extensive history of agrarian production, families served as both kin-
ship networks and economic units, embedding enduring family-centered ideologies (Hansen,
Jensen and Skovsgaard, 2015; Fredriksson and Gupta, 2023). Male offspring, valued for their
physical advantages, emerged as central figures in agricultural labor, enabling households to
expand arable land and enhance bargaining power within village communities (Sheridan
et al., 2023). These roles facilitated access to external resources and bolstered the household’s
economic status (Boserup, Tan and Toulmin, 2007). Consequently, this gender-based division
of labor reinforced cultural norms that positioned women within the domestic sphere while
men engaged in external economic roles (Becker, 1985; Alesina, Giuliano and Nunn, 2013).
Furthermore, ideologies emphasized the imperatives of ‘continuing the family line’
(‘Continuing the family line’ refers to the perpetuation of a family’s lineage, traditionally
through the birth of sons who can carry on the family name and heritage across generations.)
and ‘raising sons for old age’ (‘Raising sons for old age’ signifies the traditional belief that rais-
ing sons ensures support and care in one’s old age. It encompasses raising children to provide
security and support during later years.), underscoring the sociocultural importance of male
offspring, entrenched male offspring as primary inheritors of family assets, particularly land
and property (Alesina and Giuliano, 2010; Breitenbach and Foguesatto, 2023; Edafe et al,,
2023; Bavorova et al., 2024). In contrast, female offspring, perceived as a labor loss due to
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marital relocation—encapsulated by the saying ‘a married daugh-
ter is like spilt water’ (The saying ‘a married daughter is like spilt
water” signifies that once a daughter is married, she is no longer
considered part of her natal family. This idiom compares a mar-
ried daughter to water spilt onto the ground, which spreads and
seeps into the soil, becoming irretrievable. This metaphor high-
lights the traditional belief in the severance of ties between a
daughter and her birth family after marriage, underscoring the
notion that she no longer has any connection to her natal fam-
ily.)—were often excluded from substantial inheritance (Fei,
Hamilton and Zheng, 1992). This entrenched framework of gen-
dered resource allocation highlights household expectations for
male and female offspring, raising critical questions about its
implications for long-term agricultural investment.

The role of offspring gender composition in shaping household
agricultural investment decisions

When households have male offspring, they gain heirs to inherit
family assets and continue the family lineage (Glauben et al,
2009; Alesina, Giuliano and Nunn, 2013). This reduces decision-
makers’ preference for immediate returns, encouraging them to
prioritize long-term strategies, such as organic fertilizer applica-
tion, that support intergenerational survival (Arends-kuenning
et al, 2021; Breitenbach and Foguesatto, 2023). Meanwhile,
male heirs are pivotal in building household social capital through
active participation in village collective affairs and labor-sharing
activities during peak agricultural seasons (Alesina, Giuliano
and Nunn, 2013). Stronger social capital enables households to
mitigate the labor, credit, and information constraints that often
hinder long-term agricultural investments (Shiferaw, Okello and
Reddy, 2009; Magnan et al., 2015; Gao et al., 2019). By contrast,
households with only female offspring face constraints in long-
term labor availability, which weaken their intergenerational plan-
ning and reinforce their preference for immediate returns
(Wheeler et al, 2012). These constraints exacerbate challenges,
coupled with insufficient social capital, further limiting their abil-
ity to pursue long-term agricultural investments (Shiferaw, Okello
and Reddy, 2009; Gao et al., 2019; Xie et al., 2024).

The current study

The purpose of this study is to examine whether and how off-
spring gender composition influences household long-term agri-
cultural investment behavior, focusing on commercial organic
fertilizer adoption (Gao, Sun and Huang, 2017; Zhou, Cheng
and Zhang, 2022). Analyzing cross-sectional data from 4090 rice-
growing households across 10 counties in Hubei province, China
(2021-2023), ordinary least-squares (OLS) regressions reveal a
significant negative relationship between the absence of male off-
spring and long-term investments. Instrumental variable (IV)
techniques are employed to address potential endogeneity. We
examine two key pathways through which offspring gender com-
position affects investment decisions: psychological and decision-
making tendencies, reflected in time preferences, and external
resource acquisition, mediated by social capital. The analysis
also highlights heterogeneity, distinguishing between internal fac-
tors, such as the gender of the agricultural decision-maker, and
external conditions, including the level of land marketization.
The contributions of this paper are twofold. First, it extends
the existing literature by shifting the focus from the short-term
availability of human capital to forward-looking expectations, as
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reflected in the offspring gender composition. This perspective
highlights how differences in the long-term availability of oft-
spring labor influence household long-term agricultural invest-
ments. Second, the paper identifies both the mechanisms
through which offspring gender composition impacts investment
behavior and the heterogeneity of these effects, offering valuable
guidance for policymakers.

Theoretical framework and research hypothesis

Offspring gender composition and long-term investment
behavior in rural households

China’s principles of ‘no increase in land with population growth,
no decrease with population decline’ (‘Increase in population with-
out an increase in land, decrease in population without a decrease
in land’ is a significant institutional arrangement in rural China.
Under this system, rural households are regarded as the primary
entities holding the contractual management rights to land. As a
result, the death or migration of one or more family members
does not affect the household’s entitlement to possess, use, and
benefit from the contracted land. If members listed on a household
registration migrate out of the household but remain within the vil-
lage collective, they may negotiate with the original household head
to claim a portion of the land rights; however, they are not eligible
to obtain additional land. When all the natal family’s hukou mem-
bers pass away, the village collective recovers the contracted land.)
aim to clarify land management rights and stabilize farmers’ expec-
tations. This policy strengthens farmland’s property attributes, pro-
viding greater security and predictability (Zhou, Lu and Zou, 2023).
Despite these efforts, land redistribution within farming house-
holds remains challenging, particularly during ‘family division’
when offspring marry. (‘Family division’ refers to the process in
which relatives who previously cohabited divide their shared family
assets, establishing separate households and living independently.
Upon marriage and forming a new household, a male offspring
relocating from the original household registration while remaining
within the same village collective can negotiate with the original
household head to claim a share of the family’s contracted land.
However, additional land cannot be obtained. He retains inherit-
ance rights to the family’s contracted land if he stays registered
with the original household.) This process often exposes gender-
based disparities, with male offspring typically inheriting family
assets (Breitenbach and Foguesatto, 2023; Edafe et al, 2023;
Bavorovd et al., 2024). The preference for male heirs is driven by
three primary factors.

First, male offspring are seen as the bearers of the family lin-
eage. They inherit the Y chromosome from their ancestors, and
the father’s chromosomes determine the sex of the offspring.
Passing on the Y chromosome results in a male child, while pas-
sing on the X chromosome results in a female child (Jobling and
Tyler-Smith 2003). Furthermore, male offspring increase the fam-
ily population through marriage, integrating their wives into the
family and having children (Fei, Hamilton and Zheng, 1992).
Thus, male offspring are considered capable of ‘continuing the
family line’ and ensuring the ‘prosperity of the family’.
Historically, China has followed the tradition of ‘women are not
included in genealogy’, meaning only males are listed in family
records as they are believed to continue the family bloodline.

Second, male offspring are traditionally viewed as the guar-
dians of family property. In rural families, this concept extends
beyond financial assets to include land. Rooted in the concept
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of ‘obedience to the husband after marriage’ (‘Obedience to the
husband after marriage’ is a principle rooted in the Three
Obediences and Four Virtues, constituting a foundational set of
moral principles for women in Confucianism. These doctrines
dictate that a virtuous woman must adhere to the authority of
the male figures in her life: obeying her father before marriage,
her husband during marriage, and her son if widowed.), marriage
customs typically require female offspring to relocate to their hus-
band’s household (Zhang, 2019; Du, Xiao and Zhao 2021). This
practice reduces the natal family’s labor force and increases the
risk of the property being transferred to the husband’s family,
potentially leading to a net outflow of assets (Fei, Hamilton and
Zheng, 1992). Furthermore, marriage typically creates a separ-
ation between women and the land, compounded by cultural per-
ceptions of women as less capable of managing agriculture,
thereby weakening their ability to safeguard the natal family’s
contracted land (Edafe et al., 2023; Bavorova et al, 2024).
(A more severe scenario arises when female offspring transfer
their household registration (hukou) to their husband’s village
or region upon marriage, losing the collective membership neces-
sary to inherit their natal family’s contracted land. As a result,
when all original household members pass away, the land reverts
to collective ownership.) In contrast, when male offspring marry,
their spouses’ integration and children’s birth enhance the
family’s labor force and property retention capacity.

Third, male offspring are viewed as the primary bearers of filial
responsibility. This perception arises from both physiological and
socioeconomic considerations. Specifically, males traditionally
serve as the primary labor force in agricultural societies, a role
often attributed to their physical strength advantages (Alesina,
Giuliano and Nunn, 2013; Sheridan et al., 2023). This physio-
logical distinction, reinforced by cultural norms surrounding gen-
dered labor division, underpins the broader economic and social
roles assigned to males, whereas females are typically tasked with
domestic responsibilities and childcare (Becker, 1985). Thus, rural
families prioritize educational and economic investments in male
offspring, viewing their labor capacity and income potential as
essential for safeguarding family property and ensuring reliable
old-age support (Zhang, 2019). (However, in households without
male offspring, traditional intergenerational support is limited,
and government subsidies provide essential support for such fam-
ilies to sustain their livelihoods and address old-age security
needs. Individuals aged 50 or older with agricultural household
registration and one or two surviving daughters receive annual
subsidies: 600 yuan for ages 50-54, 1200 yuan for single-daughter
households aged 55 and above, and 960 yuan for dual-daughter
households in the same age range.)

Although daughters possess legal inheritance rights, rural cus-
toms and practical constraints often impede transferring family
land contracting rights to female offspring (Breitenbach and
Foguesatto, 2023; Bavorova et al., 2024). Therefore, when farming
households lack male offspring, they face challenges in succession,
asset retention, and economic capacity, which weaken interge-
nerational demands (Wheeler et al., 2012). Long-term agricultural
investments require substantial financial input and extended
return cycles (Kansanga et al., 2021). Organic fertilizer exempli-
fies this, as it decomposes gradually, releasing nutrients gradually
and necessitating continuous application across multiple planting
cycles to enhance soil fertility and crop yields (Adekiya et al,
2020; Zheng et al., 2024). Families without male offspring often
question the viability of long-term investments, fearing these
efforts may not be inherited or effectively utilized. This concern
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is amplified by the limited timeframe for aging laborers, whose
physical decline diminishes the returns on such investments.
(Although families without male heirs may theoretically have a
longer decision-making period, the agricultural labor structure
and the late emphasis on sustainable agricultural practices limit
long-term investment incentives. First, the rural workforce is
increasingly dominated by older laborers as younger workers
migrate to higher-paying off-farm jobs. Those returning to farm-
ing are often near retirement, leaving little time for long-term
agricultural investments. Second, sustainable agriculture has
only recently become a policy priority in China. Early agricultural
policies emphasized production, with little regard for sustainabil-
ity. Not until 2016, with the Central Government’s No. 1
Document, did resource conservation and ecological restoration
emerge as core objectives.) Consequently, these families prioritize
basic subsistence and shift resources away from long-term invest-
ments toward immediate economic needs (Breitenbach and
Foguesatto, 2023). In contrast, families with male offspring, dri-
ven by the need to preserve land for generational transfer, exhibit
greater confidence in the continuity of their investments. This
assurance drives them to prioritize enhancing the land’s value
as an inheritable asset and securing its long-term productivity
to meet intergenerational demands (Foguesatto et al., 2020).
Based on this, the following hypothesis is proposed:

H1: The absence of male offspring inhibits long-term agricultural
investment behavior.

Pathways through which offspring gender composition affects
long-term investment behavior in rural households

Offspring gender composition influences long-term investment
behavior in rural households through two main pathways:
changes in internal family psychology and decision-making ten-
dencies, specifically time preference, and variations in external
resource acquisition and capabilities, namely social capital.

Offspring gender composition, time preference, and long-term
investment behavior

The absence of male offspring influences household time prefer-
ences, shaping long-term agricultural investment behavior. These
investments, such as organic fertilizer application, require imme-
diate costs with benefits accruing over time, making them classic
intertemporal decisions (Zhou, Cheng and Zhang, 2022; Zheng
et al., 2024). Psychological mechanisms, particularly time prefer-
ence and discount rates, govern these decisions. Time preference
refers to the inclination to prioritize immediate utility over
delayed utility (Frederick, Loewenstein and O’Donoghue, 2002):
a higher time preference indicates a stronger preference for imme-
diate satisfaction, whereas a lower time preference reflects a
greater willingness to defer gratification for future rewards
(Thaler, 1981; Harris and Laibson, 2013; Kennedy, 2020).
According to time preference theory, these evaluations of future
returns influence households’ decisions on long-term investments
(Shiferaw, Okello and Reddy, 2009; Thaler, 2016).

As previously discussed, the gender composition of offspring
profoundly shapes household expectations regarding long-term
labor availability, influencing intergenerational inheritance strat-
egies, particularly regarding land (Breitenbach and Foguesatto,
2023; Bavorova et al., 2024). Households without male offspring,
constrained by the post-marriage relocation of female offspring,
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often face reduced intergenerational inheritance needs (Zhang,
2019; Du, Xiao and Zhao 2021). Without reliable mechanisms
to transfer land across generations, these households emphasize
immediate financial returns, prioritizing short-term utility over
long-term productivity (Wheeler et al., 2012). This inclination
reflects a higher time preference, favoring immediate gains over
investments with delayed returns (Kennedy, 2020). In contrast,
households with male offspring anticipate a stable future labor
supply. Male offspring’s marriages typically expand household
size by integrating spouses and children, ensuring continuity in
family (Fei, Hamilton and Zheng, 1992). This expectation
strengthens their commitment to preserving arable land as a dur-
able family asset, prioritizing its long-term generational value over
immediate returns. As a result, these households exhibit a lower
time preference, aligning their investment strategies with interge-
nerational continuity (Thaler, 1981).

Time preferences further shape farmers’ long-term investment
decisions (Thaler, 2016). Farmers with low time preference are
more likely to undertake long-term investments characterized by
extended return cycles and substantial potential for future appreci-
ation, thereby maximizing intergenerational benefits (Thaler, 1981;
O’Donoghue and Rabin, 1999). As such, they are more inclined to
invest in high-cost, long-term ventures like organic fertilizers and
biopesticides, which contribute to long-term agricultural productiv-
ity and sustainability (Mao et al.,, 2021). In contrast, farmers with
high time preferences tend to focus on immediate gains and short-
term satisfaction (Thaler, 1981). They prefer agricultural inputs
with quick paybacks, such as chemical fertilizers and pesticides,
and typically avoid long-term investments with delayed returns,
even if such investments could improve production efficiency and
support sustainable land use in the long run. Based on this, the fol-
lowing hypothesis is proposed:

H2: The absence of male offspring increases time preference,
inhibiting long-term agricultural investment behavior in farming
households.

Offspring gender composition, social capital, and long-term
investment behavior
Offspring gender composition significantly shapes long-term
agricultural investment behavior by influencing household social
capital. Rural areas in China are often described as ‘relational
societies’, where social capital serves as a vital supplement to for-
mal institutions (Gao et al., 2019). Social capital, defined as
resources obtained through social interactions such as networks,
trust, and reciprocity (Coleman, 1988; Putnam, 1993), underpins
many aspects of rural life. Within this context, offspring gender
composition directly impacts the construction and accumulation
of household social capital (Boserup, Tan and Toulmin, 2007).
Families with male offspring typically hold a stronger voice in
village collective affairs. These families frequently contribute more
labor to communal projects, such as repairing canals and roads
(Alesina, Giuliano and Nunn, 2013), traditionally assigned to
men due to gender-based labor division (Becker, 1985). By con-
tributing labor, the family enhances its social influence within
the village, accumulating social capital (Putnam, 2000).
Moreover, the seasonal nature of agricultural work further under-
scores the importance of male offspring. During peak agricultural
periods, families with male offspring are better equipped to par-
ticipate in labor-sharing activities (Krishna, 2001). These arrange-
ments reinforce reciprocal ties and broaden social networks by
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fostering cooperative household relationships. Over time, such
interactions enable these families to accumulate higher levels of
social capital (Fredriksson and Gupta, 2023). In contrast, families
without male offspring limit their engagement in collective affairs
and communal interactions. Consequently, they tend to form
weaker social networks, gain less access to shared resources, and
build relatively lower levels of social capital.

Long-term investments are often hindered by deficiencies in
labor, credit, and information markets (Shiferaw, Okello and
Reddy, 2009). Social capital, as an informal institution, mitigates
these issues by coordinating labor, facilitating access to financial
resources, and promoting information flow (Gao et al, 2019).
However, its erosion weakens this capacity. First, the decline in
social capital worsens labor shortages by disrupting labor-sharing
arrangements that enable farmers to share workforce resources
during peak agricultural seasons (Krishna, 2001). Second, dimin-
ished social capital restricts access to informal financial networks,
heightening liquidity constraints for cash-strapped households
(Wossen, Berger and Di Falco, 2015). This limitation restricts
farmers’ ability to adopt long-term agricultural investments,
which require high upfront costs and offer returns only over
extended periods (Gao, Sun and Huang, 2017). Third, reduced
social capital disrupts information dissemination, widening infor-
mation asymmetries and increasing the transaction costs of
adopting new technologies (Rogers, Singhal and Quinlan, 2008;
Xie et al., 2024). Farmers without access to solid peer networks
struggle to acquire reliable knowledge about the benefits and
proper usage of investments (Kassie et al., 2013). Empirical evi-
dence indicates that farmers consistently regard peers as their
most trusted and reliable sources of information (Magnan et al.,
2015). When these networks weaken, uncertainties regarding
new technologies grow, and trial-and-error costs rise, further dis-
couraging investment (Conley and Udry, 2010). Based on this, the
following hypothesis is proposed:

H3: The absence of male offspring reduces household social cap-
ital, inhibiting long-term agricultural investment behavior.

In summary, this paper constructs a theoretical framework illus-
trating how the offspring gender composition affects long-term
agricultural investment behavior (Fig. 1).

Materials and methods
Data collection

The data for this study were collected in a cross-sectional house-
hold survey in 2021, 2022, and 2023 in Hubei province’s primary
rice-producing regions. Hubei province is a central grain-
producing region in China with high agricultural production
levels. Selecting Hubei reflects central China’s agricultural pro-
duction and management patterns. Additionally, its central loca-
tion offers a unique context for examining family cultural
characteristics and gender roles. Rice occupies the largest planting
area in Hubei, approximately 28.02% (source of data: Hubei
Provincial Bureau of Statistics), followed by wheat and corn.
Thus, focusing on rice farmers allows this study to gain deeper
insights into agricultural investment behavior and decision-
making mechanisms.

All respondents in this study provided informed consent by
signing a consent form that outlined the risks and benefits of par-
ticipation, confidentiality clauses, and the incentives offered. Each
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Figure 1. Theoretical framework for the impact of offspring gender composition on long-term investment behavior.

respondent received an incentive of 15 yuan, regardless of the com-
pleteness of their questionnaire responses. The regions surveyed
included Zhijiang city, Qianjiang city, Xiantao city, Honghu city,
Wuxue city, Jingshan city, Zhongxiang city, Shayang county,
Qichun county, and Xinzhou district. The survey employed a
multi-stage random sampling process: two to three townships or
streets were selected in each area, followed by two to three admin-
istrative villages within those townships or streets, and finally, at
least 25 rice-farming households in each village were surveyed.

This paper investigates how offspring gender composition
shapes long-term agricultural investment behavior in farming
households. The analysis includes only farming households with
at least one second-generation offspring, excluding non-farming
households, as they do not engage in agricultural investment deci-
sions. Households without children are also excluded for two rea-
sons. First, as the study centers on offspring gender composition,
the presence of children is essential. Second, including childless
households, which consist of newly formed families and estab-
lished families without children, could distort the findings by
diluting the focus on the latter. The final sample comprises
4090 households (1246 from 2021, 1469 from 2022, and 1375
from 2023) after excluding 383 non-farming households
(7.77%) and 459 households without offspring (10.09%) from
the initial pool.

Variable selection and measurement

Dependent variable
The dependent variable in this study is long-term agricultural
investment behavior, measured by the expenditure on commercial
organic fertilizer per mu (667 m*) of land in the previous year
(Zhou, Cheng and Zhang, 2022). This measure is appropriate
because organic fertilizers provide lasting benefits beyond the cur-
rent growing season, making them a recognized proxy for long-
term agricultural investments (Jacoby, Li and Rozelle, 2002;
Gao, Sun and Huang, 2017; Zhou, Cheng and Zhang, 2022).
Unlike chemical fertilizers, which primarily offer immediate
nutrients for crop growth, organic fertilizers improve soil struc-
ture and water retention capacity, supporting sustainable product-
ivity over time (Zheng et al., 2024).

Organic fertilizers are broadly divided into commercial and
homemade types. However, this study focuses exclusively on com-
mercial organic fertilizers due to the significant decline in the use of
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homemade fertilizers in rural China. This decline is attributed to
rising incomes, stricter environmental regulations, and changing
rural lifestyles (Lui, Huang, and Zikhali, 2014). Policies such as
the Regulations on Pollution Prevention and Control of Livestock
and Poultry Farming and the Animal Husbandry Law have further
accelerated the separation of livestock rearing from crop cultivation
at the household level. Consequently, the proportion of rural
households simultaneously engaging in both activities fell from
71% in 1986 to 12% in 2017, with this trend continuing (Jin
et al, 2021). Additionally, the Rural Living Environment
Improvement Action Plan (2021-2025), which mandates replacing
traditional dry toilets with flushing systems, has further reduced
the availability of human and animal waste for fertilizer production.

Core independent variable

Following Li and Qian (2021), we use the presence or absence of
male offspring to represent gender composition. Specifically, if a
household has no male offspring in the second generation, the vari-
able is assigned a value of 1; if the household has male offspring in
the second generation, the variable is assigned a value of 0.

In our sample, the average expenditure on commercial organic
fertilizer per mu significantly differs between households with and
without male offspring, which is statistically significant at the 1%
level. Households with male offspring have an average commer-
cial organic fertilizer expenditure per mu of 12.547, whereas
households without male offspring have an average expenditure
of 6.806 (Table 1). This suggests that the presence or absence of

Table 1. Long-term investment behavior by offspring gender composition

Dependent variable:
Long-term investment

behavior
Offspring gender composition Mean S.D.
No male offspring 6.806 1.097
Have male offspring 12.547 0.724
Difference 5.741***

Note: The difference represents the mean difference in commercial organic fertilizer
expenditure per mu between households with and without male offspring.

Significance levels are indicated as follows: ***, **, and * are significant at 1, 5 and 10%,
respectively.
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male offspring may influence long-term agricultural investment
behavior.

Mediator variable

This study considers two mediator variables: time preference and
social capital. Referring to the research by Frederick, Loewenstein
and O’Donoghue (2002), two methods exist to estimate an indi-
vidual’s time preference. The first method indirectly infers time
preference by analyzing individuals’ decision-making and plan-
ning activities in daily life, using these behaviors as proxy vari-
ables. The second method asks respondents about their
intertemporal choices to estimate time preference. Due to the
indirect inference method’s complexity and susceptibility to exter-
nal factors, this study adopts the second, more direct approach by
asking farmers, ‘Do you prefer to choose crop varieties with
shorter growth cycles?” Farmers with solid time preferences are
likelier to select fast-maturing crop varieties because they provide
quicker economic returns, satisfying their preference for immedi-
ate benefits.

This study measures social capital using three dimensions:
social networks, trust, and norms, following the methodology of
Guo, Chen and Zhang (2022). Precisely, social networks are mea-
sured by the number of relatives and friends visited during the
previous Chinese New Year. Social trust is assessed by the respon-
dent’s satisfaction with neighborhood relations (ranging from 1 =
very dissatisfied to 5 = very satisfied). Social norms are measured
by the number of civil disputes in the village yearly. Considering
the impact of the overall social capital level of the village on indi-
vidual social capital—since the effect of a given amount of indi-
vidual social capital can vary depending on the village’s total
social capital—we measure the relative advantage of individual
social capital within the village’s social capital, based on the
study by Li, Lin and Jin (2019). The specific process is as follows:
first, the scores for social networks, trust, and norms Kj; are
assigned weights W; determined by the entropy method, and
each farmer’s individual social capital S; is calculated using a
weighted sum (Equation (1)). Second, the total social capital of
the village S is obtained by summing the individual social capital
of all farmers (Equation (2)). Finally, the ratio of a farmer’s indi-
vidual social capital S; to the village’s total social capital S is used
as the farmer’s available social capital SCA; within the village
(Equation (3)).

5
S =Y Wik; ¢))
j=1

n

S=)_S @

=1

SCA; = Si/S 3)

In the above formulas, Kj; denotes the score of the i-th farmer on
the j-th dimension. W; is the weight assigned to the j-th dimen-
sion. S; represents the individual social capital of the i-th farmer
(where i=1, 2, 3, ..., n). S signifies the total social capital at the
village level. SCA; indicates the available social capital for the
i-th farmer within the village, and # is the total number of farmers
in the sample.
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Control variable
To minimize potential omitted variable bias, this study incorpo-
rates controls for several essential factors. Individual characteristics
of the agricultural decision-maker—such as age, education, political
affiliation, and health—are included to capture personal character-
istics influencing decision-making (Foster and Rosenzweig, 2010;
Guo, Chen and Zhang, 2022). Household-level characteristics,
including the number of agricultural laborers, total annual income
(including wage income, net business income, net property income,
and net transfer income), household savings rate, hukou migration,
and cooperative membership, control for variations in household
resources that may affect long-term investment behavior (Wei
and Zhang, 2011; Guo, Chen and Zhang, 2022). Land-related vari-
ables, such as the total area of cultivated paddy fields, number of
field plots, soil fertility, distance from residence to fields, and
land tenure certification status, account for differences in land
endowments (Zhou, Cheng and Zhang, 2022). Beyond these intrin-
sic factors, village-level controls capture external influences on
long-term investment behavior, such as farmland consolidation
projects and the village’s economic conditions (Corsi, 2009; Pun,
Joshi and Pun, 2024). The model incorporates town-level fixed
effects to account for regional variations, capturing factors such
as climate, ecological conditions, availability of agricultural inputs,
access to technology, and input prices (Bar-Shira, Finkelshtain and
Simhon, 2006). Additionally, time-fixed effects are incorporated to
account for macroeconomic and seasonal fluctuations.

Table 2 reports the definitions, assignments, and descriptive
statistics of the variables.

Model setting

Baseline regression model

To investigate the impact of offspring gender composition on the
long-term investment behavior of rural households, we specify the
following baseline regression model:

LIBy = agp + a,0GCy; + a,Controly + 6, + vy, + €it (4)

In Equation (4), LIB; represents the long-term investment behavior
of household i in year t, measured as a continuous variable. The OLS
method is employed for estimation. OGC;, denotes the absence of
male offspring in household i in year t, Control;; includes individual
characteristics, household factors, land features, and village-level
conditions. 6, and 7, represent regional and temporal fixed effects,
respectively, to account for unobserved heterogeneity across regions
and time periods. ay is the intercept, a; and a, are coefficients to be
estimated, and g;; is the random error term.

Mechanism effect test
Following Jiang (2022), we further identify the causal relationship
between the core explanatory variable and the mediator variables
to explore how offspring gender composition affects the long-
term investment behavior of rural households. The specific
model is set as follows:

M;; = By + B,0GC;; + B,Controly + 6, + v, + €' (5)

In Equation (5), M;, represents the mediator variables, including
time preference and social capital. OGC;, denotes the absence of
male offspring, and Control;; includes the same control variables
as in Equation (4). 6, and ¥, capture regional and temporal
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Table 2. Descriptive statistics of variables

Variable Description Mean S.D.

Long-term agricultural Expenditure on commercial organic fertilizer per mu (yuan) 11.580 40.331

investment behavior

Absence of male offspring Whether there are no male offspring in the second generation: 0=No, 1=Yes 0.168 0.374

Time preference Whether the household prefers short-growth cycle crops: 0=No, 1=Yes 0.067 0.250

Social capital The ratio of an individual’s social capital to the total social capital of their village as 0.037 0.012
measured by SCA; (see Formula (3)).

Age Age of the agricultural decision-maker (years) 61.238 9.597

Education Years of education of the agricultural decision-maker (years) 7.446 3.325

Political affiliation Whether the agricultural decision-maker is a member of the Communist Party of 0.120 0.325
China: 0=No, 1=Yes

Health Self-assessed health status of the agricultural decision-maker: 1 =Very unhealthy, 5 3.870 0.836
=Very healthy

Agricultural labor stock Number of agricultural laborers in the household over the past year (persons) 1.947 0.923

Household income Total annual household income (yuan) 85,659.355 62,296.539

Household savings rate The percentage of income that remains after deducting household expenditures 36.262 25.843

Hukou migration Whether any household members have changed household registration in the past 5 0.182 0.386
years: 0=No, 1=Yes

Cooperative participation Whether participated in rural cooperative: 0=No, 1=Yes 0.132 0.339

Field area Total area of paddy fields managed over the past year (mu) 15.196 15.030

Field plots Number of paddy field plots cultivated over the past year (blocks) 10.217 15.399

Soil fertility Overall self-reported soil fertility: 1=Poor, 2 =Average, 3 =Good 2.484 0.584

Distance from residence to field Distance from the household residence to the paddy fields (km) 0.496 0.398

Land tenure certification Whether the household has received the latest round of land tenure certification: 0= 0.926 0.261
No, 1=Yes

Village farmland consolidation Implementation of farmland consolidation in the village in the past 5 years: 0= No, 0.733 0.442
1=Yes

Village economic level Whether the village is a poverty-stricken village: 0=No, 1=Yes 0.168 0.374

Note: Descriptive statistics for log-transformed variables are based on the original values; log transformation is applied in model estimation.

fixed effects, respectively. f, is the intercept, §; and f3, are coeffi-
cients to be estimated, and &;; is the random error term. If 3, is
statistically significant, it suggests that the absence of male off-
spring significantly influences the mechanism variable, thereby
suggesting a causal pathway.

Results and discussion
Baseline results

Table 3 presents the regression results on the impact of offspring
gender composition on long-term agricultural investment behav-
ior. The estimates in columns (1) and (2) show that, after control-
ling for individual characteristics of the agricultural
decision-maker, household characteristics, land endowment fea-
tures, village-level conditions, as well as regional and temporal
fixed effects, the absence of male offspring has a significant nega-
tive effect on long-term agricultural investment behavior. This
effect is significant at the 1% level, confirming HI: the absence
of male offspring significantly inhibits long-term agricultural
investment behavior in households.

The control variables also provide important insights. The age
of the agricultural decision-maker exhibits a significant negative
effect, suggesting that older decision-makers are less inclined to
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pursue long-term investments. Hukou migration similarly has a
statistically significant negative impact, reflecting how labor
mobility can hinder such investments. Conversely, decision-
makers who are members of the Communist Party of China are
more likely to make long-term investments. Land-related vari-
ables, such as the total field area and the number of field plots,
show negative effects, implying that larger operational scales
may lead to management challenges that deter long-term invest-
ments, which are consistent with the findings of Cao, Bai and
Zhang (2020). In addition, greater distances between residences
and fields significantly hinder investment, underlining the critical
role of geographic proximity in agricultural production. Land ten-
ure certification positively influences long-term investments, sup-
porting Zhou, Cheng and Zhang (2022), who emphasized the role
of clear ownership rights in promoting long-term agricultural
investments. Furthermore, village farmland consolidation signifi-
cantly enhances investment behavior, aligning with the findings of
Pun, Joshi and Pun (2024).

Endogeneity discussion

One major issue in this study is the potential endogeneity of off-
spring gender composition. The gender composition of offspring
might be influenced by unobserved factors that could also affect
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Table 3. Baseline regression results for the impact of offspring gender
composition on long-term investment behavior

Dependent variable: Long-term investment

Pengyu Chen et al.

Table 4. Endogeneity discussion—instrumental variable regression results

(1) )

Absence of male Long-term agricultural

behavior . . :
offspring investment behavior
(1) (2) Variable First stage Second stage
Variable Coeff. S.E. Coeff. S.E. Absence of male —0.393"**
offsprin
pring (0.170)
Absence of male —0.341** 0.056 —0.387*** 0.057
offspring Number of offspring —0.213***
Age —0.009***  0.003 (0.008)
Education 0.011 0.008 Control variables Yes Yes
Political status 0.195** 0.078 Regional fixed effects Yes Yes
Health 0.006 0.027 Temporal fixed Yes Yes
R effects
Agricultural labor stock —0.053** 0.023
. Kleibergen-Paap rk 767.521
Household income —0.001 0.026 Wald F
Household savings rate —0.001 0.001 O EEETENS 4090 4090
Hukou migration —0.146™** 0.056 Note: Standard errors are in brackets; control variables are the same as in Table 3.
Cooperative participation 0.271*** 0.080 **x ** and * are significant at 1, 5 and 10%, respectively.
Field area —0.008*** 0.002
Field plots —0004*** 0,001 coefficient for the absence of male offspring, confirming the
— instrument’s relevance. In the second-stage results, presented in
Soil fertility 0.012 0.041 . . .
column (2), the absence of male offspring has a statistically sig-
Distance from residence —0.331***  0.054 nificant negative effect on long-term agricultural investment
to field behavior, consistent with the baseline regression findings.
Land tenure certification 0.249***  0.071 Additionally, the Kleibergen-Paap rk Wald F statistic of 767.521
~ .. o )
Village farmland A T far exceeds t.he Stock-Yogo critical Value.: of.16.38 at the 10% ma)f
B imal IV size threshold, further validating the instrument’s
) ) strength. These findings confirm the robustness of the IV
Village economic level —0.285*** 0.106 . . . .
approach in addressing endogeneity concerns and substantiate
Regional fixed effects Yes Yes the causal relationship between offspring gender composition
Temporal fixed effects Yes Yes and long-term agricultural investment behavior.
R? 0.038 0.079
Observations 4090 4090 Robustness test

Note: ***, ** and * are significant at 1, 5 and 10%, respectively.

long-term agricultural investment behavior, leading to omitted
variable bias. To address this issue, this study employs the number
of children as an IV to identify the absence of male offspring.
Theoretically, as offspring size increases, the probability of having
at least one male child rises significantly. This relationship is par-
ticularly pronounced in son-preference cultures, where parents
often continue childbearing until a male child is born
(Congdon Fors and Lindskog, 2023). Hence, the instrument satis-
fies the relevance criterion. Regarding exogeneity, the number of
children predominantly reflects factors such as family fertility pre-
ferences, sociocultural influences, and policy environment
(Huber, Zahourek and Fieder, 2017; Zhang, 2019), without dir-
ectly affecting household decisions on long-term agricultural
investments. Accordingly, this variable also fulfills the exogeneity
requirement, as it does not exert a direct effect on the dependent
variable.

Table 4 presents the estimation results of the two-stage least
squares method. In the first stage, shown in column (1), the num-
ber of offspring exhibits a statistically significant negative
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We conducted several robustness tests to verify the stability of our
model estimation results. First, following Brodeur, Cook and Heyes
(2020), we randomly selected 80% of the sample for regression ana-
lysis to evaluate the impact of sample selection on the estimation
results (column (1)). Columns (2) and (3) use alternative depend-
ent variables to test the robustness of the results. In column (2), the
dependent variable is replaced with household investment in agri-
cultural machinery, measured as the logarithm of the total value of
machinery owned (yuan), following Liu, Li and Xu (2024). In col-
umn (3), long-term agricultural investment is proxied by adopting
improved water conservancy facilities, including irrigation and
drainage infrastructure. This variable is coded as 1 if such improve-
ments are adopted and 0 otherwise, based on Cao, Bai and Zhang
(2020). In column (4), we expand the scope of the independent
variable by including households without second-generation oft-
spring. This adjustment tests the generalizability of the findings
beyond households with second-generation offspring. Column (5)
introduces the proportion of female offspring as an alternative
proxy for offspring gender composition. This measure captures
the family’s overall gender structure, addressing the limitations of
the binary variable. Lastly, considering that some households
may have zero long-term agricultural investments, we employed a
Tobit model to examine the consistency and stability of our results
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under different model specifications (Zhou, Cheng and Zhang,
2022). The Tobit model results are displayed in column (6),
reinforcing the robustness of our findings.

Table 5 summarizes the results of these robustness tests.
Across varying samples, alternative dependent variables, and
model specifications, the findings consistently demonstrate that
the absence of male offspring has a significant negative impact
on long-term agricultural investment. These results confirm the
robustness of the baseline regression and reinforce the validity
of the study’s conclusions.

Mediation analysis

We conducted a mediation analysis to explore how offspring gen-
der composition affects long-term agricultural investment behav-
ior, focusing on time preference and social capital. As shown in
Table 6, after controlling for individual characteristics of the agri-
cultural decision-maker, household characteristics, land endow-
ment features, village-level conditions and regional and
temporal fixed effects, column (1) shows that the absence of
male offspring significantly increases household time preference.
This finding suggests that families without male offspring are
more inclined toward immediate benefits, which inhibits long-
term agricultural investment behavior, thereby verifying H2.
The results in column (2) show that the absence of male offspring
significantly reduces household social capital. Families without
male offspring have weaker social networks and limited resource
access, inhibiting long-term agricultural investment behavior,
thereby verifying H3.

Heterogeneous results

The impact of offspring gender composition on long-term agri-
cultural investment behavior is not uniform. Internal factors
like the continuation of male offspring within the family and
external factors such as land marketization levels can influence
it. In our analysis, we define the gender of the agricultural
decision-maker as a binary variable (‘0" for female, ‘1’ for male),
while the level of land marketization is measured by the propor-
tion of households that lease land through monetary transactions
relative to the total number of households engaged in land trans-
fers within the village (China’s land system separates ownership
rights, contract rights, and management rights. The collective
retains ownership rights, while farmers hold contract and

management rights, which they can transfer through two primary
methods. Non-monetary transfers include informal arrangements
such as social rentals, verbal agreements, and short-term leases,
leading to higher transaction costs due to their non-market
nature. Conversely, monetary transfers involve formal contracts
and long-term leases, resulting in lower transaction costs due to
their market-oriented approach.) (Liu et al., 2016). This analytical
framework allows us to examine how offspring gender compos-
ition interacts with these internal and external factors to shape
long-term agricultural investment behavior across varied family
and market environments.

This study uses interaction term regressions to explore the het-
erogeneous effects of the agricultural decision-maker’s gender on
how offspring gender composition influences long-term agricultural
investment behavior. Column (1) shows that the interaction between
the absence of male offspring and the decision-maker’s gender is
statistically significant at the 5% level, with a negative coefficient.
This finding suggests that when the decision-maker is male, the
absence of male offspring further discourages long-term agricultural
investments. This may reflect the reinforcement of traditional gen-
der roles within the family, particularly through the intergenera-
tional transmission of labor divisions that prioritize males
(Daniele, 2024). For instance, resource allocation rights within the
family typically default to male members, particularly in long-term
economic planning and significant decisions where male opinions
often predominate. Consequently, when the decision-maker is
male, and there are no male offspring, their conservative attitude
toward future agricultural investment may heighten due to insuffi-
cient expectations of continuing the family lineage (Duesberg,
Bogue and Renwick, 2017). In contrast, female agricultural decision-
makers are more likely to prioritize fairness in resource allocation
and inclusivity in decision-making (Ferté and Bojnec 2024). Their
focus on equitable development encourages balanced investment
strategies within the household, regardless of offspring gender com-
position (Fernandez, Fogli and Olivetti, 2004). This inclusive
approach can help mitigate the negative effects of the absence of
male offspring on long-term agricultural investment.

Column (2) shows that the interaction between the absence of
male offspring and land marketization is statistically significant at
the 5% level, with a positive coefficient. This finding suggests that
higher levels of land marketization mitigate the negative effect of
not having male offspring on long-term agricultural investment
behavior. Increased land marketization reduces land transfer
transaction costs, enabling farmers to adjust their land holdings

Table 5. Robustness test results for the impact of offspring gender composition on long-term investment behavior

Variable (1) () 3) (4) (5) (6)
Absence of male offspring —0.367*** —0.424** —0.265"** —0.365"** —0.387***

(0.062) (0.166) (0.073) (0.047) (0.063)
Proportion of female offspring —0.290***

(0.067)

Control variables Yes Yes Yes Yes Yes Yes
Regional fixed effects Yes Yes Yes Yes Yes Yes
Temporal fixed effects Yes Yes Yes Yes Yes Yes
Observations 3288 4090 4090 4549 4090 4090
R*/pseudo-R? 0.082 0.168 0.067 0.078 0.074 0.023

Note: Standard errors are in brackets; control variables are the same as in Table 3.
** ** and * are significant at 1, 5 and 10%, respectively.
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Table 6. Mediation analysis of the effects of offspring gender composition on
long-term investment behavior

Variable (1) Time preference (2) Social capital

Absence of male offspring 0.168*** —0.005***
(0.016) (0.000)

Control variables Yes Yes

Regional fixed effects Yes Yes

Temporal fixed effects Yes Yes

Observations 4090 4090

R? 0.100 0.481

Note: Standard errors are in brackets; control variables are the same as in Table 3.

kK Kk

, **, and * are significant at 1, 5 and 10%, respectively.

more flexibly and decreasing reliance on male labor (Liu et al,
2016). A market-driven land transfer mechanism allows farmers
to lease land as needed, optimizing the match between land
resources and household labor. For example, farmers can lease
out excess land beyond their operational capacity, intensively
reallocating resources to cultivate within their means. This
flexibility improves land and labor use efficiency, enhancing
agricultural productivity. Furthermore, higher levels of land
marketization make long-term land investments more easily
monetizable. Even with limited long-term family labor, an effi-
cient land transfer market allows farmers to earn rent or capital
gains, providing direct economic compensation for long-term
investments. By reducing the uncertainty of future returns, land
marketization increases farmers’ incentives for long-term agricul-
tural investments and offsets the negative influence of offspring
gender composition on investment behavior (Table 7).

Table 7. Heterogeneity analysis of the effects of offspring gender composition
on long-term investment behavior

Dependent variable: Long-term investment

behavior
(2) Land
(1) Gender marketization
Variable Coeff. S.E. Coeff. S.E.
Absence of male —0.463"** 0.050 —0.387*** 0.057
offspring
Gender —0.859*** 0.134
Absence of male —0.536** 0.245
offspring x gender
Land marketization 0.103 0.110
Absence of male 0.476** 0.208
offspring x land
marketization
Control variables Yes Yes
Regional fixed effects Yes Yes
Temporal fixed effects Yes Yes
R? 0.103 0.080
Observations 4090 4090

Note: Control variables are the same as in Table 3.

kK Kk

, **, and * are significant at the level of 1, 5 and 10%, respectively.
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Limitations and future research

This study has several limitations: first, although mixed cross-
sectional data provide a diverse horizontal perspective, they do
not control for individual fixed effects. This limitation makes it
challenging to address time-invariant omitted variables (Gao,
Sun and Huang, 2017). Second, the research is confined to
Hubei province, China. While this region’s agricultural economic
environment and policy background offer some representative-
ness, its unique local characteristics may limit the external validity
of the findings. Third, this study uses expenditures on commercial
organic fertilizer to indicate long-term investment behavior.
While this reflects farmers’ concern for maintaining soil fertility
(Zhou, Cheng and Zhang, 2022), and robustness tests incorporate
variables such as household investment in agricultural machinery
and adoption of improved water conservancy facilities, these mea-
sures do not fully represent the breadth of long-term agricultural
investments. Finally, the study focuses primarily on rice farmers.
The production methods and investment behaviors of rice farm-
ers may differ significantly from those of farmers growing eco-
nomic crops like citrus and tea. Therefore, the applicability of
the findings to other agricultural sectors may be limited.

Policy implications

The findings suggest several policy implications. In the short
term, alternative human capital solutions, such as assistance
with hiring machinery or outsourcing services, should be pro-
vided to counteract high-time preference and establish positive
production expectations for households without male offspring
(Qian et al,, 2022). Strengthening rural community organizations
and enhancing mutual assistance mechanisms among villagers are
crucial. Community activities, like cultural and sports events, can
foster interaction and communication among farmers (Mcmanus
et al, 2012). Local governments can support these efforts by
organizing training sessions and technical exchange meetings,
helping farmers expand their social networks and build robust
cooperative frameworks (Skaalsveen, Ingram and Urquhart,
2020). Additionally, transparent management and fair resource
distribution systems can enhance trust among villagers.
Establishing and promoting village regulations can standardize
behavior, encouraging mutual assistance and collective develop-
ment. Local governments should introduce incentive policies to
reward farmers who actively participate in and contribute to com-
munity cooperation, thereby setting examples of mutual support.
These measures will increase the availability of social capital
through broader social interactions, enhancing farmers’ willing-
ness and capacity for long-term investment.

In the long term, fostering gender equality in rural areas by
encouraging equal opportunities and resource allocation between
male and female offspring is crucial for promoting overall family
welfare and development (Liu et al.,, 2016). Besides, advancing
land market reforms can enhance economic incentives for farm-
ers by simplifying administrative procedures, reducing land trans-
fer transaction costs, and improving the flexibility and efficiency
of land use and allocation (Fei, Lin and Chunga, 2021).
Establishing a scientific land evaluation system to accurately
reflect the long-term investment value of land will boost farmers’
confidence and capacity for long-term and effective land invest-
ments. Addressing these factors can drive sustainable agricultural
development and improve the quality of agricultural investments.
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Conclusions

This paper examined the impact of offspring gender composition
on long-term agricultural investment behavior, using household
commercial organic fertilizer expenditure as an indicator. Based
on survey data from 4090 grain farming households in 10 cities
(counties) of Hubei province, China, collected from 2021 to
2023, the study reveals that the absence of male offspring signifi-
cantly reduces long-term agricultural investment behavior. This
effect is mediated by increased time preference and decreased
social capital. Moreover, the inhibitory impact is more substantial
when the current agricultural decision-maker is male and land
marketization levels are low.
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