<@ sustainability

Article

Agri-Food Policies and Family Farms” Commercialization:
Insights from Brazil

Valdemar Joao Wesz Junior

check for
updates

Citation: Wesz Junior, V.J.; Piras,

S.; Grisa, C.; Ghinoi, S. Agri-Food
Policies and Family Farms’
Commercialization: Insights from
Brazil. Sustainability 2024, 16, 11102.
https:/ /doi.org/10.3390/su162411102

Academic Editor: Crtomir Rozman

Received: 11 November 2024
Revised: 12 December 2024

Accepted: 15 December 2024
Published: 18 December 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1

, Simone Piras 2*{, Catia Grisa 3 and Stefano Ghinoi %5

Latin American Institute of Economy, Society and Politics, Federal University of Latin American Integration,
Rua Aluisio Souza, n. 765-Residencial Araras, Casa 101-Jardim Florenga, Foz do Iguacu 85867-295, PR, Brazil;
jwesz@yahoo.com.br

Social, Economic and Geographical Sciences Department, The James Hutton Institute, Craigiebuckler,
Aberdeen AB15 8QH, Scotland, UK

Litoral Norte Campus, Federal University of Rio Grande do Sul, Rua Dona Adda Mascarenhas 741,

Ap. 404, Jardim Planalto, Porto Alegre 91220-240, RS, Brazil; catiagrisaufrgs@gmail.com

Department of Communication and Economics, University of Modena and Reggio Emilia, Viale Antonio
Allegri 9, Reggio Emilia, 41121 Modena, Italy; stefano.ghinoi@unimore.it

Department of Economics and Management, University of Helsinki, Latokartanonkaari 5,

P.O. Box 27, 00100 Helsinki, Finland

Trieste Laboratory on Quantitative Sustainability, c/o ICTP, Strada Costiera 11, 34151 Trieste, Italy
Correspondence: simone.piras@hutton.ac.uk; Tel.: +44-(0)1224-395399

Abstract: Brazil is one of the main agricultural producers in the world, and its agri-food system has
been experiencing concentration and intensification. Since the beginning of the 1990s, the Brazilian
government has implemented different interventions to support family agriculture, such as the
National Programme for Strengthening Family Farming (PRONAF), the Technical Assistance and
Rural Extension Programme (ATER), and different seed distribution programs. Despite the social
and economic relevance of these programs, there is a lack of quantitative studies investigating their
impact on the resilience of family farms, primarily the promotion of commercialization. We aim to fill
this gap by applying propensity score matching techniques to household-level data from the 2014
Brazilian National Household Sample Survey. Only this survey has recorded this type of information
to date. We compare the commercialization behavior of policy recipients with that of non-recipients,
accounting for interaction effects between different policies. Our results show that PRONAF has had
a significant positive impact on family farmers’ propensity to engage in commercialization, and the
effect increases if they also have access to technical assistance. Technical assistance alone has a positive
effect, while seed distribution appears not to make a significant difference. Our results suggest that

an appropriate policy mix can increase the resilience of family farms in emerging countries.

Keywords: family agriculture; market integration; policy mix; impact analysis; propensity score matching

1. Introduction

At the beginning of the 21st century, family farming was still considered part of the
problem of food insecurity [1]. This assumption was related to the idea that family farmers
need to cope with poverty-related issues [2] and thus are not particularly keen on improving
productivity. In recent years, this perception has completely changed: nowadays, family
farming is recognized as fundamental in promoting endogenous rural development [3,4],
achieving environmental sustainability [3,5-7], and reducing food insecurity and poverty [8,9].
Family farms are instrumental in developing territorialized agrifood systems that preserve
genetic and land use diversity, in contrast to mainstream agro-industrial systems that favor
monocultures and intensive land use [3,10,11].

However, the consolidation of family farming systems depends on their market po-
tential [3,12]. The pursuit of sustainable practices in the absence of commercialization
eventually leads to loss of income and discouragement of farmers to the benefit of large
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agro-industrial actors [12]. According to [8] (p. 12), family farmers’ “marketed production
can not only help stabilize local markets prices, providing improved incentives for invest-
ment, but also create opportunities for households to generate cash surpluses which, when
spent or reinvested within the rural economy, can generate significant multiplier effects”.
Thus, scholars and international institutions stress the importance of output markets for
family farms. At the same time, they point out that the different configurations of these
markets—in terms of size, dynamics, institutional arrangements, and social and power
relationships—can influence family farmers’ initiatives [4,9,13].

In the last 20 years, Brazilian policymakers have implemented different programs for
strengthening food security and improving the living conditions of family farmers [14,15].
This represents a deviation from traditional government policies in Latin America, which
have promoted a development model based on industrial monoculture [3]. In particular,
Brazilian family farmers have benefited from three policy interventions: the National Pro-
gram for Strengthening Family Farming (Programa Nacional de Fortalecimento da Agricultura
Familiar, PRONAF), which provides credit on favorable conditions; the Technical Assistance
and Rural Extension Programme (Assisténcia Técnica e Extensdo Rural, ATER); and a set
of seed distribution programs (SEEDS). PRONAF, ATER, and SEEDS are structured in
different sub-programs, also depending on the geographical level of application (federal or
state level). In the following, we identify all sub-programs with the same acronym.

PRONAF was the first program exclusively dedicated to supporting family farmers in
Brazil, and several studies have analyzed its benefits and drawbacks (e.g., [16,17]). Likewise,
ATER and SEEDS have been particularly important for Brazilian rural development [18-21].
These programs all have different goals, but they share a common focus on supporting
productivity and the integration of family farmers into market dynamics. Nevertheless,
there is a lack of research on the effect of these three programs on family farmers’ propensity
to commercialize their production, which, as highlighted above, generates clear benefits in
terms of socioeconomic and environmental sustainability.

Furthermore, no empirical work has investigated the combined effect of these poli-
cies on commercialization using a quantitative, counterfactual approach. Indeed, policies
tackling multi-dimensional issues related to individuals, households, and communities are
often implemented simultaneously, generating impacts beyond their explicit goals [22]. In
some cases, such policy mixes support farmers’ autonomy by encouraging diversification
strategies and promoting sustainability; in other cases, they foster specialization and con-
ventional agricultural systems, undermining this autonomy [23-25]. Existing research in
this area examines specific combinations of policies, namely, the impact of PRONAF, ATER,
and SEEDS in shaping the productive profiles of family farms and enhancing productiv-
ity [18,26]; of PRONAF and ATER in fostering production and generating income [27-29];
of ATER and SEEDS in promoting agrobiodiversity conservation and sustainability [30,31];
and of PRONAF and SEEDS in stimulating production and supporting diverse production
models [32,33].

Many empirical studies on the impact of policy mix(es) have focused on environmental
aspects, for instance, the impact of different policy instruments on farmers” adaptation to
climate change [20], their social vulnerability [34], or the optimal structure they should
adopt for achieving positive results in terms of ecosystem conservation [35]. In doing
so, they have neglected to consider that socioeconomic sustainability is key for family
farmers to survive and successfully address environmental challenges. When it comes
to small farmers who are mainly producing for their own consumption, socioeconomic
sustainability relates to their strategic decision to commercialize or not commercialize
their production. Given the multidimensional benefits of family farms’ commercialization
for poverty reduction and thus rural development, it is important to assess the com-
bined effects of agri-food policies on this indicator, regardless of whether this was their
explicit target.
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We aim to address this research gap by investigating whether the above policy pro-
grams (individually or jointly) encouraged family farmers to commercialize their produc-
tion. We focus specifically on family farmers, rather than large corporate farmers, because
of their role in ensuring a fair income distribution in rural areas and thus sustainable rural
development. Our Research Questions (RQ) are as follows:

RQ1: Did the participation of Brazilian family farms in specific agricultural programs (PRONAF,
ATER, and SEEDS) result in increased propensity to commercialize their production?

RQ2: Did simultaneous participation in more than one program result in an increased propensity
to commercialize?

To answer these questions, we use data from the 2014 National Household Sample
Survey (Pesquisa Nacional por Amostra de Domicilios, PNAD) of the Brazilian Institute of
Geography and Statistics (Instituto Brasileiro de Geografia e Estatistica, IBGE) [36]. This sur-
vey contains information on households’ socio-demographic characteristics, employment,
income, and participation in different programs supporting family agriculture. It also
identifies the households who allocated part of their agricultural production to commer-
cialization. Given that participation in the above programs could be endogenous to market
orientation, to answer our RQs we adopt a propensity score matching (PSM) approach.

The paper is structured as follows. In Section 2, we review the literature on family
farms’ commercialization. Then, Section 3 describes the programs considered in this study.
In Section 4, we present our data, illustrate how we defined the units of observation (family
farmers), and describe the method of analysis. Section 5 illustrates and discusses the results,
and Section 6 concludes the paper.

2. Family Farms and Commercialization

The commercialization of agri-food products from family farms in emerging countries
has been extensively discussed in the literature (e.g., [37,38]). International development
institutions such as the World Bank and the FAO consider commercialization an effective
strategy to address rural poverty. Indeed, it increases productivity, raises rural incomes,
and improves food security [13,39,40].

While commercialization is assumed to be a desirable outcome, market dynamics
alone are not always successful in promoting it among small actors [41], and a blend
of public and private interventions have been used to promote it [42]. Public policies
have focused either on increasing farm productivity and thus sellable production or on
facilitating farmers’ access to new markets [43]. Regulating input and output markets,
improving communications and transport infrastructure, providing extension services,
securing property rights, and improving access to credit are among the tools used for
enabling commercialization [41]. Credit can be provided in collaboration with the banking
system, through ad hoc institutions, or informally [44]. Non-repayable loans and in-kind
support are also options [45,46]. For example, agricultural extension services may be
responsible for distributing seeds and fertilizers [47].

One branch of the literature on agricultural commercialization focuses on structural
and cultural drivers and barriers. Structural elements include, among others, farm charac-
teristics [48], rural infrastructures [49], and capital markets [50]. Cultural elements concern
the value systems affecting farmer intentions, such as the level of risk aversion [51]; market
orientation [52]; preference for food security over cash income [53]; livelihoods goals [54];
or the will to reduce external dependence, which could result in disengagement from
formal markets [55]. Focusing on Brazil specifically, [56] argues that the attempts to inte-
grate family farmers in regulated markets have generated heterogeneous responses, since
the rationale behind family farmers’ decisions is the search for autonomy in a context of
vulnerability. A second branch of the literature analyzes the impact of commercialization
on farmers’ income and poverty levels (e.g., [57,58]). A third one highlights the social and
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ecological benefits generated by semi-subsistence farming, with some authors calling for
their recognition by means of policy incentives, for example, those of the EU Common
Agricultural Policy [59]. Finally, the critical development literature has analyzed the impact
on rural communities of different typologies of agricultural markets [60], underlining
themes such as food sovereignty and resilience [39].

Despite the large number of studies focusing on drivers of and barriers to commer-
cialization, research assessing the joint impact of policy interventions on this indicator is
limited. This is also due to the challenge of defining “commercialization” and “commercial
farmers”. The former is usually understood as the proportion of agricultural output sold in
the market to the total value of output [41], while the latter are generally defined as farmers
selling over half of their output [61].

Among the studies linking policy interventions to commercialization levels, ref. [62]
found that social grants reduce small farmers’ propensity to commercialize in South Africa.
In turn, ref. [63] argues that improved infrastructures (namely, irrigation systems) increase
the commercialization of peri-urban agriculture in Kenya. Ref. [42] reviews the Ethiopian
policies to promote cereal intensification and commercialization, finding that these have
generated lower than expected payoffs. Thus, outcomes are very much context-dependent,
and policy measures that have worked well in a certain region or period are not per-
fectly reproducible elsewhere or in a different time. Notably, the extant literature focuses
mainly on Africa, while Latin America, which presents very a different agri-food system, is
mostly neglected.

Few studies have adopted a quantitative approach to investigate whether credit
and service provision promote commercial agriculture or whether these resources are
internalized by means of increased self-consumption [49]. Among them, ref. [46] found a
positive effect of fertilizer subsidization on the commercialization of maize but no effect of
family farmers’ self-sufficiency in Malawi. Moving to a transition country, ref. [64] observed
that direct payments to farmers in Kosovo have a positive effect on commercialization
of some products (fruits and vegetables, cereals, and oilseeds), but not others (livestock
products). However, these studies tested the impacts of a single policy, without considering
interaction effects between policies. We add to this debate by analyzing the impact of the
interaction among three different policy programs, focusing on Brazil as a case study.

3. The Brazilian Context

Large export-oriented farms have always dominated the Brazilian agri-food con-
text [65]. Although family farms represent 77% of the total number of Brazilian estab-
lishments [66], they did not receive much attention in the Brazilian policymaking process
until the 1990s. Starting from that decade, the pressure exerted by social movements,
international non-governmental organizations, and the scientific community has prompted
the Federal Government to introduce dedicated programs for family farmers [14,67].

The establishment of a rural credit program targeting family farms dates back to 1995,
when the Federal Government introduced PRONAF [68]. This program provides credit on
favorable conditions for family farmers to finance agricultural activities and purchase new
equipment. Because of its longevity, PRONAF has been remodeled several times during its
history. In the first period (1995-2002), its focus was on improving credit facilities and on
defining a set of regulations for integrating in the system those farmers who had historically
been excluded from the benefits of Brazilian agricultural policy [69]. In the second period
(2003-2014), more resources from the federal budget were allocated to the program, and
access rules were modified and the funding system simplified to enlarge the number of
beneficiaries [70]. The third period, started in 2014, has seen a reduction in the quantity of
resources allocated and in the number of beneficiaries because of the 2008 economic crisis
and the changing national political landscape [71]. The data we analyze are from the time
when the program was still in its “golden age”.
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The services offered by ATER were formally introduced in 1975 with the creation of
the Brazilian Enterprise for Technical Assistance and Rural Extension (Empresa Brasileira
de Assisténcia Técnica e Extensdo Rural, EMBRATER). This federal agency was aimed at
facilitating the diffusion of new technologies in agriculture [72]. EMBRATER was dismissed
in 1992, and its activities were transferred to the State Governments [73]. According to [19]
(p- 108), “since the beginning of the 1990 s, for almost fifteen years, the Federal Govern-
ment’s investments in technical assistance and rural extension were negligible, until their
resumption with the first Government of Luis Inacio Lula da Silva (2003-2006)” (our trans-
lation from the original text in Portuguese). ATER assists family farmers in the adoption
and implementation of different production technologies and in the development of social
innovation for increased productivity.

Seed distribution (SEEDS) has always been implemented by the State Governments
through the acquisition and distribution of seed stocks at prices lower than the market
price. While the overarching goal of this program and its sub-programs has always been
the same (reducing input costs), the priorities have varied between states. For example,
Paraiba has promoted the use of creole seeds to strengthen traditional food production for
self-consumption [21]. In contrast, Rio Grande do Sul conceived the program as a tool to
promote farm specialization [74].

While not formally related, these policy instruments were designed to address similar
needs of a specific socioeconomic group (i.e., family farmers) and to achieve multiple goals,
namely, an increase in agricultural productivity and better integration of family farmers into
the market. This led to an interaction (and sometimes an overlap) between these programs,
which can be considered a type of policy mix according to the classification proposed
by [22]: a combination of multiple policy instruments, with multiple goals, implemented
by multiple governments. Policy mixes emerge when different policy instruments with
different goals are implemented for addressing a specific issue [25,75]. In this context, we
observe three programs that were originally designed with different scopes and were not
supposed to be combined but concretely targeted the same population group and shared a
common objective: a production increase.

4. Data and Methods
4.1. Data: The Brazilian National Household Sample Survey (PNAD)

This paper uses data from the PNAD, which is conducted yearly by the IBGE and
provides information on the socioeconomic characteristics of Brazilian households. The
PNAD sample is representative of the Brazilian population at different levels of aggrega-
tion [36]. We use the 2014 wave (362,627 observations) because it is the only one released to
date that contains information on the recipients of PRONAF, ATER, and SEEDS. We focus
primarily on the survey sections that explore the material conditions of the household units,
their socio-demographic characteristics, and their working activities and earnings (salaries
and rents).

According to Brazilian Federal Law 11,326 of 24 July 2006, to be recognized as a
“family farmer”, it is necessary for a farm to meet three criteria: (1) its area must be less
than four mddulos fiscais (a unit of measurement in hectares); (2) it must use mainly family
labor for conducting farm activities; (3) it must derive a minimum share of the household’s
income from these activities. In operational terms, Brazilian policies use the definition of
the National Register for Family Farming (Cadastro Nacional da Agricultura Familiar), which
details the above criteria by specifying that at least 50% of the workforce dedicated to
farming must come from household members, and at least 50% of the household income
should derive from these activities. For PRONAF, there is also a fourth criterion, i.e., a
ceiling for the annual household gross income of BRL 360,000 (for 2018).

The PNAD does not include explicit information on whether the households sampled
are considered family farms according to the law. Therefore, we filtered them according to
the following criteria:
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(1) Farm size: owning or leasing less than a certain area of land, with the thresholds
based on the state where the farm is located (this choice introduces some inaccuracy
because the National Registry sets the threshold at municipal level; unfortunately, the
PNAD does not include a variable for the municipality);

(2) Labor: being an entrepreneur and (a) hiring no labor, (b) employing a maximum of
two individuals (a criterion for accessing PRONAF until the early 2000s) or (c) being
employed without remuneration (it was not possible to directly assess the engagement
of sample households in farm activities);

(3) Income: earning more than 50% of the gross household income from farming;

(4) Income ceiling: earning less than BRL 360,000 of gross household income a year.

We retained the households that met these four criteria simultaneously, thus obtaining
a dataset of “family farms” with 9209 observations.

4.2. Method: Propensity Score Matching

We are interested in whether the family farmer engaged in commercialization of farm
production in the agricultural year 2013-2014. The 2014 PNAD includes the following
question: “During the period from 28 September 2013 to 27 September 2014, have you sold any
part of the main production of this activity?”. We used this question to generate a binary
variable equal to 1 if the farmer engaged in commercialization, 0 otherwise. Because of
the dichotomous nature of this variable, our outcome is the proportion (or percentage) of
farmers who engaged in commercialization. We focus on the difference in this proportion
between recipients of each policy or policy mix and non-recipients (as in [76]). The farmers
who did not answer the question had to be excluded from the analysis.

The PNAD detects commercialization through different channels, and information
about the main purchaser is also provided. In Section 5, we discuss this aspect in further
detail. Indeed, although the World Bank promotes integration into formal markets rather
than informal sales, the latter practice has a positive and possibly even larger impact on the
incomes and food security of the rural population in Brazil [56] and other regions [61].

Our treatments are represented by the farmer’s participation in PRONAF, ATER, and
SEEDS, detected through specific questions.

Evaluating a policy intervention in a non-experimental context requires the policy
impact on each unit (the “treatment effect”) to be independent of the impacts on other
units [77]. This condition is key to assess the average effects on a treated population [78].
Furthermore, treated and untreated actors, i.e., those who benefited from a policy inter-
vention and those who did not, must be identifiable. However, the impact of a policy on
the treated is represented by the difference in the outcome variable with and without the
treatment (i.e., the counterfactual), which is technically impossible to estimate, because an
actor cannot be both treated and untreated in a cross-sectional dataset.

Because participation in our programs is not randomized, it is important to consider
the presence of selection bias [79]. Indeed, the group of family farms that have benefited
from one or more policies is self-selected and can be inherently different from those who
have not. To address this issue, we use propensity score matching (PSM). This method
makes it possible to create a control group from independent untreated observations
sharing similar characteristics with the treated [80]. For each observation, an index called
the propensity score (PS) is estimated, which represents the probability of being treated
given a set of covariates. Alternative methods such as difference-in-differences or regression
discontinuity design were not applicable in our case due to the cross-sectional nature of
the data.

The computation of the PS is based on the following model:

p(X;) = Prob(T; = 1|X;) 1)

where X; is the set of covariates characterizing family farm 7, while T; is the assignment of
family farm i to the treatment.
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Using PSM, we can estimate the average treatment effect on the treated (ATT). In
addition to the ATT, we can estimate the average treatment effect (ATE), i.e., the average
treatment effect on the population under consideration. Herein, since we are interested
in the differential impact of the policies for the farmers receiving them, we present our
results in terms of ATT, while tables with the results in terms of ATE are provided as
Supplementary Materials. The ATT is defined as follows [81]:

ATT = E(Y(1)|T = 1) — E(Y(0)|T = 1) )

where E(Y(1)|T = 1) corresponds to the outcome for the family farms who benefited from
a policy and E(Y(0)|T = 1) is the outcome for the same family farms if they would have
not benefited from it. Only the first term of the right side of Equation (2), E(Y(1)|T = 1), is
observable, while the counterfactual term E(Y(0)|T = 1) does not exist. A solution consists
of creating a counterfactual using the untreated family farms [76,82]. In order to estimate
the ATT, two conditions need to be met: conditional independence, i.e., family farms must
be assigned to the treatment independent of the observed outcome and conditionally on a
set of covariates X;, and common support, i.e., farms with similar covariates must have a
positive probability of being both treated and untreated [81]. If both conditions hold, it is
possible to produce unbiased estimates of the ATT, and Equation (2) becomes the following;:

ATT = E(Y(1)|T = 1, p(X,)) — E(Y(0)|T =1, p(X;) ©)

where p(X;) is the PS given the set of covariates X;.

The literature identified a set of characteristics that influence the probability of family
farms both participating in policy programs and engaging in commercialization: age,
gender, farm size, race, education, household size, assets, farm and off-farm incomes,
and geographical location [83,84]. The PNAD dataset includes variables for each of the
above elements. For race, we create a binary variable indicating whether the respondent
identified as “white”. For assets, we consider the ownership of a mobile phone, of a means
of transport, and access to the Internet. Farm and off-farm incomes are included separately.
Finally, for the location, we use indicators of Brazilian macro-regions.

Another issue specifically related to this study is that the same family farm may have
accessed different policy interventions. The combination of these interventions, deliberate
or not, may have led to synergies or conflicts influencing the outcome [85,86]. Hence, we
must isolate interactions that can lead to biased results. To address this issue, we follow
the approach proposed by [76]. Their methodology is suitable for this study because of the
cross-sectional nature of their dataset as well as ours.

First, by identifying the potential intersections between policies, we define ten treat-
ments, which are illustrated by the sets in Figure 1:

1. PRONATF (total): set 1 (treated) vs. set ~1 (untreated).
2. ATER (total): 2 vs. ~2.

3.  SEEDS (total): 3 vs. ~3.

4. PRONAF only: 4 vs. no policy.

5. ATER only: 5 vs. no policy.

6. SEEDS only: 6 vs. no policy.

7. PRONAF and ATER: 7 (1 N 2) vs. no policy.

8. PRONAF and SEEDS: 8 (1 N 3) vs. no policy.

9.  ATER and SEEDS: 9 (2 N 3) vs. no policy.

10. All policies: 10 (1 N2 N 3) vs. no policy.

Treatments 1-3 capture the impact of each policy in turn without disentangling the
policy mix effects. As such, they represent a baseline to be compared to the impact of the
same policies in isolation, measured by treatments 4-6 [76]. Treatments 7-10 correspond to
the different policy mixes.



Sustainability 2024, 16, 11102

8 of 21

3. SEEDS
(total)

1. PRONAF
(total)

4. PRONAF (only)

7. PRONAF
& ATER

5. ATER (only)

2. ATER
(total)

No policy

Figure 1. Illustration of the intersections between policy programs and policy mixes. Notes: The sizes
of the circles and intersections are proportional to the number of family farmers who accessed each
program or mix of programs in the sample. However, the size of the rectangle is not to scale, since
only 19.4% of the farms accessed at least one policy, resulting in much smaller circles.

As already mentioned, family farmers’ participation in the three policies is identified
through questions inquiring whether they received farm credit, technical assistance, or
seeds. However, we are interested in the impact of public policies—not similar types of
services obtained from the private sector. Considering the farm credit or technical assistance
obtained from private enterprises as additional treatments would increase the number of
treatments greatly due to the additional policy mixes, thus fragmenting the sample; in
contrast, ignoring them would result in omitted variables and related confounding effects.
For these reasons, we exclude from the analysis the family farms that received agricultural
credit not from PRONAF or technical assistance from private enterprises, resulting in a
sample size of 4170 units.

The above procedure for estimating the ATT can only be applied to treatments 1-3,
where the same farm can be considered “treated” with more than one policy and the
control groups are represented by the farms that did not receive that specific treatment. For
treatments 4-10, which isolate the cases of simultaneous participation in more than one
policy, the treatments are mutually exclusive, and the control is always represented by the
farms that did not benefit from any of the policies (the gray area in Figure 1).

Following [76], for treatments 4-10, Equation (2) becomes the following;:

ATT = E(Y(m)|T = m) — E(Y(1)|T = m) (4)

where m is the treatment of interest, [ its absence. This multivariate context has been ex-
plored by [87,88], whose authors developed the generalized PS to address the identification
problem arising in this situation. This is defined as the “conditional probability of receiving
a particular level of treatment given the pre-treatment characteristics” [76] (p. 731).

To estimate the different PSs, we use different models: for treatments 1-3, three
logistic regressions where the dependent variable takes a value of T = 1 in the presence of
treatment and T = 0 otherwise; for treatments 4-10, a multinomial logistic model where
the dependent variable can assume eight different values: a baseline outcome for the non-
treated condition (i.e., T = 0, for the farmers who did not benefit from any policy) and seven
additional levels corresponding to the mutually-exclusive treatments 4-10. Given the non-
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ordered nature of the dependent variable, the multinomial logistic model is appropriate, as
it compares the probability of each treatment outcome to the baseline.

The logistic and multinomial logistic models, whose full estimates are provided as Sup-
plementary Materials, show that participation in different programs is related (positively
or negatively) to provenience from the Northeast and South macro-regions, age, gender,
availability of a means of transport, and, above all, farm size and incomes. Race, level
of education, ownership of a mobile phone, and access to the Internet have a significant
impact in some instances. The model for PRONAF performs best, with a pseudo-R-squared
of 0.113, followed by the multinomial logistic model with 0.095, ATER with 0.082, and
SEEDS with 0.056.

After calculating the PSs, we match the observations using three different algorithms:
kernel, nearest neighbor, and radius. The kernel estimator matches each treated farm to
all untreated farms, assigning larger weights to the farms that are less distant in terms of
PS. The nearest-neighbor estimator matches each treated farm with the n closest untreated
farms in terms of PS. Following [89], we adopt nearest-neighbor matching with replacement,
i.e., we allow the same untreated farm to be matched to more than one treated farm, which
lowers the bias but increases the variance. We set nn = 2, which is the maximum number of
neighbors recommended by [90] for most research settings. Finally, the radius estimator
matches each treated farm with all the untreated farms closer than the length of the radius;
we use a radius of 0.01, corresponding to a total width between 3.2% of the range of the
PS in treatments 4-10 and 5.7% in treatment 3. The radius may result in each treated farm
being matched to many untreated farms, especially in the regions where the density of the
PS values is high. However, compared to nearest neighbor, it avoids matching them with
very distant farms where the density is low. The plots of the PS distributions, reported in
Figure 2 as well as in the Supplementary Materials, show that there is good overlapping and
no evident mismatch in terms of density peaks between the different treatments and their
counterfactuals. Partial exceptions are represented by treatments 8, 9, and 10, for which
the sample includes very few observations and whose results must thus be considered
with care.
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Figure 2. Overlapping plots of the PS values for different treatments and their counterfactuals.

Using three different estimators enables us to compare different results as a robustness
check [91]. Furthermore, to compute the variance of the ATT and thus its standard error,
we run 1000 bootstrap replicates for each treatment.

PSM controls for observed differences between treated and untreated units but cannot
address unobservable differences. This can be a challenge especially in emerging and
developing economies, whose farmers are characterized by inseparability of production
and consumption choices and thus endogeneity of decisions, including market and policy
participation [92]. Following [93], we assess the robustness of our results to the influence of
unobserved variables by running the test developed by [94]. This test assumes that two
farms with the same observed characteristics may differ in the odds of participating in a
policy by at most a factor of I' (unobserved bias), beyond which the estimated ATT becomes
non-significant. In the next section, we report the critical levels of I for attaining a 5%
significance level.

5. Empirical Results

Out of 4170 family farms, 393 accessed financial support from PRONAF, 396 benefited
from technical assistance (ATER), and 258 accessed seed distribution (SEEDS). Table 1
illustrates the characteristics of different groups in terms of the matching variables. The
farms differ depending on the policy received as well as compared to the group of farms
that did not benefit from any policy. While the age of the farmers is similar across groups,
the farms accessing PRONAF and ATER are more often managed by a white male; those
accessing SEEDS have a larger share of female and non-white managers. The farmers
benefiting from SEEDS show lower levels of education and have larger households. The
ownership of a mobile phone or of a means of transport and access to the Internet follow
similar patterns, being more common among the farmers who benefited from PRONAF
or ATER. A relevant difference is observed in the average farm income, which is more
than double for the households benefiting from either PRONAF or ATER compared to
those benefiting from SEEDS. The latter earn less than those receiving no policy support.
A similar gap is observed for non-farm incomes, although in this case the groups differ
by a factor of 1.5 at most. In turn, the farms that benefited from SEEDS manage a larger
farm area, which could be related to lower land quality. Indeed, while the productive
Southern macro-region is overrepresented among the farms receiving PRONAF and ATER,
a majority of those participating in SEEDS come from the poorer Northeast. These results
suggest that direct estimates without matching would be highly biased.
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Table 1. Socioeconomic characteristics of family farms by public policy accessed.
Total PRONAF ATER SEEDS No Policy
Variables
Mean St. Dew. Mean St. Dew. Mean St. Dew. Mean St. Dew. Mean St. Devw.
Age (years) 46.15 12.73 47.72 11.60 48.58 12.08 46.34 10.78 45.84 12.97
Gender (male, %) 90.48 95.17 89.39 86.05 90.51
Farm area (ha) 1.37 5.25 1.82 7.11 1.28 1.04 2.02 10.68 1.33 5.02
Race (white, %) 40.00 59.29 57.32 41.09 36.92
Education (years) 5.86 3.96 6.66 3.69 6.77 3.71 5.65 4.03 5.73 3.98
Household size 3.55 1.70 3.31 1.29 3.44 1.58 4.08 2.08 3.54 1.72
Mobile phone (%) 78.49 89.31 90.15 82.95 76.29
Internet (%) 21.65 34.35 32.32 23.64 19.58
Means of transport (%) 71.06 88.80 83.84 67.83 68.67
Farm income (BRL/month) 1152.77 1675.08 1789.33 1907.08 1591.54 1732.32 812.32 871.66 1091.79 1676.13
Other incomes (BRL/month) 1035.75 1723.51 1120.13 1265.94 1264.51 1424.16 840.03 973.36 1018.82 1810.97
Macro-region North (%) 27.82 17.05 24.24 18.22 29.63
Northeast (%) 33.79 21.12 15.91 53.88 35.20
Central-West (%) 7.39 8.40 4.80 3.10 7.74
Southeast (%) 15.28 17.30 20.20 9.30 14.97
South (%) 15.73 36.13 34.85 15.50 12.47
Number of obs. 4170 393 396 258 3361

Notes: The three policies and “No policy” sum up to more than the total number of observations because
some farms have benefited of more than one policy, i.e., they are counted in more columns. Number of input
observations: 9 for mobile phone, Internet, and means of transport; 36 for other incomes.

Table 2 shows the distribution of the farms by policy or policy mix received, the
percentage that engage in commercialization in each group, and the difference compared to
the control group before matching. Overall, 73.9% of the farms in the sample sell part of their
production, but this figure ranges from 91.3% of those receiving both PRONAF and SEEDS
to 70.7% of those benefiting from SEEDS only. The percentage of farms commercializing
some production is significantly higher among those receiving policy support than among
those receiving no support, with the exception of those participating in SEEDS. The number
of farms benefiting from PRONAF and ATER is similar, accounting for around one-tenth of
the total in both cases; instead, the number of farms receiving SEEDS is smaller (6.2% of the
total). The most common policy mix is between PRONAF and ATER—around one-third of
the farms benefited from either of the two.

Table 2. Number and share of farms engaging in commercialization (%), by policy or policy mix.

All Farms
Policy/Policy Mix
Number Market (%) Difference 1
No policies 3361 71.73%
1. PRONAF (total) 393 87.79% 15.29% ***
2. ATER (total) 396 85.35% 12.62% ***
3. SEEDS (total) 258 76.74% 3.00%
4. PRONAF only 223 87.44% 15.71% ***
5. ATER only 205 83.41% 11.68% ***
6. SEEDS only 167 70.66% 1.08%
7. PRONAF and ATER 123 87.80% 16.07% ***
8. PRONAF and SEEDS 23 91.30% 19.60% **
9. ATER and SEEDS 44 86.36% 14.63% **
10. All policies 24 87.50% 15.77% **
Total 4170 73.93%

Notes: ! Compared to the farms not receiving that policy for treatments 1-3 and to “No policy” for treatments
4-10. Significance level: ** 5%; *** 1%.

Before illustrating the PSM results, it must be noted that the kernel algorithm produces
the weakest matching. Indeed, the variance ratio for the treated and control groups is
outside the required range of [0.5; 2] for all the treatments, meaning that the covariates
are not well balanced between these groups. In turn, radius is the most robust matching
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algorithm, producing reliable results for all the treatments except “All policies”. Finally,
nearest-neighbor matching balances the covariates effectively for the treatments consisting
of a single program but not for those indicating a policy mix. The full balancing tables for
all the treatments and matching algorithms are provided as Supplementary Materials.

As a first step, we assess the impact on commercialization of the single policies in
turn, both regardless of whether the farms benefited simultaneously from other policies—
treatments PRONAF (total) (1), ATER (total) (2), and SEEDS (total) (3)—and by isolating
them from other policies—treatments PRONAF only (4), ATER only (5), and SEEDS only
(6). Table 3 illustrates the results for the first group of treatments using the three different
matching algorithms, Table 4 the results for treatments 4-6.

Table 3. Increase in the percentage of commercial farms among policy recipients, regardless of policy
interactions (treatments 1-3).

X k ATT (Common Support) :
Interaction Treated Controls Matching Algorithm Magnitude
Coeff. St. Err. z p-Value % of I
1. PRONAF Kgrnel 0.129 0.019 6.64 0.000 - 12.51/0 2.025
(total) 393 3777 Nearest neighbor (n = 2) 0.081 0.032 2.52 0.012 8.1% 1.425
Radius caliper (0.01) 0.116 0.021 5.44 0.000 *** 11.6% 2.025
2 ATER Kernel 0.099 0.019 5.14 0.000 *** 9.9% 1.650
.(total) 396 3774 Nearest neighbor (n = 2) 0.095 0.032 2.96 0.003 *** 9.5% 1.450
Radius caliper (0.01) 0.085 0.020 4.26 0.000 *** 8.5% 1.625
3. SEEDS Kernel 0.040 0.026 1.51 0.130 4.0% 1.000
‘(total) 258 3912 Nearest neighbor (n = 2) 0.064 0.044 1.45 0.147 6.4% 1.000
Radius caliper (0.01) 0.070 0.027 2.58 0.010 ** 7.0% 1.000
Notes: Significance level: ** 5%; *** 1%. Matching results for which the variance ratio is outside [0.5; 2] are
in italics.

Table 4. Increase in the percentage of commercial farms among the recipients of a single policy
(treatments 4-6).

ATT (Common Support) i
Interaction Treated Controls Matching Algorithm PP Magnitude
Coeff. St. Err. z p-Value % of I
Kernel 0.135 0.024 5.57 0.000 *** 13.5% 1.825
+ PESNAF 223 3361 Nearest neighbor (n = 2) 0.117 0.042 2.77 0.006 *** 11.7% 1.425
y Radius caliper (0.01) 0.125 0.027 4.69 0.000 *** 12.5% 1.850
Kernel 0.088 0.027 3.23 0.001 *** 8.8% 1.325
5. ATER only 205 3361 Nearest neighbor (n = 2) 0.095 0.046 2.05 0.040 ** 9.3% 1.225
Radius caliper (0.01) 0.080 0.028 2.83 0.005 *** 8.0% 1.325
6. SEEDS Kernel 0.011 0.035 0.30 0.763 1.1% 1.000
’ onl 167 3361 Nearest neighbor (n = 2) 0.036 0.056 0.64 0.521 3.6% 1.000
y Radius caliper (0.01) 0.050 0.037 1.36 0.173 5.0% 1.000

Notes: Significance level: ** 5%; *** 1%. Matching results for which the variance ratio is outside [0.5; 2] are
in italics.

The estimated ATTs are positive for all three programs, meaning that the percentage
of family farms engaging in commercialization never decreases due to receiving public
policy support. However, in the case of SEEDS, the difference is only significant with
radius matching when the interactions with other policies are not disentangled (Table 3)
and becomes non-significant if the policy is analyzed separately (Table 4). Furthermore, the
magnitude of I indicates that the results are not robust to unobserved differences. A prior
study [93] suggests that a magnitude of 1.4 indicates sufficient robustness, with it being
unlikely that unobservable characteristics would influence the odds of joining a policy for
two farmers with similar observable characteristics to such an extent. These figures suggest
that the increase in commercialization may rather be due to the other programs from which
some farms benefited in addition to SEEDS. The strongest impact on commercialization is
generated by PRONAF. The results for treatment 1 indicate that the probability that family
farms commercialize their output increases by between 8.1% and 12.9% if they receive
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PRONAF, depending on the matching method. A slightly larger increase is observed for
treatment 4—between 11.7% and 13.1%. The farms receiving support from ATER show a
probability of commercialization that is between 8.5% and 9.9% higher than the control
group, and between 8.0% and 9.3% if the effect is isolated from other policies.

Overall, the impact of the policies in isolation (Table 4) is similar to the impact mea-
sured when the farmers receiving more than one policy are included among the treated
(Table 3). This suggests that the policy mixes generate limited synergies; furthermore, the
direction of the effect is unclear. For PRONAF, it seems that farmers accessing this policy
alone are more likely to commercialize, while for ATER the mix has a slight boosting effect,
as discussed in the following. Finally, the results of the test developed by [94] indicate that
the estimates for PRONAF are the most robust to unobserved factors, followed by those for
ATER, and that those obtained with kernel or radius matching are more robust than those
obtained with nearest-neighbor matching.

Despite facilitated credit conditions (in terms of interest rates and payment terms),
PRONAF loan agreements usually require commercialization of part of the production.
Second, loans are only approved for economically and environmentally viable crops and
livestock activities in their respective territories [71]. Third, PRONAF may end up increas-
ing commercialization because failure to repay the credits would result in indebtedness,
with negative implications for the family. Producing for the market is the main strat-
egy used by family farms to repay the loan. These elements indicate that PRONAF is a
market-oriented policy, and our results add empirical evidence that this policy is effective
in supporting the commercialization of family farms.

The family farms benefiting from ATER only are slightly less likely to commercialize
their production than those accessing PRONAF only. In general, ATER targets a large range
of agri-food activities, aiming to improve or promote better integration as well as sustain-
able practices, including vegetable gardens, orchards, commercial and non-commercial
crops (e.g., potatoes, cassava, beans, and peanuts), small-scale breeding (such as poultry,
goats, and pigs), production for self-consumption, and environmental preservation [95].
In contrast to PRONAF, it does not target commercialization directly. Therefore, its signif-
icant impact on commercialization represents an interesting result from a policy evalua-
tion perspective.

As for SEEDS, the absence of a significant impact on commercialization may be due to
four main reasons: (i) its profile as a policy addressing the needs of “poor farmers”; (ii) the
larger presence, among its recipients, of female farmers, who are central for the preservation
and valorization of production for self-consumption [95]; (iii) its structural characteristics,
since participants receive a pay-off in seeds instead of money; (iv) the profile of the SEEDS
programs in the Northeast region, mainly oriented toward subsistence production and
self-consumption. Although we also match the farms based on gender and macro-region,
there may be additional unobservable factors related to these characteristics.

As a second step, we investigate the impact of the policy mixes (treatments 7-10).
Overall, 123 farms in the sample benefited from PRONAF and ATER, 23 from PRONAF
and SEEDS, 44 from ATER and SEEDS, and 24 from all policies together. Due to these small
numbers, our results must be considered carefully, as also suggested by a value of I often
equal or close to one and by the poorer overlap of the PS plots in Figure 2, which results in
a poor match.

The impact of the policy mixes on commercialization is reported in Table 5. The
estimated ATTs are all positive, meaning that the percentage of farms engaging in commer-
cialization never decreases and, in most cases, is statistically significant (especially with
kernel and radius matching). However, the magnitude of I' is only acceptable (larger than
1.4) for the PRONAF-ATER mix, and the matching is only robust for radius matching for
treatments 7 to 9. The PRONAF-ATER mix boosts commercialization by between 13.4%
and 16.3%. Surprisingly, the largest effect is generated by the PRONAF-SEEDS mix (16.5%
to 23.9%). The ATER-SEEDS mix, where significant and properly matched, generates a
14.6% effect. The increases in commercialization thanks to the policy mixes are larger than
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the effects of the policies separately (Table 4) but smaller than their sum. Therefore, while
the policy mixes generate positive synergies, these are not very strong, suggesting that the
decision whether to commercialize is generally made as a result of a single policy. In most
cases, this is PRONAF, given the characteristics of this policy and of its pool of recipients,
as already detailed in the text.

Table 5. Increase in the percent of commercial farms among policy mix recipients (treatments 7-10).

ATT (Common Support) :
Interaction Treated Controls Matching Algorithm PP Magnitude
Coeff. St. Err. V4 p-Value % of T
Kernel 0.142 0.032 4.40 0.000 *** 14.2% 1.675
7. P(:II{S"EEARF 123 3361 Nearest neighbor (n = 2) 0.163 0.059 2.92 0.005 *** 16.3% 1.675
an Radius caliper (0.01) 0.134 0.035 3.82 0.000 *** 13.4% 1.650
Kernel 0.192 0.065 2.98 0.003 *** 19.2% 1.125
8. 1;12%11\31185 23 3361 Nearest neighbor (n=2)  0.239 0.132 1.82 0.069*  23.9% 1.250
an Radius caliper (0.01) 0.165 0.074 2.24 0.025 ** 16.5% 1.125
Kernel 0.146 0.055 2.68 0.007 *** 14.6% 1.150
o ‘g;glégnd 44 3361 Nearest neighbor (n=2)  0.102 0.095 1.08 0279  102% 1.000
Radius caliper (0.01) 0.146 0.055 2.65 0.008 *** 14.6% 1.150
10. All Kernel 0.125 0.069 1.80 0.071* 12.5% 1.000
oiicies 24 3361 Nearest neighbor (n = 2) 0.229 0.127 1.80 0.072* 22.9% 1.050
P Radius caliper (0.01) 0.140 0.083 1.68 0.092 * 14.0% 1.000
Notes: Significance level: * 10%; ** 5%; *** 1%. Matching results for which the variance ratio is outside [0.5; 2] are
in italics.

One aspect that may help in understanding our results is the commercialization chan-
nels mobilized by family farmers, illustrated in Table 6. Different market configurations
produce different results in terms of social reproduction of the family farm. In the case of
the farmers who accessed PRONAF (alone or together with ATER and SEEDS), the main
commercialization channels were companies (40.3%), middlemen (23.8%), and cooperatives
(19.1%). Previous studies found that 70% of PRONAF resources go to just three prod-
ucts (soybean, corn, and coffee), which are generally commercialized through the above
channels [71,96,97].

Table 6. Main purchasers of farm production during the last year: percentage of farms that indicated
each purchaser, by type of policy or policy mix received.
Owner of
Policy ! Company Cooperative  Government  the Good Middleman  Consumer Other
Used
No policies 20.07% 6.39% 0.58% 0.54% 37.08% 34.59% 0.75%
1. PRONAF (total) 40.29% *** 19.13% *** 2.03% ** 1.16% 23.77% *** 12.46% *** 1.16%
2. ATER (total) 38.17% *** 16.86% *** 2.96% *** 0.89% 27.51% *** 12.72% *** 0.89%
3. SEEDS (total) 15.66% ** 12.62% ** 3.03% *** 1.01% 29.80% 36.87% * 1.01%
4. PRONAF only 42.56% *** 16.41% *** 1.54% 0.51% 24.62% *** 13.33% *** 1.03%
5. ATER only 41.52% *** 12.28% *** 2.34% *** 0.58% 30.99% 11.70% *** 0.58%
6. SEEDS only 8.47% *** 7.63% 3.39% *** 0.00% 33.05% 46.61% *** 0.85%
7. PRONAF and ATER 38.89% *** 21.30% *** 3.70% *** 0.93% 24.07% *** 10.19% *** 0.93%
8. PRONAF and SEEDS 23.81% 14.29% 0.00% 4.76% ** 28.57% 28.57% 0.00%
9. ATER and SEEDS 18.42% 13.16% * 5.26% *** 0.00% 31.58% 31.58% 0.00%
10. All policies 42 .86% *** 38.10% *** 0.00% 4.76% ** 9.52% *** 0.00% *** 4.76% **
Total 23.06% 8.27% 1.01% 0.58% 35.03% 31.27% 0.78%

Notes: ! Significance of the difference compared to the farmers who did not receive that policy for Treatments 1-3
and to “No policy” for Treatments 4-10. Significance level: * 10%; ** 5%; *** 1%.
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The dynamics generated by ATER are more diverse. Initially, ATER was strongly
focused on the modernization of agriculture and thus supported actions directed towards
conventional products and markets. However, in recent years, ATER professionals have
started promoting alternative agroecological practices and participatory methods. Since
2010, federal resources have been allocated to ATER for promoting diversification, sustain-
ability, agroecology, and food and nutritional security, often by stimulating production
for self-consumption and the establishment of alternative agri-food networks [98]. Never-
theless, the commercialization channels are not very different from PRONAEF. PNAD data
indicate that the farmers benefiting from ATER (only) were selling mainly to companies
(38.2%) and middlemen (27.5%); only 12.7% were selling directly to consumers. In turn,
46.6% of the farmers who accessed SEEDS (only) were selling mainly to consumers, while
under 10% were selling mainly to private companies. SEED recipients were mostly from
the Northeast, where there are many initiatives focused on the production of traditional
foods, whether for self-consumption or for local markets [18].

It is worth emphasizing that compared to other policies, PRONAF exerts a stronger
influence on the commercialization channels even when mixed with the other programs.
Instead, ATER seems to be a flexible policy that relates to different production systems
and marketing strategies. For instance, family farmers accessing both PRONAF and ATER
chose mostly private companies as their main commercialization channels, while those
accessing ATER and SEEDS but not PRONAF sell predominantly to consumers.

In summary, the three programs analyzed (PRONAEF, ATER, and SEEDS) play a crucial
role in promoting agricultural production by offering financial resources under favorable
conditions and enabling the purchase of inputs and machinery essential for production
and commercialization. Additionally, they provide seeds for the cultivation of certain
varieties and deliver specialized technical assistance. These measures significantly support
the livelihoods and sustainability of family farmers, bridging the gaps created by the
lack of personal financial resources and granting access to vital products and services.
Furthermore, these programs are found to positively impact commercialization, though
the degree of this impact varies depending on the programs and their combinations.
Importantly, this does not necessarily result in the elimination of production for self-
consumption. Given these complex dynamics, it is imperative that policies aimed at
family farming in developing and emerging countries not only focus on their individual
effects but also prioritize their interactions and the synergies with other public instruments.
The overarching objective should be to strengthen autonomy and resilience within this
socioeconomic group, advancing productive, economic, and market-access strategies that
support their social reproduction in the contemporary context.

6. Discussions and Policy Implications

Family farming is increasingly recognized as essential for promoting rural develop-
ment, reducing poverty, and achieving environmental sustainability [5-9]. Its important
role in emerging countries such as Brazil is confirmed by the large number of family farms.
In the last decades, these have been targeted by federal and state policies with the objec-
tives of both stimulating production for commercialization and strengthening food security.
In this paper, we focused on three different policies—PRONAF, ATER, and SEEDS—to
investigate their impact on family farmers” decision to commercialize their production.

Although the impact of some policies and policy mixes are non-significant, in no case
do we observe a reduced propensity towards commercialization among policy recipients.
All the estimated ATTs are positive, regardless of whether commercialization is an explicit
goal of the policies considered. PRONATF is associated with the highest increase in the
probability of engaging in commercialization. This effect is visible both when farmers
participate in this program only, and when they benefit from a combination of PRONAF
and other policies. Such findings are corroborated by qualitative studies highlighting the
productivity-focused approach of PRONAF [97,99]. On the other hand, accessing SEEDS
alone is least likely to stimulate commercialization. Nevertheless, when this policy is
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combined with either PRONAF or ATER, we observe a marginal increase in the effect of
the latter, suggesting some positive synergies. The effect of ATER is positive yet smaller
than that of PRONAF, and their combined impact (13.4%) is the largest among those that
are statistically significant and is robust to unobserved variables.

By mapping the types of markets mobilized, we show that PRONAF is associated with
production for private companies, while the family farmers benefiting from SEEDS target
mostly consumers in local markets. ATER encourages more diverse commercialization
strategies, which are key in shaping more sustainable production models [4].

This study draws attention to a crucial aspect for policymaking: evaluating policy
mixes. As shown, public policies produce different results depending on whether they act
individually or jointly; ignoring potential complementarities or conflicts between policies
might impact their efficiency, causing mismanagement of public funds and undermining
rural development processes. Furthermore, we showed that different policies mobilize
different markets, with differential impacts on the social reproduction of agriculture: fur-
ther research on this aspect is needed. Our results also suggest that policy mixes can
lead to unexpected results, in line with [25]. They can generate positive outcomes such as
an increase in commercialization but can also foster unintended behaviors. For instance,
SEEDS was used by some Brazilian states for supporting farmers’ self-consumption [83],
meaning that commercialization would be a “by-product” of the policy mixes. Neglecting
potential behavioral shifts in farmers benefiting from different policies can be risky from
a policy design perspective. Adjusting the current policy framework may be an option,
but coordination between multiple actors (at the federal, state, and municipal levels) is
required. A new governance architecture for agri-food policies aiming to increase agricul-
tural production while preserving the environment is probably needed. As highlighted
by [100], policy mixes whereby policy instruments are interrelated and not overlapping,
and where there is coordination between public authorities at different institutional levels,
can be the optimal strategy in cases of governance complexity.

In terms of recommendations for public policies, the article highlights the following:
(i) their importance for promoting family farmers’ integration into markets and ensuring
their social reproduction, though it is also important to promote other non-market strategies
and consider the quality of the markets in ensuring autonomy and sustainability; (ii) the
importance of monitoring mechanisms and of the analysis of data on public policies in
Brazil to assess their individual effects over time—something that is still rare.

Our analysis presents some limitations, mainly due to data constraints, but may also
inspire new studies. First, the PNAD dataset does not report information on the quantity
and value of the food produced and marketed by family farmers; therefore, we were unable
to assess the impact of PRONAF, ATER, and SEEDS in this sense. Another limitation
is related to the cross-sectional nature of the PNAD dataset. Longitudinal data would
have enabled us to understand long-term policy impacts by observing farmers’ decisions
to continue producing for the market in the long run, including after the cessation of
the financial incentives. Sustainability beyond the funding period is a key indicator of
success of public policies, as it suggests that the latter were able to change the underlying
motivations of stakeholders, but is also a challenge. Equally, a panel dataset would have
allowed us to assess causality, rather than correlation, thus increasing the robustness of the
recommendations derived. This phenomenon might be investigated in further research, for
instance, once the next wave of the PNAD survey is published. Despite these shortcomings,
PNAD remains the richest available dataset on this matter to date.

Commercialization does not necessarily mean increased food and nutritional security
or sustainability of farm production practices. A prior report [41] highlights that commer-
cialization generate first-, second-, and third-order impacts. First-order impact include
income and employment benefits, second-order ones pertain to health and nutrition, and
third- or higher-order ones concern environmental and macro-economic outcomes beyond
the farming household. While we argued that the resilience of family farms is key to
preserving a more sustainable, territorialized food system, the environmental impacts of
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commercialization can be mixed. An appropriate policy mix that, alongside promoting
commercialization, also protects property rights and regulates the use of water and chemi-
cal fertilizers is needed [101,102]. Further research should be dedicated to investigating
these aspects, i.e., how the market integration of Brazilian family farmers relates to food
security and sustainable practices and whether there are trade-offs. This will require the
measurement of indicators such as the intensity of water and fertilizer use, average farm
sizes, and nutritional outcomes, for instance through the Household Dietary Diversity Score
(HDDS) [103], as well as the assessment of how these vary with commercialization levels.
In this regard, it would be interesting to focus on other programs that can be accessed by
Brazilian family farms, such as the Food Acquisition Program (PAA) and the National
School Feeding Program (PNAE) [9]. Equally, while we have seen that the SEEDS program
has the largest impact in the Northeast region of Brazil and is crucial for promoting food
and nutritional security, it would be important to conduct further studies on this program
in different states separately (which was not possible using the PNAD dataset). This would
allow identification of policy profiles that are more production-oriented in order to reach
more precise conclusions about the impacts of this program on the commercialization of
family farming.
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