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Abstract

The purpose of this investigation was to analyze the effect of financial structure and fruit-fly control
on the development of Small and Medium Enterprises (SMEs) of citrus in the Central Jungle of
Peru. Using a quantitative design and a balanced sample of 54 observations, the analysis estimates
complementary linear models with interaction terms and restricted cubic spline specifications to
capture direct, synergistic, and nonlinear effects. The baseline results show that both financing
structure and fruit-fly control exert positive and statistically significant effects on business growth. The
interaction term is also positive and significant, indicating that the returns to improved financing rise
when phytosanitary management is stronger, and that effective pest control becomes more productive
when firms operate with more stable and diversified financial resources. Flexible spline estimates
further reveal that these relationships are not constant across the explanatory range, but vary according
to firms’ positions within the financial and technological space. Overall, the findings suggest that
sustainable growth in citrus SMEs depends on the simultaneous strengthening of rural finance and
phytosanitary capabilities under conditions of production risk and market constraints. The study
contributes to the agricultural development literature by linking crop protection, farm-level managerial
capacity, and enterprise performance in a single empirical framework.

Keywords: SME growth; financing structure; fruit-fly control; agricultural economics; citrus production

1. Introduction
Small and medium-sized enterprises (SMEs) in the agricultural sector play a fundamental role

in economic development, employment generation, and food security in emerging economies [1]. In
Latin America, and particularly in Peru, citrus-producing SMEs constitute a strategic component of
regional value chains, contributing significantly to rural income, export potential, and local market
stability [2]. However, despite their economic relevance, these enterprises continue to face structural
limitations that constrain their long-term growth and competitiveness [3].

One of the most persistent challenges affecting agricultural SMEs is restricted access to adequate
financial resources [4]. The financing structure of agricultural SMEs is correlated with their productivity,
level of innovation and sales [5]. Previous studies have shown that the firm’s financial structure has a
positive impact on its productivity, R&D and sales. Thus, it is important to study the financial structure
in developing countries like Pakistan, which faces a lot of challenges including the poor institutional
environment and low financial literacy of the entrepreneurs [6].
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In tropical and subtropical regions phytosanitary risks represent a serious threat for agriculture.
Fruit fly pests, for example, represent a very high threat for citrus crops [7]. In fact, the presence
of these insects determines a decrease in the production of the fruit, a decrease in fruit quality and
a closure of some foreign markets due to stricter phytosanitary controls. In Peru’s Central Jungle,
where climatic conditions favor pest proliferation, insufficient pest management systems exacerbate
production losses and income volatility for SMEs [8].

Although financial constraints and phytosanitary challenges have been widely studied inde-
pendently, empirical research integrating both dimensions remain limited [9]. Most existing studies
analyze access to finance or pest control as isolated determinants of firm performance, overlooking
their combined and interactive effects on business growth [10]. This fragmentation restricts a compre-
hensive understanding of how financial capacity conditions firms’ ability to implement effective pest
management strategies and, consequently, achieve sustainable growth [11].

From a theoretical perspective, this research is grounded in resource-based theory and financial
constraint theory, which emphasize that organizational resources and financial structures determine
firms’ strategic capabilities and competitive advantages [12]. Adequate financing enables investment
in preventive technologies, training programs, and monitoring systems that mitigate biological risks,
while deficient financial structures limit adaptive capacity and resilience [13].

In this context, the Central Jungle of Peru constitutes a relevant empirical setting, characterized by
high agricultural potential, growing SME participation, and persistent institutional and environmental
challenges [14]. Citrus-producing enterprises in this region operate under conditions of market
uncertainty, climatic variability, and financial vulnerability, making them an appropriate case for
multivariate analysis [15].

The purpose of this study is to analyze multivariately the financial structure and fruit fly pest
control variables that have an impact on the growth of Small and Medium Enterprises, SMEs, that
cultivate citrus fruits in Central Jungle, Peru. This research, using quantitative methodology with
multivariate statistical analysis, identifies the direct and indirect positive and/or negative relations that
exist in SMEs between the financial variables, the pest control variables and the performance variables.

This study contributes to the literature on the impact of financial and phytosanitary risk factors
on the growth of agricultural SMEs in Cameroon. The contributions of this study are threefold. First,
this is the first empirical study to provide a comprehensive investigation of the interlinkages between
financial and phytosanitary risk factors affecting the performance of agricultural SMEs. Second,
the study introduces for the first time a methodology that uses multivariate analysis to identify the
relationships between financial and phytosanitary risk factors. Third, the study has significant policy,
practical and strategic implications for policymakers, banks and agricultural development agencies
seeking to strengthen the competitiveness and sustainability of SMEs in the agricultural sector.

2. Theoretical Framework
2.1. Financing Structure and SME Growth

The financing structure of small and medium-sized enterprises reflects the composition and cost
of internal and external financial resources used to support business operations and investments [16].
The theory of financial constraint argue that firms are constrained by the access to the banking
system, high interest rates and insufficient collateral for investment and research and development
activities [17]. Financial constraint is evident in the agricultural SMEs in developing countries, as firms
in the agricultural sector experience a high degree of income instability and uncertainty in relation to
their production activities, which make them to be credit constrained [18].

Applying capital structure theory, firms have to balance their internal capital, debt capital and
external capital in order to achieve optimal risk and performance [19]. The majority of small and
medium scale enterprises (SMEs) in the agricultural sector are still highly dependent on alternative
forms of finance such as; informal financing, short term loans and personal savings, which disrupts
long term planning and adoption of technology [20]. A literature review carried out indicated that
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firms that have a diversified and stable capital structure experience improved performance, better risk
management and sustainability.

Access to finance for SMEs improves their competitive abilities and therefore enables them to
participate in the value chains. Investments in equipment, storage facilities, quality certification and
technology are some of the opportunities that SMEs have when they have access to finance. A finance
system that is weak leaves SMEs open to shocks from market price volatility, weather and pests.

2.2. Fruit-Fly Pest Control and Agricultural Performance

Phytosanitary management is one of the factors that affect agricultural production and productiv-
ity as well as agricultural market access. Fruit flies are considered one of the most important pests
of citrus worldwide, causing direct damage to the host plant and also indirect damage due to the
phytosanitary measures that are imposed to citrus growing countries [21].

Integrated Pest Management (IPM) theory emphasizes the coordinated use of biological, chemical,
cultural, and technological control strategies to minimize pest populations while reducing environ-
mental impacts [22]. Effective fruit-fly control requires continuous monitoring, technical knowledge,
specialized inputs, and collective action among producers [23].

In SMEs with restricted resources a lack of sufficient financial means for investment in pest control
is quite common, which may lead to unplanned and less than optimal control measures resulting in a
generally lower level of pest control and more frequent pest outbreaks. Only larger farm resources
can secure more planned and creative methods of pest control such as through pest control networks,
using new techniques (for example pheromone traps or apps in precision farming) etc. Thus, the
level of pest control management is determined not only by technological possibilities, but also by the
financial and managerial resources available on a farm.

2.3. Interaction Between Financing and Pest Management

Recent theoretical developments highlight the interdependence between financial resources and
risk management strategies in agricultural enterprises [24,25]. According to dynamic capability theory,
firms’ ability to integrate, reconfigure, and deploy resources determines their capacity to respond to
environmental threats and market opportunities [26].

Adequate financing enhances SMEs’ adaptive capacity by facilitating investments in training,
extension services, and preventive infrastructure [27]. This, in turn, strengthens pest control systems
and reduces production uncertainty. Conversely, persistent financial constraints weaken learning
processes and limit participation in cooperative control schemes.

The mutual influence of the factors affecting the financial structure of the agricultural firm and
pest control methods has a lasting impact on the firm’s performance. The financial stability of the firm
is necessary for the biological control of the pest risk to be adequate, and pest control has a positive
impact on the firm’s profitability, thereby increasing its creditworthiness and generating a virtuous
development cycle.

2.4. SME Growth and Performance in Agricultural Contexts

SME growth in agricultural sectors is a multidimensional phenomenon encompassing increases in
production volume, sales revenue, market diversification, technological adoption, and organizational
maturity [28]. Growth theory suggests that firms expand when internal capabilities and external
opportunities are aligned [29].

In rural economies, growth is strongly conditioned by institutional support, infrastructure quality,
and access to extension services [30]. For citrus-producing SMEs, growth depends not only on market
demand but also on compliance with sanitary standards and financial sustainability [31].

Studies on agribusiness performance indicate that enterprises combining sound financial manage-
ment with effective phytosanitary practices exhibit higher survival rates, stronger export potential,
and greater capacity for value addition.
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2.5. Conceptual Model

Based on the theoretical foundations discussed, this study proposes an integrated conceptual
model in which financing structure and fruit-fly pest control jointly influence SME growth [32].
Financing structure is expected to exert both direct effects on business performance and indirect effects
through its impact on pest management capacity.

Pest control practices are conceptualized as mediating mechanisms linking financial resources
to growth outcomes. Additionally, environmental and institutional conditions may moderate these
relationships, shaping firms’ adaptive responses [33]. This framework provides a basis for examining
complex interactions among financial, biological, and organizational factors within agricultural SMEs
in Peru’s Central Jungle.

3. Literature Review
3.1. Financing Constraints and Agricultural SME Development

Previous research has consistently emphasized that financial constraints represent one of the
main barriers to agricultural SME development in emerging economies [34]. Limited access to formal
banking systems, high transaction costs, and weak institutional support restrict firms’ ability to
accumulate productive capital and expand market participation [35]. As a result, many rural enterprises
rely on informal credit mechanisms, which often entail higher risks and limited scalability.

Studies have shown that enterprises with stable and diversified financing sources tend to exhibit
higher productivity levels, stronger technological adoption, and improved resilience to external
shocks [36]. In contrast, financially constrained firms frequently postpone investment decisions, reduce
maintenance expenditures, and operate below optimal capacity [37]. These limitations hinder long-
term competitiveness and increase vulnerability to market volatility and climate-related disruptions.

Moreover, financial literacy and managerial capabilities have been identified as critical mediating
factors between access to finance and business performance. Entrepreneurs with stronger financial
management skills are more likely to negotiate favorable credit conditions, allocate resources efficiently,
and implement strategic planning processes that support sustainable growth.

3.2. Phytosanitary Risks and Citrus Production Performance

Phytosanitary risks remain a persistent threat to agricultural productivity, particularly in tropical
and subtropical regions [38]. Fruit-fly infestations have been associated with significant yield losses,
reduced product quality, and restricted access to international markets. These biological risks impose
both direct economic costs and indirect reputational damages on producers and exporters [39].

Research indicates that preventive and integrated pest management strategies are more effective
than reactive control measures. Continuous monitoring, early detection systems, and coordinated
regional actions contribute to maintaining pest populations below economic damage thresholds.
However, the adoption of such practices varies substantially across enterprises, depending on financial
capacity, technical knowledge, and institutional support [40].

Small-scale producers often face difficulties in accessing specialized inputs, diagnostic services,
and extension programs [41]. Consequently, pest control efforts are frequently fragmented and
inconsistent, leading to recurrent infestations and production instability. Conversely, enterprises with
better access to resources tend to implement systematic and preventive management approaches that
enhance long-term productivity.

3.3. Integrated Perspectives on Finance, Risk Management, and Growth

Recent literature has increasingly recognized the need for integrated analytical frameworks
that capture the interaction between financial resources, risk management practices, and business
performance [42]. Isolated analyses of financing or phytosanitary management fail to account for the
cumulative and reinforcing effects that emerge when these dimensions are jointly considered.
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Financial resources play a central role in enabling firms to invest in preventive infrastructure,
staff training, and technological innovations that reduce biological and operational risks [43]. At the
same time, effective risk management improves income stability and strengthens firms’ credit profiles,
facilitating access to future financing. This reciprocal relationship contributes to the formation of
virtuous cycles of growth and resilience.

Empirical evidence suggests that enterprises capable of aligning financial strategies with oper-
ational risk management achieve superior performance outcomes [44]. These firms exhibit greater
adaptability to environmental changes, stronger participation in value chains, and higher capacity
for value creation. In contrast, enterprises that fail to integrate these dimensions remain trapped in
low-investment and high-risk equilibria.

3.4. Innovation, Market Access, and Competitive Positioning

Innovation and market integration have been identified as key drivers of agricultural SME
competitiveness [45]. Technological adoption, product differentiation, and compliance with quality
standards facilitate entry into high-value domestic and international markets [46]. However, innovation
processes in rural enterprises are often constrained by limited financial resources and insufficient
technical support.

Market access is closely linked to compliance with phytosanitary regulations and certification
requirements [47]. Enterprises that consistently meet sanitary standards are more likely to establish
stable commercial relationships and obtain premium prices [48]. Conversely, recurrent sanitary
problems undermine buyer confidence and restrict expansion opportunities.

The literature indicates that financial investment in innovation and quality assurance systems
enhances firms’ reputational capital and strengthens their bargaining power within value chains. These
factors contribute to long-term sustainability and growth potential.

3.5. Research Gap and Contribution

Despite the growing body of research on agricultural finance, pest management, and SME
performance, limited attention has been given to their combined and interactive effects. Most existing
studies analyze these dimensions separately, overlooking the structural interdependencies that shape
business outcomes in complex rural environments.

In particular, empirical evidence on how financing structures condition pest management capacity
and influence growth trajectories in citrus-producing SMEs remains scarce. Furthermore, few studies
apply multivariate analytical approaches capable of capturing mediating and moderating mechanisms
within integrated models.

This study addresses these gaps by examining the multivariate relationships among financing
structure, fruit-fly pest control, and SME growth in Peru’s Central Jungle. By adopting an integrated
analytical perspective, the research contributes to a more comprehensive understanding of agricultural
enterprise development in emerging economies.

4. Methodology
4.1. Sample

The study sample consisted of 54 observations. Data were gathered using a structured ques-
tionnaire, in which the items associated with the study constructs were measured on a five-point
Likert-type scale. This methodological design aligns with recent empirical research in Peru that
has employed quantitative, cross-sectional, and non-experimental approaches based on structured
questionnaires and multivariate statistical techniques [49].

Table 1 presents a clear conceptual and operational definition of the study’s central variables.
The dependent variable, business growth, is conceived as a multidimensional phenomenon that is
not limited to increased sales, but also incorporates market expansion, productivity improvements,
adoption of innovations, and organizational strengthening. This delimitation is methodologically
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sound because it allows us to capture business growth as a comprehensive process of economic and
managerial consolidation of citrus SMEs.

Table 1. Main variables.

Variable role Variable Dimensions Indicator

Dependent Business growth

Sales and profitability Increase in sales volume and profit margins
during the last years

Market expansion Entry into new markets or increase in
customer base

Productivity Improvement in output efficiency and use of
productive resources

Innovation Adoption of new practices, products, or
processes in the business

Organization Strengthening of internal management,
planning, and organizational capabilities

Independent

Financing Structure

Access to finance Availability of credit, loans, or external
financial resources for business operations

Cost of finance Perceived affordability of interest rates, fees,
and other financing expenses

Diversification Use of multiple financing sources to support
business activities

Stability Continuity and predictability of financial
resources over time

Financial education Knowledge and skills for managing financial
decisions and instruments

Fruit-fly control

Prevention Implementation of preventive measures to
reduce fruit-fly infestation

Monitoring Regular inspection and surveillance of pest
presence in production areas

Treatment Application of effective control measures
once the pest is detected

Training Participation in technical training on pest
management practices

Coordination Collaboration with institutions, technicians,
or producers for pest control actions

Regarding independent variables, the financing structure is operationalized through dimensions
that encompass both the availability of resources and their quality and sustainability. Access to
financing, financial cost, diversification of sources, resource stability, and financial literacy constitute a
broad approach that links business performance with the ability to manage capital efficiently. This
suggests that growth depends not only on obtaining credit but also on using it under viable conditions
and with adequate financial skills.

Fruit fly control, for its part, is approached from a technical and preventative perspective, in-
tegrating actions for prevention, monitoring, treatment, training, and coordination. This structure
demonstrates that pest management is not an isolated event, but rather a continuous system of produc-
tive intervention and institutional collaboration. Analytically, the table suggests that business growth
can be explained by the interaction between financial factors and sanitary control capabilities, both of
which are crucial for the continuity, competitiveness, and profitability of production units.

4.2. Regression Models

To examine how financing structure and fruit-fly control relate to business growth, our baseline
regression is a linear specification of the model with the interaction term, as well as two flexible forms
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in which the non-linearity in the impact of some variables is introduced by means of Restricted Cubic
Splines (RCS).

To assess the relationship between financing structure, fruit-fly control, and business growth, this
study estimates a sequence of complementary regression models. We apply a sequence of complemen-
tary regressions that successively augment a baseline linear model with main effects and interactions
by non-linear terms RCS in search of the most appropriate specification. This approach is consistent
with the study’s integrated framework, which assumes that financial capacity and pest-management
practices may exert not only direct effects on SME performance, but also joint and range-dependent
effects. The dependent variable is Business growth (BGi), while the key explanatory variables are
Financing structure (FSi) and Fruit-fly control (FCi). An additional binary indicator (Di) is incor-
porated in an augmented linear specification to control for a relevant observable condition affecting
firm performance.

The baseline model is specified as follows:

BGi = α + β1FSi + β2FCi + β3(FSi × FCi) + εi (1)

where α is the intercept, β1 and β2 capture the partial effects of financing structure and fruit-fly
control, respectively, and β3 measures whether both dimensions operate in a complementary manner.
A positive and statistically significant interaction coefficient would indicate that the effect of improved
financing conditions on business growth becomes stronger when pest-management practices are also
more effective, and vice versa. To examine the robustness of this specification, the model is extended
by including a binary control term:

BGi = α + β1FSi + β2FCi + β3(FSi × FCi) + β4Di + εi (2)

This augmented specification allows us to verify whether the estimated complementarity between
financing and pest control remains stable once a relevant observable condition is accounted for.

Because the impact of managerial and productive practices may not be constant over the entire
support of the explanatory variables, two additional models are estimated using restricted cubic
splines. In the first flexible specification, non-linearity is allowed in financing structure while fruit-fly
control enters linearly:

BGi = α +
6

∑
j=1

γjSj(FSi; κ) + δFCi + εi (3)

In the second specification, the non-linear component is assigned to fruit-fly control while financ-
ing structure remains linear:

BGi = α + θFSi +
6

∑
j=1

γjSj(FCi; κ) + εi (4)

Where Sj(·) denotes the j-th spline basis function. The spline knots (κ) are located at the 5th,
27.5th, 50th, 72.5th, and 95th percentiles of the corresponding explanatory variable, which allows
sufficient flexibility in the central part of the distribution while preserving smoothness and stability
in the tails. This specification is particularly appropriate when the marginal effect of financing or
pest control is expected to vary across low, intermediate, and high levels of the regressor, rather than
remaining constant under a purely linear assumption.

Taken together, the linear and spline specifications provide a more complete representation of the
association between financial conditions, phytosanitary management, and firm performance, enabling
the analysis to distinguish between additive, complementary, and non-linear effects within the same
empirical framework. This empirical strategy is consistent with recent quantitative evidence from Peru
that has employed structured survey instruments, and multivariate econometric models to analyze
complex behavioral relationships in applied settings [50,51].
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4.3. Research Hypothesis

This study tests whether the agricultural firm’s finance and fruit fly control have direct, indirect
or interaction effects on firm growth. In addition, this study examines the relationships between the
variables using a more general, non-linear model and calculates the marginal effects around the mean,
and also determines the degree of non-linearity.

H1: Financing structure exerts a positive effect on business growth. The expected positive sign of
β1 follows from the proposition that greater access, lower cost, higher diversification, and stronger
stability of financing expand firms’ capacity to invest, plan, and sustain productive operations. Under
the linear model, this implies a positive marginal contribution of financing structure to expected
business growth, conditional on the remaining regressors.

H2: Fruit-fly control exerts a positive effect on business growth. This hypothesis states that
stronger prevention, monitoring, treatment, and training in pest management improve productive
stability and therefore support superior firm performance. In marginal terms, the effect of fruit-fly
control on business growth is expected to be positive over the relevant range of the sample.

H3: Financing structure and fruit-fly control are complementary in explaining business growth. A
positive interaction coefficient implies complementarity between both explanatory variables. Formally,
under the linear interaction model,

∂E(BGi|FSi, FCi, Di)

∂FSi
= β1 + β3FCi (5)

and

∂E(BGi|FSi, FCi, Di)

∂FCi
= β2 + β3FCi (6)

so that

∂2E(BGi|FSi, FCi, Di)

∂FSi∂FCi
= β3 (7)

A finding of β3 > 0 would indicate that the growth effect of better financing becomes stronger
when pest control is more effective, and that the return to pest-management efforts rises when financing
conditions are more favorable.

H4: The effects of financing structure and fruit-fly control are not necessarily linear across their full
range. For the restricted cubic spline specification in which financing structure, the null of linearity is:

H4a
0 : γ2 = γ3 = . . . = γ6 = 0 vs. H4a

a : ∃j ≥ 2 such that γj ̸= 0

Similarly, for the spline specification in which fruit-fly control, the corresponding null is:

H4a
0 : λ2 = λ3 = . . . = λ6 = 0 vs. H4a

a : ∃j ≥ 2 such that λj ̸= 0

Rejection of either null would indicate that the corresponding regressor affects business growth in
a range-dependent manner, thereby justifying the use of restricted cubic splines rather than a globally
linear approximation.

Taken together, these four hypotheses evaluate whether business growth in citrus-producing
SMEs is shaped by the independent contribution of financing structure, the independent contribution
of fruit-fly control, the complementarity between both dimensions, and the possibility that their effects
vary across different levels of exposure rather than remaining constant throughout the sample.
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5. Empirical Results
5.1. Statistical Analysis

Descriptive statistics were calculated from a balanced sample of 54 observations for each variable,
ensuring homogeneity in the analysis base and allowing for consistent comparison.

Table 2 shows that Business Growth exhibits relatively stable behavior and is well-concentrated
around its central tendency. Mean value of the variable is 2.941 and median (P50 = 3.025) is very close
to the mean value of the variable which indicates that the dependent variable is not distorted by any
extreme value. The range of the variable is 1.2 and 4.8, which indicates that there is heterogeneity
between the companies in the sample, but the dispersion is not too high (SD is 0.990; variance 0.981).
The coefficient of skewness is -0.031 which indicates that the variable is almost symmetric. Kurtosis is
1.880 which is platykurtic, flattened relative to the normal distribution. There are no signs of outliers
which is an essential condition for any econometric study.

Table 2. Descriptive statistics.

Stats Business growth Financing structure Fruit-fly control

Max 4.8 1.583 1.644

Min 1.2 -1.967 -1.956

Mean 2.941 0.000 0.000

Standard Deviation (SD) 0.99 0.928 0.969

Variance 0.981 0.862 0.939

P50 3.025 -0.044 0.044

Skewness -0.031 -0.193 -0.197

Kurtosis 1.880 2.318 2.063

K-S test 0.395 0.994 0.946

The means of the values for Financing structure and Fruit-fly control variables were 0.000, showing
that the variables were centered or standardized, and thus were suitable for the multivariate analysis.
The medians of -0.044 and 0.044 also supported the idea that the variables were centered and distributed
symmetrically around the mean. The standard deviations were 0.928 and 0.969 respectively, showing
moderate degree of variation, which was quite similar in both cases. The slight negative skewness
values of -0.193 and -0.197 verified that the variables were free from any bias and were properly
distributed. The kurtosis of 2.318 and 2.063 for the variables financing structure and fruit fly control
also indicated that the variables were flat tailed with no excess kurtosis. The Kolmogorov-Smirnov
test values were 0.395, 0.994 and 0.946 respectively confirming that the variables were free from large
distortions relative to normal distribution.

Table 3 presents the bivariate correlation structure among the study variables. Business growth
shows a moderately strong positive correlation with both financing structure (r=0.644) and fruit-fly
control (r=0.615), indicating that firms with more favorable financing arrangements and stronger
pest-control practices tend to report higher growth outcomes. In addition, financing structure and
fruit-fly control are themselves positively correlated (r=0.559), which is consistent with a plausible
complementarity in practice: better-financed firms may be more able to adopt or sustain effective
pest-management actions.

The interaction term (finance × pest) correlates positively with business growth (r=0.326), sug-
gesting that the joint presence of stronger financing and pest control is associated with improved
performance beyond their separate pairwise relationships. Importantly, the interaction term exhibits
very weak correlations with the main regressors (r=0.076 with financing structure and r=−0.004 with
fruit-fly control), which reduces concerns that including the interaction will mechanically inflate
collinearity. Overall, the matrix supports proceeding with multivariate models that test both direct
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effects and synergistic (interaction) effects, while still verifying multicollinearity formally (e.g., via VIF)
in the regression results.

Table 3. Pearson correlation matrix.

Business
growth

Financing
structure

Fruit-fly
control

Interaction
finance-pest

Business growth 1.000 - - -

Financing structure 0.644 1.000 - -

Fruit-fly control 0.615 0.559 1.000 -

Interaction finance-pest 0.326 0.076 -0.004 1.000

Figure 1 provides an initial inspection of pairwise relationships between variables included in
the model. The scatter panels reveal a positive relationship between business growth and the other
two variables in the model. As each of the explanatory variables increases, the observations appear to
be clustering at higher levels of business growth. There is a moderate positive relationship between
financial structure and fruit-fly control indicating that higher levels of financial control are associated
with better pest control practices.

Figure 1. Scatterplot matrix.

The interaction plots for finance - pest are a bit more complicated. The coefficient for business
growth appears to be positive and smaller in magnitude than the main effect coefficients, which is
what we would expect for an interaction term - the interaction term only captures the joint relationship
between the two variables, and not the linear relationship with each variable separately. It also looks
like the non-linear shape of the interaction term isn’t highly correlated with the main variables (finance
and pest) which is a good sign that we are including the interaction for a good reason, rather than it
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just being a proxy for one of the main variables. The scatterplot matrix confirms the correlations, and
it looks like we should include the direct effects of finance and pest as well as their interaction.

5.2. Model Results

Table 4 shows, firstly, that the BG-OLS and BG-OLS-D linear models provide a consistent empirical
signal regarding the determinants of business growth. In both specifications, Financing structure
and Fruit-fly control have positive and statistically significant coefficients, indicating that a better
financing structure and greater fruit-fly control are associated with higher business growth. More
importantly, the finance-pest interaction term is also positive and significant in models (1) and (2),
suggesting a complementary effect between the two dimensions: the impact of one on growth does not
operate in isolation but is strengthened when the other also improves. In model (2), the inclusion of
the dummy D also yields a positive and significant coefficient, indicating the presence of an additional
structural or contextual component that increases the level of business growth once the other factors
are controlled for.

Table 4. Regression model results.

(1)
BG-OLS

(2)
BG-OLS-D

(3)
BG Cubic spline-FS

(4)
BG Cubic spline-FC

Financing structure 0.430** 0.445*** -0.848 0.473**
(3.70) (4.03) (-1.179) (2.848)

Fruit-fly control 0.400** 0.366** 0.375* -0.897
(3.60) (3.44) (2.255) (-1.694)

Interaction finance-pest 0.366** 0.384** - -(3.28) (3.61)

S4 - - 0.924*** 0.867**
(3.968) (3.036)

S5 - - 1.017*** 1.104***
(3.839) (3.941)

S6 - - 1.419** 1.078***
(2.968) (4.978)

D - 1.574** - --2.5

Constant 2.761*** 2.723*** 2.598*** 2.441***
(26.58) (27.24) (16.345) (18.255)

F statistic 24.62 21.97 9.9595 8.3739

Adjusted R2 0.5721 0.6128 0.542 0.4934

Heteroscedasticitya 0.6357 0.2604 0.3596 0.1659

Autocorrelation (BG)a 0.7845 0.6016 0.87 0.55

Normality (JB)a 0.182 0.2058 0.579 0.2286

Identificationa 0.0356 0.0732 0.5494 0.0749

Mean VIF 1.31 1.25 2.556 2.518
Note: t statistics in parentheses, * p<0.05, ** p<0.01, *** p<0.001. a p-values in diagnostic test.

Nonlinear models, estimated using cubic splines, qualify this interpretation and show that the
relationship between the explanatory variables and growth cannot be adequately summarized by
constant slopes. As can be seen, in model (3) the coefficient of Financing structure (which had a
positive slope in the main models) is no longer significant and it is even negative, while the coefficients
of the splines are positive and significant. That means that the effect of Financing structure varies with
the position of the company in the structure of the variable. The same occurs with Fruit-fly control
in model (4), where the coefficient is also negative but not significant, while the coefficients of the
splines are positive and significant. Therefore, heterogeneous returns are confirmed, but with a varying
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intensity and possibly with a change in the signs of the marginal effects at different initial values of
the variables.

As indicated by the econometric performance criteria, all four models are found to be adequately
specified. Adjusted R² values lie in the acceptable range of 0.4934 to 0.6128 in all four models. The
highest adjusted R2 value is provided by model (2). F-statistics in all the equations confirm the joint
statistical significance of the included regressors. Furthermore, heteroscedasticity, autocorrelation and
normality tests, whose all p-values are far higher than their respective critical values, do not raise
any cause for concern. The average VIF values are low in all cases, ruling out serious concerns about
multicollinearity. However, the identification test requires closer examination in model (1), whose
value of 0.0356 falls below the 5% threshold, while the results in the other models are more favorable or
at least marginally acceptable. Taken together, the evidence suggests that the business growth of citrus
SMEs responds to both direct effects and non-linear interactions and thresholds, making a flexible
specification particularly useful for capturing the complexity of the phenomenon.

Figure 2 displays, by means of kernel densities, Q-Q plots and box plots, the residual distribution
for Models 1 and 2. The empirical residual density for the two models is very close to the theoretical
normal density function. The small differences between the two curves are small in the tails and in
some regions of the body of the distribution and not large enough to be a cause for concern in terms
of non-normality.

Figure 2. Estimated kernel density, Q-Q plots and Box plots. Grid lines are 5, 10, 25, 50, 75, 90, and 95 percentiles.
The normal density is represented by the red line.

The Q-Q plots confirm this reading. In both plots most of the points lie roughly on the diagonal.
This means that the empirical quantiles of the residuals are close to the theoretical quantiles of the
normal distribution. The small deviations occur in the tails and are few and relatively small (which is
also common in empirical Q-Q plots). The small deviations can be due to all sorts of things: a bit of
marginal skewness in the regressors, non-normal errors with only a very slightly different kurtosis
than normal and so on. The important thing is that the center part of the plots, where the data points
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lie, given no indication of serious violations of the normality assumption, so that we can safely assume
that the normality condition is satisfied for the bulk of the data.

This is confirmed by the fact that the residual box plots look approximately bell-shaped and
centered around zero without any outliers. In both cases we can also calculate the IQR and the whiskers
do not appear to be distorted which suggests that the errors have been kept to reasonable levels. For
example, the residuals for Model 2 look more evenly spread than those for Model 1, which appeared
to have more variability in the spreads of the residuals with the tails appearing slightly more volatile.
However, other than minor concerns with the behavior of the tails for both models, all plots give us
sufficient visual confidence that the residuals for both of our models behave sufficiently well for the
purpose of inference, and so do not pose any major concerns as to the robustness of the models.

Figure 3 reports restricted cubic spline (natural cubic) fits of non-linear relations to business
growth conditional on setting the other regressor equal to zero. In the left panel, financing structure,
conditional on fruit-fly control is equal to 0. The fitted curve indicates a distinctly non-monotonic
relationship with business growth. Growth increases rapidly in low levels of financing, then remains
broadly unchanged as it passes through the middle values (approximately around −0.7 and −0.3) before
increasing as the level of financing improves. Again, this suggests the presence of range-dependent
returns: where the marginal gain from improving the level of financing is larger at the extremities than
in the middle values of the financing scale. A linear relationship is not therefore sufficient to explain
the data.

Figure 3. Restricted cubic spline (natural cubic).

In the right panel the spline for fruit-fly control conditional on the financing structure given that
the financing structure coefficient is equal to 0. The initial slope is upward to the left, then it is flat in
the middle and then slopes upward to the right. The 95% confidence band is wider at the ends as there
is less information available, but it is much tighter around the peak (where there is more information).
This confirms the importance of using flexible functional forms in modelling the relationship and that
the effects of financing structure and fruit fly control are non-linear. This is more detail in the results
section with the marginal effects for the spline and the joint tests for significance of the spline terms
(see Appendix A).

6. Discussion
The study of determinants of citrus grove expansion in SMEs in the Central Jungle of Peru, shows

that several factors, including financial variables and phytosanitary management influence the decision
of SMEs to increase the area under citrus cultivation. We confirm H1 and H2, since the coefficients
for the variables of financial structure and fruit-fly control are positive and statistically significant
in the baseline linear models. Therefore, those SMEs with a better access to stable and diversified
sources of financing, and with better pest management practices, tend to increase more their area
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under cultivation. This way, we confirm the expected effects of financial constraints and of poor
phytosanitary management on business growth, and we are in line with the literature about financial
constraints and agricultural and agribusiness development, which points to the barriers to investments,
to technology and to firm expansion. In this case, our results confirm the commercial determinants of
SMEs’ expansion in the agricultural sector, while at the same time including the variables related to
access to financing and the phytosanitary management, which allow a better understanding of the
complex factors that affect the long-term sustainability of a firm’s growth in this specific sector.

The coefficient on the interaction term in models (1) and (2) offers some new insights in relation
to H3. It is positive and statistically significant. This means that the marginal impact of one input is
complemented by the other. Thus, improving financial management increases the positive impact
on the dynamic of the farm business further when the pest control input is more effective, and
improving pest control increases its positive impact on the dynamic of the farm business when
financial management is better. This complementarity is in line with the integrated perspective on the
role of financial management that is provided by the theoretical framework and the literature review.
As we have already mentioned, financial management can be seen as a prerequisite to efficient use
of inputs for preventive measures, for training staff for pest control and monitoring, and for prompt
reactions to pest outbreaks. Recent studies by [42–44] are in line with this result as they all find that
the performance of a farm business is higher when the activities related to financial decision-making
and risk-management are highly interconnected.

The fact that the spline specifications include the H4 term means that the effect of financial
structure and fruit fly control is not constant over the data sample. The coefficients for the linear term
of financial structure in equation (3) and for fruit fly control in equation (4) are both insignificant while
the corresponding terms in the spline are positive and highly significant. The figures 6 and 7 are
strong indicators that the variables included in the model give rise to non-linear marginal effects with
a relatively flat middle section and steep outer sections. This pattern of non-linearities is theoretically
plausible in the context of agricultural SMEs. A firm with insufficient financial structure and/or fruit
fly control may not have sufficient amounts of relevant production resources and/or knowledge to be
able to utilize the incremental effect of a small marginal increase in the variables. It is only when the
firm has reached a minimum level of financial structure and fruit fly control that the small marginal
increases in the variables have a material effect on the level of business growth. The non-linear results
of the current study may therefore be seen as being more refined than the linear results of the previous
section. The non-linear effects of financial structure and fruit fly control are clearly more complex than
that of a linear relationship with a straight marginal effect.

From an econometric standpoint, the results display a satisfactory degree of internal consis-
tency. All four models are jointly significant, adjusted R2 values remain within a reasonable range
for firm-level evidence, and the diagnostic tests do not reveal serious problems of heteroscedasticity,
autocorrelation, or residual non-normality. In addition, the reported VIF values suggest that mul-
ticollinearity is not materially distorting the estimated coefficients. Model (2) achieves the highest
explanatory power, which indicates that the inclusion of the additional control variable improves the
empirical representation of business growth. At the same time, the identification statistic in model (1)
calls for a measured interpretation of the simplest linear specification, particularly because its p-value
falls below the conventional threshold. For that reason, the strongest conclusion is not that one isolated
model definitively explains the phenomenon, but that the overall pattern of results—linear, interactive,
and nonlinear—converges toward the same substantive interpretation.

Our study fills the gap of research on the linkages between agricultural finance and plant health
management in small and medium-sized enterprises (SMEs). To the best of our knowledge, this is the
first study that analyses this complex and highly neglected relationship. As explained above, current
studies are either incomplete for the analysis of plant health management in SMEs or they overlook the
important linkages between agricultural finance and plant health management. Our study confirms
the interlinkages between agricultural finance and plant health management, and therefore the need
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for an integrated policy and management approach for growth-promoting strategies for citrus SMEs
in the Peruvian Amazon, specifically in the Central Jungle region. Access to financial services for
agricultural producers does not automatically translate into higher productivity, if the producers’
ability to implement effective fruit fly management practices and to learn and implement new practices
is not enhanced. In the same way, plant health management practices may not have the desired
impact, if access to financial services is not improved. Our findings support the need for an integrated
approaches that deal with rural finance, extension, capacity-building and phytosanitary infrastructure.
They also strongly support the contingency approach that the competitiveness of agricultural SMEs
depends on the combined and complementary use of financial, technical and organizational resources.

7. Conclusions
The main purpose of this investigation was to determine the relevance of financial structure and

fruit fly management to the business development of Peruvian citrus SMEs in the Central Jungle of
Peru. Based on the analysis of the empirical data from the survey carried out in the region, the general
results indicate that those SMEs that have access to a more favorable financial structure and more
efficient management of phytosanitary planning have higher business development. Thus, the main
purpose of the investigation is totally supported, as well as H1 and H2, since a firm’s access to more
favorable financial conditions and more efficient control of pests that affect citrus plantations allows it
to have a higher firm development, stability and organizational development.

The second result derived from the analysis is not related to the explanatory variables of the
model but rather to the form of the relationship between the variables that make up the model. The
interaction term between the variables financing structure and fruit-fly control is positive and highly
significant in the linear models. This means that these two variables are complementary (H3). More
details are provided in the text of the article. This complementarity means that the direct beneficial
effects on the development of agricultural SMEs resulting from better financing are not only current
but also cumulative: higher financial performance is not only associated with higher investment in
phytosanitary products but also with higher capacities for fruit-fly control and, reciprocally, that higher
capacities for fruit-fly control are associated with greater productive use of the financial resources
available to the agricultural SME.

Third, it is clear from the spline regressions that the effect of credit and fruit-fly control is not
linear, which confirms H4. Indeed, while the linear relationship is globally close to linear with only a
slightly positive curvature, the spline relationships indicate the existence of non-linear marginal effects.
Thus, there are regions where the slopes are almost zero while others have a very steep slope. Such
type of non-linearity suggests that the impact of policies or firm actions may depend on the initial state
of the firm, an aspect that is lost with linear specifications. A non-linear, flexible specification, as that
delivered by the spline regressions, is clearly more appropriate in this case than a simple linear one.

Operationally the findings suggest that there is a need to link the improvement of the agricultural
SMEs with access to rural finance and phytosanitary management through the design of a common
operational framework. Increasing access to credit may not be enough to improve the performance of
the agricultural SMEs in the absence of acquired skills by farmers to manage, monitor and carry out
fruit flies’ eradication activities. Similarly, efforts to manage pests may not yield long term results in the
absence of financially stable agricultural SMEs with access to affordable credit. Hence, there is need to
have integrated strategies that promote financial inclusion, technical support, skills development and
infrastructure in agriculture to promote competitive and sustainable SMEs in the agriculture sector.

Finally, although the econometric evidence is broadly consistent and the models present acceptable
diagnostic properties, the results should be interpreted with reasonable caution. The sample size is
limited, and one of the baseline specifications shows a weaker identification result than the remaining
models, which suggests that future research should expand the empirical base and test the same
relationships in larger samples, alternative agricultural chains, and comparative regional settings.
Even so, the overall pattern is robust enough to sustain the article’s main contribution: business growth
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in citrus-producing SMEs is shaped by the joint, complementary, and non-linear influence of financing
structure and fruit-fly control, making their integration essential for both theory and policy.
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Appendix A. Interaction and Marginal-Effect Plots

Figure A1. Predicted interaction effects of financing structure and fruit-fly control on business growth (95%
confidence intervals).
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Figure A1 reports predicted interaction effects from the OLS model with the Financing structure
× Fruit-fly control term (95% confidence bands). Panel (a) shows that the association between financing
structure and business growth is conditional on the level of fruit-fly control. When fruit-fly control is
higher, the predicted growth–financing gradient becomes steeper, indicating that improvements in
financing structure translate into larger expected gains in business growth. Conversely, at lower levels
of fruit-fly control, the predicted slope flattens, suggesting that financial strengthening yields more
limited growth responses when pest-management capacity is comparatively weak.

Panel (b) provides the symmetric result: the marginal contribution of fruit-fly control to business
growth is larger when financing structure is stronger. At higher levels of financing structure, the
predicted growth response to improvements in fruit-fly control is more pronounced, whereas at lower
financing levels the expected gains from improved control are smaller. Taken together, the two panels
are consistent with complementarity between financial capacity and pest-management capability:
business growth is maximized when both dimensions improve jointly, rather than through isolated
changes in either financing structure or fruit-fly control alone.
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