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Horticulture has the potential to meet the development agenda of agrarian
economies, like that of Cameroon, through the cultivation of high-value
fruits and vegetables. Bananas and pineapples are two widely grown fruits in
Cameroon for income, employment, and foreign earnings. Cameroon remains
an important global player in the banana trade. To boost production, identifying
important factors that drive the supply response of such crops is an important
policy question. Here, we ask if non-price factors are important determinants
of supply response of such horticultural crops, a question that has received
very little attention. The objective of this study is thus to estimate the effect
of non-price factors on the supply response of bananas and pineapples. To do
this, a Nerlovian response function is directly estimated via an Error correction
model using time series data, to capture long-run dynamics of production and
supply. The results show that non-price factors such as rainfall, temperature, and
land are the major drivers of the supply response of both crops. The effects of
these factors, however, vary with the crops. We provide plausible explanations
why non-price factors are salient. Our results suggest that improving the timely
availability of weather and climate information, and input subsidies are possible
areas for policy interventions.

KEYWORDS

horticulture, price, supply response, Nerlovian expectation model, co-integration,
error-correction model

Introduction

Agriculture is Africa’s heritage, and will remain vital in a foreseeable future for the
continent’s food and raw material supplies, as well as income and employment (Delgado,
1998; Koohafkan and Altieri, 2011; Lu and Horlu, 2019; Bjornlund et al., 2020). However,
its agriculture is currently at a crucial juncture challenged by a plethora of complex
problems (for instance, climate change, health, unequal markets, and unfair trading rules)
impeding its progress and development. Africa is thus confronted with a multitude of
complex difficulties, including the rapid growth of urban areas and a rising population
in rural areas that need to be fed. The situation is recently worsened by the COVID-19
pandemic and the Russo-Ukrainian conflict, driving the skyrocketing of prices of staple
foods like wheat, maize and barley (Ghufran et al., 2024; Kone et al., 2024; Ngwu et al.,
2024). Notwithstanding, African agriculture has enormous potential to not only feed
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Africa, but also the world. African agriculture has shown
promising signs of progress in recent years, with agricultural
productivity increasing 13% on average every year between 2015
and 2020 (AfDB, 2021). Although there have been improvements,
agriculture in the majority of African nations is still predominantly
characterized by small-scale operations, limited use of advanced
technologies, and reliance on rainfall. As a result, farmers and food
production systems are extremely susceptible to climate-related,
economic, and other shocks. Over the past few years, crop yields
in Africa have been negatively impacted by droughts, cyclones,
and floods. Additionally, the region is currently dealing with
transboundary pest invasions and animal diseases such as desert
locusts, fall armyworm, and ruminant pests. Many African farmers
were significantly impacted by the disruption caused by COVID-19
in both input and output markets (Nhamo and Chapungu, 2024;
Ongoma et al., 2024; Onyeaka et al., 2024).

The expanding horticulture subsector holds some promise in
sub-Saharan Africa (Maertens et al., 2012; Keatinge et al., 2016;
Kirsten et al., 2024). Horticulture is expanding through production
intensification and by excavating new lands. With primarily
fruits and vegetables, horticulture enriches diets, plays vital role
in providing food and nutrition security, guarantees incomes,
employment, foreign exchange and protects the environment
(Weinberger and Lumpkin, 2007; Van den Broeck and Maertens,
2016; Resnick, 2024). Furthermore, horticulture can make a
valuable contribution to sustainable development by cultivating
fruit trees and plants that have the ability to absorb carbon
dioxide, mitigate air pollution, and preserve soil fertility (Mkuna,
2022; Gelaye and Getahun, 2024; Haj-Amor et al., 2024; Sarkar
et al, 2024). Additionally, it aids in the preservation of water
and energy. The components of the value chain for horticulture
crops generate employment and develop new market prospects
for fruits and vegetables to play a crucial part in combating
the triple challenges of hunger, micronutrient deficiencies, and
overconsumption of starchy foods. Horticultural crops, which
are primarily high-value crops, play a significant role in
generating wealth. Lastly, horticulture significantly contributes
to the empowerment of women and other vulnerable groups
(Van den Broeck and Maertens, 2016; Mkuna, 2022; Resnick,
2024).

Although price changes are a regular occurrence in
properly functioning agricultural product markets, horticulture
is particularly vulnerable to such fluctuations. Agricultural
commodity markets are increasingly prone to significant price
fluctuations (Gouel, 2012; Oduniyi, 2022). These changes are
primarily driven by supply and demand factors, such as population
growth and weather conditions, which directly impact output and
consequently affect prices (Fafchamps, 2000; Lanfranchi et al,
2019). The issue of price fluctuation is a complex problem caused
by multiple causes that, when combined, result in harmful effects
for farmers who are at risk (Fafchamps, 2000; Gouel, 2012; Boyd
and Bellemare, 2020). While high prices may initially benefit
farmers, price volatility poses significant risk, as it jeopardizes the
investments of farmers and other stakeholders in the food industry
if prices decline (Boyd and Bellemare, 2020). However, when these
fluctuations in size and unpredictability increase significantly (or
become volatile), they can have a detrimental effect on the ability of
consumers, farmers, and entire countries to maintain food security.

Frontiersin Environmental Economics

10.3389/frevc.2024.1305346

Typically, impoverished farmers lack sufficient financial resources
to endure such volatility. This can lead to less than optimal
investment decisions and undermine long-term production.
The increase in food prices has not automatically resulted in
improved pricing for farmers in developing nations due to the
concurrent rise in costs of non-food necessities, including cooking
fuel, transportation, rent, fertilizers, kerosene, and agricultural
inputs. Furthermore, intermediaries are experiencing elevated
transportation expenses which are subsequently transferred on
to farmers.

While price fluctuations have traditionally dominated the
existing literature, non-price factors significantly influence the
market dynamics of the horticultural industry. Market dynamics
in the horticultural sector are shaped by various non-price factors,
including consumer preferences, technological advancements,
and globalization. Consumer demand for fresh, locally sourced
produce has surged in recent years, driven by concerns over
health, environmental sustainability, and food security (Food
and Agriculture Organization, 2019). Consequently, farmers must
adapt their cultivation practices and product offerings to meet
evolving consumer expectations, such as organic or pesticide-
free produce.

Moreover, technological advancements have significantly
contributed to the horticulture industry by allowing farmers
to optimize crop yields, minimize losses, and enhance product
Singh et al, 2022; Wani
2023). Technological innovations such as precision

quality (Lastochkina et al, 2022;
et al,
agriculture and vertical farming have revolutionized horticultural
production methods, enabling year-round cultivation in controlled
environments and optimizing resource utilization (Godfray et al.,
2010). These technological improvements offer the potential for
increased efficiency, decreased reliance on manual labor, and a
transition toward data-driven and ecologically sensitive methods
of agriculture. However, the adoption of these technologies often
requires significant investments, posing challenges for small-scale
farmers with limited financial resources.

Globalization has also transformed market dynamics,
facilitating the international trade of horticultural products. The
market for horticulture has been enhanced by the increased
interconnectedness of countries under the dispensation of
globalization. Globalization, propelled by international trade
and investment, is intricately interwoven with the changes in
economies, communities, and politics that are influenced by
advancements in information technologies, facilitating more
global interconnectedness (Von Braun and Diaz-Bonilla, 2008;
Robinson, 2018). Anderson (2023) states that globalization has
significantly reshaped the world’s agrifood systems through
the increasing functional integration of economies worldwide.
This transformation has been facilitated by the internet, the
growth of transnational corporations, and the elimination of
various trade and investment barriers. However, while export
opportunities present lucrative prospects for farmers, they also
expose them to market volatility, regulatory complexities, and
competition from low-cost producers (Gomez-Limon et al,, 2018).
Furthermore, fluctuations in currency exchange rates and trade
policies can significantly impact the profitability of horticultural
enterprises, necessitating risk management strategies and market
diversification efforts.
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Government policies, particularly on agriculture, play a crucial
role in shaping the horticultural sector, influencing production
practices, market access, and sustainability initiatives. Policy
initiatives aimed at supporting smallholder farmers, promoting
agro-industrial development, and enhancing food safety standards
are integral to fostering a conducive operating environment
(Tadesse et al., 2020). However, the effectiveness of these policies
often hinges on their implementation, enforcement, and alignment
with stakeholders’ interests. In many developing countries,
agricultural policies suffer from inadequate funding, bureaucratic
inefliciencies, and lack of coordination between government
agencies, hindering their impact on the ground (Gatzweiler et al.,
2019). Moreover, policy interventions must strike a delicate balance
between incentivizing agricultural productivity and safeguarding
environmental sustainability, addressing trade-offs between short-
term gains and long-term resilience.

In the midst of these varied drivers, sustainability has now
emerged as a paramount concern in the horticultural sector,
encompassing environmental stewardship, social equity, and
economic viability. Intensive agricultural practices, such as mono-
cropping, excessive pesticide use, and water depletion, have raised
alarms over their adverse impacts on soil health, biodiversity, and
ecosystem resilience (Foley et al., 2011). Sustainable horticulture
entails adopting agro ecological principles, promoting biodiversity
conservation, and enhancing resource efficiency throughout the
value chain.

However, transitioning to sustainable production systems
gaps,
investment barriers, and market constraints (Pretty et al,

entails significant challenges, including knowledge
2018). While certification schemes, such as organic or fair-trade
labels, offer market premiums for sustainably produced goods,
their adoption may entail additional costs and certification
requirements for farmers. Additionally, the fragmented nature of
global supply chains complicates traceability and transparency
efforts, limiting consumers’ ability to make informed choices about
the sustainability of horticultural products.

Stakeholder

complex challenges facing the horticultural sector, fostering

engagement is pivotal in addressing the
collaboration among farmers, policymakers, researchers, civil
society organizations, and consumers. Farmers perspectives on
market access, input subsidies, and risk management strategies
inform policy formulation and implementation, ensuring that
interventions are tailored to their needs and realities (Van Kooten
et al,, 2019). Similarly, consumer preferences for ethically sourced,
environmentally friendly produce drive market demand for
sustainable horticultural products, incentivizing farmers to adopt
responsible practices. However, conflicting interests and power
asymmetries among stakeholders can impede collective action
and compromise sustainability outcomes (Darnhofer et al., 2010).
Policymakers must navigate these complex dynamics, facilitating
inclusive decision-making processes that accommodate diverse
perspectives and prioritize the long-term interests of society and
the environment.

Non-price factors are not new, although they have generally not
received much attention in the supply response literature. However,
they are growing in importance for at least two interrelated
reasons. Firstly, they have been shown to affect price factors.
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Blake et al. (2018) show that poor weather conditions are a major
driver of banana prices. Secondly, they have numerous effects
on especially horticultural crops. Some of the most important
non-price factors are varying rainfall and temperature, which
are direct consequences of climate change. Several studies have
highlighted that horticultural crops constitute one of the most
vulnerable to the effects of climate change (Glenn et al., 2013;
Gora et al., 2019; Agnolucci and De Lipsis, 2020; Abdoussalami
et al,, 2023). This occurs by altering important biological processes
like flowering and fruiting (Joshi et al., 2023). Beyond such direct
effects on production, horticultural crops are unique in that their
sale depends on not only the quantity but also the quality. Hence,
factors affecting fruits’ quality may also affect their supply. Extreme
climatic events may affect the quality of fruits. Availability of
land is also an important non-price factor that may affect the
production and supply of horticultural crops. In most parts of the
developing world, increase in horticultural production has mostly
been through land expansion. For example, Sharma et al. (2022)
show that the area under cultivation of horticultural crops in India
has been on a steady increase. On the one hand, this may be due to
the lack of appropriate technology for intensification. On the other
hand, the nature of most horticultural crops limit their growth in
certain environments. Crops such as bananas are usually grown
in large areas of land due to the wide area they cover and the
spacing requirements for optimal growth. However, even with such
expansions, the use of improved technologies like fertilizers and
pesticides are still necessary.

Here, we ask if non-price factors are important drivers of supply
response of horticultural crops. Agriculture hinges on important
non-price factors like rainfall, temperature, and land, which have
even become increasingly important in the face of climate change.
However, they have received very little attention in supply response
studies. Although some empirical studies Ayinde and Bessler
(2014) and Tabe-Ojong et al. (2020) have shown that non-price
factors are as important as price factors in supply response, price
factors have been the focus of supply response in accordance with
the dictates of microeconomic theory, which emphasizes prices as a
major determinant of supply. Our objective is thus to estimate the
effects of non-price factors on the supply response of banana and
pineapples in Cameroon. We hypothesize that non-price factors
are important drivers of the supply response of horticultural crops.
With increasing importance of these crops to both smallholder
farmers and government, identifying key non-price determinants
may inform policy on the production and supply of such crops.

There is a large body of literature on the supply response of
several crops such as tomato (Tabe-Ojong et al., 2020), sunflower
(Nhundu et al,, 2022), sorghum (Onono, 2018), rice (Ayinde and
Bessler, 2014), apple and pear (Wani et al., 2015), and maize (Shoko
et al.,, 2016; Sumathi et al,, 2019). While some of these studies
have focused on horticultural crops, to our knowledge, we are
not aware of any studies on bananas and pineapple. We therefore
contribute to the literature by focusing on these two important
crops of worldwide significance. As annual crops, characterized by
a longer gestation period, their supply response may vary, since
farmers may take a longer time to respond to changes. Moreover,
banana is globally a very popular fruit, not only for its nutritional
value but also for their economic importance, especially to small
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and marginal farmers in developing countries. In terms of global
importance and gross value of production, bananas are the fourth
most important food crop after wheat, rice, and corn, being a
dietary staple and providing a balanced diet to millions of people
(Thrift et al, 2014). In Africa, it provides more than 25% of food
energy requirements to more than 100 million people. Pineapple
on the other hand is the third most important tropical fruit in
the world after bananas and mangoes (Lobo and Paull, 2017).
Both are extensively grown in Cameroon. Therefore, improving
the supply response of these crops may play important roles in
both food security and poverty, which remain serious challenges
in Cameroon.

The remainder of the paper is structured as follows. Section
two is the background of the study where we present the study
context and conceptual framework. Section three provides the
materials and methods while results are presented in section four.
The paper concludes and provides some policy recommendations
in section five.

The study context and
conceptualization

Horticulture in Cameroon

The agricultural sector in Cameroon, particularly the
horticultural industry such as bananas and pineapples, plays
a pivotal role in the nation’s economy. This industry makes a
substantial contribution to employment in rural areas, export
earnings, and food security. Nevertheless, in spite of its vital
importance, this industry has many obstacles that impede its
growth and have an impact on farmers’ and agro-industrial
stakeholders’ supply responses (Anaciet, 2019). One of the
primary challenges in Cameroon’s horticultural sector is the
lack of adequate infrastructure, such as roads and storage
facilities, which significantly affects the supply chain efficiency.
This infrastructure deficit leads to high post-harvest losses and
restricts access to both local and international markets (Etame
Kossi et al, 2023). Additionally, the vulnerability to climate
change poses a significant threat, impacting crop yields and
forcing farmers to adapt to unpredictable weather patterns
(Abdoussalami et al., 2023).

The market dynamics in the banana and pineapple industries
are influenced heavily by international trade agreements and local
market structures. Cameroon’s adherence to economic partnership
agreements with the European Union has opened markets but also
exposed local producers to fierce competition from Latin American
banana exporters (Ollong, 2017). On the policy front, initiatives
aimed at enhancing agricultural productivity through subsidies and
technical support have had mixed results. While these policies
intend to boost production, their implementation often suffers
from administrative inefficiencies and a lack of coordination with
local needs.

The perspectives of various stakeholders, including farmers,
agribusinesses, government agencies, and NGOs, cannot be
overemphasized in addressing the multifaceted challenges of the
horticultural sector. Farmers often express concerns over the
volatility of prices and the inadequacy of financial and technical
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support, whereas agribusinesses focus on improving productivity
and market access. NGOs and international bodies emphasize the
importance of sustainable practices and fair trade (Tabe-Ojong
etal., 2023).

Incorporating non-price factors into supply response analysis
in the context of Cameroon is crucial for several reasons that
intersect economic viability, environmental sustainability, and
social welfare. These factors often provide a more comprehensive
understanding of agricultural dynamics that price mechanisms
alone cannot explain, especially in the context of developing
countries like Cameroon.

Economic diversification is a vital strategy for developing
economies to stabilize against market shocks. Horticulture,
involving the cultivation of fruits like bananas and pineapples,
offers significant potential for diversification. Studies have shown
that non-price factors such as market access and infrastructure
significantly impact the economic outcomes of horticulture
enterprises (Quentin et al., 2015). By understanding these factors,
policymakers and stakeholders can better tailor strategies to bolster
economic stability and growth, making the sector more resilient to
external shocks.

Environmental sustainability in agriculture has become a
pressing concern under the shadow of global climate change.
The study of non-price factors such as farming practices,
use of agrochemicals, and resource management is essential
for promoting sustainable agriculture. The intensive use of
agrochemicals in the banana and pineapple industries has raised
environmental concerns, particularly regarding soil degradation
and water pollution. Research has indicated that sustainable
practices in horticulture not only help in preserving biodiversity
but also improve soil health and reduce dependency on chemical
inputs, which are critical in maintaining long-term productivity of
the land (Njukwe et al., 2010). Addressing these factors can lead
to more sustainable agricultural methods that align with global
sustainability goals.

The horticultural sector is labor-intensive, making the study
of labor conditions and social equity crucial. Socially, the labor
conditions and economic benefits for local farmers remain areas
requiring significant improvement to ensure that agricultural
growth translates into broader community benefits. Non-price
factors such as working conditions, wages, and access to social
services influence the supply response by affecting labor availability
and productivity. Research by Maertens and Swinnen (2012)
suggest that improving labor conditions in horticultural industries
in developing countries could lead to enhanced social equity and
economic benefits for workers. Thus, studying these factors can
help develop fair trade practices and improve living standards for
workers in the sector.

Non-price factors are pivotal in evaluating the effectiveness of
agricultural policies. For example, government initiatives aimed
at providing technical support and enhancing market access
are crucial for the growth of the horticultural sector. Studies
by Minten et al. (2009) suggest that policy interventions that
consider infrastructure development, technological dissemination,
and market facilitation have a profound impact on the supply
dynamics in agriculture. Understanding these influences can aid
in crafting more effective policies that support sectoral growth
and competitiveness.
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Banana is an important crop in Cameroon. The Food and
Agricultural Organization (2018) ranked Cameroon the first
producer and exporter of bananas in Africa. The banana sector
was one of the main providers of employment in Cameroon.
It is produced by smallholder farmers and state-owned agro-
industrial plantations. That produced by smallholders is destined
for the local markets while that from plantations is exported
to markets in Europe. It accounts for about 2% of agricultural
products exported from the country. In 2011, about 297,210 tons
of bananas were exported while the business generated about 170
billion FCFA while in 2020, production stood at over a million
tons (FAOSTAT, 2022). The country is equally a major producer
of pineapples with an annual production of about 300,000 tons,
over a third of global production (Cameroon Radio Television,
2018; FAOSTAT, 2022; Wamuci, 2022). Like bananas, pineapples
are also produced by both smallholder farmers and agro-industrial
plantations. Smallholder production, however, predominates. The
South, Littoral, and Center regions of Cameroon are the hub of
pineapple production owing to the well-drained soils. Pineapple is
sold in local markets for consumption, but some portion is equally
sold for agro-industrial purposes. The countrys production of
banana and pineapple is shown in Figure 1 A. The graph shows that
banana and pineapple are major important agricultural products
in Cameroon owing to their large production volumes. While
production had been steadily increasing, a drop in production has
characterized the last few years. It is possible that both price and
non-price factors may be driving such reductions. However, there
is no empirical evidence to support such claims, necessitating this
study. Moreover, these crops also constitute important shares of
the total value of Cameroon’s agricultural production as shown
in Figure 1B. Hence, understanding the drivers of their supply
response is important for the country’s agricultural production
and exports.

Non-price factors also play an important role in Cameroon’s
agricultural sector. For example, the rain-fed system of agriculture
implies that climatic factors are salient in determining farmers’
responses. According to Tagang Tene (2022), there has been
a decrease in rainfall and an increase in temperatures, despite
significant heterogeneities across regions. These have significant
effects on the production and supply of most crops in Cameroon.
It further alters the production calendars and timing of important
farming operations. Similarly, there is a constant reduction
in available arable land in Cameroon owing to infrastructural
development. This limits the available land for horticultural crops
which are still grown on an extensive basis. These factors, in
addition to limited technology use and exchange rate may play an
important role in the supply response of banana and pineapple.
It is worth re-iterating that there exists a dual horticultural sector
in Cameroon wherein there are small-scale producers existing
alongside large agro-industrial plantations.

Conceptual framework

This study is conceptualized in Figure 2. Figure 2 shows
that price and non-price factors are basically determined by
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government agricultural policy, monetary policy instruments
and climate variability factors. As per the law of supply, there
is a positive relationship between the price of pineapples

and bananas and the quantity supplied by farmers in

policy
through its policy implementation on technology adoption

Cameroon. For instance, government agricultural

of modern agricultural technologies, such as irrigation
systems and improved crop varieties, could enhance
pineapple and banana productivity in Cameroon given

that technology adoption is crucial for increasing yields and
improving efficiency.

As pointed out by Shoko et al. (2016) who explained
that to the extent that such technologies are available and
affordable to farmers, it may influence their supply response.
Also, government grants and subsidies serve as incentive for
producers to supply more pineapples and bananas, as it becomes
more profitable to cultivate these crops compared to other
substitute crops such as mango and oranges that may not
receive the same attention. Monetary policy instruments such
as exchange rate and consumer price influence banana and
pineapple supply through non-price factors as well. For instance,
fluctuations in the exchange rate can impact the competitiveness
of pineapple and banana exports from Cameroon. A depreciating
local currency may enhance export competitiveness, while a
strengthening currency may reduce profitability (Smith, 2018).
Similarly, consumer prices of alternative fruits, such as oranges and
mangoes, could influence the demand for pineapples and bananas
in Cameroon.

Higher prices of alternative fruits may shift consumer
preferences toward pineapples and bananas, increasing demand.
Finally, climate factors such as temperature and rainfall
significantly affect banana and pineapple given that optimal
temperature and adequate rainfall are essential for healthy plant
growth and fruit development. This is in tandem with Joshi et al.
(2023) who argue that temperature changes affect important
processes like flowering and fruiting. Similarly, rainfall is another
important non-price factor that may affect the supply response of
a commodity by affecting biological processes. Also, Shoko et al.
(2016) show that rainfall is one of the major drivers of supply
response of maize in South Africa. Finally, the cost of inputs such
as land, herbicides, fertilizers, and other agrochemicals also has a
big impact on pineapple and banana supply responses.

Price fluctuations for inputs have the potential to impact
farmers’ production costs and profitability, which in turn
might impact their choices about crop cultivation. Furthermore,
market factors that affect farmers’ capacity to supply customers
with bananas and pineapples include price volatility, market
accessibility, and transportation infrastructure. Influenced heavily
by international trade agreements and local market structures, these
factors have heavily affected banana and pineapple supply following
Cameroon’s membership in regional economic blocs, such as the
Economic Community of Central African States (ECCAS) and
the African Continental Free Trade Area (AfCFTA), that presents
opportunities for small businesses to access larger markets within
the Central African region and beyond.

As such, understanding how these factors influence supply
response opens up new avenues for policy interventions aimed at

frontiersin.org


https://doi.org/10.3389/frevc.2024.1305346
https://www.frontiersin.org/journals/environmental-economics
https://www.frontiersin.org

Awa et al. 10.3389/frevc.2024.1305346

A
1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000 /
0
o | <t ~ o o (o) (2] o wn o] - < ~ o o o D o~ wn o0 i
O W O N NN NN N 0 0 0 OO O O O © © O «w o « o
a O O O O 6O O 0O 0o 0o 0O 0o 0o O O O O O O O O
- - - - - - - i — i — i — (o] o~ o~ o~ o~ o~ (o] o~
e=Banana e Pineapple
B
10
9
8
w 7
Q
< 6
=
B 5
x 4
w
a3
2
1 PEENE oo
0 ___J~—/g
< N O MM VW OO N N 0 o S N O M VW O N N 0 o
O W O N N N N 0 00 0 OO OO @O © © © © «w o « o
A O O O O 0O O OO 0O 0O 0O 60O 0 O O O O O O O O
— — — — i i i Ll - - - - - o~ o~ o~ o~ o~ o~ o~ o~
YEAR

e Banana e Pineapple

FIGURE 1
(A) Production (in tons) of banana and pineapple in Cameroon. (B) Share of banana and pineapple in gross agricultural production value. Source:
Authors’ construction from FAOSTAT (2023).
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FIGURE 2
Conceptual framework. Source: Authors’ construction (2023).
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horticultural production. We therefore exploit this framework to
contribute to the extant literature, by estimating values that provide
new information to guide practices in the industry.

Materials and methods

Analytical techniques

The role of price and non-price factors in understanding
horticultural crop supply response is becoming increasingly
important in light of the most recent trade policies influencing
horticulture globally under the new economic order. Sicgle
et al. (2024) provides an extensive methodological review of the
different techniques employed in the supply response analysis.
The estimation technique for this study hinges on the Nerlovian
supply response framework. Yield, area, or output response can
be used to model crop supply response. Perennial crops require
long-term capital investment to yield short-term outputs, so an
analytical approach that internalizes short-run response (within
year adjustments), long-run response, and management behavior
is needed. The Nerlovian supply response technique determines
perennial crop short-term and long-term elasticities (French and
Matthews, 1971; Akiyama and Trivedi, 1987; Siegle et al., 2024).
Nerlovian models analyze farmers’ output reaction based on price
expectations and partial area adjustment (Nerlove, 1958; French
and Matthews, 1971; Askari and Cummings, 1977). The model can
also include non-price production shift variables. The Nerlovian
supply response technique uses a Nerlovian expectation model to
analyze the rate and level of adjustment of actual acreage and yield
toward targeted acreage. Time series econometrics, including error
correction models, may aptly determine short-run and long run
supply sensitivity when time series data are utilized to investigate
production dynamics (Nickell, 1985). In our current study, supply
response would therefore, indicate the changes in output with
changes in prices and non-price factors and estimation of the
long-run equilibrium in the sector (Tripathi and Anubhuti, 2008).

Direct estimation

Supply response has been estimated directly by including
partial adjustments and restrictive expectations (Nerlove, 1958).
This model describes the dynamics of supply by incorporating price
expectations and partial area adjustment. Suppose we postulate the
model, where output in period t, is Y, as a function of expected
price in the same period, P* as shown in Equation 1.

Y, =g + a1 P* + vy (1)

Where Y; = Banana or pineapple output in period t, P* =
Expected banana or pineapple price at period t, v; = unobserved
random effects affecting the banana or pineapple output and has
expected value zero and constant variance, «p = intercept and o =
Long-run banana or pineapple price elasticity coefficient of output.

Nerlove (1958) proposes a relationship between the expected
or long run and actual banana or pineapple output which holds at
any time, t. Since the long-run output is not directly observable,
at any time, t, actual output is adjusted in relation to the difference
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between the expected output in the long-run equilibrium and actual
output. Equation 2 shows such a relationship.

Yi— Y =3(Y" — Y1) + w0 <8 <1 (2)

Where Y, the actual output in period t, § is the coefficient of
adjustment, and w; is an error term. Thus, the actual output in
period t is adjusted by a fraction of the difference between the
long-run equilibrium or expected output and the actual output
in the lagged period. If § = 0, present and previous periods’
outputs remain the same. This does not correspond to the partial
adjustment hypothesis and thus a restriction is set as § > 0. On the
other hand, if § = 1, actual output equals expected output. That is,
long-rung run equilibrium is achieved fast. Generally, 0 < § < 1 and
the adjustment to long-run equilibrium is likely to be incomplete
in one period for reasons as varied as toughness, inaction, enabling
environment, and technical constraints, and these factors influence
the dynamics of supply response. Considering this adjustment, the
above equation can be rewritten as:

Y =8Y, + (1 =8)Yi + w0 <5<1 3)

Equation (3) implies that actual output in period t, is a weighted
average of desired output at the same time and actual output in the
previous period, weighted by § and (1- 3), respectively. If 8 = 0,
the actual output in period t is the same as in the previous period.
Conversely, if 8 = 1, actual output adjusts to long-run equilibrium
within one period.

Combining price expectations and

adjustment  vyields

Equation (4)
Y =8 + Sa1 Py + (1 —8) Y1 + vy (4)

Where ¢, = 3u;+w; and all other variables are as previously
defined. This model is a short-run function where short-run output,
Y, may be different from its long-run output, Y*.

Agricultural output variables, such as Banana and Pineapple
outputs, are essential components of the supply response
model as they represent the quantity of goods produced by
farmers. According to Just and Pope (2001), incorporating
output variables allows for the assessment of farmers’ production
behavior in response to changes in input prices, technology
adoption, and market conditions. Modeling the supply response
of banana and pineapple producers provides insights into crop-
specific production dynamics, resource allocation decisions, and
market competitiveness.

Expected price variables reflect farmers anticipations of
future market conditions and price levels for bananas and
pineapples. According to Orden (2002), incorporating expected
price variables into supply response models enables the evaluation
of farmers forward-looking behavior and strategic decision-
making in response to price signals. By including expected
price variables, the Nerlovian model captures the influence of
price expectations on farmers production choices and supply
responses, thereby enhancing the model’s predictive accuracy and
policy relevance.

The adaptive expectation model appears similar to the partial
adjustment model but is very different in theory. The adaptive is
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based on the uncertainty of formulation of expected price, while the
partial is based on technical or institutional toughness, inertia, and
so on. In empirical studies, the two models are suitable for various
situations. Adaptive expectations without partial adjustment (3 =
1), is suitable for the study of crop production where there are few
fixed factors, and adaptive can be completed in one period; that is,
Y* = Y,. Partial adjustment without adaptive expectations (8 = 1) is
suitable for situations where crop prices are known at the beginning
of the planting season. If we put equations in logarithmic form, the
short-run price elasticities of the supply response of these models
are the same, 3«1, while the long-run price elasticity for both is «;.

An advantage of the Nerlovian framework is that it is quite
flexible and allows other supply shifters to be incorporated into
the model directly. In this light, several studies have used the
Nerlovian framework to directly estimate supply response. A major
weakness, however, is the problem of spurious regressions, which
may arise from the characteristic non-stationary nature of most
time series data. That is, variables may show a relationship even
when none exists (Granger and Newbold, 1974; Granger et al,
2001). Since we use time series data in this study, we obviate
this problem by employing several techniques. Firstly, we test for
stationarity and employ several approaches to cater to it. We then
test for the presence of co-integration vectors whose presence
necessitates the estimation of an error correction model. These tests
are discussed below.

Stationarity tests

A major problem that arises with the use of time series data is
non-stationarity. That is, a series may contain a unit root. Failure to
correct for this non-stationarity may lead to spurious regressions.
Several approaches such as the Dickey-Fuller, augmented Dickey-
Fuller and Phillip-Perrons test are used to test for stationarity.
The Dickey-fuller tests, however, fails to use lags of variables,
which limits the application of the test. However, the augmented
Dickey Fuller (ADF) does and is thus argued to be a better test for
stationarity (Gujarati, 2022). Moreover, it produces similar results
like that Phillip-Perrons test. We employ the augmented Dickey-
Fuller test (ADF) to test for stationarity. However, we support our
results by also providing results of the Phillip-Perrons test. The
model for the ADF test is presented as in Equation (5).

i
Y =BY1 + Zj:l arAYr1 + (5)

Where Y is the process to be tested, B is the test coefficient,
and j is the lag length chosen for ADF such that u; is a white
noise process. Here the parameter of interest is § whose statistical
significance suggests the presence of a unit root and hence,
non-stationarity. Therefore, if the null hypothesis of not weak
stationary cannot be rejected, the variables are differenced until
they become stationary.

Upon confirming the stationarity of variables, the next step
consists in testing the presence of a long-run relationship between
the stationary series. The presence or not of a long run relationship
is primordial in determining the appropriate analysis to follow
viz vector error correction (VEC) or vector autoregression (VAR;
Gujarati, 2022). To test for the presence of long-run relationship,
we employ the Johansen co-integration approach as shown below.
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Co-integration approach

In order to test for the existence of co-integration (CI) between
the series, we employ the Engle-Granger Augmented Dickey-Fuller
co-integration test (EG-ADF test), which is one of the most robust
co-integration tests (Punshi, 2020). This test involves two steps. The
first step consists of a relation from which the residual process (zt)
must be extracted. The second step is to look for a unit root in the
residual process of the co-integration regression. To this end, we
specify a model for the test as shown in Equation 6.

i
Azg=o +vzg_1 + Zk . Az j+v (6)

Where k is the shift chosen according to the criteria of Akaike
and Schwartz. The assumptions are as follows:

Hy: v =0 (no existence of a co-integration relationship).

Hj: v < 0 (existence of a co-integration relationship).

The decision rule is such that the null hypothesis of no co-
integration is rejected if the calculated Mckinnon statistic is greater
than the corresponding critical value. Otherwise, there would be
no long-term link between variables considered (Johansen, 1988).
The existence of a long-term relationship paves the way for the
estimation of the error correction model (ECM).

Vector error correction model

In this study, only the standard case of CI (1,1) has been
treated. Using the Engle-Granger representation theorem, if a set
of variables are co-integrated in an order of I (0), there exists
an ECM describing the relationship. The theorem explains that
co-integration and an ECM can be used as a unified theoretical
and empirical framework to analyze both short-run and long run
behavior. If the series Yj; and y; are I (1) and co-integrated, then
the ECM is represented in the following form shown in Equations 7
and 8.

AYy = o + Bia Y(—i) + BiAXji—j) + SECM—1 + ue (7)

Axe = @o + 0jAY(1—j) + 0id Xit—i) + NECMi—1 + & (8)

Where, A is the difference operator, x; and Y, represent
different series indexed by i and j, a and p are parameters to be
estimated, u; and &; are white noise error-term, and ECM;_ is the
error correction-term (adjusted vector) derived from the long-run
co-integrating relationship.

Modeling Banana and Pineapple outputs in the ECM allows for
the examination of production responses to changes in exogenous
factors. The inclusion of output variables enables the model to
capture the impact of productivity shocks, technology adoption,
and market conditions on fruit production dynamics.

Consumer prices for different fruits play a crucial role in
shaping demand patterns and market equilibrium. Incorporating
consumer price variables into the ECM, enables to assess the
price elasticity of demand for various fruits and analyze how
changes in prices affect market equilibrium, producer revenues, and
consumer welfare.

The exchange rate is a significant determinant of agricultural
trade dynamics and market competitiveness. Including the
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exchange rate variable in the ECM enables us to examine the impact
of currency movements on fruit exports, import substitution, and
trade balance, thereby assessing the sector’s vulnerability to external
shocks and policy changes.

Technological innovation plays a critical role in driving
in the

agricultural sector. Modeling technology variables into the ECM,

productivity growth and efficiency improvements
enables to evaluate the effects of technological advancements, and
extension services on fruit production levels, yield variability, and
resource utilization.

Climate variability, represented by temperature and rainfall
variables, significantly influences agricultural production and crop
yields. Modeling temperature and rainfall variables in the ECM
enables us to analyze the sensitivity of fruit production to climate
variability, identify adaptation strategies, and assess the sector’s
resilience to climate change impacts.

Type of data and description of variables

The data for this study were obtained from secondary sources.
We use production volumes of banana and pineapple as our
outcome variables. Other studies have used the area harvested
to estimate supply response. However, literature suggests that
measuring area of cultivation is fraught with measurement errors.
Hence, we prefer production quantity that is measured with
relatively more precision. Moreover, production quantity has been
used in estimating supply response by other studies (Ogundari,
2018; Abodi et al, 2021). Banana and pineapple production
(in tons) data and their harvested areas (in hectares), were
obtained from FAOSTAT.* The consumer price for pineapple (in
$/kg), the exchange rate between FCFA and US$ was equally
obtained from FAOSTAT, while the consumer price of banana,
mangoes, and oranges came from the World Bank commodity
price data (PINK SHEET). Technology (proxied by added value
into agriculture, forestry, and fisheries in million dollar/mt) was
obtained from the World Bank Development Indicators. Climate
variables like temperature variation in degree fahrenheit and
rainfall in mm were obtained from the National oceanic and
atmospheric administration and climate change knowledge portal.
Our choice of variables is influenced by existing literature as well as
theoretical insights (Shoko et al., 2016; Ogundari, 2018; Tabe-Ojong
et al., 2020; Abodi et al., 2021).

Results and discussion

Diagnostic tests

Unit root (stationarity) tests

In this section, we present the results of the diagnostic tests,
which inform the final model. Since we are using time series data, it
is conventional to perform diagnostic tests such as the stationarity
and co-integration tests since they serve as guides to the final model
to be employed. We discuss these tests and their implications for the
estimation of the final model.

1 FAOSTAT: Statistical database of the Food and Agriculture Organization.
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We first present the variables prior to testing for stationarity.
Figures 3A and B show a summary of all the series that were tested
for unit root and stationarity using the Augmented Dickey-Fuller
test and confirmed with the Philip-Perron test. They were found to
have a unit root, non-stationary and with drift. Indicative of non-
stationarity are oscillation of the series away from zero. Using the
series in this nature may lead to spurious regressions. Hence, the
series must be made stationary. In order to render them stationary,
we perform a first difference. Upon first differencing, all the series
became stationary, integrated of order 1. They vibrate around zero.
Similar results were obtained for pineapple.

The results of the unit root (stationarity) tests are presented in
Tables 1 and 2, which represent banana and pineapple, respectively.
Two types of tests are performed to confirm the stationarity of the
variables. The ADF tests and the Philip-Perron tests. The 1% critical
values of both tests are greater than the associated test statistics,
which implies that the null hypothesis of the presence of a unit root,
can be rejected, confirming the stationarity of the variables. This
indicates a long term relationship among the selected variables. The
results show that upon first differencing, all the variables become
stationary. That is, the series become integrated of order 1 [I (1)].

Co-integration tests for banana and pineapple
supply series

Co-integration tests analyze non-stationary time-series
processes that have variance and means that vary over time.
Two sets of variables are co-integrated if a linear combination
of those variables has a lower order of integration. For example,
co-integration exists if a set of I(1) variables can be modeled with
linear combinations that are I(0). The order of integration here-
I(1)—indicates that a single set of differences can transform the
non-stationary variables to stationarity. The co-integration tests
result for banana and pineapple are presented below as trace and
eigen-value tests.

Using the co-integration tests, we compare the trace statistic
and the eigenvalue with the 5% critical value. We can see that
there are only two co-integrating equations for bananas and only
one for pineapple. Therefore, we reject the null hypothesis if the
trace or eigenvalue is higher than the 5% critical value. Thus, from
Tables 3 and 4, the null hypothesis of no co-integration is rejected
at 5% level. The Granger representation theorem, states that if the
variables are co-integrated, the relationship between them can be

expressed as an ECM.

Error correction model of price and
non-price determinants of supply response

In this section, we present the estimated results of the
price and non-price drivers of bananas and pineapple. The
drivers of the supply response of bananas are presented in
Table 5 while those of pineapple are presented in Table 6. These
results are discussed in turn starting with banana. This is
followed by a discussion of the error correction terms in the
associated models.
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FIGURE 3
(A) Differenced and stationary data for banana series. (B) Differenced and stationary data for pineapple series. Source: Authors' construction (2023).

TABLE 1 Result of the unit root test for banana.

Variable ADF test statistics Philip-Perron test statistic
Test statistics 1% critical Order of Test statistic 1% critical Order of
value integration value integration

PB —8.30 —3.55 1(1) —8.56 —3.55 1(1)
PM —9.80 —3.55 1(1) ~10.25 —3.55 1(1)
LAND —6.31 —3.55 (1) —14.08 —3.55 (1)
Temp ~7.96 —3.55 (1) —20.06 —3.55 (1)
Rain —6.79 —3.55 (1) —40.15 —3.55 1(1)
Exch —6.82 —3.55 1(1) —6.82 —3.55 1(1)
Tech —5.17 —3.55 1(1) —5.00 —3.55 1(1)

PB is price of banana, PM is price of mango, temp is temperature, Rain is rainfall, Exch is exchange rate, and Tech is technology.
Source: Authors’ computation (2023).

Specifically, the coefficient of lagged rainfall is -0.206 and  banana production, excess rainfall may rather have deleterious

statistically significant at the 10%. This implies that a unit increase  effects.? Excess rainfall leads to choking of the root network, which
in rainfall will reduce the banana supply by 20.66%. Other studies
such as Nhundu et al. (2022) also show that lagged rainfall

affects supply response. While rainfall is an important input for

It is important to note that there is an optimal water requirement for

optimal production.
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TABLE 2 Result of unit root test for pineapple.

Variable ADF test statistics Philip-Perron test statistic
Test statistic 1% critical Order of Test statistic 1% critical Order of
value integration value integration

PP —5.92 —3.55 1(1) —5.95 —3.55 (1)
PO —11.15 —3.55 1(1) —11.37 -3.55 1(1)
LAND —9.39 —3.55 (1) —9.56 —3.55 (1)
Temp ~7.90 —3.55 1(1) —20.06 —3.55 (1)
Rain —6.79 —3.55 1(1) —40.15 —3.55 1(1)
Exch —6.82 —3.55 1(1) —06.82 —3.55 (1)
Tech —5.17 —3.55 1(1) —05.00 —3.55 (1)

PB is price of banana, PO is price of orange, temp is temperature, Rain is rainfall, Exch is exchange rate, and Tech is technology.

Source: Authors’ computation (2023).

TABLE 3 Results of the co-integration test for banana.

Hypothesized no. of CE(s) Eigen value Trace statistic % critical value

None* 0.625 163.976 125.615 0.000
At most 1* 0.495 107.957 95.753 0.005
At most 2 0.382 68.945 69.818 0.058
Atmost 3 0314 41431 47.856 0.175
At most 4 0.157 19.921 29.797 0.428
Atmost 5 0.125 10.153 15.494 0.269
Atmost 6 0.0435 2.537 3.8414 0.111

Trace test indicates 2 co-integrating equations at the 0.05 level.
*Denotes rejection of the hypothesis at the 0.05 level.
**Mackinnon-Haug-Michelis (1999) P-values.

Source: Authors’ computation (2022).

TABLE 4 Result of co-integration test for pineapple.

Hypothesized no. of CE(s) Eigen value Trace statistic 5% critical value

None* 0.592051 135.9801 125.6154 0.0100
Atmost 1 0.411601 84.87325 95.75366 02211
At most 2 0.376545 54.64334 69.81889 0.4340
Atmost 3 0.188042 27.71201 47.85613 0.8259
At most 4 0.160996 15.83853 29.79707 0.7236
At most 5 0.094811 5.832733 15.49471 0.7152
Atmost 6 0.002714 0.154896 3.841466 0.6939

*Denotes rejection of the hypothesis at the 0.05 level.
**Mackinnon-Haug-Michelis (1999) P-values.
Source: Authors’ computation (2023).

may result in poor absorption of nutrients. This is in line with the
findings of Meza-Pale and Yunez-Naude (2015) and Salau et al.
(2016) who argue that extreme rainfall conditions either in the form
of drought or floods can have disturbing impacts on rural homes
engaged in agriculture. Li et al. (2019) also showed that excessive

reduces banana supply by 7%. This result can be explained by the
fact that extremes of temperature greatly reduce the yield of most
crops. This is in line with findings from other studies showing that
temperature increases may lead to crop losses. High temperatures
for example provide favorable conditions for the proliferation of
rainfall could reduce maize yield up to —34%. pests, especially insect pests which may serve as vectors of diseases,

Temperature negatively affects supply response as indicated by
its negative and statistically significant coefficient of —0.071. Hence,
every Fahrenheit increase in temperature in the previous period

affecting production (Hendricks and Peterson, 2014; Wang et al.,
2017; Arora et al, 2020). Insect pests may equally reduce the
aesthetic value of bananas.
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TABLE 5 Determinants of banana supply response.

Variable Coefficient  Standard t-statistic
error

ECT;_ ) —0.220* 0.084 —2.597
D[DLOG(PB(—1))] —-0.173 0.125 —1.383
D[DLOG(PM(—1))] —0.018 0.091 —0.204
D[DLOG(LAND(—1))] —0.346™* 0.181 —1.906
D[DLOG(TEMP(—1))] —0.071* 0.017 —4.146
D[DLOG(RAIN(—1))] —0.206* 0.077 —2.678
D[DLOG(EXCH(—1))] 0.021 0.121 0.178
D[DLOG(TECH(—1))] 0.119 0.096 1.239
Constant 0.000 0.012 0.042
R-square 0.587 Log likelihood 62.606
S. E. equation 0.094 Akaike AIC —1.622
F-statistic 3.105 Schwarz S.C. —0.965
Sum Sq. residual 0.330 Adj. R-square 0.398

*Significant at 10% significance level.

**Significant at 5%.

***Significant at 1% significant level. Dependent variable- D [DLOG (PROD (—1))] sample
adjusted-1964-2018. Included observations-55 after adjustments.

Source: Authors’ computation (2023).

TABLE 6 Determinants of pineapple supply response.

Variable Coefficient  Standard t-statistic
error
ECT,_1(1) —1.199 0.353 3.388
D[DLOG(PP(—-1))] 0.173 0.155 1.117
D[DLOG(PO(—1))] —0.247 0.257 —0.960
D[DLOG(LAND(—1))] —0.744%* 0.302 —2.461
D[DLOG)TEMP(—1))] —0.051* 0.019 —2.610
D[DLOG(RAIN(—1))] 0.148** 0.089 1.647
D[DLOG(EXCH(-1))] —0.119 0.138 —0.863
D(DLOG(TECH(-1))) 0.084 0.117 0.722
Constant —0.005 0.048 —0.123
R-square 0.581 Adj. R-square 0.389
S. E. equation 0.355 Sum sq. 4.678
residue
F-statistic 2.980 Log likelihood —21.780

***Significant at 1%.

**Significant at 5% level.

*Significant at 1% level. Dependent Variable—D [DLOG (PROD (-1))].
Source: Authors’ computation (2023).

The coeflicient of lagged land is —0.346. This indicates that a
hectare increase in land in the previous period reduces banana
production by 34%. A plausible explanation is that banana
production, especially for exports, like most horticultural crops, is
capital intensive. Increasing land area may warrant an increase in
capital to cultivate this land. If such capital is not available, the
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resources initially used in other areas will have to be apportioned to
accommodate the new land area. This may reduce the output since
resources may not be applied at optimal levels. This result suggests
that increases in the land should be accompanied by an increase
in other inputs to fully utilize the new land. For a country like
Cameroon with swathes of arable land, such area can be brought
into production, accompanied by sufficient quantities of other
inputs like fertilizers and pesticides in order to boost production.

Turning to pineapple, lagged land negatively affects supply
response. Its coefficient is negative and statistically significant
suggesting that a hectare increase in land in the previous period
reduces pineapple supply by 74.4%. Pineapple production is
generally capital-intensive. As land increases, more capital is
needed for optimal production. The absence of this may instead
reduce supply.

Like land, lagged temperature equally has a negative effect on
the supply of pineapple. With a negative coefficient of —2.61, one-
Fahrenheit increase in temperature in the previous period reduces
the supply of pineapple by 26.1%. Temperature is an important
climatic variable that greatly affects agricultural production. Excess
temperatures are argued to favor insect pests and diseases that
affect production. Also, excess temperatures affect some important
biological processes of plant growth.

Rainfall on its part positively affects supply response. A
millimeter increase in rainfall in the previous period increases
pineapple supply by 16.4%. This result is in line with Shoko
et al. (2016) who showed that rainfall is an important determinant
of supply response. Rainfall is one of sub-Sahara Africa’s most
important resources for crop production. This is especially
important for smallholder farmers who rely on rainfall to embark
on agricultural production. Since pineapple production is in the
hands of smallholders with an average farm size of about 2
hectares, an increase in rainfall has important implications for
pineapple production.

The error correction term [ECT,_;()]; the adjustment
coeflicient is negative, implying that at time t-1; actual (realized)
banana and pineapple production are lower than their long-run
value. Banana and pineapple production will therefore adjust
forward to restore equilibrium in the next period. The values of
the error correction terms are —0.220 and —1.199 for banana and
pineapple, respectively, meaning that 22% of errors that occurred in
the short run were corrected in the long run to restore equilibrium
per annum. The model adjusted itself fast (4.5 years) for all
disequilibrium to realign fully to the long-run equilibrium. The
value of the error correction term for pineapple is (—1.19), meaning
that 11.9% of errors that occurred in the short run were corrected
in the long run to restore equilibrium per annum. Therefore, the
model adjusts itself (1.19 years) for all disequilibrium to realign
fully to the long-run equilibrium.

Discussion of results

Thus, far, our results have shown that non-price factors are the
main drivers of the supply response of both crops. Land, rainfall,
and temperature have significant effects on the supply response
of bananas and pineapples in Cameroon. They negatively affect
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the supply response of bananas while their effect on pineapple
supply response is mixed. These results suggest that non-price
factors play an important role in the supply response of crops in
Cameroon. Our results contradict findings from Onono (2018)
who shows that non-price factors do not affect the supply of
sorghum; rather, public investments are far more significant. A
plausible explanation of our results is that non-price factors such
as land, rainfall and temperature may be far more important for
horticultural crops. For example, rainfall and temperatures may
affect key biological processes that are essential for the production
of these crops. This may not be the case with sorghum, which
may be more resilient to drought conditions. Land is also an
important factor for the production of pineapples and banana.
For example in Cameroon, land expansion is one of the main
sources of production increase. Hence, producers rely a lot on
available land to boost their production. Reduction in such land
may thus affect their supply response. Also, there is limited
infrastructural support such as available greenhouses or storage
facilities that could improve the production and storage of these
crops. This further increases the reliance on non-price factors
such as land and temperatures. Moreover, these horticultural crops
have a relatively long gestation period, which means farmers
cannot quickly adjust to changes in temperature, rainfall and
even land. Our findings are similar to Wani et al. (2015) who
found that non-price factors are important drivers of the supply
response of maize in South Africa. For example, most systems
are rainfed, highlighting the importance of rainfall in production
decisions. In a similar vein, land is argued to be one of the
most important assets for smallholders in developing countries.
Hence, changes in any of these have far-reaching implications on
crop production.

Price factors on their part do not have any significant effects
on the supply response. Our results contrast those by Tabe-Ojong
et al. (2020) who showed that price affects the supply response
of tomatoes in Cameroon, Sumathi et al. (2019) who show that
price and lagged production are the main drivers of the supply
response of maize, and Wani et al. (2015) who equally revealed that
price factors are the main drivers of the supply response of pear
in India. A plausible explanation is that bananas and pineapples
are perennials. In line with microeconomic theory, producers can
quickly adjust to price changes of short-term crops as opposed to
perennials. Once planted, perennials continuously produce which
makes it difficult for producers to adjust. More so, these crops
have a longer gestation period, making it even more difficult
for producers to respond to price changes. However, this finding
may be peculiar to Cameroon given the nature of agricultural
production in the country. Production of these crops are linked to
agricultural production patterns in the country. As such, whether
prices change or not, it may not affect the production of such crops.
For example, huge spates of land have been particularly designed
for the production of such crops such that it is difficult for other
crops to be cultivated in the same area. Hence, changes in prices
cannot quickly alter farmers™ decisions. This is also closely related
to the fact that such crops are perennials, wherein once planted, it
takes a long time to change decisions. These reasons may explain
why our results contradict those by Tabe-Ojong et al. (2020) who
found positive effects of price factors as drivers of supply response
in Cameroon. They focus on tomato, which is an annual crop with
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a relatively short gestation period. Farmers can quickly adjust to
price changes.

Amidst climate change where non-price factors have become
increasingly strained, our results suggest that they should receive
more attention. Given that the banana and pineapple now
constitute major important crops in Cameroon as indicated by
increased investment in the production, the government should
focus on non-price factors.

Post-estimation tests and structural breaks

It is possible that our results are influenced by autocorrelation
and heteroscedasticity, which may affect inference. We therefore
test for their presence. To test for autocorrelation in this short-
run dynamic model we employed the Breusch-Godfrey Serial
Correlation Lagrange Multiplier Test since the lagged dependent
variable appears in the model as an explanatory variable. The results
are presented in the Tables A1 and A2 for pineapple and banana,
respectively in the online supplementary material. Our test shows
that there is no autocorrelation indicating that the values in the
series are independent of each other at different time lags. This
means there is no linear relationship between a value and its past
values. The absence of autocorrelation is significant in these models
as it suggests that the model residuals are random, supporting the
validity of the model’s assumptions and improving the reliability of
its forecasts.

We employed the ARCH test for heteroscedasticity in the
short-run model for banana and pineapple against the null
hypothesis that there is no ARCH effect. The results shown
in the online supplementary material in Tables A3 and A4 for
pineapple and banana, respectively, equally show that there is
no heteroscedasticity. This implies the variability of independent
variables are consistent across all levels of the dependent variable. In
simpler terms, it indicates that the spread or scatter of the residuals
(the differences between observed and predicted values) remains
constant throughout the series. It assures that the model provides
unbiased and efficient estimates.

Lastly, we employ Ramsey regression equation specification
error test (RESET) test for the appropriate model specification. The
test results are in the online supplementary material in Tables A5
and A6 for pineapple and banana, respectively. It confirms that the
functional form is in order. That is, the model is correctly specified.

We employ the recursive residual test to evaluate structural
breaks in our models. The graphs of the tests are presented
in Figures4 and 5 for banana and pineapple, respectively. An
application of the recursive residual test demonstrates that the
sample curve for banana and pineapple residual lies within the
confidence band in the plot. The parameters lie approximately plus
or minus two (£2) in the confidence interval for bananas and plus
or minus six (£6) for pineapple.

Stability of coefficients

To test the stability of coefficients, we employ the cusum
test. This is a parameter stability test and it demonstrates that
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FIGURE 4

——— Recursive Residuals

Results of the recursive residuals for banana. Source: Author’s construction (2023).
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FIGURE 5

—— Recursive Residuals

Results of the recursive residuals for pineapple. Source: Authors' construction (2023).
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the parameters are stable over the sampled period for all the
equations. The cusum graph shows that the test statistic is <5%
critical value. Moreover, the cusum curve lies within the confidence
band in the plot suggesting that the coeflicients are stable. The
cusum graphs for banana and pineapple are presented in Figures 6
and 7, respectively.
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Conclusion and policy
recommendations

Horticulture provides an important avenue for fighting poverty
and nutrition-related problems, especially in developing countries.
Cultivation of high-value fruits and vegetables can boost the
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Cusum graph for the stability of banana estimates. Source: Authors’ construction (2023).
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income of farmers as well as generate foreign earnings. To benefit
from these, farmers need to produce in response to changes in
factors; price and non-price factors that affect the production of
these crops. Which of these factors drives the supply of these
crops? This important question will inform policy on relevant
interventions aimed at boosting supply. This paper uses time series
data from 1960 to 2019 to study the supply response of two
important horticultural crops: bananas and pineapples. In line with
time series analysis, we performed several diagnostics tests like the
unit root and co-integration tests to inform our final analysis. Most
of the series became stationary upon first differencing. That is,
integrated of order 1. The co-integration analysis shows that there
are several co-integration vectors, hence a long-run relationship
between the series. Based on these, we specified and estimated
a vector error correction model to identify the determinants of
the supply response of these crops. Our results show that only
the non-price factors; land, temperature, and rainfall affect the
supply of both crops. While they negatively affect the supply
of bananas, their effect on the supply response of pineapple is
mixed. On the other hand, price factors have no influence on the
supply response of these crops. A plausible explanation is that
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bananas and pineapples are perennial crops. Unlike arable crops,
once planted, they continuously produce, making it difficult for
farmers to respond to price factors. Also, their production hinges
on climatic factors such as rainfall and temperature.

Our results have some policy implications. First, different
policies should be pursued to boost the supply of crops. Our
results suggest that the type of policy prescription depends on the
nature of the crop. For horticultural crops, policy makers should
focus on land, temperature, and rainfall. Farmers can be trained
on efficient land management strategies to reduce the impacts
of floods. To curb the effect of temperature and rainfall, timely
climatic information about these factors can be provided to farmers
to guide them in planning their farming activities. Training farmers
on the use of climate smart agricultural technologies may also play
an important role in curbing the effects of climatic factors. Further,
technological innovations such as storage facilities and farm
machinery may help farmers in quickly adjusting to the production
of these crops. Also, road infrastructure may also be important for
addressing issues of supply response, especially for farmers in the
rural areas. In addition, input subsidies can improve farmers’ access
to improved inputs allowing for agricultural intensification. This
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will reduce farmers’ reliance on land expansion. However, farmers
should also be trained on the optimal use of such inputs to mitigate
potential environmental issues associated with their use. It is worth
noting that banana and pineapples have a longer gestation period
and the impact of improved inputs may not be apparent in the
short-run. It is worth re-iterating that our results are based only
on Cameroon and could be cautiously extended to other parts of
the world.

The study has several limitations. Firstly, the only non-
price factors we have considered are climatic factors. In as
much as they may be important in determining the supply
response, other non-price factors such as infrastructure, market
access, technology access, agricultural policies and subsidies may
equally play important role in determining supply response. For
example, access to technology, which may constantly provide
farmers with climatic information, may help them to better plan
their production activities. Input subsidies may also increase
intensification, reducing farmers’ reliance on land expansion and
reducing the effects of land on supply response. Such factors may
even off-set the impacts of the climatic factors. However, our study
fails to capture such factors. Future studies can therefore explore
the role of such factors in supply response of horticultural crops
in general and banana and pineapple in particular. Secondly, our
study focuses only on two horticultural crops. We cannot ascertain
if similar results will be obtained with other horticultural crops.
More evidence on the drivers of supply response of these crops is
needed. Thirdly, our focus is only on Cameroon, hence results may
be context specific. Future studies with cross-country comparisons
may even be more relevant in highlighting the drivers of supply
response. Future studies which address such limitations are needed.

These limitations notwithstanding, our results suggest that
policy attention should be directed at non-market factors. This is
even more important amidst the climate crisis, which manifests
through erratic rainfall and extreme temperatures. More so, most
farmers in developing countries like Cameroon bear the brunt of
this crisis. Through improved climate adaptation techniques and
investments in land, the supply response of such crops can be
improved. A country like Cameroon holds huge potential for the
cultivation of these crops. A conscious policy effort should be made
to overcome such challenges in order to boost supply of bananas
and pineapple.
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