sustainability
Article

Roaming through the Maze of Maize in Northern
Ghana. A Systems Approach to Explore the
Long-Term Effects of a Food Security Intervention
Ellen Mangnus * and A.C.M. (Guus) van Westen
Department of Human Geography & Spatial Planning, Utrecht University, 3508 TC Utrecht, The Netherlands;
A.c.m.vanWesten@uu.nl
* Correspondence: e.p.m.mangnus@uu.nl; Tel.: +31-(0)30-253-2746
Received: 24 August 2018; Accepted: 28 September 2018; Published: 10 October 2018




Abstract: Central to food security interventions in Sub-Saharan Africa stands the value chain
approach. The underlying idea is that connecting farmers to input and output markets and sources
of knowledge and technology will enhance their food security status. In spite of positive impacts
measured in especially food supply, there is scant evidence of the long-term effects on food security.
For a better grasp of the impacts of a maize value chain intervention in North Ghana, we have
experimented with an approach that focuses on interactions and feedback loops between the value
chain and its local context. Such approach allowed us to identify dynamics that affect food security
in the long run. In the case of Northern Ghana farming systems, household income and diets are
increasingly dependent on maize, which increases risk of food insecurity in case of climate setbacks or
market shocks. The exercise reveals how a linear value chain approach obscures the dynamic effects
cascading from the intervention that may actually hamper food security in the long run. A systems
approach may help to better grasp the consequences of external interventions at the local level.
Keywords: value chain analysis; systems approach; private sector led development; food security;
causal loop diagram

1. Introduction: In Need of a Novel Approach to Food Security
The period 2000–2015 stands out for an unparalleled awareness of the global food security
challenges. “By 2050 the world needs to feed 9 billion people” has become one of most cited
adages in the international policy arena. “End hunger, achieve food security and improved
nutrition, and promote sustainable agriculture” goes the second of the seventeen SDGs. It is in this
spirit that an increasingly diverse constellation of actors, such as agribusinesses, philanthropists,
social entrepreneurs, and other companies aside public agencies and NGO’s are intervening in
agriculture in the Global South under the stated goal of contributing to food security [1].
Central in these interventions stands the value chain approach. A value chain encompasses the
sequence of value-added activities that firms and workers accomplish to bring a product from its
conception to its end use [2]. The value chain approach stems from the global commodity chain
approach that was used by development scholars as an analytical tool to study inequalities in
global trade [3–8].
Remarkably, over the years, the approach has been transformed into an instrument for intervening
in markets [9,10]. By mapping the key actors involved in a production process and identifying and
removing bottlenecks between producers, traders, processors, transporters, banks, and other actors,
development practitioners assume that farmers can be lifted out of an assumed stagnant agricultural
sector, isolation from the market and finally poverty. In other words: The value chain is now presented
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as a ‘route’ to the market [9–17] and more recently also as ‘a route to food security’. The approach
occupies a central place in development policy and practice.
In this paper, we develop the argument that value chain interventions fall short of overcoming
long-term adverse effects on food security. A narrow focus on the impacts for actors within the chain
obscures extra chain effects that might have repercussions on food security in the long run. By taking
a systems approach to study the interaction between a maize value chain in Northern Ghana and its
local spatial context this study aims to gain a better understanding of the long-term food security effects.
Our study is underpinned by two central arguments. Firstly, it contends that a value chain intervention
can help isolated producers improve their food security situation in the long run. The second argument
draws inspiration from systems approaches, to highlight that value chains are contoured by a spatial
context that has its repercussions and feedbacks to the value chain and to food security in the long run.
Three research questions are guiding our study: First: What changes in agriculture and food security
over the past ten years have people in the research area experienced? Second, how do these changes
relate to or interact with the value chain intervention? Third, what are the long-term effects of the
value chain intervention on local food security?
The article is divided into four parts. The first (Section 2) elaborates the current food security
narrative and its corresponding intervention logic. Section 3 details the way we approach food security.
Section 4 introduces the case study and its context. In Section 5 the methods used for data collection
and data analysis are presented and Section 6 builds on the case study to respond the first two research
questions. In Section 7 we consider the wider implications for local food security. We finalize our
paper with a reflection on the value of systems approaches in Section 8.
2. Shifting Conceptualisations of Food Security and the Role of the Private Sector
The year 2008 marked a shift in the position of food security on the global policy agenda.
Price hikes in international commodity markets took thousands of people in the Global South to
the streets, as they were facing difficulty in obtaining food. Policy makers realized that this basic
human need was under pressure and that food scarcity could drive social unrest and instability.
What followed was a shift in strategies governments pursued to curb food insecurity. Since African
independences and the World Food Conference (1974) food security was conceptualized as a question
of national self-sufficiency [18]. The objective for African countries was to meet their national calorie
needs [19]. To achieve this, it was believed, agricultural production needed to be spurred. Global
support was given to African countries to heavily invest in agricultural extension, improved seeds
and pesticides and fertilizers, the so called Green revolution packages [20]. Focus was on efficiency,
productivity and rationality [21].
Food insecurity persisted in the global South and when Sen [22] introduced his influential theory
on food entitlement, the perspective on food security changed: From an emphasis on the ‘natural’
causes of hunger to a focus on the wider political and socioeconomic context [23,24]. Case studies
revealed situations of starvation in countries in which plenty of food was available [25,26]. The policy
focus changed towards approaches that focused on food distribution and access for vulnerable
people [27–29]. Not food availability, but access to food, was the issue. Sen’s approach was adopted
by an emergent neoliberalism [20,30]. The dominant idea was that access to food could be improved
by higher incomes and better developed agri-business sectors. The new paradigm predicated that
African countries had to specialize in crops in which they had a comparative advantage. International
institutions pressured African states stop intervening in agriculture and leave agricultural research
and development, input dissemination and extension services to free market forces. As a consequence,
attention was shifted from food crops to high-value export crops, such as cocoa and coffee [31].
The food crisis of 2008 undermined this prevailing paradigm. The higher income approach
succumbed to a refocus on food production as the way to solve global, and especially African,
food insecurity [21,32,33]. Different from the earlier approaches focusing on food production in
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today’s interventions a central role is assigned to the market. Underlying the interventions is the idea
that farmers need to be part of global value chains [20].
To a large extend this can be explained by increased private sector engagement in agriculture in
Sub Saharan Africa [20]. The food crisis of 2008 triggered a wave of foreign, private sector investments
in agriculture in developing countries. Many of the Sub-Saharan African governments welcomed these
foreign direct investments (FDI) and other forms of financing. They envisioned the investments as
a way to modernize their agriculture, spur growth, and diminish national food insecurity. Considering
declining official development budgets in the Global North, donors, and governments alike warmly
welcomed private participation and investment [34,35]. They assumed that FDI in the form of
commercial agriculture would also create opportunities for local smallholders in terms of productivity
increase, value addition, enhanced market access, and income generation. Both private and public
actors embraced the value chain concept as a way to ensure that opportunities could be seized by
disadvantaged actors in the market.
3. Taking a Systems’ Approach to Study Food Security
This paper departs from an unease with the positioning of value chain interventions as means to
improving food security. We question whether the singular focus on vertical relations within the value
chain is a sufficient basis for an adequate understanding of how market integration of smallholders
impacts food supply and access at the local level. As such, this contribution is positioned in a long
and ongoing debate on food security impacts of agri-business development. Since long researchers
have tried to study the effects of commercial agriculture on smallholder livelihoods in general (See for
example [26,36,37] and the effects of certain business models e.a. contract farming, out grower models
or plantation estates, in specific [38–43]. Micro-economic case studies on direct impacts such as farmer
productivity and income of agri-business interventions abound (See for example: [44–47] For the
impact of contract farming and [48–50] for the impact of estate farming). A number of studies focusses
specifically on the effects of commercial agriculture on smallholder food security. Anderman et al. [51]
found a negative correlation between engaging in oil palm and cocoa and farmers’ food security
situation in Ghana. On the other hand, Kuma et al. [52] found positive relations between smallholder
coffee farming and food security in Ethiopia. Similarly, Negash et al. [53] found a positive effect of
household participation in castor bean production for biofuels on food caloric intake in Ethiopia.
Critics have denounced these types of linear assessments; they plea for attention to how these
schemes intersect with existing agrarian social structures [40]. For example, Vicol [54], in his study to
contract farming in India, rejects how impact assessments in general lump farmers in two homogenous
groups: one that is part of a scheme and another, a control group, that is not part of the scheme.
In his case study, contract farming provides distinct opportunities to different social groups within
rural villages. According to Vicol [54], “The implications of contract farming for accumulation and
differentiation are shaped by the historical structures of existing agrarian landscapes (social, economic,
political, and institutional), local livelihood patterns and the dynamics of the contract scheme.”
Xu [55] encountered similar findings in her study on the impact of expanding tea plantations on
local communities in China. In line with research of feminist economists on the gendered impacts
of agribusiness development in developing countries, Tsikata and Yaro [56] plea for a recognition
of diversity within communities in order to understand the impacts of agribusiness interventions.
Underlying value chain interventions is the assumption that they contribute to improved productivity,
and as such, local food availability or to enhanced income which enables people to buy food. Several
assessments, however, show that that these linkages are not clear-cut [57]. In a study of Gomez and
Ricketts, [58] changes in food value chains have different food security implications for different social
classes in developing countries.
Scholars studying clusters and networks, such as Gibbon and Ponte [14], Graef et al. [59],
Lowitt et al. [60], Riisgaard et al. [61], Ouma et al. [10] argue that value chain interventions neglect
horizontal relations shaped by institutional, social, and historical contexts that are of influence on the
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final impact. Case studies of Fold [13], Murphy and Schindler [62], and Neilson and Pritchard [63]
show that outcomes of global value chains are site-specific and strongly depend on local mechanisms
of inclusion and exclusion. Vice versa this local social context also affects the composition and
performance of the value chain.
Following these critical scholars we use a context sensitive approach, a systems approach, to
assess the effects of a value chain intervention on local food security. When referring to a ‘systems
approach’, we mean an approach that places a research phenomenon in its environment and studies
the relationship between the two. Examples of recent popular systems approaches in development
are landscape approaches and food systems approaches. A landscape approach is an integrated
framework to address complex challenges that transcend environmental, economic, social, and political
boundaries [64,65]. A food systems approach provides a framework for systematic analysis of the
two-way interaction between the range of value chain activities, food security outcomes and the social
and environmental context in which the intervention takes place [66–71].
Central to these approaches is the multi functionality of the local landscape or ecological system,
e.a. agriculture, water, forest, people, and the impacts and trade-offs of production activities. At the
same time they pay attention to how this local landscape influences the way value chain activities
are performed. Elementary in these approaches is the focus on the relationships and feedback loops
between the value chain and its context [59,72]. It is, especially, this focus on interaction and feedback
between an intervention and its context’, that we take from these approaches. For operationalizing
our systems approach we use a Causal Loop Diagram. A Cuasal Loop Diagram is a system modeling
technique utilized to qualitatively reflect on variables and interrelationships [73].
The remainder of this paper presents the empirical case of maize in Northern Ghana. Maize is
a major crop in this relatively poor part of the country and as such the logical target of interventions
aiming at enhancing local food security.
4. Setting the Context: Ghana and the Maize Value Chain
Ghana showcases a country that attracts and encourages agri-business development with the
overarching objective of enhancing national food security. Agriculture is largely smallholder-based
Yaro et al. [43], 80% of the land is held under customary land tenure [56,74]. The governments’
underlying idea is that agriculture needs to be modernized in order to be able to respond to national
food demand. It aims to achieve this by stimulating private actors to engage with and lift the potential
of the thousands of small scale farmers. Ghana has a long history of foreign engagement in commercial
agriculture. Under pressure from the Worldbank and IMF, Ghana was forced to accept liberalization
and privatization measures in the 1980’s. This led to a deeper integration of the economy into global
commodity chains with foreign direct investment as a key instrument. Mines and plantations were
privatized and land was sold to export-oriented agri-business [75]. The food crisis in 2007–2008 led
to another round of foreign engagement in commercial agri-business. Special focus was on jatropha,
rice, maize, and fruits, with plans for further expansion of oil palm production for biofuel [76].
Since 2007, the value chain approach stands central in the country’s agricultural and economic
policy [10]. This is exemplified by the governments’ private sector investment plan for agricultural
development (GASIP) formulated in 2012. GASIP consists of four strategies: (i) Linking smallholder
farmers to agribusinesses to enhance pro-poor growth; (ii) nationwide scaling up of a successful value
chain investment approach; (iii) promoting and mainstreaming climate change resilience approaches
in Ghana, in particular in the Northern regions; and (iv) knowledge management, harmonization of
intervention approaches and policy support (www.gasip.org). Numerous donors intervene in Ghana
by way of value chain projects (see Table 1). The case study we selected exemplifies such a typical
project. Our study focuses on the Upper West Region. With 70.7 percent of its population below
the poverty line in 2013 this is Ghana’s poorest region (Ghana Statistical Service 2014). According
to the Ghana Demographic and Health Survey (2014, 22% of children under the age of five were
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malnourished (stunted). Agro-ecologically, it belongs to the West African semiarid savannah, a zone
with a unimodal rainfall pattern with one wet and one dry season per year [77].
Historically poverty relief programs in Upper West Region have focused on enhancing
productivity through what was framed as ‘modernization of agriculture’, often emphasizing the use
of fertilizers, hybrid seeds and irrigation (See for examples: [78–80]). Since the early 2000’s, the focus
shifted to ‘modernizing agriculture to access global markets. Most development programs are rolled
out by public-private partnerships. Typical activities include training farmers in new technologies,
agri-business organization, quality control and standards, value added processing, and linking farmers
with agro-industries [81].
The following table gives an overview of the extensive number of value chain projects in the
Northern regions.
In hindsight all interventions, both private and public, narrowly focused on stimulating
production and linking farmers to both in and output markets by means of value chain interventions.
Our case study, the so-called Masara N’arziki intervention provides a compelling case to explore food
security issues. First, because the set-up of the intervention is in line with the dominant development
approach, in which food security ambitions are to be achieved by means of private sector engagement
and a value chain approach, that promotes the use of inputs such as fertilizers, seeds, and pesticides
and linking farmers to high-value markets [82]. Second, because maize is a major staple crop in
Northern Ghana, shifting towards becoming a major cash crop [83]. Food security effects reach beyond
the actors directly involved in the value chain. What does this food crop–cash crop transition mean for
both the population and the landscape?
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Table 1. Overview of interventions in North Ghana following a value chain logic.
No.

Organization

Project

Objective

Timeline

1

IFAD

Land Conservation and
Smallholder Rehabilitation
Project (LACOSREP II)

Smallholder farmers focusing on crops and livestock, dams and irrigation

2000–2006

2

Millennium Development
Authority (MiDA)

MiDA Agricutural Credit
Program (ACP)

To reduce poverty through economic growth by enhancing the profitability of
agricultural production; through improving business and technical services that
support commercial agriculture expansion; reduce transportation costs affecting
agricultural commerce; and strengthen rural institutions.

2007–2012

3

IFAD/AfDB

Northern Rural Growth
Programme (NRGP)

To increase income of small scale producers and processors in rice, maize, sorghum
and soya value chain.

2007–2015

ACDI/VOCA

USAID/ADVANCE I Project

Improving the competitiveness of the maize, rice, and soybean value chains through
a value chain approach, where smallholder farmers are linked to markets, finance,
inputs, equipment, and information through larger commercial farmers and traders
who have the capacity and incentive to invest in smallholder production.

2009–2014

IFAD/AfDB/WB

Rural and Agricultural Finance
Programme (RAFIP)

To provide poor rural people and smallholder farmers with improved access to
financial services, technical assistance and risk management instruments. It thus
strengthens agricultural value chains and provides smallholder farmers with an
opportunity to maximize the productive potential of their lands.

2010–2016

2011–2014

4

5

6

IFDC

Agricultural Value Chain
Mentorship Project (AVCMP)

Contributing to the Government of Ghana’s objectives of achieving food security
and converting the country’s agriculture sector into an agro-industrial economy by
transforming agricultural value chains into a highly productive, efficient,
competitive and sustainable system by linking smallholder farmers, agro-dealers
and small and medium enterprises (SMEs) to service providers such commercial
banks, agro-dealers and seed producers.

8

Mennonite Economic
Development Associates
(MEDA)

Greater Rural Opportunities for
Women (GROW) Project

Using market-driven approaches, MEDA’ s Greater Rural Opportunities for Women
(GROW) project focuses on improving food security for families in Northern Ghana
by assisting women farmers to grow more soybeans and forge market links that will
increase incomes. Soybeans offer multiple advantages.

2012–2018

9

Masara N’Arziki

Sustainable maize project-SMP

To support maize farmers to enhance productivity and quality through the use of
improved inputs, improved technology, capacity building and access to markets

2013–April 2018
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Case Study: Involving Farmers in the Maize Value Chain to Enhance Food Security
Masara N’arziki farmers association was created in 2009 by two agribusiness companies, Wienco
and Yara [81]. Both Wienco and Yara are partly foreign owned. Their mission fits well with the
governments’ ambition to modernize agriculture. Wienco is active in Ghana since 1979, the company
has a long history in trading cocoa and is currently also involved in trading commodities such as
rice, maize and cotton. Its subsidiaries provide smallholders with agricultural services and inputs.
The company’s mission is among other things to “improve the productivity of small farmers in Ghana”
(http://wienco.com/Site/subsidiaries.html), Yara Ghana was established in 2007 “ . . . .to increase
the productivity of Ghanaian farmers” (http://www.yara.com.gh/about-yara/about-yara-local/).
Masara N’arziki means ‘Maize for prosperity’.
The establishment of Masara N’arziki was intended to help the companies expand their market
for inputs and fertilizers and maize procurement and at the same time contribute to agricultural
development in the North.
The theory of change underlying the intervention of Masara N’arziki was that by increasing crop
yield and at the same time providing farmers with a market, income would increase and enable the
households to move out of poverty and food insecurity [84]. Masara N’arziki is managed by a team of
professionals and increased its membership from 1250 farmers in 2009 to 10.000 in 2015 in the three
Northern provinces of Upper West, Upper East, Northern region, and parts of Brong Ahafo [85].
The business model worked as follows. The association committed to deliver inputs and extension
services on credit, which farmers had to pay back in maize after harvest. The input package farmers
receive consists of fertilizer, herbicides, and hybrid maize seeds from Wienco. These varieties yield
more than the open-pollinated maize variety that currently prevails. However, they also required
more fertilizer [86,87]. Until Pannar 53 was officially launched in Ghana, Masara N’arziki was the
only channel through which farmers could acquire the seed [87]. The contract stipulated that farmers
sell their excess produce to Masara N’arziki to supply poultry farms and breweries in the South of
Ghana. However in practice this was rarely done (Interviews; [88]). Reasons given by farmers is that
the timing of purchase by the association is not aligned with members’ needs of instant cash after
the harvest. Except for the years in which the price offered by Masara N’arziki was much higher,
the majority of the farmers always sold individually to itinerant travelers.
Over time Masara N’arziki’s business model has undergone several changes. For example,
early group contracts were replaced by contracts with individual farmers as it turned out that defaults
by some group members harmed the interests of others (Interview Manager). Moreover, the association
stopped working in communities with a high default rate. Several evaluations and assessments [86,89]
found positive results in terms of adoption of farming practices, yield and income. According to
Al-Hassan et al, [89] findings 79% of the farmers working for Masara N’arziki had enough food year
round as compared to 58.5% of farmers not participating. Despite these positive results, interviews
suggest that the dynamics sparked by the value chain intervention might hamper local food security
in the long run.
5. Methodology
This article studies how the Masara N’arziki value chain intersects with the surrounding agrarian
landscape. The aim of this exploratory case study is twofold: First to enhance understanding of the
effects of a value chain intervention targeting productivity and marketing on food security in the long
run. Second, to assess the effectiveness of prevailing models of market-led food security interventions
5.1. Data Collection
This study scrutinizes a case study. The case study method was found to be most suitable for
researching a contemporary phenomenon in a dynamic context, dynamics that were not always easy
to distinguish from the phenomenon [90]. Interventions such as commercial farming projects can be
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difficult to discuss separately from the agrarian political economy in which they are located, as the
context itself is also undergoing profound changes [43]. Three qualitative data collection techniques
were considered useful to learn about how people experience an external intervention: Focus group
discussions, key informant interviews, and in-depth interviews [91].
The fieldwork took place in August 2017 in the Sissala East district. Sissala East was selected
because it’s reputation for being the maize basket of North Ghana. The first step was the elaboration
of a list of most important changes in agriculture, as perceived by the local population. Fifteen
semi-structured interviews with farmers and four focus group discussions were used to collect the
data. In the focus groups we discussed whether and how the changes related to the maize value chain
intervention. The sampling for the interviews was accidental, farmers were approached during field
visits, community meetings and market days. A diversity of hours during the day, distances from the
road and the district capital and age groups was considered. The participants for the group discussions
were purposively sampled. Technical officers of Masara N’arziki Tumu selected four communities
that differed in distance to the district capital of Tumu, presence of other interventions and default
rate. Together the four covered the main differences of the region in terms of accessibility to the
road and markets, productivity and social capital. Group leaders in the communities invited farmers.
We listed all the changes that were referred to by at least 70% of the interviewees. Triangulation with
key resource persons (three traders, three agro dealers, six staff members Masara N’arziki, three NGOs,
and two local officials) confirmed farmer perceptions. Subsequently, findings were supported by
literature and existing meteorological and land use data.
5.2. Data Analysis
As we were interested in the interaction between the value chain and its local context, specifically
in the feedback mechanisms that could potentially impact food security in the long term, we sought
for a tool that could help us identify and systematize these interaction effects. We found a suitable
method in the causal loop diagram. A causal loop diagram is a tool for tracing cause and effect
chains [92–94]. The diagrams uncover processes of feedback and can therefore help clarify less visible
and slower changes in a system. A system can be any regularly interacting or interdependent group of
units, ranging from an organization, to a public health system to a landscape. Causal loop diagram is
still little used in development studies [95]. The construction of a causal loop diagram involves the
following steps:
1.
2.

3.

Creating variable names. The first step is to identify the variables that are important to the issue,
in our case food security.
The next step is to fill in the links between the variables. If variable B moves in the same direction
as variable A, the link from variable A to B will be a straight line (Figure 1). If variable B changes in
a direction opposite of A (i.e., as A increases, B decreases), the link from A to B is dotted (Figure 2).
The last step is to determine the type of behavior the loop will produce. This can be either
reinforcing or balancing. In a reinforcing loop, change in one direction leads to more change.
For example, money in a savings account generates interest, which leads to an increase in the
savings account and leads to more interest. We label reinforcing loops with an R (Figure 1).
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6.2.1. Labour
Listed by all farmers as a major shift in agriculture was the decreasing availability of labor.
Whereas, in the past, the hands to help out during peaks, like planting and harvesting, were numerous,
now farmers spend long days alone on the fields to get work finished.
Respondents mentioned several explanations for this decline. The abolishment of child labor
seems to have accounted for a significant share. Since 2005 the government of Ghana strictly
implemented compulsory education for children till the age of 15. As one farmer phrased: “Since Plan
Ghana came in the area, in 2006, they planted in our head that children have to go to school.
Our children were responsible for the bullocks. As a consequence all the farmers sold their bullocks.”
The decrease of the number of plowboys was also found in a study to animal traction by IFPRI [96].
The census of 2012 [97] confirms that households reported that approximately 91% of school-age
children (6 to 15 years) are regularly enrolled in school.
Other farmers reported the erosion of social capital and collective labor in the community.
“When we were young, we would help each other, we would collectively harvest each community
member’s land, now each assistance has its price. We are forced to manage by ourselves” (Interview)
and “In the past, when a man would marry, he would call his age-group and brothers to harvest the land
of its parents in law. Nowadays agriculture has become individualistic.” (Interview) The increasing
dependence on money for maintaining a livelihood has made people more individualistic, was the
local clarification for this shift (confirmed by a study of [98]). Other studies [99,100] show how this
shift is specifically disadvantageous to the poorer farmers that do not have the means to hire labor.
A number of farmers mentioned that youth, specifically sons, migrate in search of a better life
elsewhere. Migration from Upper West region is of all times, however it is no longer limited to
the off-season period. Rademacher-Schulz et al. [77] found that also in rainy periods migration has
increased, sons of farmers work in the mines in South Ghana, as laborer or share-cropper on farms in
the Brong Ahafo region. Migration patterns from the Upper West region have shifted from temporary
seasonal migration to permanent migration. This new trend is typified by the establishment of farms
by migrants in certain parts of southern Ghana [101]. A recent study by WFP and MoFA [102] indicates
that 34 percent of households in the Upper West region had at least one member as a migrant worker
residing in another part of the country. These migrants send food and cash back home to sustain their
families [103–105] In his study to mechanization, Diao et al. [99] mentions urbanization in Ghana as
one of the driving forces of decreasing rural labor.
According to the farmers there is a strong link between the decline of labor availability and
the embrace of the maize intervention. Labor scarcity is a major driver of the shift towards a maize
dominated farming system. Compared to other crops cultivated in the region, such as millet and
sorghum, maize requires less labor, as phrased by one farmer: “Maize is an easy crop. With millet you
scratch your skin, no one wants to harvest it anymore. You can harvest hundred maize bags in the
same time you can harvest only five millet bags.” (Interview).
Laborers seem to have a preference for maize above other crops. For example during the harvest
season women groups from the Kassena-Nankana District come to Upper-West to offer labour services.
Previously, these women would harvest any crop; nowadays, they are specialized in maize. As one
farmer mentioned: “Maize is the easiest and the earliest crop to harvest, the woman groups travel
around and do not want to stay any longer for millet or groundnuts As there are enough maize fields
to harvest, there is no reason for them to take on the more difficult groups” (Interview).
The decline in hands to work the land explains why farmers shift from intensive labor food crops
to a less intensive crop such as maize. As such, the interaction between labor and maize cultivation is
negative. The less labor available, the more attractive maize will be. On its turn maize, cultivation
encourages individual farming. As Figure 3 shows, the loop is reinforcing.
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crop is mechanization. In only one decade, approximately since 2006, the bullock as traction animal
Closely linked to the decrease of labor availability and the cultivation of maize as a commercial
has disappeared in Sissala East. Farmers now hire plow and tractor services. A survey of World Food
crop is mechanization. In only one decade, approximately since 2006, the bullock as traction animal
program in 2008 showed that in Northern Ghana 44% of the households reported using tractor services
has disappeared in Sissala East. Farmers now hire plow and tractor services. A survey of World
(WFP, 2007). A number of other studies have also captured the increase in mechanized agriculture.
Food program in 2008 showed that in Northern Ghana 44% of the households reported using tractor
A survey conducted by IFPRI in 2013 in four districts of the three northern regions indicates that about
services (WFP, 2007). A number of other studies have also captured the increase in mechanized
95% of 173 interviewed maize farmers used hired tractor services for land preparation [96]. Data of the
agriculture. A survey conducted by IFPRI in 2013 in four districts of the three northern regions
Ghana Living Standard Survey 2005/2006 showed that hired labor is the most costly input for farmers,
indicates that about 95% of 173 interviewed maize farmers used hired tractor services for land
accounting on average for about 50% of total input cost for a farmer in the Northern regions [99].
preparation [96]. Data of the Ghana Living Standard Survey 2005/2006 showed that hired labor is the
Fertilizer was the second most costly input, but accounted for only 21%. This explains the increasing
most costly input for farmers, accounting on average for about 50% of total input cost for a farmer in
demand for labor-saving technologies, such as mechanization. Plowing can also by undertaken by
the Northern regions [99]. Fertilizer was the second most costly input, but accounted for only 21%.
animal power but animal husbandry is also relatively labor and land intensive, making it an unpopular
This explains the increasing demand for labor-saving technologies, such as mechanization. Plowing
choice in the locations where labor is already costly [99].
can also by undertaken by animal power but animal husbandry is also relatively labor and land
The trend to increased mechanization negatively impacts the poorer farmers: “The plows first
intensive, making it an unpopular choice in the locations where labor is already costly [99].
attend the bigger and richer farmers, often times they arrive too late at my place, I should already have
The trend to increased mechanization negatively impacts the poorer farmers: “The plows first
planted.” (Interview). This was also found by Diao et al. [99]. A 2013 survey by IFPRI and SARI in 8
attend the bigger and richer farmers, often times they arrive too late at my place, I should already
districts of five northern and central regions studied the plowing strategies of farmers. Two-third of
have planted.” (Interview). This was also found by Diao et al. [99]. A 2013 survey by IFPRI and SARI
the 60% of the surveyed farmers that plowed, hired tractor services. Among the medium and larger
in 8 districts of five northern and central regions studied the plowing strategies of farmers.
scale farmers who owned a tractor, 78% reported provided plowing services in the survey year.
Two-third of the 60% of the surveyed farmers that plowed, hired tractor services. Among the
Mechanization is also pushed by agri-businesses such as Masara N’arziki that aim to enhance
medium and larger scale farmers who owned a tractor, 78% reported provided plowing services in
productivity efficiently. Masara N’arziki for example contributed to mechanization; 96% of its farmers
the survey year.
use tractors for plowing, as compared to 64% non-Masara farmers [89].
Mechanization is also pushed by agri-businesses such as Masara N’arziki that aim to enhance
We identify two interaction effects: a negative interaction between labor and mechanization
productivity efficiently. Masara N’arziki for example contributed to mechanization; 96% of its
and a positive interaction between mechanization and maize cultivation. Both maize cultivation and
farmers use tractors for plowing, as compared to 64% non-Masara farmers [89].
mechanization are a response to labor scarcity. At the same time mechanization is also pushed by
We identify two interaction effects: a negative interaction between labor and mechanization
companies and development organizations aiming to support farmers to grow maize as a commercial
and a positive interaction between mechanization and maize cultivation. Both maize cultivation and
crop. As Figure 3 shows, both loops are reinforcing.
mechanization are a response to labor scarcity. At the same time mechanization is also pushed by
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6.2.3. Modern Farm Inputs
The increasing use of fertilizer and inputs was another change highlighted. Inputs these days are
widely available. In only Tumu, there are about seven agro-dealers with branches and distribution
points in the surrounding villages. Additionally, input traders from elsewhere sell on the week market
in Tumu.
Different key- resource persons mentioned Masara N’arziki to be the driver behind the wide
availability of high quality inputs and fertilizers in Upper West region. “It was Masara N’arziki that
promoted the use of inputs by providing them on credit” (Interview), and: “Several NGO’s distributed
inputs before, however as there was only subsistence farming, there also was little market. Masara
N’arziki opened the region and input application became common practice in maize cultivation.”
(Interview). The success of Masara N’arzikia attracted other actors that launched similar programs
(Akate farms in 2011, Kedane farms in 2012, USAID in 2014). All these contracting schemes provide
farmers with inputs on credit in exchange for maize at the end of the season. Also the government
encourages input use. Similar findings for other regions in Ghana are found by Houssou et al. [100].
According to Tripp and Ragassa [87] the highest concentrations of hybrid maize production is in the
Upper West Region (19% as compared to between 3 and 5 percent in Ashanti, Brong Ahafo, Northern,
and Upper East Regions). The researchers attribute this to the presence of local seed company Antika
and interventions such as the Masara N’arziki’s program. Ragasa et al. [86] confirmed plots cultivated
under contracting schemes are more likely to be treated with fertilizer and other inputs.
There is a positive interaction between the maize interventions and increased input use in general
and of Masara N’arziki in particular. Participation in the scheme leads to enhanced input use.
According to the respondents there are also two other interaction effect of farm inputs:
One between input use and labor and another between input use and expansion of area cultivated
with maize. “Previously you needed a lot of labour to weed. 6 or 5 people to weed one acre. As such
you could sometimes only grow 5 acres. Nowadays there are specialized herbicides. I don’t spend time
on weeding anymore, now I can cultivate up to 30 acres.” (Interview). Use of herbicides and pesticides
reduces the amount of labor needed to prepare and weed the land. Farmers perceive a negative and
reinforcing loop between input use and labor.
Al-Hassan et al. [89] and a study of Ragasa et al. [86] both confirmed that Masara N’arziki
contributed to the expansion of farmland used for maize cultivation. Masara farmers cultivate,
on average 3.92 acreage, whereas non-Masara farmers grow 1.32 acreage. There is a reinforcing
positive loop between input use and land expansion for maize cultivation.
6.2.4. Natural Resources
In all focus groups and interviews farmer reported the degradation of soils. Reasons listed were:
too little crop rotation, the application of fertilizers and pesticides and the plowing practices. As one
of the technical advisors mentioned: “Farmers continuously grow maize, soil fertility has decreased
tremendously and as such, farmers are now dependent on fertilizer. Adding to that the application of
chemicals and the deep plowing have left their traces.” Houssou et al. [106,107] confirm that plowing
negatively effects the structure and fertility of the soil. Masara N’arziki encouraged farmers to apply
conservation farming techniques, however Al-Hassan et al. [89] found that these have not been adopted
by farmers.
These findings are confirmed by Dietz et al. [108] in a study of local perceptions of development
and change in Northern Ghana. The soil deterioration farmers experienced also in this study was
attributed to over-cultivation and the use of chemical fertilizers. Maize cultivation has not only
intensified it has also expanded. “Ten years ago millet was the dominant crop. These days it is difficult
to find millet. The same counts for yam. For the energy it costs to grow one acre of millet, you can
cultivate seven acres of maize.” (Interview).

Sustainability 2018, 10, 3605

13 of 19

In summary, according to farmers both the intensification and expansion of maize cultivation has
led to decreasing soil fertility. Based on their perception we assume a negative link and a reinforcing
loop between current way of maize cultivation and soil fertility.
6.2.5. Commercialisation
Farmers mentioned that since 2010 maize has become what can be labelled a cash crop. According
to discussants Masara N’arziki opened up the region. As one farmer phrased: “With the establishment
of Masara-N’arziki the isolated Upper West was opened. Masara N’arziki guaranteed a market and it
became profitable and interesting to grow maize. Wienco had supply contracts with poultry farms and
beer breweries.” (Interview) According to Al Hassan et al. [89], 43% of the Masara farmers cultivate
maize for the market, compared to 7% of the non-Masara farmers.
Since 2010 also demand has been continuously rising, consumers in the cities of Tamale, Accra and
Kumasi like the poultry industry and beer breweries strongly depend on Northern Ghana for
their maize. Additionally, traders from the South have found their way up north where now they
employ networks of agents buying at farm level. Farmers perceive a positive interaction between
commercialization and maize cultivation.
6.2.6. Climate
The majority of the farmers claimed that over the last decennia rainfall has become erratic and
unpredictable. As exemplified by the following quote: “Before we knew when the rains would
come, now they are unpredictable. And less frequent, the droughts in between the rains last longer.”
(Interview). And: “When the maize is ready for fertilizer application, the rain is not there.” (Interview).
And: “The crop is dead before it is full-grown”. (Interview). The few systematically collected
meteorological data available (e.g., [109,110]; Ghana Meteorological Agency) and qualitative research
studies [77,111,112], confirm that the rainy season has intensified and shortened with more and longer
dry spells and an increase in extreme weather events.
It is out of the scope of this study to analyze to what extent the value chain intervention affects
this ongoing changing rainfall pattern. However, what is clear from the literature is that vice versa,
more erratic rainfalls will most probably negatively affect maize cultivation. Compared to other
crops grown in the region, maize is actually prone to droughts and erratic rainfall. Issahaku and
Maharjan [113] find that reduced rainfall and temperature rises are likely to prompt farmers to switch
from the cultivation of cassava and maize to the planting of sorghum, rice, and yam. In summary;
maize farmers might in the future be confronted with bad harvests.
7. Discussion: What Are the Potential Long-Term Effects of the Maize Value Chain Intervention
on Local Food Security?
Due to Masara N’arziki’s investments and efforts, along with similar value chain interventions,
farmers in Sissala East are now cultivating maize for markets in the South of Ghana. Different value
chain analyses report effects such as increased yield, enhanced income and technology adoption.
In first sight positive effects. However the longer-term implications of these effects remain unclear.
With the help of a causal loop diagram, we were able to analyze how the value chain intervention
interacts with the landscape. In this section, we highlight the possible consequences of the triggered or
reinforced dynamics for food security in the long run.
The causal loop diagram shows many reinforcing loops; overall farmers are becoming more
dependent on maize, and with the input and output markets, for sustaining their livelihood. In view
of the continuously rising market demand for maize, the external push by both commercial companies
and the government for agricultural modernization and the increased interest of farmers in labor
extensive crops, it can be expected that maize cultivation will continue to expand and intensify.
Many of the maize value chain interventions in the area are predicated on the idea that improved
yield and market linkages, lead to enhanced farmer income and as such capacity to buy food. However,
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in practice this linkage is not evident. Ragasa et al. [90] found that the higher yields and income
achieved are not high enough to cover the costs of higher inputs.
Even if profits are enhanced farmers can only improve their food security situation if more
food is indeed available. Even though more maize is cultivated in Sissala East, this does not
automatically mean that locally enough is available for consumption. Due to enhanced market
integration, a significant share of the maize grain needs of Southern Ghana had to be met by Northern
markets to the subsequent higher prices in Sissala East negatively affected food deficit and food
purchasing [114].
For food security also availability and accessibility of a diversity of foods is important. In Sissala
East maize has replaced other crops. Interviewees mentioned that as their farming system is increasingly
dominated by maize, also their diet shifts towards being more maize based. Ingredients for typical local
plates such as Kenkey, Fufu and TZ are increasingly made from maize instead of sorghum and millet.
As one the interviewees mentions: “Whether you like it or not, you have to eat maize. If you want beans
or millet, you have to go to Burkina Faso as it is absent on the local market here”.
Modern maize cultivation might align well with current farmer livelihoods in terms of labor
availability, interests, and ambitions, however it will only contribute to improved food security if locally
enough food is available; either through diversification of farming systems, or through diversification
of market offer.
8. Conclusions: A Systems Approach to Food Security
In this study, we experimented with a systems approach to enrich the linear value chain
analysis. By shining light on the interactions and feedback loops of the intervention with its agro and
socio-economic environment, the analysis revealed that besides the positive direct outputs such as
improved yield and enhanced income; farmers increased market integration might have repercussions
for local food security in the long term. Unless a diversity of foods at local markets will be guaranteed,
chances are high that this one-sided crop dependency results in an increased vulnerability [71]
A systems approach does not provide a recipe for how to combat food insecurity. As our
assessment showed; it is complex to pinpoint the trends triggered by the feedback loops and make
claims with regard to the implications on food security. Nevertheless an enhanced understanding of
the interactions between the value chain and its wider context enables policy makers and practitioners
to get a grasp of the longer-term implications of an intervention. Moreover, it makes it possible to
identify entry points or even interventions pathways for policy that encourage food security in the
long run.
We suggest development policy and practice to scrutinize ongoing trends in the agro-ecology
(land use, climate), demographics (population, migration, labor), and the economy before designing
an intervention targeting food security. As such, interventions become embedded in their context.
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