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Smallholder farmers like those in Limpopo and the Free State (FS) Province of South

Africa sometimes incur high production costs due to their crop choices. This cost

is exacerbated by the challenges posed by climate change and the socio-economic

position of the smallholder farmers. The opportunity cost of producing cost-intensive

crops is the forgone benefits these smallholder farmers would have gained if they grew

cheaper options. Therefore, a tool to assist farmers and stakeholders when choosing,

advising on, or assisting with production and management decisions at farm levels

to ensure profitability and sustainability is needed. This paper aimed at providing a

framework to assist farmers in identifying profitable crops for production under the

present day and possible future scenarios in Limpopo and the FS. This framework

uses a multi-stage process with forward and backward linkages to refine analysis and

results. Through reviews, interviews, focus groups and transect walks, the state of the

biophysical, socio-economic, and political environment and their impact on smallholder

farming were collected from 600 farmers and 40 key informants. Inferential statistics and

cost-benefit analysis were used for data analysis. The results indicate that maize, though

widely cultivated in both Provinces, has the highest average total production cost of R

29,694.39 /ha while the lowest was sunflower with R 6,453.78 /ha. Irrigated maize had

the highest break-even price per hectare of R 38 351.85, while sunflower had the lowest

R 4 685.85. In both provinces, groundnut ranked first on Net Present Value (NPVs) at

discount rates of 8% and 10%, while low yield maize ranked last, scoring values of –R

4 163 894 and –R 3 953 393. Groundnut had the highest Benefit Cost Ratio (BCR) at

2.22 and 6.70 in Limpopo and FS. The BCR for low-yield maize was the lowest of all the

crops. The base scenario results in economic and financial terms indicate it is better to

farm sunflower, soybean, grain sorghum, and groundnuts than maize because of lower

production cost and maize substitutes. Furthermore, climate change projections suggest
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a drier future for these provinces, implying the yield targets for farmers producing maize

would be difficult to achieve when faced with climate change. Such information is vital

for stakeholders.

Keywords: agricultural productivity, Benefit-Cost Ratio, cost-benefit analysis, crop production, Net Present Value,

targeting, prioritization, sustainability

INTRODUCTION

Agriculture plays a significant role in the economic development
of Limpopo and the Free State provinces in South Africa.
These provinces are some of the main grain-producing regions
and are highly dependent on summer rainfall. Since the
first quarter of 2020, the agricultural value chain in South
Africa has been a positive contributor to the country’s GDP
growth with an increase of 28.6%, becoming the strongest
performer (15.1%), National Agricultural Marketing Council
(2020) and as such, has implications for political stability
[Bureau for Food and Agricultural Policy (BFAP), 2018] and
food security. Achieving food security remains a global priority.
According to the Economic Commission for Africa (ECA)
(2018), 821 million people are undernourished or short of
food worldwide.

South Africa’s agricultural sector faces numerous water
challenges due to an already stressed state of water resources
in the country (Schulze, 2016). The effect of climate change
on agricultural output will directly affect rural communities,
having a knock-on effect on both the rural economies and
the food-security nexus [Financial Fiscal Commission (FFC),
2011]. This is especially so, given the fact that about 90% of
the rural areas in South Africa are semi-arid or sub-humid,
while 10% is considered hyper-arid (Schulze, 2008) and 14% of
the land is considered potentially arable, with one-fifth having
high agricultural potential [Department of Environmental Affairs
(DEA), 2013]. This means that lands have to be efficiently utilized
for profitability and food security to be achieved.

By 2050 farmers are expected to be able to produce 70%
more food to meet the needs of the expected global population
of 9.1 billion (FAO, 2009). With the projections of climate
variability and climate change in the foreseeable future (IPCC,
2014), agriculture will need to adapt to maintain or improve
food security, economic activities, and livelihoods, especially
in developing countries such as South Africa (Howden et al.,
2007). Climate change projections for South Africa, show a
reduction in rain-fed dependent agricultural production and a
4–6% increase in irrigation demand for agriculture (Ziervogel
et al., 2014). Given that human, financial, and physical resources
are limited, scarce resources such as water must be aimed at

producing grains, which are -important for maintaining the most
vulnerable communities.

According to Bureau for Food and Agricultural Policy

(BFAP) (2018), South African farms compared to their global
counterparts are less financially competitive in terms of

production costs. Even though, on average, South African
producers spent between US$52 to US$68 to produce a ton
of maize, which is well within the cost of production of

the international sample average of US$61 per ton maize
produced, however, the fertilizer utilization component in
the production process shows that the cost to produce a
ton of maize is on average 34% higher for South African
farms relative to the global average [Bureau for Food and
Agricultural Policy (BFAP), 2018]. Hence it is more costly
to farmers to produce, resulting in farmers not being able
to compete with international prices. Longer-term trends
in the area cultivated for major field crops reflect a current
pressure on grain producers’ profitability levels [Bureau for
Food and Agricultural Policy (BFAP), 2018]. Considering
this rapidly increasing need for profitability for summer
grain production systems, tools are needed to assist farmers
and relevant stakeholders in making strategic decisions
regarding sustainable and profitable production, resilience,
and adaptability.

Targeting and prioritizing methods narrow down a range
of possible practices, services, and policies to best-betting
options that can be scaled (Andrieu et al., 2017). However,
there is scant literature of such frameworks being employed
regarding grain production, despite the evident advantage of
using a targeting and prioritization framework for decision
making. The authors of this paper are not aware of any study
conducted in South Africa on a framework to guide farmers
in the choices of crops to produce based on farmers’ socio-
economic circumstances. Existing literature on targeting, such
as that of Notenbaert et al. (2017), looked at the framework for
evaluating and prioritizing potential interventions in climate-
smart agriculture. Herrero et al. (2014) provided a targeting and
scaling-out framework for interventions in agricultural systems.
Their study showed that higher quality feeds and improved
feeding practices for livestock could lead to a three-pronged
winning scenario where the farmers could meet the growing
food demands for the livestock at the same time mitigating
and adapting to climate change as well as experiencing an
improved livelihood.

Cost-benefit analysis approaches have been used for decisions
making such as in the implementation of conservation
agriculture in Uzbekistan (e.g., Daujanov et al., 2016) in
southern Africa (Tafa, 2017; Mutenje et al., 2019); for
technologies implementation (Badolo, 2017) for sorghum and
maize cropping systems in Mali) manual for cost-benefit
analysis in South Africa with emphasis on water resource
development (Economists, 2014), and on-farm climate change
adaptation strategies in Ghana (Azumah et al., 2020). Mutenje
et al. (2019) found that climate-smart agricultural (CSA)
practices that integrate aspects of soil and water management
practices which are grounded on the tenets of conservation
agriculture (CA), cereal-legume plant species intercropping,
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and improved crop varieties are economically viable and
should be implemented by risk-averse smallholder farmers.
Magati et al. (2012) used a cost-benefit analysis to advise
smallholder tobacco farmers in South Nyanza, Kenya, to
substitute bamboo for tobacco. They found out that bamboo
farming was more financially and economically beneficial
than tobacco farming, given the incremental benefits, and
recommended well-managed bamboo farming as an alternative
livelihood to tobacco farming. Similar findings obtained by
Njenga (2016) in Muranga County, Kenya, indicate that
farmers were advised to switch from coffee to banana farming.
However, these studies did not show the various steps used
in selecting proposed crops before conducting the cost-
benefit analysis.

This paper developed and used a framework to outline
methodologies for assisting stakeholders in deciding what crops
to produce. The framework takes into consideration the complex
nature of the agricultural system and decision-making processes
across different landscapes. It provides a clear understanding of
the interrelationships between natural resources and ecosystems,
agricultural production systems, socio-economic variables, and
institutional and policy systems that drive decision-making
processes and outcomes. Such information will provide direct,
actionable results that are relevant to stakeholders.

MATERIALS AND METHODS

This section describes the framework, the application, data
collection and analysis.

Description of the Framework for Targeting
and Prioritizing Interventions in
Grain-Producing Areas of South Africa
The framework involves four generic steps that follow a logical
order and represent the initial workflow, with a snowball effect
involving: an examination of the biophysical environment, the
socio-economic factors and policy at play, the relationship
between different enterprises within the system that impact
farming, and a cost-benefit analysis. Information and data from
one step feeds into the next step (Figure 1). The framework
involves a multi-stage process with forward and backward
linkages that assist in refining analysis and results. These forward
and backward linkages allow for a deeper understanding of the
processes involved. The prioritization structures are set such
that they are generally question-driven and score-based, thereby
enabling a balanced and transparent approach to decision-
making (Benke et al., 2011).

Phase 1: Initial Assessment of Prioritization Option
The first level in the framework involves diagnosing and
identifying local environments and area-specific problems
encountered by farmers. Firstly an initial assessment and
description of the agricultural system are carried out. A
description is then made in terms of crops produced, specific
opportunities available to farmers, financial, physical, natural,
and social resources related to various livelihood strategies.
This step consists of an integrated and participatory process
of combining, interpreting, and communicating knowledge
from diverse scientific disciplines to understand better complex

FIGURE 1 | Targeting and prioritization framework for summer grain production compromising prioritization options, option indication, cost-benefit analysis, and

portfolio development (adapted from Campbell et al., 2016; Andrieu et al., 2017).

Frontiers in Sustainable Food Systems | www.frontiersin.org 3 March 2022 | Volume 6 | Article 738267

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Kephe et al. Framework Optimizing Smallholder Farmers Productivity

phenomena (Rotmans and van Asselt, 1999). This stage aimed to
assess the prioritization process, the stakeholders involved, and
the list of crop options to consider. Furthermore, assessments
are done to identify vital water-efficient crops that are valuable
but had not been given adequate attention in terms of utilization
and production.

The selection process started with the scrutiny of the
summer grain production systems, farming systems (subsistence
to commercial farmers), climate change projections, and
transformative actions. Various data repositories such as Grain
SA, the Department of Agriculture, Forestry and Fisheries
(DAFF), and expert assessments were consulted to establish a
holistic view of the crops cultivated and their value.

Secondly, the selected crops were evaluated for their expected
social, environmental, and economic impacts within specific
context and farmer category. A brief description of each potential
crop was prepared, including possible constraints and benefits
for production and use. Answers to the following questions
addressed key fundamental aspects as adapted from Notenbaert
et al. (2017):

1. What are the human, natural, financial, social, and resources
available to produce selected summer grains and how are the
available resources organized for production?

2. What are the current levels and trends of summer grain crops
in terms of their productivity, demand, and consumption?

3. What are the climate change scenarios and projections
and associated impacts on the natural resource base, crop
suitability and yield?

4. What are the projections for future production?
5. What/who is vulnerable, and what are the possible measures

for adaptation to mitigate such vulnerability?
6. Who/what influences the decision or wider context in which

the agricultural production and potential crop choice for
production are taking place?

Phase 2: Identification and Characterization of Top

Priority Options
This step involved the characterization of the solutions offered
to questions asked in Phase 1. Solutions were gleaned from
the literature review as well as elicited from stakeholders and
experts. Included in the criteria were farmer surveys that
provided information on crop production and the choice of
crops for production. These helped in the identification of
preferred crops for adoption, as well as the spatial dimensions
of adoption. The identification of options phase helped reduce
the initial list of grain crop options. An overall summary of crop
characteristics, conditions favoring the successful cultivation of
the crop of choices based on threshold definition was compiled.
This validated the overall objectives and defined the relative
weight that should be given to each crop in terms of productivity
and food security.

Phase 3: Economic Analysis in Terms of Cost and

Benefits
Phase 3 examined the economic benefits of the available options
regarding each summer grain crop option’s costs and benefits.

Production costs for summer grain crop options from phases 1
and 2 were used as input for the cost-benefit analysis (CBA).
Input data for the CBA model was derived from primary
data, scientific literature, and expert knowledge. The cost-benefit
analysis was conducted as part of the cost implications involved
from the change in crop choices in the face of climate change and
variability. This will guide the farmers’ perspective and decisions
regarding profitability, environmental sustainability, and reduce
strain on natural resources, particularly water resources. In this
phase, each selected crop’s profitability was determined and
compared to the initial preferred crop, taking cognizance of
externalities. According to Sain et al. (2017), CBAs that focus
solely on the costs and benefits of agricultural practices can
often distort assumptions about the likelihood of adoption at
scale due to the exclusion of critical externalities and limited
discussions of risk. The list of selected summer crop options from
a sound agroecological perspective, socio-economic relevance,
and benefits to farming households were further ranked based on
a cost-benefit or cost-effectiveness analysis of the investment.

Phase 4: Portfolio Analysis
A crop-by-crop analysis and evaluation of barriers to crop
production were conducted in the final phase. Ratings for
possible crop production options based on impacts on natural
resource usage and costs and benefits were done to support
discussions on trade-offs between different crops produced.
Aggregated benefits from the different crop portfolios were
explored for a final selection of investment priorities.

A critical component of this stage is the robust analysis
of constraints and barriers to changes in the choice of crops
for production from the perspective of different farmers as
well as stakeholders in the agricultural sector. Exploring “what
if ” scenarios enabled stakeholders to engage in a more in-
depth discussion around the potential impacts and tradeoffs
(Kristjanson et al., 2009) taking into consideration the temporal
and spatial scales involved in changing crop options. This
assessment builds an understanding of the various social,
cultural, and economic barriers at play when switching the crop
produced in a specific area. This insight can improve the design
and implementation of plans for food production, sustainability
and food security in the era of climate change.

Study Areas
The framework was used in two provinces to demonstrate how
targeting and prioritization can be linked to the choice of crops
for production by smallholder farmers. The location of the study
areas of Limpopo and the Free State provinces is shown in
Figure 2.

Limpopo Province
Limpopo Province (Figure 2) covers 12, 46 million hectares,
which is 10.2% of the total area of South Africa (Oni et al.,
2012). Climatic regions in the area include the Lowveld (arid and
semi-arid) regions, the middle veld, highveld, semi-arid region,
and the escarpment region, which has a sub-humid climate
with a 700mm rainfall per annum (Limpopo Department of
Agriculture, 2012). The province is characterized by low and
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FIGURE 2 | Location map for Limpopo and the Free State Provinces with sampled sites. Source: Adapted from Harvest Choice (2010).

erratic rainfall patterns and is prone to drought and flood events.
Rainfall in the province occurs mostly between October to April
and ranges from 200mm in the hot, dry areas to 1500mm in
higher rainfall areas. There is a high annual rainfall variability in
the province.

Smallholder farmers are mostly found in the rural areas of the
province. They have little or no access to production technology
with an average farm size of about 1.5 hectares per farmer.
They occupy about 30% of the provincial land (Ubisi, 2016).
Agricultural production in the Limpopo Province is diverse,
with most smallholder farmers tending to focus on producing
field crops dominated by maize, particularly during the summer
months. Most smallholder farming is rain-fed and limited by
multiple factors such as precipitation, poor soils, and limited
input resources.

Free State Province
The Free state province (Figure 2), with an area of around 129
825 km2 is the third-largest province in South Africa, making
up 10.6% of South Africa’s land area (Davis and Tavasci, 2006).
Most places in the province receive annual mean precipitation
of between 400 and 700mm (Moeletsi, 2010). More than 70% of
the Free State’s rainfall occurs between October and April (ARC-
ISCW Agroclimatological Databank, 2010). The mean annual
minimum temperatures are very low, with <5◦C experienced
over the high-lying areas in the province’s eastern parts (Moeletsi,
2010). The temperatures increase westwards, with most parts of
the province having a mean minimum temperature of between 7
and 9◦C. The western border of the province records relatively
high minimum temperatures exceeding 9◦C.

According to the Department of Agriculture, Forestry, and
Fisheries (Department of Agriculture, Forestry and Fisheries,
2010), agriculture contributes 20.1% to the province’s gross
domestic product. Most of the province’s agricultural production
is under rainfed conditions, with less than 10% of the arable

land (Moeletsi and Walker, 2013). The Free State is responsible
for ∼30% of the national maize production, thus contributing
significantly to the country’s agricultural economy (Moswetsi
et al., 2017). The major crops produced in the Free State
province in a decreasing ton of production are maize, potatoes,
soyabean, sunflowers, wheat, sorghum, groundnut, lucerne and
drybean (Statistics South Africa, 2017). The majority of these are
produced by large scale commercial farmers. Even though the
Free State province produces over 30% of the maize in South
Africa, the average maize yield varies significantly from 1 year
to another due to climate variability. The province experiences
significant changes in rainfall patterns, minimum and maximum
temperature as well as frost.

Climate Change Projections for Limpopo and Free

State Provinces
Climate change models indicate that Limpopo Province will face
a warmer future with temperatures predicted to increase by as
much as 2◦C by 2035, 1–2◦C between 2040 and 2060 (or between
2–5◦C in the high-end scenarios), and by 3–6◦C between 2080
and 2100 (or 4–7◦C in the high-end scenarios) [Long Term
Adaptation Scenarios (LTAS), Department of Environmental
Affairs (DEA), 2013]. There is less certainty with regard to rainfall
forecasts in Limpopo. Some climate models project decreases in
rainfall while others suggest increases in rainfall. It is predicted
that Limpopo will experience more significant variability in
rainfall and increases in temperatures, which will further increase
evaporation rates resulting in drier conditions in the future (FAO,
2009). Vulnerability assessments have identified agriculture as
one of the most vulnerable sectors in terms of the effects of
climate change.

Climate change projections for the Free State highlight
temperature increases of 1–2.5◦C for 2020–2050 relative to
1971–2000, under low mitigation (Envirotech Solutions, 2015).
Under the high mitigation scenario, temperature increases over
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the Free State province will be somewhat less but may still
reach 2.5◦C over the province’s western part. By the end of
the century, temperature increases of 4–7◦C are projected to
occur over the Free State under the RCP8.5 scenario (Envirotech
Solutions, 2015). In the case of high mitigation efforts, the
projected changes are reduced but remain significant. The rainy
season is likely to start later and last for a shorter amount of
time (Envirotech Solutions, 2015). The Status Quo Report for
the Free State highlights agriculture and the water sectors as
the most vulnerable to climate change impacts in the province
(Envirotech Solutions, 2015). Such changes in temperature and
rainfall patterns as predicted over the Limpopo and the Free State
provinces will affect water resources.

Future Changes in Environmental Suitability and Yield

of Grain Crops in Limpopo and Free State
Given the projected increases in temperature over the Limpopo
and the Free state, water availability and agriculture will
be affected by inference. This will have a knock-on effect
on crop yields. Studies that have dealt with climate change
impacts on agriculture in South Africa have focused mainly
on maize production (Turpie and Visser, 2013). Studies like
Gbetibouo and Hassan (2005) assessed the effects of climate
change on field crops (maize, wheat, sorghum, sugarcane,
groundnut, sunflower, and soybean). Their results indicated
that location and season influenced the potential impacts of
climate change on crop production. These results align with
those of other studies where temperature increases were found
to negatively affect net profits, while increases in precipitation
positively impacted net profits (Turpie and Visser, 2013).
Although irrigation is presented as a practicable form of
adaptation to climate change (e.g., Kurukulasuriya et al., 2006)
in agriculture, the potential to use irrigation as an adaptive
mechanism would be limited in use, especially by poorly
resourced smallholder farmers.

The Long-Term Adaptation Scenarios Flagship Research
Programme (LTAS) indicates mostly negative projected impacts
on South Africa’s key crops. Sorghum will experience increases
by 2–4 t/ha in yield in parts of the Free State, while on the other
hand, Limpopo will experience losses. With regards to soybean,
the arc of yield decreases in the climatically suitable growth areas,
and the core area of median yield increases (>30%) [Department
of Environmental Affairs (DEA), 2013].

Data Collection
This section shows how data was collected through the various
steps applied in the framework to determine which crop is
the most suitable for production amongst the farmers in the
selected provinces. A mixed-methods approach combining both
quantitative and qualitative data analysis in a single study was
used. Through this mixed-methods approach, complementary
and converging answers are sought, and the outcomes of one
analysis are used as inputs in developing and getting results in
another following a sequential mixed-methods design.

Collection of Crop Data From the Literature (Desk

Analysis)
A systematic literature review was carried out and the process
included the design, conducting, data abstraction and analysis,
and structuring and writing of the review following the five-step
approach of Khan et al. (2003). In carrying out the review, the
pertinent question was in the relationship to the overall research
field of targeting and prioritization framework development and
implementation, is this literature review needed and does it
make a substantial, practical, or theoretical contribution? Criteria
were set as follows: the articles should be written in English,
published by January 2012, and should have crops grown by
smallholder farmers, framework development and application,
challenges experienced by smallholder farmers. This design phase
further included framing structured questions before the review
process based on specified terms smallholder farmers, challenges
experienced by smallholders, environmental conditions of the
areas, cost of crop production, crops produced in Limpopo and
FS; selecting criteria that identify relevant work for the questions,
structurally assessing the studies, summarizing the evidence, and
interpreting the findings (Khan et al., 2003). The aim of the
review guided the inclusion criteria. The literature searches and
subsequent assessments were structured according to the current
and projected future impacts of climate change on agriculture;
outline the biophysical suitability of crops grown in Limpopo and
Free State provinces. Thematerial was synthesized to enhance the
knowledge of which climate thresholds are likely to exacerbate
smallholder farmers’ vulnerability, based on the choice of crops
they produce. The results from various searches were sorted by
relevance after scanning article abstracts. Data abstracted was
in the form of descriptive information, such as authors, years
published, topic, or type of study, or in the form of effects and
findings. Validity and reliability were ensured through a checklist
design to see if the aim of the review was achieved. A total of 25
studies had material that was considered suitable for this review.

Sampling Technique
Representative samples for the survey were selected following
a two-stage sampling process. The first stage involved selecting
the survey areas and the second, the total available smallholder
farmers engaged in summer grain production in the regions.
According to Statistics South Africa (2012), the country
lacks information on smallholder and subsistence agriculture.
Agricultural censuses and surveys have primarily concentrated
on commercial agriculture and have done less on small-scale
and subsistence agriculture (Statistics South Africa, 2010, 2012),
thereby making it difficult to get an accurate figure for the total
number of subsistence/smallholder farmers in the areas. The
population who participated in this study comprised farmers
residing in Limpopo and the Free State Province. A purposive
random sample of 600 smallholder farmers in Limpopo and 200
in the Free State was selected. The variation in the number of
participants was primarily due to the geographical locations of
smallholder farmers in the two provinces. The Limpopo province
is predominantly rural with a large aggregate of smallholders
farmers across the province whereas the Free State agriculture
is dominated by established large white commercial farmers,
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relative to the smallholder farmers who are scattered across
the province. This scattered nature of smallholder farmers in
the Free State also poses logistical issues in sampling. The
participant selection criterion was set as follows: the respondents
were individual smallholder crop farmers who are dependent
on rainfall. Relevant departments in each local municipality
provided a list of farmers fitting the stated criteria, and
smallholder farmers were randomly selected. The sampling was
used to assess uniformity and homogeneous characteristics and
to meet the objectives of the study. It had to adhere to the
statistical specifications of the reasons for and the objectives
of sampling, the sample size, precision, variability of data,
for accuracy and representativity. Key informants, as well as
extension officers, were also selected for discussions from the
relevant departments. Key informants were selected following the
snowball approach. They had to be involved with smallholder
farmers. Farmer selection and focus group interviews were
facilitated by various agriculture departments and other entities
dealing within the agricultural sector.

Questionnaire Administration
Questionnaires were administered to smallholder farmers in
Limpopo’s and the Free State Province after obtaining their
informed consent. The aims and importance of the study were
communicated to farmers. The questionnaire was made up
of structured and semi-structured questions. Farmers supplied
information on their farming practices, factors influencing their
choice of crops to produce, and the income derived from crop
production. Questions were designed in English but translated
into the languages (Sotho, Sepedi, Xitsonga and Tshivenda)
understood by the participants during the interviews and focus
group discussions. A team of twenty interviewers were trained
for questioner administration. The questionnaire was pre-tested
on a small group of smallholder farmers around the study areas
who did not participate in the final study. This was done to
minimize errors and format unclear questions. Given that the
questionnaires were administered by a team that was conversant
with the aims of the study and spoke the native language,
all farmers present could understand and respond to all the
questions with ease. A 100% response rate was obtained. Each
questionnaire took an average of 20min to be completed.

Key Informant Discussions
Qualitative data was collected through one-on-one discussions
with 20 extension officers and other relevant stakeholders
from government and non-governmental organizations who
were already having projects and working with farmers in the
areas. These interviews were geared toward ascertaining possible
reasons why farmers took certain crop production decisions.

Focus Group Discussions
Several focus group discussions were held with the farmers and
information on socio-economic conditions, their agricultural
production and adaptation strategies toward climatic and non-
climatic shocks and decisions regarding which type of crop
was obtained. Discussions were carried out in groups of 20
farmers and lasted for an hour. Questions were translated

into Sotho, Sepedi, Xitsonga and Tshivenda for ease of
communicating with farmers. Interviewers carried out the
focus group discussions and acted as moderators. We applied
the following participatory tools in frames of focus group
discussions: Social Network Analysis tool, Seasonal Calendar,
Problem Tree, Future Backward Scenarios Analysis tool, Hazard,
Vulnerability, and Impact matrix.

The social network was useful in determining the social
capital (or lack thereof) of the communities as well as the
vulnerability and capacity of the farmers. We asked focus
group participants to list the various governmental and non-
governmental organizations in their communities and what type
of assistance they received from them. Then the participants had
to indicate the relationship between them and the organization
they mentioned in terms of access and ease of getting aid.
The relationship could be defined as one-way or two-way/
mutually beneficial.

Seasonal Calendar was used to get data on the annual cycle
of economic and social activities of the participants and their
connections with climatic events. Results from the Seasonal
Calendar may reveal valuable qualitative information about
climate trends that are unknown to outsiders and hidden from
national-level data or histories (Scott, 2013). This tool helped
in identifying the relationship between socio-economic activities
and seasonal variations. It also assisted in determining the
economic capacities (or lack thereof). We requested focus group
participants to discuss crop production practices in relation to
the farming calendar and climate. These enabled us to discover
the similarities and differences in crop production decisions of
the selected participants.

The Problem tree exercise included single-loop, double-loop,
and triple-loop learning. Single-loop dealt with consequences
of specific actions (crop production, management practices);
Double-loop focused on the assumptions, beliefs, culture,
norms, practices, and traditions which underlie the actions and
the Triple-loop challenged the assumptions, beliefs, culture,
norms, practices, traditions, values and higher-order thinking
processes that underpin assumptions and actions in relation to
crop choices.

The Future Backward tool was used to assists participants to
envision different crop production scenarios. These scenarios are
“best future scenario/situation,” the “current scenario/situation,”
and the “worst future scenario/situation.” In the first instance,
the focus group participants were encouraged to mention issues
of concern to them in terms of crop production and in the
second instance, they were prompted to talk about production
cost exclusively. Research participants were given “post-it” notes
on which to write their anecdotes (one or two words that describe
their crop production experiences). They were asked to write
these anecdotes for “best future scenario/situation,” “current
situation/scenario,” and “worst future situation/scenario.” The
results were recorded on the future backward scenarios
analysis tool.

The Hazard, Impact and Vulnerability matrix tool was used
to enable participants to pinpoint hazards, the impact of the
hazards, their vulnerability to their hazards, and scoring these
hazards in terms of the priority to them. Hazards were ranked
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according to the impact felt. The hazard with the highest score
poses more risk and the hazard with the least score poses the least
risk from the viewpoint of the participants. The ranking indicated
which climate change and climate variability hazards should be
prioritized when drawing climate change adaptation plans

Notes were taken and sessions recorded for ease of
collaboration of data collected.

Data Analysis
Descriptive statistics, frequencies, and cost-benefit analysis were
used to rank crops in decreasing order of importance. The
following criteria drove these analyses:

• The cost attributable to the biophysical environment: crop
cultivation parameters based on the climatic and soil
requirements, water use demands in terms of current and
future crop suitability based on climate change projections.

• Costs in terms of ease of production: accessibility to
farm inputs, accessibility to crop production information,
and support.

• Degree of importance and usage of the crop(s) at household
and country level.

Cost in terms of economic and farm income was analyzed from
the point of break-even analysis, specifically break-even yield
and break-even price. Billore et al. (2020) believe that the break-
even price analysis as a decision-making tool enables businesses
to evaluate the risks they might be exposed to due to severe
fluctuations in the price(s) of their products. Break-even yield
analysis is a useful mechanism determining the possible yield
losses that an agricultural business may incur due to weather
conditions’ variabilities (Billore et al., 2020). Break-even analysis
identified the crop that would be least susceptive to poor weather
conditions and price volatility and incurs the least production
cost. This is because, with break-even price and yield analysis,
farmers can identify the output quantities and prices that will be
sufficient to cover attributable costs (Billore et al., 2020).

The break-even yield and price were calculated using the
following formulas:

Breakeven Yield (tons/ha) =

Total variable cost + fixedExpenditures( Dollar/ton)

Net Farm Gate Price (Dollar/hectare)
(1)

Where:
Total Cost = total variable expenditure (Dollar/ha) plus total

fixed cost (Dollar/ha)
Net farm Gate Price: the price at which crops are sold on

the farm.

Breakeven Price (Dollar/ha) =

Total cost ( Dollar/hectare) + Deductions(R)(non− taxable items)

Net Farm Gate Price (Dollar/hectare)
(2)

Where:
Total Cost = total variable expenditure (Dollar/ha) plus total

fixed cost (Dollar/ha)
Net farm Gate Price: price at which crops are sold on the farm.

In addition to the break-even analyses, this study also used
cost-benefit analyses (CBA), which pertains to evaluating the
monetary equivalent of the costs and benefits of a scenario, an
intervention, or a set of circumstances (Mutenje et al., 2019).
CBA are invaluable tools for evaluating and ranking the socio-
economic and financial benefits of a range of projects for which
there are limited funds available (Odeck and Kjerkreit, 2019).
An ex-post CBA analysis was done because of the absence of
projected figures and the availability and consistency of the cost
and revenue information for the past few years.

CBA was used to establish the quantifiable financial benefits of
choosing one crop over another. The costs and benefits used were
confined strictly to quantifiable financial information: expenses
related and unrelated to production, revenues, and gross and net
margins. CBA indicators used included the Net Present Value
(NPV), the Benefit-Cost Ratio (BCR). The NPV determines the
discounted present value of the net cash flows attributable to a
project (Hasan and Khalequzzaman, 2018). These indicators are
interrelated: a CBA >1 implies that the NPV will be greater than
zero (Kelly et al., 2015). If the BCR is higher than 1, then the
benefits will be higher than the costs. This, of course, implies
that the higher the BCR, the higher the expected profitability
of the product or crop and vice versa. Thus, if the BCR is <1,
the discounted future cash flows or earnings attributable to the
harvest will be negative, implying a loss. The opposite applies if
the BCR is higher than 1. These indicators were calculated using
the revenues, costs and net margins for all five crops over a period
of 5 years. The following respective formulas were applicable:

Net Present Value (NPV) =

T
∑

t=0

(

NBt

(1+ r)t

)

(3)

Where :

Net Benefit (NB) = Gross income minus costs

T = Time

R = Rateofinterest/discount rate.

BCR =

∑n
t=0

CFt[Benefits]

(1+i)t

∑n
t=0

CFt[Cost]
( 1+i)t

(4)

CF = Cash flow

i = Discount rate

n = Number of periods

t = period that the cash flow occurs.

Discount rate: Time preference of money and opportunity cost
of investment was used to explain the discounted rate. For this
study’s purpose, the discount rates were based on the Water
Research Commission Report No. TT 305/07 written by Mullins
et al. (2014). It is argued that the discount rate that should be used
for environmental projects in South Africa should be discounted
at the official discount rate of 8%. Due to the unstable interest rate
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in South Africa, the lending rate, which is 10.5%, was also used as
an alternative.

RESULTS

Targeting in combination with sustainable and cost-effective
grain production can contribute to priority setting in the choice
of crops produced. Limpopo and Free State provinces of South
Africa were specifically selected to demonstrate the framework’s
applicability to very different locations and the possibility of
providing information for different end-users, with specific aims
and varied objectives. Both cases pertain to summer rainfall
areas and are grain-producing areas in South Africa. This section
summarizes the key differences in grain production cost in the
Limpopo and Free State provinces.

Results of the Initial Assessment of
Prioritization Options
Results from the literature review and farmer survey results
revealed that smallholder farmers’ dominant crops were summer
grains in both provinces. The grain production system was
therefore seen as the priority system for the framework
application. Consultations with sampled farmers and experts
showed that summer crops produced included maize (Zea
mays), soybean (Glycine max), sunflower (Helianthus annus
L.), groundnuts (Arachis hypogaea), sorghum (Sorghum bicolor)
pearl millet (Pennisetum glaucum L.). Some farmers in Limpopo
further grew other grain crops such as cowpea (Vigna
unguiculata), bambara groundnut (Vigna subterranean), and
mung bean (Vigna radiata). Of the sampled farmers, all of the

produced maize in both Provinces. With regards to soybean,
132 farmers in Limpopo and 44 in the FS produced this grain;
sunflower 102 in Limpopo and 70 in Fs; groundnuts 282 in
Limpopo and 24; Sorghum 200 in Limpopo and 60 in FS; pearl
millet 320 in Limpopo and 78 in FS while in Limpopo 380
produced cowpea, 300 bambara groundnut and 150 mung bean.

Identification and Characterization of
Grain Options
A “win-win” choice of crop for production was made with the
assumption that the choice crop will be suitable for these systems
across the region and will increase farmers’ livelihoods and
productivity and, at the same time, reduce the cost of production.
The adoption potential was considered to be associated with
different key drivers such as sustainability, ease of production,
production cost, and suitability parameters.

Ease of Producing Selected Grains in Limpopo and

the Free State Province
Several factors influenced the decision to grow maize, soybean,
groundnut, sunflower, sorghum and pearl millet in Limpopo and
the Free State provinces. In Limpopo, respondents indicated that
their decisions to grow groundnuts were strongly influenced by
the availability of cash (98%), rainfall (97%), input availability
(97%), food security (91%), and temperature (89%) (Figure 3).
The decision for soybean production included input availability
(58%), cash availability (56.83%), labor (54%), rainfall, water
(Irrigation) (48.83%), food Security (43%) and temperature
(49%). For maize, constraining factors included irrigation
equipment (85%), temperature (85%), water (76%), cash (76%),

FIGURE 3 | Factors influencing the choice of crops to produce in Limpopo.
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FIGURE 4 | Factors influencing the choice of grain crop production in the Free State Province.

FIGURE 5 | A summary of the scale, objectives, and the approaches used in selecting crops.
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TABLE 1 | Cost analysis for selected summer crop production in Limpopo Province.

Average cost budgets for production of selected summer crops cultivation for the period 2014–2018

Crop Maize Maize Maize Sunflower Soybean Grain Groundnuts Irr-Maize

(lower yield) (higher yield) (medium yield) Sorghum

1) Income

Yield target (ton/ha) 2.00 4.00 2.50 2.00 1.20 2.20 2.50 12.75

South African Futures

Exchange (SAFEX):

Estimated Price

R 2,300 R 2,300 R 2,300 R 5,200 R 4,850 R 2,600 R 9,088 R 2,300

Deductions R 280 R 280 R 280 R 323 R 63 R 63 R 63 R 280

Net Farm Gate Price R 2,020 R 2,020 R 2,020 R 4,877 R 4,787 R 2,537 R 9,025 R 2,020

GROSS INCOME

(R/ha)

R 4,040 R 8,080 R 5,050 R 9,754 R 5,744 R 5,581 R 22,561 R 25,755

2) Variable expenditures

Seed R 793.20 R 1,264.16 R 1,087.43 R 498.89 R 513.41 R 418.20 R 1,400.00 R 4,176.56

Fertilizer R 1,844.00 R 3,296.00 R 2,328.00 R 950.00 R 948.80 R 2,102.10 R 838.80 R 6,495.36

Lime R 139.86 R 139.86 R 139.86 R 139.86 R 139.86

Fuel R 1,120.95 R 1,116.81 R 1,154.08 R 600.00 R 600.00 R 1,115.94 R 700.00 R 1,310.49

Reparation R 622.60 R 640.99 R 628.73 R 576.68 R 646.69 R 619.53 R 769.57 R 567.71

Herbicide R 471.22 R 471.22 R 444.12 R 392.38 R 253.28 R 619.57 R 659.42 R 742.69

Pest control R 174.29 R 174.29 R 52.60 R 16.59 R 457.07 R 473.70 R 652.60 R 600.84

Input insurance R 137.87 R 256.04 R 177.26 R – R –

Irrigation cost R 6,528.38

Grain hedging R 563.70 R 783.96 R 640.65 R – R – R 2,121.86

Contract Harvesting R – R – R – R – R – R – R – R –

Harvest insurance R 197.42 R 366.64 R 266.52 R 298.82 R 753.95 R – R – R 676.87

Aerial spray R – R – R – R – R – R – R – R –

Casual labor R 192.00 R 192.00 R 192.00 R 192.00 R 192.00 R 192.00 R 800.00 R 192.00

Drying cost R – R – R – R – R – R – R – R –

Packaging and

packaging material

R – R – R – R – R – R – R 300.00 R –

Interest on production

R/ha

R 359.78 R 500.36 R 408.90 R 275.67 R 317.40 R 335.19 R 371.83 R 1,354.28

Total variable

expenditure (R/ha)

R 6,616.89 R 9,202.32 R 7,520.15 R 3,801.03 R 4,682.60 R 6,016.09 R 6,492.21 R 24,906.89

Total fixed cost (r/ha) R 2,634.77 R 2,521.01 R 2,665.03 R 2,652.75 R 2,656.68 R 2,574.20 R 2,784.35 R 4,787.50

Total cost (R/ha) R 9,251.66 R 11,723.33 R 10,185.18 R 6,453.78 R 7,339.28 R 8,590.29 R 9,276.56 R 29,694.39

3) gross margin (R/ha) –R 2,577 –R 1,122 –R 2,470 R 5,953 R 1,062 –R 435 R 16,069 R 848

4) Nett margin (R/ha) –R 5,212 –R 3,643 –R 5,135 R 3,300 –R 1,595 –R 3,009 R 13,285 –R 3,939

Source: survey results and grainSA.

and rainfall (78%). Sunflower was the least favored crop in the
area in terms of investment decisions. The only factor which
was not a deterrent to sunflower production was water. Pearl
millet production was affected by aspects of food security (86%),
cash (82%) and water (72%). In regards to cowpea, cash (73%)
and irrigation equipment (70%) influenced the decision for
its production.

In the Free State (Figure 4), the decision to not produce
groundnuts was influenced by rainfall (83%), input temperature
(70%) and irrigation equipment (68%). Factors inhibiting
soybean production were temperature (70%) and input
availability (48.83%). Similar to Limpopo, most factors acted
as barriers to Sunflower production (Figure 4). Most of the
factors are constraining factors of production. For maize, aspects

such as rainfall (70%), temperature (60%), water (56%) deter
farmers from cultivating maize. Input availability (50%) and food
security (45%) were some of the constraints farmers experience
in producing Sorghum.

Recommendation of Alternative Crops for Production
To give appropriate recommendations on the choice of crops
for a farmer, it is crucial to understand what factors guided
or influenced the choice of crop production. The farmers’
predominant crop was maize (Figures 2, 5) despite constraints of
cash flow, climatic factors with water shortages. With regards to
soybean production in Limpopo, the crop was mostly produced
by the younger farmers, while older farmers indicated, they
were not familiar with the crop or did not see how this crop
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TABLE 2 | Cost-benefit analysis for selected summer crop production in Limpopo Province from the period 2014 to 2018.

Summary Limpopo average cost budgets and income for selected summer crops cultivation for the period 2014–2018

Maize Maize Maize Sunflower Soybean Grain Groundnuts Irr-Maize

(lower yield) (higher yield) (medium yield) Sorghum

SAFEX: estimated price R 2,300.00 R 2,300.00 R 2,300.00 R 4,500.00 R 4,850.00 R 2,600.00 R 9,087.50 R 2,300.00

LGO (ton/ha) 2.00 4.00 2.50 2.00 1.20 2.20 2.50 12.75

1) Income

Net Farm Gate Price (R/ha) R 2,020.00 R 2,020.00 R 2,020.00 R 4,877.00 R 4,787.00 R 2,537.00 R 9,024.50 R 2,020.00

Net Farm Gate Price (R/ton) R 1,010.00 R 505.00 R 808.00 R 2,438.50 R 3,989.17 R 1,153.18 R 3,609.80 R 158.43

2) Expenditures

Total variable cost (R/ha) R 6,616.89 R 9,202.32 R 7,520.15 R 3,801.03 R 4,682.60 R 6,016.09 R 6,492.21 R 24,906.89

Total variable cost (R/ton) R 3,308.44 R 2,300.58 R 3,008.06 R 1,900.51 R 3,902.17 R 2,734.59 R 2,596.89 R 1,953.48

Total variable and fixed

expenditure (R/ha)

R 9,251.66 R 11,723.33 R 10,185.18 R 6,453.78 R 7,339.28 R 8,590.29 R 9,276.56 R 29,694.39

Total variable and fixed

expenditure (R/ton)

R 4,625.83 R 2,930.83 R 4,074.07 R 3,226.89 R 6,116.07 R 3,904.68 R 3,710.63 R 2,328.97

3) Margin

Gross margin (R/ha) R −2,576.89 R −1,122.32 R −2,470.15 R 5,952.97 R 1,061.80 R −434.69 R 16,069.04 R 848.11

Gross margin (R/ton) R −1,288.44 R −280.58 R −988.06 R 2,976.49 R 884.83 R −197.59 R 6,427.61 R 66.52

Nett margin (R/ha) R −5,211.66 R −3,643.33 R −5,135.18 R 3,300.22 R −1,594.88 R −3,008.89 R 13,284.69 R −3,939.39

Net margin (R/ton) R −2,605.83 R −910.83 R −2,054.07 R 1,650.11 R −1,329.07 R −1,367.68 R 5,313.87 R −308.97

Break-even and profitability (only variable cost)

Break-even yields (t/ha) 3.28 4.56 3.72 0.78 0.98 2.37 0.72 12.33

Break-even Safex price (t/ha) 3588.44 2580.58 3288.06 2223.51 3965.17 2797.59 2659.89 2233.48

Break-even and profitability (variable and fixed cost)

Break-even yields (t/ha) 4.58 5.80 5.04 1.32 1.53 3.39 1.03 14.70

Break-even Safex price (t/ha) 4905.83 3210.83 4354.07 3549.89 6179.07 3967.68 3773.63 2608.97

Source: survey results and GrainsSA.

can enhance their food security The issues of food security are
dominant in the decision of what grain crop to produce as seen
with all the surveyed crops. This can explain why crops such
as pearl millet, sorghum, cowpea, or Bambara groundnut are
not seen as priority crops for production by farmers. A similar
pattern was seen in the Free State (Figure 3) where sorghum
farmers did not think the crop could contribute to their food
security through consumption or sales.

With the decision made as to what crop to produce as well
as the extent of production, the next aspect looked at was the
cost of each grain production. It was found that it is cheaper
to produce sunflower, soybean, grain sorghum and groundnuts
than drylandmaize and irrigated maize in Limpopo (Tables 1, 2).
However, even though sunflower is relatively cheaper to produce,
the break-even yield is lower for groundnuts than the rest of
the crops (Table 2). From the five crops analyzed, maize had the
highest break-even yield threshold of 14.70t ha−1. Therefore, the
yield targets for farmers producing maize would be difficult to
achieve under normal weather conditions, much less so when
farmers are faced with climate change variabilities. The need to
produce, on average, 14.70t ha−1 just to achieve the break-even
yield also implies that maize farmers have had to contend with
relatively high input costs. The analysis indicates that amongst
the five crops, the highest average variable cost was attributed to
maize –R 24,906.89/ha, whereas the lowest average variable cost
was attributed to sunflower –R 3,801.03/ha (Table 5). This, in

turn, necessitates selling the product at a price that is high enough
to cover input costs and a profit margin. Amongst the five crops,
irrigated maize has the highest break-even price per hectare of
∼R 38 351.85, and sunflower has the lowest break-even price per
hectare of∼R 4 685.85 (Table 2).

It is cheaper to produce sunflower, soybean, groundnuts,
and grain sorghum in the Free State than either dryland maize
or irrigated maize. For farmers to break even, they have to
produce groundnut at the rate of 0.96t ha−1, followed by soybean,
sunflower, sorghum, maize and irrigated maize (Table 5). From
the results, maize production ranks amongst the most expensive
grain produced in the Limpopo and Free State Provinces
(Tables 1–5).

CBA was used to assess the cost implications of producing a
particular type of grains as well as the impact of the water need,
use of the crop and its production costs (Table 5). The total cost
for irrigated maize amounted to R 29 694.39/ha−1 for irrigated
maize, easily the highest amongst the five crops. Groundnuts had
the highest gross margin of R 13 040.81/ha−1, whereas irrigated
maize had the lowest gross margin of (R 666.89)/ha−1.

In Limpopo, the crop that ranked first on NPVs was
groundnut, with NPVs of R 9 052 222 and R 8 624 326 at
discount rates of 8 and 10%, respectively. The CBR for groundnut
was also highest, at 2.22. Low yield maize ranked last in terms
of the NPV, scoring values of –R 4 163 894 and –R 3 953
393 at discount rates of 8 and 10%, respectively. The BCR for
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TABLE 3 | Cost analysis for selected summer crop production in the Free State Province.

Crop Maize Maize Maize Sunflower Soybean Grain Sorghum Groundnuts Irr-Maize

(lower yield) (higher yield) (medium) Sorghum

1) Income

Yield target (ton/ha) 3.50 6.50 4.50 3.10 3.10 3.00 2.10 12.00

SAFEX: estimated price R 2,300 R 2,300 R 2,300 R 4,750 R 4,850 R 2,600 R 9,088 R 2,300

Deductions R 280 R 280 R 280 R 323 R 63 R 63 R 63 R 280

Net Farm Gate Price R 2,020 R 2,020 R 2,020 R 4,427 R 4,787 R 2,537 R 9,025 R 2,020

GROSS INCOME (R/ha) R 7,070 R 13,130 R 9,090 R 13,724 R 14,840 R 7,611 R 18,951 R 24,240

2) Variable expenditures

Seed R 793.20 R 1,264.16 R 1,087.43 R 498.89 R 513.41 R 418.20 R 1,100.56 R 4,176.56

Fertilizer R 1,844.00 R 3,296.00 R 2,328.00 R 1,137.92 R 948.80 R 2,102.10 R 838.80 R 6,495.36

Lime R 139.86 R 139.86 R 139.86 R 139.86 R 139.86

Fuel R 1,120.95 R 1,116.81 R 1,154.08 R 1,155.42 R 1,000.00 R 1,115.94 R 800.00 R 1,310.49

Reparation R 622.60 R 640.99 R 628.73 R 576.68 R 646.69 R 619.53 R 769.57 R 567.71

Herbicide R 471.22 R 471.22 R 444.12 R 392.38 R 253.28 R 619.57 R 429.29 R 742.69

Pest control R 174.29 R 174.29 R 52.60 R 200.59 R 457.07 R 473.70 R 500.60 R 600.84

Input insurance R 137.87 R 256.04 R 177.26 R 129.49 R 163.36 R 148.41 R – R –

Irrigation cost R 6,528.38

Grain hedging R 563.70 R 783.96 R 640.65 R 256.27 R 284.37 R – R – R 2,121.86

Contract Harvesting R – R – R – R – R – R – R – R –

Harvest insurance R 197.42 R 366.64 R 266.52 R 298.82 R 753.95 R – R – R 676.87

Aerial spray R – R – R – R – R – R – R – R –

Casual labor R 192.00 R 192.00 R 192.00 R 300.00 R 192.00 R 192.00 R 800.00 R 192.00

Drying cost R – R – R – R – R – R – R – R –

Packaging and packaging

material

R – R – R – R – R – R – R 300.00 R –

Interest on production R/ha R 359.78 R 500.36 R 408.90 R 275.67 R 317.40 R 335.19 R 371.83 R 1,354.28

Total variable expenditure (R/ha) R 6,616.89 R 9,202.32 R 7,520.15 R 5,222.13 R 5,530.33 R 6,164.51 R 5,910.64 R 24,906.89

Total fixed cost (R/ha) R 2,634.77 R 2,521.01 R 2,665.03 R 2,652.75 R 2,656.68 R 2,574.20 R 2,784.35 R 4,787.50

Total cost (R/ha) R 9,251.66 R 11,723.33 R 10,185.18 R 7,874.88 R 8,187.01 R 8,738.71 R 8,694.99 R 29,694.39

3) Gross margin (R/ha) R 453 R 3,928 R 1,570 R 8,502 R 9,309 R 1,446 R 13,041 –R 667

4) Net margin (R/ha) –R 2,182 R 1,407 –R 1,095 R 5,849 R 6,653 –R 1,128 R 10,256 –R 5,454

Source: survey results and GrainSA.
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TABLE 4 | Cost-benefit analysis for selected summer crop production in the Free State Province from the period 2014 to 2018.

Maize Maize Maize Sunflower Soybean Grain Groundnuts Irr-Maize

(lower yield) (higher yield) (Bt) Sorghum

SAFEX: estimated price R 2,300.00 R 2,300.00 R 2,300.00 R 4,750.00 R 4,850.00 R 2,600.00 R 9,087.50 R 2,300.00

LGO (ton/ha) 3.50 6.50 4.50 3.10 3.10 3.00 2.10 12.00

1) Income

Net Farm Gate Price (R/ha) R 2,020.00 R 2,020.00 R 2,020.00 R 4,427.00 R 4,787.00 R 2,537.00 R 9,024.50 R 2,020.00

Net Farm Gate Price (R/ton) R 577.14 R 310.77 R 448.89 R 1,428.06 R 1,544.19 R 845.67 R 4,297.38 R 168.33

2) Expenditures

Total variable cost (R/ha) R 6,616.89 R 9,202.32 R 7,520.15 R 5,222.13 R 5,530.33 R 6,164.51 R 5,910.64 R 24,906.89

Total variable cost (R/ton) R 1,890.54 R 1,415.74 R 1,671.14 R 1,684.56 R 1,783.98 R 2,054.84 R 2,814.59 R 2,075.57

Total variable and fixed

expenditure (R/ha)

R 9,251.66 R 11,723.33 R 10,185.18 R 7,874.88 R 8,187.01 R 8,738.71 R 8,694.99 R 29,694.39

Total variable and fixed

expenditure (R/ton)

R 2,643.33 R 1,803.59 R 2,263.37 R 2,540.28 R 2,640.97 R 2,912.90 R 4,140.47 R 2,474.53

3) Margin

Gross margin (R/ha) R 453.11 R 3,927.68 R 1,569.85 R 8,501.57 R 9,309.37 R 1,446.49 R 13,040.81 R −666.89

Gross margin (R/ton) R 129.46 R 604.26 R 348.86 R 2,742.44 R 3,003.02 R 482.16 R 6,209.91 R −55.57

Nett margin (R/ha) R −2,181.66 R 1,406.67 R −1,095.18 R 5,848.82 R 6,652.69 R −1,127.71 R 10,256.46 R −5,454.39

Net margin (R/ton) R −623.33 R 216.41 R −243.37 R 1,886.72 R 2,146.03 R −375.90 R 4,884.03 R −454.53

Break-even and profitability (Only

variable cost)

Break-even yields (t/ha)

3.28 4.56 3.72 1.18 1.16 2.43 0.65 12.33

Break-even Safex price (t/ha) 2170.54 1695.74 1951.14 2007.56 1846.98 2117.84 2877.59 2355.57

Break-even and profitability

(variable and fixed cost)

Break-even yields (t/ha)

4.58 5.80 5.04 1.78 1.71 3.44 0.96 14.70

Break-even Safex price (t/ha) 2923.33 2083.59 2543.37 2863.28 2703.97 2975.90 4203.47 2754.53

Source: survey results and GrainsSA.

TABLE 5 | Net Present Value and Benefit Cost Ratio for selected crops in Limpopo and Free State.

Limpopo NPV at 8% (R) NPV at 10% (R) BCR at 8% BCR at 10%

Maize—low yield −4 163 894 −3 953 393 0.44 0.44

Maize—high yield −2 909 460 −2 762 168 0.69 0.69

Maize—medium yield −4 137 259 −3 936 626 0.50 0.38

Sunflower 7 405 756 7 18 2763 1.51 1.51

Soybean −1 269 727 −1 204 607 0.78 0.78

Grain Sorghum −2 410 230 −2 290 064 0.65 0.65

Groundnut 9 052 222 8 624 326 2.22 2.22

Irrigated maize −3 149 868 −2 991 562 0.87 0.87

Free state province

Maize—low yield −1 742 940 −1 654 827 0.76 0.76

Maize—high yield 1 168 015 1 11 0340 1.12 1.12

Maize—medium yield −882 353 −839 564 0.93 0.93

Sunflower 1 498 091 1 420 348 1.24 1.24

Soybean 1 708 513 1 620 888 1.26 1.26

Grain Sorghum −903 336 −858 299 0.87 0.87

Groundnut 8 522 689 8 089 619 6.70 6.70

Irrigated maize −4 361 237 −4 142 050 0.82 0.82
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TABLE 6 | Key crop parameters for crop production (Adapted from DAFF -https://www.daff.gov.za/Daffweb3/Portals/0/Brochures%20and%20Production

%20guidelines/Production%20Guidelines%20Indigenous%20food%20crops.pdf).

Crops Rank Classes Soil Ph Rainfall (mm) Temperature Slope Clay Texture Water holding

(◦C) Degree (◦) (%) (mm) capacity (mm)

Sunflower 5 Highly vulnerable >7.5 <200; >1,100 >30 <1.0 >65 >3 <20

4 Moderately vulnerable 7–7.5 200–300 24–30 1–2 50–60 2.5–3 20–40

3 Vulnerable 4.5–5.5 300–400 22–24 2–3 40–50 2.2–2.5 40–60

2 Marginally 5.5–6 400–500 16–21 3–4 30–40 2–2.2 60–80

1 Less vulnerable 6–7.5 500–1,000 14–16 >4 40 1–2 80

Soybean 5 Highly vulnerable >6.5 <200; >1,100 >40 <1.0 >60 >2.5 <40

4 Moderately vulnerable 1–4 200–300 38–40 1–2 50–60 2–2.5 40–60

3 Vulnerable 4–4.5 300–400 34–38 2–3 40–50 1.5–2 60–80

2 Marginally 4.5–5 400–500 30–34 3–4 30–40 80–100

1 Less vulnerable 5–6.5 500–900 5–30 > 4 < 20 1–1.2 100

Groundnut 5 Highly vulnerable >8 <100; >1,100 >18; >40 <1.0 >60 >2.5 <40

4 Moderately ulnerable 6.7–7 100–300 38–40 1–2 50–60 2–2.5 40–60

3 Vulnerable 5–6.5 300–400 34–38 2–3 40–50 1.5–2 60–80

2 Marginally 4.5–5 400–500 30–34 3–4 30–40 80–100

1 Less vulnerable 3.5–4.5 500–900 18–30 >4 <20 1–1.2 100

Cowpea 5 Highly vulnerable >8 <100; >1,100 >18; >40 <1.0 >60 >2.5 <40

4 Moderately ulnerable 6.7–7 100–300 38–40 1–2 50–60 2–2.5 40–60

3 Vulnerable 5–6.5 300–400 34–38 2–3 40–50 1.5–2 60–80

2 Marginally 4.5–5 400–500 30–34 3–4 30–40 80–100

1 Less vulnerable 5.6–6.4 400–800 8–30 >4 <20 1–1.2 100

Pearl millet 5 Highly vulnerable >8 <100; >1,100 >18; >40 <1.0 >60 >2.5 <40

4 Moderately ulnerable 6.7–7 100–300 38–40 1–2 50–60 2–2.5 40–60

3 Vulnerable 5–6.5 300–400 34–38 2–3 40–50 1.5–2 60–80

2 Marginally 4.5–5 400–500 30–34 3–4 30–40 80–100

1 Less vulnerable 4–5 250–700 23–30 >4 <20 1–1.2 100

Sorhum 5 Highly vulnerable >8 <100; >1,100 >18; >40 <1.0 >60 >2.5 <40

4 Moderately ulnerable 6.7–7 100–300 38–40 1–2 50–60 2–2.5 40–60

3 Vulnerable 5–6.5 300–400 34–38 2–3 40–50 1.5–2 60–80

2 Marginally 4.5–5 400–500 30–34 3–4 30–40 80–100

1 Less vulnerable 5.5–8.5 350–700 7–30 >4 <20 1–1.2 100

Maize 5 Highly vulnerable >8 <100; >1,100 >18; >40 <1.0 >60 >2.5 <40

4 Moderately ulnerable 6.7–7 100–300 38–40 1–2 50–60 2–2.5 40–60

3 Vulnerable 5–6.5 300–400 34–38 2–3 40–50 1.5–2 60–80

2 Marginally 4.5–5 400–500 30–34 3–4 30–40 80–100

1 Less vulnerable 3.5–4.5 500–1,000 18–30 >4 <20 1–1.2 100

low-yield maize was 0.44, the lowest of all the crops. In the
Free State province, groundnut also ranked highest in NPVs
with discounted net margins of R 8 522 689 and R 8 089 619
at discount rates of 8 and 10%, respectively. The same crop
had an exceedingly high CBR of 6.70. Irrigated-yield maize had
ranked last in NPVs by a wide margin, scoring NPVs of –R 4 361
237 and –R 4 142 050. Low-yield maize ranked in terms of the
BCR, scoring 0.76.

Looking at the crop water requirement and environmental
conditions suitable for production for ease of production,Table 6
shows suitable parameters for crop growth. Changes in this
dynamic will cause a shift in the area of production. As projected
by climate change statistics, increasing temperatures in the
Free State and Limpopo areas will cause water scarcity. This,

therefore, means crops more suitable to drought conditions will
not shift. Consequently, we assumed that stakeholders would
be more likely to adopt this option of grains in areas ideal
for optimum productivity. Sunflower, soybean, groundnut, and
sorghum have similar uses as maize (Table 7) and can be a
substitute for maize.

DISCUSSION

The targeting and prioritizing framework considered multiple
dimensions, including economic analyses, associated social
considerations (social acceptability of the choice crop), and
farmers and various stakeholders’ priority goals. Applying the
framework, using a comprehensive approach proved fruitful.
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TABLE 7 | Grain crop uses.

Crop Uses Projection (Dube et al., 2013; Esterhuizen, 2019) Water use

Maize Human consumption, poultry and

ruminant feed supplement,

Yellow maize production is projected to increase at the expense of

white maize due to the high demand for animal feed. Overall, 22%

less production in 2019 than in the previous season.

South Africa’s maize production is projected to increase slightly

from 2010 to 2050 under all scenarios, despite a projected

decrease in area under cultivation from 2 800 000 hectares to

about 2 100 000 hectares by 2050.

Drought intolerant

Soybean Human consumption, poultry and

ruminant feed supplement

The planted area for soybean is expected to increase due to

expanded processing facilities. The complication is that imported

oilseed meal will contribute around 30 percent to local demand,

down from 70% 10 years ago.

In all scenarios, soybean production is expected to remain

constant, with yields increasing slightly from about 1,500 mt/ha in

2010 to about 1,800 mt/ha in 2050. The area under soybeans is

expected to decrease somewhat during the same period. Net

imports will increase dramatically while prices for the commodity

will increase by almost 60% during the same period

Drought tolerant

Sunflower Edible oil production The forecast is that South Africa’s oilseed meal imports will drop

by 25 percent to 495,000 tons in the 2019/20 MY, as a record of

1.3 million tons of oilseed meal will be produced locally. This

means that imported oilseed meal will contribute around 30

percent to local demand, down from 70% 10 years ago. For the

2018/19, an 18%increase in oilseed meal imports to 580,000

tons, to supplement local production due to a drop in soybeans

and sunflower seed production. In the 2018/19 mid-year, drought

conditions reduced the South African soybean and sunflower seed

crops by an estimated 17 and 35%, respectively.

Drought tolerant

Groundnut Vegetable oil, peanut butter,

ingredient for traditional foods, boiled

or roasted seeds for snack, seed

cake used for livestock feed

Groundnut production is projected to increase from about 75 000

mt in 2010 to about 130 000 mt by 2050. The area under

groundnut production is projected to increase by over 20% during

the same period.

Drought tolerant

Sorghum Food, coffee, animal feed, alcoholic

beverage, feedstock for biodiesel.

Price and yield of Sorghum are projected to increase from 2010 to

2050, while net export decreases (i.e., imports increase, from

about a quarter to half of the consumption) and area under

cultivation remains constant.

Drought tolerant

Pearl millet Food, drinks, silage, and hay

production. Building materials for

fencing, thatching and making

basketry.

Pearl millet is not classified as a major food commodity in South

Africa. It is grown by a limited number of subsistence farmers for

food security

Drought tolerant

Bambara groundnut Food and feed for livestock Bambara groundnut is not classified as a major food commodity in

South Africa. It is grown by several subsistence farmers for food

security

Drought tolerant

Cowpea Human consumption as grain legume

and leafy vegetables

Cowpea is a dominant grain legume grown by a large number of

subsistence farmers. It is, however, not classified as a major food

commodity in South Africa. It is grown for food security and sale of

the dried leaves in the year of abundance.

Drought tolerant

Mung bean Food, forage, silage, hay, chicken

feed.

Mung bean is not classified as a major food commodity in South

Africa. It is grown by a limited number of subsistence farmers for

food security

Drought tolerant

Sources: Mabhaudhi (2012), Dube et al. (2013) and Esterhuizen (2019).

The processes’ final results are specific to the selected case
study areas, but notwithstanding, a similar framework can
be applied to crops in any area. The reflected differences
between the country priority grain crop and the win-win
scenario of local environmental factors have led to the suggested
prioritization of less costly crops. A cursory analysis reveals
that maize has a higher production cost when compared to
any other crop produced in either Limpopo or Free State

provinces. This result is similar to that of Mujuru and
Obi (2020) who found out in the Eastern Cape, though
higher profits were attained for maize, it had lower yields
per hectare than cabbage. Implying therefore that cabbage
had greater potential to generate more income since cabbage
production has a comparative advantage over maize production.
Therefore, farmers will yield higher profits if cabbage production
was commercialized.
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So, why do farmers, especially smallholder farmers, continue
to prioritize the production of a crop with a high cost of
production instead of substituting such crops with cheaper
alternatives with almost the same cash value and food security
guarantees? The primary reason for this is that most small-
scale farmers in South Africa consider maize the most important
staple and cash crop (Hlongwane et al., 2014; Moriri et al.,
2015) given that it can be diverse temperatures, altitudes,
land and soil types—though with quite different yields per
ha. This scenario holds for subsistence, smallholder, and
emerging farmers in grain-producing regions. The recognition
of less cost-intensive grain crops and indigenous grains is
overlooked and not given local contexts especially by farmers
and local agricultural institutions. This pattern is also common
with regard to vegetables. Mujuru and Obi (2020) propose
that it will make economic sense if the area for maize
cultivation is reduced and used to commercialize cabbage
production since cabbage production has the potential to
generate higher profits for rural households. Even though
this proposal has monetary importance, it is simplistic given
that farmers will not want to give up maize for cabbage
production. Furthermore, maize can be cultivated under rainfed
conditions whereas cabbage production requires irrigation
systems which may be too costly for many smallholder
farmers. Extension services are hence called upon to play a
major role in building farmers capacities to adopt innovations
that boost production (Poncet et al., 2010). Furthermore,
there is less government funding for the production of such
indigenous crops.

The application of processes such as the CBA is not focused
on achieving one set of non-debatable recommendations based
on calculations of productions, but rather in the collective
interrogation of data, provocation of discussion, and networking
of stakeholders around issues of indigenous grains, sustainable,
socio-economic and environmentally friendly options of grains
for production. It is clear that maize production is not as
beneficial as it is commonly perceived by smallholder farmers
(e.g., Mujuru and Obi, 2020). It is also evident that smallholder
farmers can derive economic and environmental benefits from
other grains’ production.

Targeting and Prioritization and the
Importance of Understanding Adoption
Options for Grain Crops
The identification and recommendation of crops for production
support the geographical targeting of options. Statistics with an
option-specific recommendation can help development actors
to decide which options to promote and where. Related
assessments and selected potential crops can indicate if it is
worth investing in a particular option at all. Moreover, an
appreciation of the determinants and barriers to adoption such
as institutional, economics and behavioral can point to a novel
set of interventions, addressing the adoption incentives and
barriers. This thought is shared by Notenbaert et al. (2016), who
believe that the suitability and adoption of interventions depend
on a variety of biophysical and socio-economic factors. That

notwithstanding, it is crucial to consider the possibility that only a
fraction of the population will likely implement the change in the
choice of crops produced. But suppose such changes are linked
to regional and provincial scale. In that case, it becomes easier
to bridge the gaps of implementation since a more significant
number of people will be involved in propagating crop-changing
ideas. From the results, it has been shown that it is less expensive
to produce soybean, Sorghum, and sunflower compared to maize
and irrigated maize. Therefore, if these suggestions are put
forward to the farmers with substantiating evidence such as cost-
benefit analyses, they will have a much clearer picture of the
implications of various production decisions such as that of crop
choice. Producing the evidence is often at least as necessary as the
actual information produced (Notenbaert et al., 2016).

The Choice of Approach and Methods
A variety of methods can be used to assess crop priority when
using a generic framework. When informing farmers’ decision-
making processes about their choice between different crop
options, it is good to provide them with enough evidence such
as results of the comparisons of the options in terms of, for
example, production cost, expected yield increases, suitability,
and sustainability of the production of said choice to future
climate conditions. To farmers, it is often only the impacts at the
local level that are of interest to them, as indicated by Notenbaert
et al. (2016). Hence, they will be satisfied when shown qualitative
comparisons of the various crops only with a simple ranking of
options. The cost of multiple inputs for grain production, for
maize, soybean, groundnuts, sunflower, is varied (Tables 1–4).
Showing farmers this can go a long way in influencing their
choice of crops.

Furthermore, yield outputs and the break-even price and yield
will also help put things into perspective when farmers consider
various crops for production. This corroborates the results of the
study by Ochola and Kosura, 2006. They found out that tobacco
had the lowest returns per acre in the Nyanza area of Kenya when
compared to other commercial crops. Also, it was discovered that
farmers were willing to shift from tobacco to other crops if the
introduced crop had an assured market, opportunities for credit
to purchase farm inputs, technical support and if the crop could
also be used for home consumption.

Furthermore, development actors, such as governmental and
non-governmental organizations, would equally be interested
in potential impacts due to changes in crop production. Of
specific interest to farmers will be to assess recommended
crop options and the implications for sustainable growth and
food security. Policymakers and policy analysts often look for
aggregate numbers to justify switching and promoting one crop
production over another. Quantitative techniques such as the
CBA were applied to show the cost of producing one crop over
the other due to the cost of production and possible profit
margins. It is essential to consider that the magnitude of NPV
is also an additional factor that farmers consider during the
adoption decision of any technology (Thierfelder et al., 2013)
and can stretch to crop production options. The BCR is an
important appraisal indicator that the farmers cannot ignore
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because it makes it possible for farm managers to compare
different investments’ performances.

Chi and Bunker (2021) caution that even though CBAs are
immensely popular in investment analyses, one must never
ignore its most glaring shortcoming: the inability to incorporate
non-financial information. This is particularly true of this study
since national and provincial governments play a significant
role in small-scale agriculture in terms of choice of crops
(creating a least of priority crops) and access to finance
for the production of these crops. Various governmental and
non-governmental institutions have programmes to support
farmers such as the Department of Agriculture, Fisheries and
Forestry (DAFF)’s Programme; Comprehensive Agricultural
Support Programme (CASP) together with Revitalization of
smallholder Irrigation and Schemes (RESIS). However, the
extent of this role’s impact simply cannot be accurately
monetized, and therefore cannot be adequately evaluated.
Williams et al. (2020) draw particular attention to the
inaccuracies that may arise because of the uncertainties
surrounding climate change’s impact on agricultural practices
and investments. Hence, inferential statistics fill the gap here,
where the farmers’ perceptions of the impacts of various social
institutions and climatic factors affecting their production are
accounted for.

Through the provision of these results and showcasing
possible crop options, we aimed to support evidence-
based discussions of alternative production practices with
regards to the choice of crops grown in the summer
rainfall areas and the possible relook at some of the
grains grown in the areas that would otherwise have been
completely overlooked.

It is also essential to incorporate potential future impacts
to provide evidence of the suitability and sustainability of
the longer-term sustainability options. Projected climate
change scenarios, climate variability, adaptation, and
mitigation options will also necessitate testing the options’
suitability, adaptability and impacts under different scenarios
of future change and variability. The most important
way of ensuring that crop production stays sustainable
is to ensure that crops and cropping systems match the
location’s climate (Nadler, 2007). This will help provide
some evidence about the options’ robustness, which
could be an essential consideration to be considered by
the decision-makers.

Our findings support previous thinking that the application
of a framework with various methodologies, can somethings
be challenging. For example, Meuwissen et al. (2019), just
like in this study found that while research at a micro-
unit of the farming system is relevant and close to actors’
perceived reality, data collection on some indicators at this
system level can be cumbersome given that farming systems
sometimes do not converge with administrative areas as seen in
Figure 1.

Stakeholder Involvement
The evidence produced in the CBA analysis aimed to
influence farmers and decision-makers to eventually

change agricultural practices in terms of choices of crops
grown. The agricultural sector has several stakeholders as
well as different policy levels, each with diverse interests.
Involving various stakeholders in the initial assessment
stages made the study easy and feasible, given that
they were knowledgeable and very informed about the
various crops produced. This is in collaboration with the
recommendations of Notenbaert et al. (2016). They opine
that stakeholders’ involvement will help raise awareness
and create support for the issue and possible solutions
to problems that might arise because stakeholders will be
part of the process. As such, it reduces the risk of the
recommendations not being carried out. Involving relevant
stakeholders, especially the farmers, will encourage learning
and consequently refine analysis and results to build a more
in-depth understanding, increase levels of trust and buy-
in from the stakeholders (Notenbaert et al., 2016). Key
stakeholders were able to provide necessary information and
support on various stages of the project. Farmer selection
and focus group interviews were facilitated by various
agriculture departments and other entities dealing within
the agricultural sector.

RECOMMENDATIONS AND POLICY
IMPLICATIONS

It is recommended that:

1. When informing the farmers’ decision-making processes,
especially about the type of crops to produce, it is necessary to
provide adequate comparisons of best-fit production options
to enable farmers to make correct choices. Such evidence may
be in the form of, for example, expected yield, increases in
yield, cost of production, profitability, and suitability to future
climate conditions. Presenting this evidence to the farmers will
reassure them of the credibility of the suggestions and they
will feel the final decisions were their choices and as such, the
change was not imposed on them.

2. Given the nature of the changing biophysical and
socioeconomic environment, it is necessary to validate
the suitability, adoption, and impacts of the options under
different scenarios of future change and variability. This will
provide some evidence about the robustness of the options,
which could be an essential consideration to be considered by
the decision-maker.

3. Interventions regarding changes in the type of crops produced
in an area should be carefully designed and targeted, with a
better understanding of how to carry out sensitization in a
particular area. Given that aspects of institutional, economics
and behavior are likely to play a role in the final decision of
changing crops produced, overcoming such barriers should
be integrated into the process of prioritization and how to
overcome such.

4. Further studies should be carried out to determine
farmers’ willingness to switch crops produced and
the expected timeframe within which decisions can
be influenced.
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5. Some costs have been omitted such as land price, storage
costs, fencing and others, which can all contribute to the
initial capital and calculation of the internal rate of returns in
future research.

6. Economic benefits can easily be monetized, unlike
environmental costs, which can be given monetary values
using indirect methods such as contingent valuations and
benefit transfers. These benefits and costs can be discounted
so as to get their present values. We recommend further
research with the addition of these quantifications.

CONCLUSION

A range of technological, institutional, and policy options exist
to guide the choices for crop production. The choice of crop
to produce has various environmental and economic impacts
and cost implications. Identifying the appropriate choice of
crop to grow and the requisite interventions needed in the
face of climate variability and climate change requires tradeoffs
across various levels from farmers to the national level. As
such, decision-makers have to make considerations regarding
what is appropriate for a given context when choosing, advising
on, or assisting with production and management decisions at
farm levels.

The targeting and prioritization exercise was intended
to influence farmers and policymakers’ decision-making to
eventually implement agricultural practices that are beneficial
to farmers in terms of the type of crops produced. In areas
facing acute water scarcity, drought-tolerant crops that are
cost-effective should be grown. At the same time, alternative
crops could be alternated with main grain crops depending
on the farmers’ production cost. It is futile to continue
producing crops that are very expensive while there are cheaper
options that can still be beneficial to farmers. In the two
provinces sunflower, soybean, grain sorghum, and groundnuts
are crop options that can reduce food insecurity and reduce
the strain on natural resources due to resource-demanding
crops’ production. The options show potential in reducing the
water demand for agricultural production. Improving efficiency
and reducing the demand for natural resources could be
achieved by targeting and prioritizing less cost demanding
crops and changing existing practices. Thus, more focus must
be directed toward research aiming to help farmers and
governments cope with climate change. However, farmers
understanding of benefit of production and crop choices
cannot be overlooked since they make other considerations
other than just economic costs in their choice of crops
to produce.

The targeting and prioritization framework presented here
provides the basis for integrated decision making processes
aimed at enhancing the profitability of smallholder farming
systems. This framework brings a novel approach in decision
making in that:

• The concept of targeting and prioritization is multi-faceted
and cannot be captured by a single indicator or by looking
only at the attributes of a farming system or the capacities

of selected actors. This framework therefore requires and
enables an elaborate diagnosis of the profitability of a
production process of a farming system by considering its
multiple and changeable functions, its internal and external
interdependencies and the full range of potential challenges.
This allows for a nuanced assessment, e.g., the analysis might
find an environment that constrains resilience to social and
economic challenges and enhances resilience to ecological
challenges, or vice versa.

• The framework capacities of robustness, adaptability,
transformability can help to assess a range of possible crop
options, strategies for analysis and allow for the investigation
of trade-offs and synergies between them.

• The consideration of place-specific attributes grounded in
multiple processes enables a reflection on trade-offs across the
farming and levels.

• The framework can be used for ex-post or
ex-ante analysis.
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